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SUMMARY

Doses to examinees from mass radiologic surveys
of the stomach in Hiroshima Prefecture were
estimated by surveying for the frequency of the
examinations, for the technical factors used in
them, and by phantom dosimetry. The average
surface dose, active bone marrow dose, male
gonad dose, and female gonad dose per examina-
tion were 5.73 rad, 231 mrad, 20.6 mrad, and
140 mrad, respectively. These data will be used
in estimating doses from medical X-rays among
atomic bomb survivors. By applying them to the
Hiroshima population, the genetically-significant
dose, per caput mean marrow dose, and
leukemia-significant dose were 0.14 mrad, 8.6
mrad, and 7.4 mrad, respectively. There was a
benefit-to-risk ratio of about 50 for mass gastric
surveys performed in 1976.

INTRODUCTION

The term “mass gastric surveys™ currently refers
to radiologic survey examinations of generally
asympiomatic subjects upper gastrointestinal
tracts with particular attention to the stomach,
using fluoroscopy apparatus allowing variable
positioning of the subjects, and having mirror-
camera devices or image intensifier systems,
with or without closed-circuit television. In the
US., feasibility studies of this technique were
recommended 30 years ago.! The method was
not found reliable for screening for early
carcinomas in asymptomatic patientsf useful
only in selected cases, and impractical for
extensive mass screeming.’®  After trials it was
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abandoned because of low pastric cancer yields
and the great amount of time, effort, and expense
involved. In Japan, however, because of the
relatively high rate of gastric cancer, this
technique and the examining apparatus were
refined and in widespread use by the mid-1960s.
There were early warnings of possible increased
risks of leukemia in the populations so exposed,4
but the rates of these examinations have steadily
increased.’

Participants in the RERF Adult Health Study
(AHS), a fixed sample of the Hiroshima and
Nagasaki populations originally numbering
20,000 persons, receive biennial physical exam-
inations to detect any abnormalities attributable
to ionizing radiation from the atomic bombs.%
It is important to assess the magnitude of
medical X-ray exposures received by these
subjects, because these exposures act concomi-
tantly as contaminants. The present study of
mass gastric surveys was one of a continuing
series of medical X-ray dosimetry investigations
concerning AHS subjects.

The great frequency of mass gastric surveys in
Japan resulfs in relatively high population doses.
The need for reducing the doses incurred by
these mass examinations is especially important
because, unlike those examined by other X-ray
techniques, most examinees are normal. This has
particular significance for A-bomb survivors,

The frequency of and technical factors used in
mass gastric surveys in Hiroshima Prefecture were
investigated. Doses to the gonads, bone marrow,
and skin were measured, and the benefits and
risks from mass gastric surveys were estimated.
The results obtained will eventually be used to
assist in estimating cumulated medical X-ray
exposure of AHS subjects.

MATERIALS AND METHODS

Examination Frequency and Technical Factors
Number of examinations and technical factors
of exposures were obtained by visiting medical
institutions responsible for mass gastric surveys
inside Hiroshima City, and by mail surveys to
the institutions outside the city. Our surveys
sought the yearly examination rate by age and
sex, type of X-ray apparatus, tube voltage, focal
spot-skin distance, field size, exposures per
examination, projection, and fluoroscopy time,
the latter during positioning of the examinee.
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Dosimetry

Phantom and Dosimeter. The phantom was of
Mix-D material and contfained a complete human
skeleton, and beeswax-impregnated cellulose for
lungs, The lower portion of the thorax and
upper portion of the abdomen incorporated a
removable Mix-D section containing a simulated
barium-filled stomach and duodenum (Figure 1).

The phantom contained 16 drawerlike recep-
tacles for Memorial ionization chambers to
simultaneously measure bone marrow and gonad
doses,”™  The chambers were used with a
Baldwin-Farmer type RB electrometer. A lattice
describing bone marrow location facilitated
calculating dose to the active bone marrow
according to field size, location, and depth.'®
The calculation of bone marrow dose using
ionization chamber readings was previously
described.!!

X-ray Apparatus. Condenser type mobile units
were usually used for the mass gastric surveys.
Assessment of radiation ouwtput and quality was
difficult in the case of units with radiation “tail
cut”* and with those having phototimers. Doses
could not be estimated using the dose data
obtained with our experimental apparatus and
the output and quality data from apparatus used
in the community institutions. For these reasons,
we studied eight apparatus representing a variety
of units currently in use in the community
institutions performing mass gastric surveys.

RESULTS

Examination Rates and Technical Factors

The examination rate increased abruptly during
the last 10 years. The annual number of examina-
tions rose from 500 in 1958 to 93,017 in 1976,
as shown inFigure 2. The 16 institutions respon-
sible for mass gasiric X-ray examinations were
using 22 X-ray apparatus in 1976, The examina-
tion rate was 0.035 per caput per year, ap-
proximating the 0.038 rate for all Japan reported
by Hashizume et al.'> Number of examinations
by age and sex for the years 1974-76 are listed
in Table 1. Although there was some variation
by year, both sexes of the 4049 year-old age
group were most frequently examined.

The technical factors employed in the 16 insti-
tutions are shown in Table 2, There were three
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Figure 1. Phantom Human. A. Head, thorax, and abdomen sections. B. “‘Barium-filled”’

stomach in abdomen sections.
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Figure 2. Total and per caput mass gastric examinations per year, Hiroshima Prefecture
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TABLE 1 MASS GASTRIC SURVEY EXAMINATIONS BY YEAR, AGE, AND SEX
HIROSHIMA PREFECTURE
&, Fimd L UM, EHBIE

#1 HEMWKZE: B

1974 1975 1976

Age
Male Female Male Female Male Female
0-24 510 221 452 208 233 188
25-29 1340 493 1189 463 617 419
30-34 2571 1554 2286 1459 2912 2076
35-39 5875 3548 5209 3332 5668 4040
40-44 14115 6426 11267 6782 14648 7846
45-49 11920 6024 11621 6749 11165 7369
50-54 7456 5060 8805 5911 10091 6605
55-59 4312 4317 4770 4276 4268 4211
60—64 3006 3008 3201 3407 2800 3059
65 + 3142 2830 2998 2426 2318 2482
Total 54253 33481 51798 35013 54722 38295

TABLE 2 TECHNICAL EXPOSURE FACTORS USED IN MASS GASTRIC SURVEYS
F£2 WEMEBMBOBEEMT

. Fluoroscopy

Photofluorography Fluoroscopy Units Tube Voltage* FSD Field —_——
(kV, kVp) (cm) (cm) mA sec
Mirror-Camera Fluoroscreen 15 108 49.5 304 X304 1.44 39
Mirror-Camera Television 3 113 44.3 30.0 X 30.0 0.83 60
Image-Intensifier Television 4 85 518 28.5 X27.0 0.65 49

*kV for condenser type unit, k Vp for transformer type unit,

types of apparatus, based on the imaging
systems for photofluorography and for fluoros-
copy for positioning examinees. The majority
of the apparatus was equipped with mirror-
camera systems for photofluorography, and a
fluoroscreen (MCFS) unit for fluoroscopy. In
a mirror-camera-television (MCTV) unit, an
orthicon tube receives images from a mirror-
camera and exhibits these on the television
screen. In a 1970 survey, no apparatus with
image-intensifiers and television (I.I.TV) were
being used for photofluorography, and there was
none with television for fluoroscopy. This
reflects improvements in apparatus made during
the past 6 years for the purpose of reducing dose.

Number of exposures per examination and
projection according to the position of the X-ray
tube and imaging system are shown in Table 3.
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HERBOEL I 7 — -
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TABLE 3 EXPOSURES PER EXAMINATION BY PROJECTION AND
X-RAY TUBE POSITION (NUMBER)
#£3 1RELLIOBE: BEIAELUXETHD

fr i By (el ¥%)
Projection Under-Table Tube Overhead Tube Total
Units ' 4 7 21
PA 2.50 143 211
PA obl. 1.33 0.14 0.89
AP 1.00 2.86 1.68
AP obl. 0.42 1.71 0.89
Total 5.25 6.14 5.57

One of the 22 units could not be surveyed for
technical factors used. The posteroanterior
(PA) projection was predominantly used for
under-table tube type units; the anteroposterior
(AP) projection, for overhead tube units.

The center of the exposure field was located at a
point between the second and third lumbar
vertebraec with the patient erect; between the
first and second lumbar vertebrae with the
patient prone.

Phantom Dosimetry

Dose to organs varied by institution and X-ray
apparatus, and reflected the variations in technical
factors used, including tube voltage, number of
exposures, and field size. Table 4 shows the
average values and standard errors (SE) for
photofluorography, excluding fluoroscopy for
positioning, for six mirror-camera units and two
image-intensifier units. Surface dose per
exposure by the image-intensifier (I.1.) apparatus
was approximately 1/5 that of the mirror-
camera units. Use of the I.I. apparatus achieved
a greater reduction of bone marrow and gonad
dose than of surface dose, partly because one
such unit had a 9 inch rather than the usual 12
inch diameter 1.1. tube.

Dose data for fluoroscopy used in positioning
are shown in Table 5. The dose reduction using
LI units was of an order similar to that of
photofluorography. Only one MCTV unit was
available for assessment. It incurred a dose
about % that of MCFS units.

Using the number of examinations conducted in
1976, type of unit, number of exposures, and the
flucroscopy time per examination by institu-
tion, the average dose per patient from mass
gastric surveys was calculaied as shown in
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TABLE 4 DOSE TO EXAMINEES FROM MASS GASTRIC SURVEYS — PHOTOFLUOROGRAPHY
Daose: (Average  SE) mrad

4 BHEEAKRZCLIIBREORBRE MERRE
AR T FHMEE mrad
* Mirror-Camera Image-Intensifier
per per per per
Examination Exposure Examination Exposure
Surface 4210 +790 794 %85 1210  £380 171 %5
Bone Marrow 178 + 307 34,1 * 358 103 £ 094 1.65+£0.61
Gonad — Male 15.5% 2.3 313+ 0.55 1352 043 023+£0.13
Female 101 % 14.2 19.7 * 25 899% 375 1.57 £0.98

Exposures 52 0.6 - 70 & 20 -
Units 6 2

TABLE 5 DOSE FROM MASS GASTRIC SURVEYS DURING FLUORQSCOPY
FOR POSITIONING OF EXAMINEES
Dose per second: (Average * SE) mrad

#5 BHRAHDICLINEKRDBEROHEBRRL
15% 4~ O FHHE S EHE RS mrad
Flunoroscreen MCTV LLTV
Units 5 1 2
Surface 65.1 X155 26.5 14.0 +4.72
Bone Marrow 2.33 £ 049 1.59 0.097 £0.018
Gonad — Male 0.223+ 0.066 0.115 0.021 £ 0.002
Female 1.68 * 043 0.863 0.140 £ 0.029

TABLE 6 AVERAGE DOSE TO EXAMINEES PER EXAMINATION FROM
MASS GASTRIC SURVEYS
Dose: mrad/Examination
#6 BHEAFARZZZEORD IELLVOTHEBREGR
it mrad /RS

Gonad
Bone Marrow Surface
Male Female
Photofluorography 159.0 13.9 85.8 3810
Fluoroscopy 71.5 6.7 50.0 1920
Total 231 21 140 5730

Table 6. Fluoroscopy for positioning contribut-
ed about 1/3 of the dose from the entire gastric
survey procedure.

Doses from mass gastric surveys were compared
with those from other types of examinations
{Table 7), and were of the same order as upper-
gastrointestinal  series.’®™!S  Although  the
frequency of mass gastric surveys was relatively
low, the doses were much higher than those
from mass chest radiography, conventional chest

AL HERSERIIEIIBRIBZEED
HBBEOMATH - /-,

HERRBIIL28E L 2 DMOMBEIREIZLS
BEREEBBMLALZA(HT7), LHABBERE
OBRELERETH- /2.9 BEAKRZOHEER
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TABLE 7 DOSE TO EXAMINEES BY TYPE OF EXAMINATION
#£7 HHEOEBHRE: RECERE

Mass Chest'®

Chest®  Lumbar Spine'®  GI Series*™ Mass GI

Surface (rad) 0.046 * 1.0 55 0.65 57
Bone Marrow (mrad) 5.0 83 100 39 230
Gonad (mrad)

Male 0.05 25 6.6 0.31 21

Female 0.12 130 200 40 140
*TV fluoroscopy 7 v EEH

radiography, and lumbar spine radiography CELMEEDLIE L HIEL.

among those who have high examination rates
for these three types of examination.

Calculation of Population Dose in Hiroshima

The genetically-significant dose (GSD), per caput
mean marrow dose (CMD) and leukemia-
significant dose (LSD) were calculated according
to an UNSCEAR Report,'® as follows:

Ggsp= 15 Tk I

LEDRREROERE

EE TR R M 2% B & (UNSCEAR) s ¢
2T, BEHERR(GSD), 1ALGAVDTY
B (CMD) 5 LUVALKAEZTHE(LSD) %
ROEIIZHEL &

T S (NMJ) (M) giM) + NIF) w(F) (F))
2 oA :

ik ik jk

T (NM) wiM) + NF) wiF})
x k

k k

ik jk

k

= T (NM) dM) + NIF) qiF))
P L E

ik F1.3

CMD = ?

T (NM} + N
k

k

LSD= 1

{F))
o

T E(NM) (M) M) 4 NIF) [ (F) diF))
k ik ik ik i f f

ik ik ik

T (NM) (M) 4 N(F} 1, (F})
k

k k

where: ZO#HEE:

k k

N]- r = number of individuals of age-class &, subjected to class f exposure (M = Male; F = Female)
FEBBROMOXBERR IR AERE R (M=01; F =%i%)

N, = total number of individuals of age-class &
FERBORAD

Wig = future number of children expected by an exposed individual of age-class k¥ subsequent to a class j exposure
FERHOHOXBERES R T ARBESCTR SR A FRO T

W, = future number of children expected by an average individual of age-class k&
FERBOPHALSFRECTFHRENSFROTHE

dik = glonad dose for GSD and bone marrow dose for CMD and LSD per classj exposure of an individual of age-
class k
FERBEOJEOXEREX T AEBE LALSAVOERIRER (GSDOHE) #LUFEHISR (CMD &k UFLSD OBH)

L = leukemia-significant factor, weighting factor taking into account the shape of time-incidence curve of radia-

tion-induced leukemia and the survival statistics for the different age groups in the population

AhmEERTF, T2H b RHBRERAMAOME - RERMBOBR, #LUPZ0AUERERORL ZERBOETF

EHtERIIALLMERTF
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TABLE 8 GENETICALLY-SIGNIFICANT DOSE (GSD), PER CAPUT
MEAN MARROW DOSE (CMD), AND LEUKEMIA-SIGNIFICANT
DOSE (LSD) FROM MASS GASTRIC SURVEYS

Dose: miad/caputfyear
%8 BHEEHBCLIEEAEHA(GSD), 1ALLIO
THEWMER (CMD) % 5 Fic ALBERMHE (LSD)
B mrad/ 1 AN Y SHR

GSD CMD LSD
Male 0.044 5.31 4.19
Female 0.0%4 3.30 3.20
Total 0.138 8.61 7.39

Population by age and sex was obtained from
Vital Statistics 1975 in Japan,!” and the values
Wi, and Ly were those used by Hashizume
et al.'®!® " The results are shown in Table 8.
Recently, the GSD, CMD, and LSD from mass
gastric surveys in Japan were reported to be
0.154 mrad, 16.5 mrad, and 14.5 mrad,
respectively.’® Our value for GSD agrees with
this but our CMD and LSD were about % those
reported.

In evaluating the risk of mass gastric surveys,
doses to the stomach and lung corresponding to
the leukemia-significant dose were calculated
using surface dose, depth dose data,® and
Ieukemia-significant factors, as described below.

Evaluation of Benefit and Risk from Mass
Gastric Surveys

Life-saving, life-shortening, and genetic effects
possibly caused by mass gastric surveys were
estimated using the following formulae:

Benefit (number of lives saved)=N-F + §

R (R

ERMpLOENOADERARIOBEEOHE AL
KA 5B T, WyskU L, AQ
s B HEHLALOERANE. ZOFRE
FQITEEHAE RE, AFOBHEARBIZES
GSD, CMD & & V' LSDIRFh#Fh 0.154, 16.5, &
L (f14.5mrad EREENTWVSE.® GSDIIOWVT
i, Z"AoBEEL LROBEI—HLTVLN,
CMD# LU LSDIizowTid, HAGMEEHRE sht
oo Tthoiz,

HEARZORREFMET L Mo, REHLE,
FOREEHY S LUPMFEAZTEFEAMALT,
POFEAESRRCHAYT3EFLUMREZHEL
KIEIZRL .

BfElmeic L 388 s &L UEROFER
BHEAHKZIILS AGOREY, #G0oEHF LU
BEMBBLIROXNEEBLTEREL L.

Risk (number of deaths and mutations) = [ Ry (L8SD; + LSD;y) + Rg (SCSD, +SCSD,) +

fafs (FEC & & PRBERH)

where N is 93,017, the number of examinations
performed in 1976; F is 0.00107, the average
detection rate of stomach cancer by mass gastric
surveys during the past 5 years; S is 0.56, the
rate of patients surviving more than 5 years
after treatment of stomach cancer detected by
mass gastric surveys;?! R;, Rg, and Ry g are
induction rates of leukemia, stomach cancer,
and lung cancer by radiation, respectively (R; =
20°10°rad?, Rg = 15°10%-rad?, Ry g =
50-10°-rad ). LSD, and LSD, are leukemia-

Ry (LCSD; + LCSD,) + M*GSDy, ] * P

2, NEFOTEECERS WA KRBT, 93,017
E; FlBEsERoFEARB L sFROE Y
BRMT, 0.00107; SIHHEEAMBIIL->THRE
hi-BEEEOHREBESFELLOEFET, 0.56;8
Ry, RgHEUR BRI LEAMMA, Bilibx
VI OSEET, Z2NFh (R, =20-10"%rad 7},
Rg=15-10"%rad 7}, R, =50-10"%rad "1}, 2
LSD, 5 XU LSD, i BEMRSHIUBERRS T
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significant doses from mass pgastric surveys
and from detajled examinations carried out
after detection of abnormalities on photo-
fluorography, respectively (LSD; = 7.4 X 1073
rad, LSD, = 0.26 X 107 rad); SCSD; and
SCSD, are doses to the stomach corresponding
to LSD; and LSD, (SCSD; = 14 X 107 rad,
SCSD, = 1.1 X 107 rad); LCSD; and LCSD,
are doses to the lung corresponding to LSD; and
LSD, (LCSD; = 1.7 X 10" rad, LCSD; = 0.13 X
10® rad); M is the rate of genetic effects by
radiation, including recessive mutations, domi-
nant mutations, and reciprocal translocations
(1.7°10%-rad ' };® GSDy, is the genetically-
significant dose for males (0.044 X 107 rad); and
P is the population of Hiroshima Prefecture
(2.66 X 10%).

The number of lives saved by mass gastric
surveys performed in 1976 was calculated to be
55.7. Many stomach cancers are detected by
examinations other than mass gastric surveys
and some of these cancers are cured. This has
been estimated to be 0,37 of the total lives saved
by mass gastric surveys.?! Subtracting this from
the total lives saved, the true benefit in terms of
lives saved by mass gasiric surveys was 35.1.
Deaths from leukemia and cancer were calculated
to be 1.1, and the genetic damage was 0.02.
Thus, there was a benefit-to-risk ratio of about
50 for mass gastric surveys performed in
Hiroshima Prefecture in 1976.

DISCUSSION

Disagreement between Hashizume et a and
our CMD and LSD values was due mainly to the
data being obtained by phantom dosimetry for
photofluorography using mirror-camera units,
as shown in Table 9. The doses from fluoroscopy
during the positioning of examinees agreed well
with those of Hashizume et al'? but our dose
estimates for photofluorography were less than
¥ theirs.

112

In the study by Hashizume et al,'? the methods
used to estimate dose differed for photofluorc-
graphy and fluoroscopy. For fluoroscopy, their
phantom dosimetry was based on representative
exposure factors which were obtained by survey.
For photofluorography, magnesium silicate
thermoluminescent detectors were mailed fo the
involved institutions and attached to examinees
during exposure, except during fluoroscopy used
for positioning. Based on X-ray output, they

10

REAFBRRShABIERSWANERE L5880
HESHERC, FhFH(LSD,=74X10 ®*rad,
LSD, = 0.26 X 107 ®rad ); SCSD, % &1 SCSD, i
LSD, &L UFLSD, Y ¥ 2 BHAT, (SCSDy=
14X 10" 3rad, SCSD,=1.1X10"*rad); LCSD,
# & U LCSD, 13 LSD, & & U LSD, (250 24 5 hili 4t
£, (LCSD;=1.7x10" *rad, LCSD,=0.13X
107 %rad); MUKHRRLRE, BURAERSE
USEHREMEIE % (3 U o & T 5 BEHRIC & 3B ENE
'/, (1.7-107 % rad ~1);% GSDy B EMEE
EEHRT, (0.04%1073%rad); 2L T, Pl
ERROADT, (2.66X108)ThH 5.
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fERIc T A FHEORIEHE0TH 2.

£ B
Bo2rRLAOCMDE LU LSDOEOERITE
ELT, BOCRTEIILZ, 35— - HAFERL
LAMEBBMEIIETE Ty b BRAENEY
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IR RIBHES " DI L —BL TN,
MERE I BRIEIESOEFLUTCH o,

WL PoRET, BENRECHY 3 BRI NE
WELSETEREL» TV A, BEROBS, AXEC
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TABLE 9 COMPARISON OF DOSE TO EXAMINEES
: Dose: (Average £ SD) mrad
#9 WREOHBRED L
BRIk P AR mrad

Study Type Surface Bone Marrow
Hashizumeetal'>  Photofluorography* 2040 * 1370 85.7
Fluoroscopy** 2600 93.6
Present Study Photoflucrography* 794 % 210 341% 8.78
Fluoroscopy** 2800 £ 1300 100 £42.1

*Dose per Exposure, Mirror-camera

used an experimental X-ray unit to measure bone
marrow and gonad doses. It is likely that those
surface doses may have included some
fluoroscopy exposure because X-ray technicians
performing mass gastric survéys do not usually
distinguish from photofluorography, the fluoros-
copy procedures used for positioning. This may
also be reflected by the large standard deviations,
depending on whether fluoroscopy was used to
expose the dosimeter,

linuma et al?! have developed a detailed method

for calculating benefits and risks from mass
gastric survey, according to age and sex. Using
their method and the dose data obtained in this
study, risks exceeded the benefits for examinees
under 29 years of age.

Induction rates for cancers other than leukemia,
and stomach and lung cancers are published in
an UNSCEAR Report.?? However, risk evalua-
tions for these cancers were excluded because of
relatively low induction rates and low doses to
the organs concerned.

Even though the benefit may exceed the risk for
older age groups, dose should be reduced to
the very minimum. Use of LELTV units instead
of MCFS apparatus reduced dose to the bone
marrow and gonads to less than 110 the
original, underscoring the need for replacing all
obsolete apparatus with LI TV units.

It was stated in the 1972 UNSCEAR Report
that there was no clear correlation between the
induction rate of gastric cancer and radiation
dose.’® We have concentrated on the measure-
ment of bone marrow and gonad doses because
leukemia and genetic mutations are well-
established as possibly radiation-related damage.
However, the estimated risk of gastric cancer

- HATEFERALABENEH I ELE- YRR
**Dose per Examination, Fluoroscreen E XML HEMLABSORE 1Y~ 9 DR
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calculated according to a later UNSCEAR Report

- i 22
in 1977 exceeded that of leukemia. These REMFBEOFhE ER->2.2 ZRGDERT S,

results indicate the necessity for dose estimates
for medical X-ray exposure of other organs such
as stomach, lung, breast, and thyroid gland, in

addition to those for bone marrow and gonads. PHETADESESTREENS.
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