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DOSE TO BONE MARROW AND GONADS FROM CHEST EXAMINATIONS
CALCULATIONS BY ELECTRONIC COMPUTER

BEFHERHICLII2MTXERED

INTRODUCTION

In studving possible late radiation effects among survivors
of the atomic bombs in Hiroshima and Nagasaki, a number
of assessments have been made by ABCC of dose due to
ionizing radiation of the bombs."** Contribution of diag-
nostic medical X-ray is considered an important source
of exposure of populations in general, and particularly
among the exposed populations in Hiroshima and Nagasaki.
Determination of dose by medical X-ray is of special
importance because of the continuing studies for detection
of late radiation effects.® Conceivably, the cumulative
dose from diagnostic medical X-ray might approximate
that of partially shielded exposed individuals who were
located some distance from the hypocenter, and in some
instances exceed that of distant or heavily shielded persons.
It is also conceivable that individuals who were closer to
the bombs might receive more frequent X-ray examinations
than those who were at greater distances or were not in
the cities, either because of more readily available and
less costly medical care,* or because of anxiety, or both.

Based on a survey of ABCC subjects, dose to the bone
marrow and gonads by diagnostic medical X-ray was
determined previously,® but that study incorporated a
4-month period of interrogation of subjects with a 3-month
recollection on their part. No reliable dose ranges were
compiled because of the relatively small number of ex-
posures for each type of examination. An additional larger-
scale survey of subjects was therefore performed, and it
yielded a large number of chest exposures. Our past
experience with the time and effort required for manual
dose calculations prompted us to devise a means of making
the calculations by electronic computer.

ABCC subjects report regularly for biennial examinations,
and details of this program are described elsewhere.?
Our general procedure for assessment of medical X-ray
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dose to ABCC subjects at community hospitals and clinies
consists of:

1 Interrogation of subjects to ascertain location and time
of their exposures to ionizing radiation, for medical or
occupational reasons;

2 Interrogation of personnel in community hospitals
and clinics to determine technical factors used for the
individual exposures reported by the subjects in step 1;

3 Dosimetry studies in the ABCC Department of Radi-
ology to duplicate these exposures (steps 1 and 2) using
dosimetric apparatus and phantom materials to measure
bone marrow and gonadal dose.

The present study, part of the third step, and based on

two previous ones of patient and hospital interrogation,’’
deals with PA chest examinations only. Dosimetry for
the other examinations will be reported later. Bone
marrow and gonadal doses were determined by phantom
dosimetry, and dose calculations were made by electranic
The methodology is described in detail, and

mean bone marrow and gonadal doses for PA chest

computer.

examinations in Hiroshima and Nagasaki are included.

MATERIALS AND METHOD

Phantom Materials
human skeleton and beeswax-impregnated cellulose to

A Mix-D phantom containing a

represent lung tissue was altered to accommodate small
polystyrene ionization chambers inserted in marrow cavities
contained in removable sections, according to the method
of Laughlin et al® (Figure 1). Thirteen sites were used
for bone marrow dose measurements; three for gonadal
dose measurement, and the locations of ionization chambers
are shown in Table 1. Plain Mix-D block phantoms were
used for depth dose measurements inside the X-ray beam,

and to measure dose by scattered radiation (Figure 2).

Dosimeters Memorial polystyrene condenser ionization
chambers made and supplied by the Biophysics Division of
Sloan-Kettering Institute, New York, were used to measure
bone marrow and gonadal dose.” These chambers are
especially suitable for use in the diagnostic energy range
because of their sensitivity and low energy dependence,
and their small size facilitates marrow dosimetry.’” A
Baldwin-Farmer electrometer, type RB, was used with
these chambers. An Electronic Instruments Limited dose
meter, model 37A."
ionization chamber'? measured surface dose and monitored
X-ray output.

equipped with a 35 ce polystyrene
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Figure 2 Plain Mix-D phantom with inscription of field sizes on
superior surface (above), and Miz-D receptacles for Memorial
Figure 1 Entire Mix-D phantom containing skeleton. : ItJﬂlZﬂf[n’fﬂ ehamderd: (gl

G R E ST —TAE . R B2 M4 Oy s REIZRLZERMx—D7 > ¥ F— A
(k)& Memorial SEM & A+ 5 Mix—D# (F)

TABLE 1 LOCATION OF CHAMBER IN HUMAN PHANTOM
#£1 Afk7> v b—Ailkits SR

Chamber Description Location in Skeletal Latlic;"_
it 3 -] T BFHREFIZET 4 #
1 Skull vertex THE® ..o C.11
2 C-spine/4 PEHEC 4 Yo G-18
3 Sternum body B® ....occooee J-25
4 Right rib/6  HRIVE(6 ). J-16
5 Left rib/6 EWE(6 ) J-20
6 T-spine/6 BAHE( 6 ) oo I-11
7 T-spine/12 M ke(12) L-11
8 L-spine/5 FEME(D ) . P11
9 Right ovary HOHE .. Q-17
10 Left ovary =il [ 1 Q-19
11 Right iliac R i P9
12 Left iliac EhEE ... P13
13 Pubic L e R-18
14 Testis B s 5-18
15 Right femur & RBE ... 59
16 Left femur RREE ... S5.13




Radiographic Unit A General Electric diagnostic radio-
graphic unit; 130 kvp, 500 ma, with full-wave rectification
was used to expose the phantom.

A detailed description of other equipment used has been
reported elsewhere.'?

EXPERIMENTAL PROCEDURE

Studies with the Human Phantom For all exposures,
the target-film-distance was a constant 183 cm. Three
different collimaters gave field sizes of 110 em (no cone),
85cm (19.5ecm ¢ cone) and 58cm (13.5ecm ¢ cone) in
diameter on X-ray film at this distance (see Table 7).
For the largest field, both male and female gonads were
inside the Xray beam; with the medium size field, only
female gonads were inside the beam; for the smallest
field, both male and female gonads were outside the
X-ray beam.

When located outside the useful beam, the chambers
received only scattered radiation, and many repeated
exposures were necessary for a reading. In such cases
the maximum exposure used per field was 2000 mas,
regardless of tube voltage. If this was insufficient to
produce a reading, dose was calculated according to
measurements of scattered radiation within the plain Mix-D
block phantoms.

Tube voltages used in this study were 50, 70, 90 and
130 kvp. . Added filtration consisted of 0.5, 1.0 and
2.0mmAl  Dose readings were obtained using various
combinations of these factors.

Depth Dose Measurements To estimate dose at locations
other than those of the 16 chambers, it was necessary to
measure dose attenuation in the phantom. These values
were used to approximate dose at such locations.

Dose measurements were made in the block phantom with
tube voltages of 50, 70 and 90 kvp with field sizes of
10 x10, 20 x20 and 30 x30ecm. Added filtration con-
sisted of 0.5, 1.0 and 2.0mmAl. Measurements were
made at focal-film-distances (FFD) of 60, 100 and 200 cm,
and at depths within the phantom of 5, 10 and 15cm.
By combinations of these factors, depth doses at a given
kvp, field size, and added filtration, by FFD and depth
were obtained by interpolation and extrapolation. These
data may be applied to other types of examinations as well

as PA chest examinations.

Scattered Radiation Scattered radiation dose was
measured in block phantoms for 60, 80 and 100 kvp, at

XIGEB  (HH L/ X 54 % 12 General Electric 2HiH X
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four distances from beam edge—2, 4, 6 and 8cm; for
three field sizes, 10 %10, 20 x20 and 30 x30cm; at
three depths—5, 10 and 15em from the surface of the
phantom.

In the present study, only the 30 x30cm field size was
used for both direct and scattered radiation determinations,
because the majority of exposures by PA chest exami-
nations were made with approximately this field size.
A minority exceeded this field size, but depth dose and
scattered radiation were not found to be appreciably
greater experimentally for {field sizes larger than
30 %30 em.

2020, 30X30em, EX 7+ v b—LEEH 55, 10,
15em Tl L #=.

AR EVGTIE, EHER, BELR & £ 130X 30em o i
HEOSHEER LA v oRREEHFmRED L
HAAZORBITCEVWRESE S A6 THS. 20
BEat A M A ME s hd, RESmE s & URE
HE30X30em L) Eo BETEF ClEFEM A MM AL 5 h i
o .

Figure 3 Lattice system fo describe active bone marrow distribution.

M3 EMFHoSHEETALoRTR

Principle of Formulation for Calculation of Bone
Marrow and Gonadal Doses

Inside Beam A human skeleton was “divided” into a lattice
of cubes to assign bone marrow weights to each compart-
ment in a previous study.’* This is illustrated in Figure 3
and the bone marrow distribution derived is shown in

Table 2.

Dose to cubical compartments was calculated by multiplying
depth-dose ratios by doses recorded by ionization chambers.
In general, doses were calculated using chamber measure-
ments for the specific types of bones. If no chamber
existed for a bone, the dose of the chamber nearest in
location was used. Where appropriate, a mean value of
two chamber readings was used. The formula was as
follows:

B L UEEBRREOHEN

EiER TToo@BLABRCIswT, ABERTRO
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TABLE 2 DISTRIBUTION OF ACTIVE BONE MARROW
£2 IEMEBMO A

12)
Skull T
Cl::‘::l' _VETliex Craniad Tmnsvcrst_: sections Caudad PrD]xs,cF::n"l:Ir E::abr
yHxE BER HEOFEA 0 Fhne  EEHARAE yipm
# & cC D E F G H 1 J K L M N 0 P Q R 5 i
1+
2 110 .99 1.18 0.59 0.14 4.00
3 2,49 1,24 0,76 1.86 2.95 1.96 .90 14.41 7.63 34.20
4 4.97 6.22 0.83 248 4.32 2.56 1.31 0.95 0.96 9.98 3619 70.55
5 2,49 1.24 0.76 1.86 2.95 1.96 .90 14.41 7.63 34.20
[ 1,10 0,99 1.18 0.59 014 4.00
7*
8 2.53 L&0 4.13
9 3,83 6,71 2.93 211 2.48 0.34 9.32 #4586 10,00 4.00 S0.28
10 249 8,70 4,97 2,49 332 0.43 .44 071 0.48 26,16 24,77 13.05 583 93.82
& 11 4.97 2.49 3.01 2.00 1217 31.37 26.60 32,19 4652 1875 20.23 22.17 5832 9.05 280.90
e 12 2.49 870 497 249 332 043 0.44 071 0.48 26.16 24.77 13.05 5.83 93.82
R 13 3.83 6.71 2,93 2.11 2.48 .34 9.32 .56 10,00 4.00 50.28
= 14 2.53 160 413
....: 15 260 7.26 15.86
;‘Ej 16 9.20 3.38 2.27 267 1.48 0,23 816 6.23 33,62
,:‘;._ 17 2.49 4.97 2.44 3.50 5.15 0.13 010 6.23  10.72 2,33 38.11
5 18 497 2,49 13.78  19.17 1852 [R5 B (i 0.87 1.1% T.00 4.66 T4.56
_z 19 2,49 4.97 2.49 3.50 5.15 0.13 010 623 10.72 2.33 3811
3 20 @.20 3.38 2,27 267 1.48  0.23 8.16  6.23 33.62
21 B.60 T.26 15.86
22+
23 0.06 0.51 0.85 1.42
24 1.24 4,97 1.24 332 0.74 .04 062 (.42 0.24 0.15 12,98
25 2448 4.97 2.49 1.23 1.23 7.70 .32 5.85 3.51 35.74
26 1.24 4.97 1.24 3.32 0.74 0.04 0.62 0.42 .24 015 12.98
27 0.06 0.51 .85 1.42
28*
Section
*g}lgﬁal%f 2487 H4.609  31.0R 3664 2388 10525 8253 55.07 58504 6048 23,23 2379 2409 184.20 15208 7774 2898

af
*No active bone marrow. SR % L

Grand total: $8Ft 1.046.64¢

British Journal of Radiology 39:735.9, 1966'*

D
D, (ij) = D chamber x D_"‘

Where Dy (ij) is the dose to j'* type of bone in i cube
at mem depth. Some cubes contained more than one
type of bone and a different formula was used for each
type. D chamber is the chamber dose at ncm depth,
D, and D, are the dose at nem and mem depth re-
spectively, obtained with the plain Mix-D block phantoms.

When a chamber was not completely surrounded by bone,
as was the case for rib, ilium, and sternum, absorption
by bone was assumed to be 10%, regardless of hone
thickness. In this study, the mean absorption of bone
from 2 mm to 4 mm thickness was found to be 10% with
a bone equivalent phantom material.

n
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The ionization chamber doses at the testis and ovarian
positions inside the beam were used as male and female
gonadal doses.

Outside Beam Bone marrow and gonadal dose measure-
ments outside the X-ray beam were not reliable, particu-
larly for marrow and gonads located far from the useful
beam. Bone marrow dose was therefore calculated from
scattered radiation dose data, obtained with block phantoms.
The formula employed was:

Dg (i)

Where Dg (i) is the dose to the i cube outside d cm from
beam edge at mem depth, D chamber is the chamber dose
at ncm depth inside the beam nearest the field edge, D
and D, are the dose at m em and n em depths respectively,
D, (m) is the dose at mcm depth and zerocm from beam
edge calculated by extrapolation of attenuation curves of
the scattered beam at the specified distances from beam
edge. D, (m) is the scattered dose at mcm depth and
dem distance from edge and f is the correction factor,
the ratio of dose at zero distance from edge to dose inside
the beam at mcem depth. Dose near the beam edge inside
the beam should be the same as dose at zero distance
from the field edge extrapolated by attenuation curves.
Actually,
the very sharp decrease in dose at the beam edge.

the former is larger than the latter because of
Dy (i)
was calculated at 2.5 em and 7.5 cm from beam edge, the
centers of the first two cubical compartments outside the
margin of the exposure field. For the remaining cubical
compartments, only the dose to the cube centers was
calculated, then multiplied by the total active bone marrow
weights in these compartments.

In all exposures contribution of bone marrow dose outside
the beam to the total active marrow dose was less than
59%, as seen later, even with small field sizes for PA
dose outside the beam

chest examinations. Therefore,

for PA chest examinations could be ignored, from a practi-

cal standpoint, in the present study. Scattered radiation

dose, however, is important in examinations with small
field sizes as in fluoroscopy and spot filming during upper
GI series examinations.
outside the

similar to that for bone marrow dose.

Gonadal dose caused by X-ray

direct beam was calculated by a method

COMPUTER CALCULATION OF DOSE
Introduction The collection and presentation of the
original experimental data was first done in a manner to

facilitate hand calculation methods for bone marrow dose.

=D chamber x _~_ x

flc
D, D,(m)
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Since that method of calculation was complex and required
a great deal of time, and the anticipated total number of
cases was large, it was desirable to make calculations by
electronic computer.

In the course of the computerization of the procedure,
the original hand calculation methods served as a guide
An IBM model 1440
electronic computer was used in this study.

and were used to check results.
Certain
interpolations were made to prepare graphs for manual
calculations, and some of these were also used in the
computer calculations. As a result, some values presented
are not actual physical measurements but interpolated
or extrapolated values, useful for the calculation procedure.

Collection and Reduetion of Data

Chamber Data  As mentioned before, experimental data
was collected through use of the human and block
were recorded in
milliroentgens per milliampere seconds (mR/ mas).

phantoms. Observed dose values

The relation between log dose and log kvp was approxi-
mately linear, as can be verified from the data in Table 3,
presented as an example.

In the first phase of data collection, only three kvp values
were used; 50, 70 and 90. Linear extrapolation to values

HHTEHH2E L, 220 Evin 2 LF TRl
NioT, BFFAHEHICEA5EIEE Lo,

BEFHEBOBABRECINT, FloLAHE RIS
Flat LTEAHEREOMBIZAVERE. RFETHL
EEFHEEZIBMUWORTHE. OEOHED-ZHO
MEELZHDCHEFOREIZEN, 2hbD3545
LOREFHERCLIHEICEHVGhE, EREL
T, HFOEIE, EMNCENEILZLOTIEEZL, A
HEZENR LS THELREZLZDFEEATVS. &
LAAZNhODEEHEICABTS - .

Bl
EEBCEREME Ml e, EBF— 412
Mg v b—nbT09 s 7 b—22EHLTHE

h
b, Zhoofrz ) 7y27P4% 42003 ) Ly
k4 v (mR/mas) & LT sh .

METHE - LR L vp 0BG IHIZITERT S D, #
ELTHRIUEIRLETF— D5 4H3TLNTE B,

WETF—seE2&8MOBE T, 50, 70, 00320
kvpDh AR LA, LA LW0kvpi Mz AWEOfIZD

TABLE 3 CHAMBER DOSE BY LOCATION, ADDED FILTRATION AND KVP IN PA CHEST EXAMINATION
(UNIT: mR/mas, FIELD SIZE: NO CONE, FFD: 183 cm)

#3 (L@, HilBRSE & Ukepic & A BEE I X ST O SRS AR

(B Ar: mR/mas, PAGITF: BB4479 4 L, FFD: 183cm)

o _CMmMr 0.5 mm Al e 1.0 mm Al i 2.0mmAl

AL e M 50k 70 90 130 70 90 130 50 70 90 130
Skull EEE. 0.270 0.593 1.638 0.062  0.232  0.552 1.510 0.050 0.208  0.476 1.330
Cospine/4 MHE(4) : 1316  2.732 5480  0.428 1.242 2471 4.841  0.315 1.006 2074  4.029
Sternum 3% ... 0.044 0.193  0.447  1.238 0.041 0174 0.412 L.148 0035 0.161  0.399  1.077
R-rib #BE....... 0355 0932  1.765 3564  0.304 0.787 1421  3.238 0221  0.653 1.264 2.664
Lerib R R ... 0253 0774 1473 3208 0.212 0647  1.308 2960 0176 0.561 1119  2.646
Tspine/6 MHE(6) ... 0.220  0.842  1.820 4.090  0.195 0766  1.683  3.808  0.163  0.679  1.471  3.381
T-spine/12 l#(12) .. 0.352  1.099 2418 5359  0.305 0954 2155  4.917  0.249  0.840 1857 4.222
Lespine/5 IEH#(5) ... 0.189 0619 1358  3.225 0.166  0.5835  1.165 2974  0.125  0.526 1081  2.758
R-ovary 45 S0 3. 0.068 0266  0.599  1.525 0.060  0.253  0.551  1.415  0.047  0.222 0451  1.294
Loovary 7S04 ..., 0.064  0.244  0.548 1412 0.054 0229 0512  1.303  0.049  0.207 0.444  1.186
Reliac 4188 . 0.471 1226 2105 4.642  0.393 1081 2077 4197 0300 0924 1.715  3.706
Liliac A28 ... 0.569 1449 2429 5129  0.433 L1601 2164 4440 0316 1.029 1.888  3.903
Pubic W . 0.021  0.100  0.225  0.681 0.018  0.000 0215  0.622  0.016  0.087  0.200  0.560
Testis WA 0.006 0031  0.072  0.230 0.006 0027  0.070  0.216  0.005  0.024 0.066  0.196
Rfemur HAER ... 0.007  0.033  0.074 0227  0.006 0.030 0073  0.206  0.006 0.029  0.089  0.197
Lfemur % KEF ... 0.007  0.032  0.072 0.006  0.029 0.204 0.028  0.066  0.194

0.222

0.068 0.006




beyond 90 kvp was not regarded necessarily valid, and
in the second phase of the study additional values for
130 kvp were obtained. Most of the chamber data showed
a slight convexity for dose readings plotted at all four kvp
values; therefore, quadratic interpolation was used to
determine dose for kvp values between the experimental
ones. Comparison of total dose values based on linear
and quadratic interpolation for the case of no cone, (.5 Al
showed the linear value as much as 4%, or 22 gm-mR,
below the quadratic value at 60 kvp and 1.5%, or
64 gm-mR, above the quadratic value at 140kvp. The
smoothing effect of quadratic interpolation was judged more
adequate for describing the experimental data. The
consistency of the convexity for the experimental data
suggests it is real in terms of the experimental situation,
and not a convexity resulting from random errors of
measurement.

Attenuation of Direct Beam The relation between log dose
and depth is nearly linear for all kvp values. The slope
of the linear relation decreases slightly with increasing
kvp, but this effect diminishes with progressively higher
kvp. This is illustrated in Figure 4. Also, the relation
between log dose and log kvp was nearly linear for any
depth and filtration, with only a slight departure from
linearity. Because of this small departure from linearity,
two linear relations were considered quite adequate to
approximate the long dose vs long kvp curves; one,

between 50 and 70kvp: and one, between 70 and
100 kvp

WTESMIIAFET SRS TLEBEY TR E Y
Sfat, H2ER T30 kvp 2B S HERE A BN L
t.k%%@ﬁ%%ﬁu4owmpuﬂLfTUva
SHBAEL LR ER LA, WA, EEREM O kvp i
ﬁﬂéﬁiu_kﬁL$émﬁt$onﬁLﬁ.-K
EREOEFATRIZDVWT, RFCEITVWTEIELLE
EREOREBAEEL L, 05AlOHIZ2>VT AL
60kvp T, —RKRICLEZ2RECHLALMIE AR 2L
LD A% ELIT2em-mRIEVWETH Y, 140kvp TIL
121.5% £ 7~ 1364 gm-mR& Wl A8 6 L, ORI
EATFHEMEIERFT— 72 UETA30ILNEETH
AEELENE. EEF— s ATt MKERT L,
MEOFARANEZBECLLITELLLDOTIREL, ER
ORBUILI S TUEHEETSIAIZEERELT LS,

EEROFHSE HEOMHEEFEZOMGEIEF AT Okvp
i LTIRIFERTH - 2. EEMEOEF T kve
S A3 2hThTricELT5. LU ERIEkvp
HEL Ao THEL TV, M4 TEESEORELD
W ERT. -8R Ekvp oA HEIZIE, T o
FEE, KB CEVWTE LT AR TRIES A FRITES
Thot, BEPoOLLOThYFH2-012, HEO
HEEkvp o HOMERSEFELEEIOIZ2 2OE
MEFEEsEIE LS TH L EEZ SN 1 21d50kv
ETOkvp DR, (Z70kvp &E100kvp O M OB % T & 5.

TABLE 4 DOSE AFTER ATTENUATION OF DIRECT BEAM IN PLAIN BLOCK PHANTOM BY KVP,
DEPTH AND FILTRATION (UNIT: mR/100 mas, FIELD SIZE: 30 x30 ¢m, FFD: 180 cm)

#d Kvp, BELZLSUIZIEBHRIZEAEE 70y 277> v F—ahOEESEOKS

(WL : mR/100mas, MBESTEF: 30X 30em, FFD: 180cm)

Added k

Filtration D:a.pth * =

B kS 70 100
0.5 mmAl Sem 27.5 88 420
0.5 a0 0.05 0.89 9
1.0 5 21 77 290
1.0 30 0.0675 0.91 6.7
2.0 5 14.6 66 238
2.0 30 0061 0.77 7

Therefore, for computer calculation only six values Fhwa, BFAESCLAHE L, SEERCED

(Table 4) were required to describe the direct (inside)
beam attenuation for each filtration. Loglog interpolation
{or extrapolation, for kvp >100) was done for dose vs
kvp to obtain dose at 5cm and 30cm depths. Then
arith-log interpolation was done for depth vs dose, using

doses from the first interpolation, to obtain dose at the

AEHEMOBB/ERTOULEDDHOAT 9 TH-12
(F4). BMEOMSEEkvp O A EORNIE (100kvp L)
ETESE) 25 E30emDiFEE OB A HH L TIT
Thhi CHEOFESOHBE2EL 200, Bzt
ZHBOMPE KRR TEORAF LA, Ra@EoM



FIGURE 4 ATTENUATION OF DIRECT BEAM IN PLAIN BLOCK PHANTOM
(FFD:180 cm, FILTRATION: 1.0 mmAl)
M4 #EF70,275»b—shOERRORT
(FFD: 180cm, {#if4i: 1.0mmA 1)

100o T T

100

Depth Dose (mR/100 mas)

100 kvp

50 kvp

Depth

desired depth. Due to the closeness of these relations
to linearity and necessity of using only depth dose ratio
at the same kvp, extrapolation for 100 <kvp<140 was
considered adequate.

Attenuation of Scattered Radiation Previous comments
concerning relations between log dose and depth and
between log dose and log kvp also apply here, but the
relations were even more closely linear. In addition, log
dose vs distance relationship was well described as linear
for all kvp. For computer calculation, only six values
are required to describe attenuation outside the beam for
each distance from beam edge. lLog-log interpolation
was done on dose vs kvp to obtain dose at 5em and
30 cm depths. Arith-log interpolation was done on depth
vs dose to obtain dose at the desired depths. This
was done at 0, 2.5 and 7.5 cm distance from beam edge
used in most of the outside beam formulae; arith-log
extrapolation on distance vs dose gives the final result

20 25 30

(f[Tl‘.l

BAEIIEVZ &, FLU—FDkvp Tl —2 OFES
BERABVCAELENEEZ LD S, 100kvp £ 1 140kw
OFEEHIZH LAFTA b tBmYTELEEL SN,

BEFOHES MEOMELERSFLIUHRE SkvpO @
HEOBFEE, Rz R I TEERNT A
ZeHTES. LALZOMBRIIOERIZE D 5 L.
MaT, mEOMHENEESEOREET X TOkvp T
FIFERTH - 2. BFAEEICE S HE D,
POOEMELEROERESICE6 DO LR ELE L
v, R Ekvp O WA EIIZ LA NAIE5 o & 30em ) E
SOHBBIZOVWTITE . ZONITEELE OFHER
Thkd £ EMT 285 60, 2.5em, 7.5m @
22V TiTh 2. 7.5emENFHEOIERIZ> VT IT, FEEE



for distances greater than 7.5cem. Table 5 shows the
outside beam dose used in the calculation. The correction

factor (f, } mentioned before was calculated as given in
Table 6.
Since f, vs kvp relation is approximately linear, for
computer calculations the linear least-square fit to the
data was used.

oM eHETRIER AR S, RS EFHEIZH
WABMESORRE T, BB LA WIERR( £ ) i
Hitk-T, HEIZRTHEHIFrEAE.

frihkvp EOBFRIBIZITERTH DI, ETFFHE

BIZLIFETE, F— V2RI IREERICLTHLHL
Al

f; = 0.33 — 0.001 x (kvp)

f; = 0.443 — 0.00178 x (kvp)
f; = 0.599 — 0.00280 x (kvp)
fy = 0.744 — 0.00414 x (kvp)

TABLE 5 DOSE AFTER ATTENUATION OF OUTSIDE BEAM
IN PLAIN BLOCK PHANTOM BY KVP, DEPTH AND DISTANCE
FROM BEAM EDGE (UNIT: mR/100mas,
FIELD SIZE: 30 %30 em, FFD: 180 ¢m)
#5 Kvp, &, Z5Ucipites, o Ol k5 ES
7Oy 7T e v b= 4 O EELE O Y
(B4 : mR/100mas, BEGFEF : 304 30em, FFD : 180em)

TABLE 6 CORRECTION FACTOR (f,)FOR COMPUTATION
OF SCATTERED RADIATION,
IN PA CHEST EXAMINATION, BY KVP AND DEPTH

# 6  Kvp, TESI0Cd 20505 Xk o s ELE
HHORHOMIEGR ()

mndy Depth %
Bisnee Depe IR .. K £ 02em £ 257 £ 7512 L. 12517
Ehom i E 50 a0 100 I I i A%
0 cm 5 7.4 37.8 77 100 0.23 0.26 0.31 0.36
0 30 0.067 1.05 3.1 90 0.24 0.27 0.33 0.40
25 5 3.35 115 40 80 0.25 0.30 0.36 0.43
25 30 0.058 0.89 2.79 70 0.26 0.32 0.39 0.46
7.5 5 0.81 47 11.3 60 0.37 0.34 0.42 0.52
7.5 30 0.021 0.62 2.1 50 0.28 0.36 0.46 0.60

Field Description For FFD 183cm, field size was
identified for five cone and film sizes as shown in Table 7,
according to a phantom and bone marrow distribution
Fields 4 and 5 were used with
field 3 chamber data. Diagrammatically the field size by

previously described.'!
phantom section for each cone was as shown in Figure 5.

Use of Inside Beam and Outside Beam Formulae There
were 188 cubes with active bone marrow in the skeletal
lattice used here, as shown by the distribution in Table 2.
Some cubes contained more than one bone and a different
formula was used for each bone, depending on the location
of a given ionization chamber; that is, for a given bone
in a cube a particular formula was used to adjust the
appropriate chamber dose to represent the dose for that
bone. In general, dose calculations were made at the
center of each 5 em cube. To give the general formulation
for dose calculation some notation is required.
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FIGURE 5 FIELD SIZE (LONGITUDINAL AXIS) ACCORDING TO SECTIONS C-S IN THE PHANTOM

M5 77¥ b= (C—S) 12X2MHETE (#Ef)
4 5
* 3
e ;
4 N
7 ~
"“h—__ __-ﬂ’
| T
lcplelrle o1 J kK LIIMIN 0 P @ RIS

TABLE 7 IDENTIFICATION OF FIELD SIZE IN PA CHEST EXAMINATION BY CUBE
ACCORDING TO CONE AND FILM SIZE

#7 WHBHETT 4 VAT E & ZfE - T, AHEBETHbEN
Rl 6 85 80 5 i X R R oo R 49 B
Cone Round Film Size l"'ie](.iml'zlumber Cuhe_s in Skeletal
B A Tyhhokix RETFES Lattice
H B (em) BTG5 L HEME
No cone
IS 4 L. 1 All &8 CS
195cm 2 All £ CR
13.5 14w 3 All &8 EM
13.5 117 x 14" 4 All & & F-L except 7= /2 L H-8,
14, 15, 21,1-15, 21 % B <
v 5 5 All B8 G-L except 7= 72 L H-8,
13.5 10'x12 14, 15, 21,115, 21 & <
Notation: AL
i=1.2, ......, 188 is the index of cube number. =1, 2, «, 188 vHREMOES
j=1, ...y J; (J; <4) is the index of the number of different i=1, -, JilJi=4) I iFHOKEhOEEFEA &

ith

bones with active bone marrow in the i'" cube

W is the bone marrow weight (g) for the ik

the " cube.

bone in

D, (ij) is the inside beam formula described in section II.

Dg (i) is the outside beam formula described in the above
section.

DEOEE

WiitiFBREOj&FHOGTOHHEER (¢)

Dy 6f) & I 5 3B < 2= B0 &

Ds (i) @ [d U< fal& o R



In terms of this notation, bone marrow dose (in gram-
milliroentgens per milliampere-second) which shall be
denoted D (gm-mR/ mas) is calculated as follows:

ZoEST, BHER (3T vATHYEDIYLY
vy EDEVIHEE(gm-mR/mas )¢ HEbT. ZhH
BRoZELHEER 3.

a. Inside Beam @

188 J,;
I)I =}: E
=1

i=1

Dy (ij) Wij

b. Outside Beam #tEL&

188

Dg =3 Dg(i) Wi

im=1

c. Total Dose E#fSEt

Dy =Dy + Dg

Tables 8-10 have been prepared in this manner for five
field sizes, three filtrations and for kvp from 50 to 140
at 5 kvp intervals. TFigures 6-10 show the graph of
log Dy vs log kvp. Gonadal doses calculated by a similar

method manually are listed in Table 11.

Accuracy of Results For various combinations of field
size, filtration and kvp, manual dose calculations differed
from computer calculations by lessthan 10 gm-mR for
The
maximum relative difference in total dose for those cases

inside, and 1gm-mR for outside beam exposures.

by the two calculation methods was less than 1.0%.
Detailed comparison of the methods showed the small
discrepancies due to differences between graph-read and
calculated values, and the calculated (computer) values
were more accurate.

Due to the smoothness and approximate local linearity of
the relation between Dy and kvp, quadratic interpolation
for values of kvp between tabulated values was quite
accurate. Quadratic interpolation between tabulated values
at 10 kvp intervals resulted in values which differed at
most by 4 gm-mR from the intermediate tabulated points
and the error from interpolation between 5 kvp values
was less.

The dose calculation was based on experimental results
and on various assumptions necessary to bridge the gap
between actual and experimental conditions. It is difficult
to assess which may be introduced by either the experi-
mental data or the assumptions. It is the opinion of the
investigators that, based on intimate knowledge of the
experimental situation and the data, the maximum possible
error in Dy resulting from inaccurate assumptions and
from experimental error is about 152, with the average
error less than 5%.
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TABLE 8 BONE MARROW DOSE IN PA CHEST EXAMINATION BY KVP, FIELD SIZE AND FILTRATION,

OBTAINED BY COMPUTER, INSIDE BEAM

#£8 WAHAMIIL THORA kv MUE S L OWBHIC L AMBEH 0 XEREOTHMR . EEs

{gm- mR/mas)

wp _Fiel B A8 1 Field W 85 5 2 Field 1 41 % 3 Field /8 4f 5t 4 Field 8 3 % 5
0.5mmAl 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0
50 344 281 210 335 268 201 227 187 141 173 144 108 163 135 101
55 466 388 309 440 361 286 301 248 189 231 191 146 217 179 136
60 604 513 426 560 470 386 382 318 247 294 246 192 275 229 178
65 758 652 558 696 593 501 470 395 313 363 307 244 339 285 227
70 925 804 700 846 732 630 562 480 388 436 374 304 406 347 282
75 1111 971 850 1020 889 771 672 578 474 523 451 371 486 418 345
80 1304 1145 1003 1207 1059 920 787 683 568 G614 535 446 569 496 414
85 1500 1324 1153 1406 1241 1076 905 794 672 708 623 528 655 5877 489
90 1698 1506 1299 1615 1433 1235 1026 10 T84 B804 716 617 743 664 571
95 1921 1707 1470 1832 1632 1407 1159 1032 893 911 814 704 240 754 651
100 2155 1915 1647 2055 1836 1584 1298 1159 1003 1021 915 792 942 847 732
105 2898 2131 1831 2282 2045 1765 1442 1288 1113 1136 1018 B8O 1047 942 813
110 2650 2353 2020 2513 2257 1949 1590 1420 1223 1254 1123 968 1155 1039 894
115 2911 2580 2213 2746 2471 2135 1742 1554 1330 1374 1230 1054 1266 1137 973
120 3181 2812 2410 2980 2685 2321 2897 1689 1434 1497 1337 1138 1380 1236 1050
125 3458 3049 2610 3215 2899 2508 ° 5055 1824 1535 1623 1444 1219 1495 1334 1124
130 3744 3289 2813 3449 3111 2694 2215 1959 1632 1749 1550 1297 1612 1433 1196
135 4038 3533 3019 3681 3321 2879 2377 2093 1724 1877 1657 1372 1731 1530 1264
140 4340 3781 3227 3912 3528 3062 2541 2226 1811 2007 1762 1442 1851 1626 1329

TABLE 9 BONE MARROW DOSE IN PA CHEST EXAMINATION, BY KVP, FIELD SIZE AND FILTRATION,
OBTAINED BY COMPUTER, QUTSIDE BEAM

#9 WAEIEBICLSTHES R kvp, WA & X OWBMRIC L2 I LA M X HENOS MG, AELHR

lgm-mBR/mas)

" Field % &5 % 2

kip __F'l.t_éld g R i Field B % % 3 ] Field 82 %f ¥ 4 Field B 4 % 5
0.5mmAl 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0
50 0 1] 0 0 ] 0 4 4 3 5 4 4 4 3
55 0 0 1 ] ] 6 5 4 7 T 5 5 5
60 0 0 0 1 1 1 7 7 5 10 9 7 9 8 6
65 0 0 0 1 1 1 10 9 7 13 11 ) 11 10 8
0 i] 0 0 1 1 1 12 11 9 16 14 11 14 13 10
Th 0 0 0 1 1 1 15 14 11 19 17, 14 17 15 13
80 0 a 0 2 1 1 18 16 14 23 20 17 20 18 15
85 i] 0 0 2 2 2 21 19 16 26 23 20 24 21 18
90 0 0 a Z 2 2 25 b 19 30 27 24 27 25 22
95 ] ] 1] 2 2 2 28 25 22 34 30 27 31 28 25
100 ] 0 1] 2 2 2 32 28 25 38 34 30 35 3l 28
105 ] i i 3 3 2 35 31 25 42 37 34 38 34 31
110 ] 0 i 3 2 2 38 34 a1 46 41 37 42 ¥ 34
115 ] 0 0 3 3 3 41 37 33 49 44 39 45 40 7
120 ] 0 1] 3 3 3 44 39 35 53 47 42 49 43 39
125 ] 1 i 4 3 3 47 42 a7 56 50 44 52 46 41
130 0 i 4 3 3 B 44 39 59 52 46 55 48 43
135 i] 1] 0 4 3 3 52 46 40 62 54 47 a7 50 44
140 0 ] 1] 4 4 3 54 47 41 fid 56 48 59 52 45

Values increase by field number (size) except for field 5 which is lower than field 4 due to amount of active marrow near lield margin.

BERDEMES EROTHMTFORF S L LML T2, BHNS ZIROE OFESFRRA L 202085 20 L g,
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TABLE 10 BONE MARROW DOSE

OBTAINED BY COMPUTER, TOTAL DOSE

IN PA CHEST EXAMINATION, BY KVP, FIELD SIZE AND FILTRATION,

#£10 BrrHE#HICL - TEHSAkve, BEHE S ICEAFRIC LM TR IMXBEREOSHER, 28R
(gm-mH/mas)
- Field 8 §f 2 1 Field 8¢ 8 % 2 _Field W4 2F 3 Field B 4 ¥ 4 Field B 45 ¥ 5
0.5 mmAl 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0
50 344 281 210 335 268 202 231 191 144 179 148 112 168 139 104
55 466 388 309 440 361 286 306 253 193 238 198 151 223 184 141
60 604 513 426 561 470 387 390 325 252 304 254 198 284 237 184
65 758 652 nh8 697 594 502 479 404 320 376 318 253 350 295 235
7 925 304 T00 847 733 631 575 491 397 452 388 315 420 359 202
75 1111 971 850 1021 890 712 687 591 485 542 468 385 503 434 357
80 1304 1145 1003 1208 1060 921 805 699 582 636 555 463 590 514 429
85 1500 1324 1153 1407 1242 1077 926 813 688 734 647 548 679 599 508
90 1698 15086 1299 1617 1435 1237 1050 932 803 835 743 641 771 GHA 593
a5 1921 1707 1470 1834 1634 1409 1187 1057 915 945 244 731 871 782 676
100 2155 1915 1647 2057 1839 1586 1330 1187 1028 1059 949 822 977 878 760
105 2398 2131 1831 2285 2048 1767 1477 1319 1141 1178 1055 914 1085 976 844
110 2650 2353 2020 2516 2260 1951 1629 1454 1253 1299 1164 1004 1197 1077 928
115 2911 2580 2213 2749 2474 2137 1784 1591 1363 1424 1273 1093 1312 1178 1009
120 3181 2812 2410 2084 2688 2324 1942 1728 1470 1550 1383 1179 1429 1279 1089
125 358 3049 2610 3218 2902 2511 2102 1865 1572 1679 1493 1263 1547 1380 1166
130 3744 3289 2813 3452 3114 2697 2265 2002 1671 1809 1603 1343 1667 1481 1239
135 4038 3533 3019 3685 3325 2882 2429 2138 1764 1939 1711 1419 1788 1580 1309
140 4340 3227 3916 3532 3065 2504 2273 1853 2071 1818 1490 1910 1678 1374

3781

TABLE 11 GONADAL DOSE IN PA CHEST EXAMINATION BY KVP, FIELD SIZE AND FILTRATION

#11 Kvp, BE4I9F & 2 USEIBHIC X 2 BF0sbis b 5 i X i & o0 E AR L

(mR/mas, FFD: 183 cm)
R 0.5 mmAl 1.0mmAl 2.0 mmAl
kvp F:';:{l;j ?}ize Male oy ‘E:‘emale Male Female Male Female
5 i 5 i 5 i

50 -S 054 A76 048 068 039 057
-R 009 076 009 D68 008 0587

- 003 066 002 057 002 048

-P 001 021 001 019 001 016

-0 000 006 L000 005 000 004

N 000 002 000 001 oo 001

-M 00 000 000 000 000 000

-L 000 000 000 000 000 000

70 -5 214 321 .191 L2490 187 262
R 045 321 039 290 035 262

-Q 013 .255 012 241 L0140 215

-P 004 093 003 L0085 003 075

-0 001 034 00t 032 001 028

-N L0 009 000 009 000 08

M 000 003 000 002 .{‘mﬂ 02

L. 000 001 000 001 J0an 001

- .



TABLE 11 CONTINUED #11%; &

2 ; 0.5 mmAl 1.0 mmAl 2.0 mmAl
TR W Pepde e Fide Mip Eowd
B 41 77 ale emale ale emale Male emale
5 S ES) S B S
90 5 423 698 405 600 380 563
R 100 698 097 600 0oz 563
Q 032 574 031 532 030 A48
-P 010 .266 010 253 009 246
0 003 079 003 75 003 073
-N 001 .023 001 022 001 022
-M 00 007 00 007 000 07
-L 000 002 000 .002 000 002
130 -5 940 1.73 901 1.62 .T86 1.37
-R | 1.73 .292 1.62 265 1.37
Q 11 1.47 104 1.36 095 1.24
-P 040 733 037 623 034 563
-0 014 268 013 227 012 .205
-N 005 099 005 082 004 076
-M 002 037 002 032 002 029
-L 001 014 01 012 001 011

Bone Marrow Dose (gm-mR/ mas)
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APPLICATION OF BONE MARROW AND GONADAL
DOSE TABLE FOR ABCC SUBJECTS

Correction for kvp, Filtration, Field Size, FFD, mas
and Conversion Factor from Roentgen to rad Among
the reported X-ray examinations of ABCC subjects in
Hiroshima and Nagasaki, there were 421 PA chest
examinations at 142 hospitals and clinics.

examinations varied

Technical factors for PA chest

between Hiroshima and Nagasaki, and among hospitals
and clinics. The bone marrow dose in Table 10 was
compiled in gm-mR/mas units for five cone sizes, three
filtrations at 183 em FFD. The dose for conditions other
than those compiled above were obtained by interpolation.
Bone marrow dose increased logarithmically with the
increase of field size. Examples of the relationship hetween

field size and bone marrow dose are shown in Figure 11.

It was assumed that bone marrow dose increases linearly
with the increase of mas, and is inversely proportional
to the square of the FFD. FFD correction was made at
the center of the field at the body.
emploved for gonadal doses.

s - o
Similar methods Wwere
A value of 0.93 was used
as conversion factor from roentgen to rad.!”

Qutput and Quality of X-rays in Community Hospitals
and Clinies The nominal tube voltage of an X-ray machine
is not necessarily the true value. Bone marrow and
gonadal dose hitherto mentioned were incurred with an
ABCC X-ray unit.
examined at community hospitals and clinics, using data

ABCC machine,

know the output and quality of X-rays produced.

To estimate exposure dose of the patient
obtained with the it was necessary to
Output
in mR/mas and half-value layer determinations were
made at each of the community hospitals and clinies. By
comparing half-value layer of the ABCC unit and machines
of the community hospitals and clinics, tube voltages of
units at these institutions corresponding to those of the
ABCC machine were calculated, and the calculated tube
voltages were used for exposure dose computation.

The output ratios of the community hospital and clinic
units to the ABCC unit were used to qualify the hone
marrow and gonadal doses obtained on the ABCC unit.
A detailed report of these output and quality determinations
in Hiroshima and Nagasaki is reported elsewhere.'

Dose from Condenser, Self-Rectifier and Half-Rectifier
Machines Dose measurements with the General Electric
unit (full-wave rectification) may not be directly applicable

to other types of machines, particularly condenser-tvpe

18
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FIGURE 11 RELATIONSHIP BETW EEN FIELD SIZE
AND TOTAL BONE MARROW DOSE
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machines. However, it was found that attenuation of
radiation with aluminum for these condenser types of
machines produced results similar to those from full-wave
rectification. Therefore, the bone marrow and gonadal

doses compiled here are applicable to those other units.

Bone Marrow and Gonadal Dose from PA Chest
Examination The mean bone marrow and gonadal doses
in community hospitals and clinics are shown in Tables 12
and 13. These data include those of hospitals and clinics
in which output and quality measurements were not per-
formed for certain reasons.

The range of gonadal dose was very large as compared
with bone marrow dose depending on whether gonads
were inside or outside of the X-ray beam. The ranges
of bone marrow and gonadal dose are shown in Tables 14
and 15.
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TABLE 12 MEAN BONE MARROW DOSE FROM PA CHEST EXAMINATION IN HIROSHIMA AND NAGASAKI
{UNIT: gm-rad/EXPOSURE)

#12 LR, REICETAMEFEST D XGREO T EMEE (86 gm—rad/H4T)

Hiroshima & % Nagasaki [& b
Type of . Total
Machine Hospital Clinie Hospital Clinie o gt
EHE O/ i b [ fiE #3 e [% b
Transformer 3.68(155) T.47(73) 3.87(78) 4.17(15) 4.61(321)
TEHN
Condenser - 4.77(91) - 4.28(9) 4.73(100)
# Bt
Total & 3.68(155) 5.97(164) 3.87(78) 4.21(24) 4.64(421)

Number of exposures in parentheses. # + TR OB FLBOEEFET.

TABLE 13 MEAN GONADAL DOSE FROM PA CHEST EXAMINATION IN HIROSHIMA AND NAGASAKI
(UNIT: m rad/EXPOSURE)

F1 BR, BWICEUAWET @Y XEREOFEEMIRGEE (B mrad/B4H)

Hiroshima & & Nagasaki & &

Type of Sex - Total
Machine 51 Huspital Clinie; Hospital Clinic st
%E0RMA # I - R i b B B
Transformer M % .051 (56) Al (29) 014 (40) 19 {4y A2 (129)
R F % .42 (99)  1.02 (44)  .065 (38) .50 (11) .49 (192)
Condenser M5 - 26 (45) - 008 (1) 26 (46)
LRSS F % - 84 (46) . A1 (8) .56 (54)
Total 3t M % 051 (56) .32 (74) 014 (40) .16 (5) 16 (175)
F = 42 (99) B2 (90) .65 (38) B4 (19) .51 (246)

Number of exposures in parentheses. # + ZMOHFIHSOH 7T,

TABLE 14 DISTRIBUTION OF EXPOSURES BY BONE MARROW DOSE INCREMENTS
{gm-rad) BY TYPE OF INSTITUTION, CITIES COMBINED

#14 WMmoOmENCEbshi - EHHAOFTHBR T 2 R Ko 54

{gm-rad )
Dose Range i‘.\‘u mber of exposures Hi 4T &

('gm ad) Hospital Clinic = Total
RREEH s BBt &8
- .9 4 2 6
1.0-1.9 32 28 60
2.02.9 61 32 93
3.0-3.9 60 18 T8
4.0-4.9 29 21 50
5.0-5.9 18 29 47
6.0-6.9 10 T 17
7.0-7.9 7 14 21
8.0-8.9 8 7 15
9.0-9.9 0 i 6
10-19 4 18 22
20-29 1] 6 6

Total # 233 188 421




TABLE 15 DISTRIBUTION OF EXPOSURES BY GONADAL DOSE INCREMENTS
BY TYFPE OF INSTITUTION, CITIES COMBINED

#15

Wi oAz # b & h A fEE o B IRE R I T A st B o A

Number of Exposures o4t ¥

Dose Range —————— _
(i oad) Male 5 Female 4 Total &#t
R am Hospital Clinie Hospital Clinic Male Female
¥ Bt [ = 5 B B& B H kS
<.001 67 9 27 0 76 27
001 ,0099 11 14 58 1 25 65
.01 - .099 14 23 13 22 42 35
1 - 499 3 21 24 51 28 75
1.0 9.9 1 T 15 29 8 44
Total & 96 79 137 109 175 246
DISCUSSION EF =

We encountered wide parameters of technical factors used
in roentgenological examinations in community hospitals
and clinics.” Accordingly, bone marrow and gonadal
doses varied widely in the present study. Exposure doses
to patients vary by field size, field contour, intensifying
screens, X-ray films and methods of processing them,
effective tube voltages, mas, and patient size. In the
present study, size of patients was assumed the same as
that of the phantom. In a previous study,” we obtained
extreme variations in dose; such a degree of variation
was not encountered in the present study, suggesting that
improper indications of tube voltage and current on the
X-ray machines in community hospitals and clinies were
responsible for the earlier variations. Nearly all X-ray
machines in community hospitals and clinics were
assessed for radiation output, and the quality of X-rays
produced was determined.

Although no definite difference in ranges of bone marrow
dose was seen by institution (Table 14), more frequent
exposures incurring smaller gonadal doses were en-
countered in hospitals, rather than clinies. Clinics
incurred a larger mean bone marrow and gonadal dose,
especially gonadal, than did hospitals. This presumably
was due to the use of smaller and better collimated fields
in the hospitals, though other factors might have been

operative.

There was no significant difference in mean bone marrow
and gonadal doses between Hiroshima and Nagasaki
institutions as a whole.
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Results obtained in the present study were compared with

those of the comprehensive study of Epp et al'" because
apparatus and methodology used were similar, and the
results were more suitable for such comparison (Tables 16
and 17). Strict comparison is difficult because field size,
filtration and phantom used were not the same. There
was good agreement of ovarian doses over wide ranges
of tube voltage and field size. Testis doses in this study

1.'7 Differences

were 1 - 1/10 of those obtained by Eppeta
in location and depth of chambers for testis may have
Position of the

anode of the X-ray tube was evaluated. With the anode

been responsible for the differences.

located inferiorly, a relatively low dose was incurred to
the lower portion of the body, particularly to the testis.
With the anode superiorly, testis dose was greater by a
Ovarian doses
were not affected by anode position as much as were

factor of 3~5Hat lower tube voltages.'®

testis doses.

Ty P LAEERRIZES TREOLERIE, Epp s Dk
LR aE R sk ank. Fvioit, BEE i
ARTED, #HEFABT20LHEFI LV ETHS
(#£16, 17). Bdgt9F, WikiK, 7, v b—Ld WL T%
VS IEFEA e IEHEE T H L. SIERRINEES &
UHHoEVERIIb s TEve—8 & o/, %
AERIZEpp 5 O I HRT I ~XTd - 2. SAHFF
DEHM O E PR A EROERTH S 5. XEATER
OB EICEABEIIOVWTHERIT 2 - 2. Biad
BN H 3BE,. GEOTHES, B ofidg
ey oo, IR ATEEEN IS AW E, BASRE Ty
BET3I~5KEr o A P IPHME SR
BAUBILLE - TRESRBUERT L 5 2

TABLE 16 COMPARISON OF GONADAL DOSE DATA WITH THOSE OF EPP ET AL .

#16  EREIRME 12 2>V TEpp 5 O & O HEk
{mBR/mas}
Field
Size Gonads 60 kvp 80 kvp 100 kvp 120 kvp
e & Bf o Rl
EFF
1.0Al  2.0Al 1.0A1 204l 1.0A1  3.0A1 3.0A1
(1400, (2:1) (1.3) (2.1)
A Ovaries 50 # .. 00 001 {105 004 011 010 027
Testis %8 A .. 001 001 03 002 005 004 007
B Ovaries 80 3 040 033 12 10 .23 .19
Testis % # .. 006 006 015 015 .029 028
G Ovaries 0 3 .. 13 il 34 .30 BT .55
Testis # HL... 010 010 025 023 048 46
D Ovaries 99 ¥ .31 1.2
Testis % A 92 1.7
ABCC
1.0AL 2041 1.0Al 204l 1.0Al 204l 2.0 A1
-M Ovaries 50 ¥ . 001 L0009 0041 0038 011 010 021
Testis 5 A .. noond 00003 0002 002 L0005 L0005 L0011
-P Ovaries 90 % 043 042 .15 14 .33 .31
Testis & L . 0015 0014 061 L0055 015 014
-Q Ovaries 59 ¥ 13 A .36 32 69 .60
Testis % A .. 0055 0055 020 019 045 042
-8 Ovaries ¢ # 40 12
Testis % .. .27 BT
A: Testis and ovaries outside the beam A EAL BPNEE 4 CEEEs
B: Testis outside the beam but ovaries in penumbra of the heam B SATAREESL SR TR I
C: Testis outside the beam, hut ovaries inside the beam C: SALIGMEL, SN
[ Testis and ovaries inside the beam D oS, BPNLE 4SRN
These correspond to sections -M, -P, -Q and -S in the lattice s_\-slcm_” ZHelEBTEa-M, -P, -Q, -SIZHHY T3



TABLE 17 COMPARISON OF BONE MARROW DOSE DATA WITH THOSE OF EPP ET AL

#17 BHESE oV TEpp 5O & OHE
{gm-rad/mas)
Field i
Size G0 kvp B0 kvp 100 kvp 120 kvp
?ﬁgiﬂ
EPP ET AL
1.0 Al 2.0A1 1.0 Al 2.0 Al 1.0 Al 3.0 Al 3.0 Al
A 13 A1 .29 .25 .55 .42 .68
B 27 il .65 .54 1.2 .89
€ .29 .23 .68 57 1.3 .98
ABCC
1.0 Al 2.0A1 1.0 Al 2.0 Al 1.0 Al 2.00Al 2.0 Al
E-M .33 .25 70 .08 1.2 1.0 1.5
C-P 43 .35 .94 82 1.6 1.4
cQ .46 .37 1.0 BT 1.7 1.5

A, B and C correspond to E-M, C-P and C-Q in the lattice system, respectively.

A, B,

Dosimetry methods vary widely among different investi-
gators; some have reported gonadal dose as being

in PA chest and other examinations.!®

undetectable
Mean gonadal dose of ABCC subjects was 0.16 mrad for
males and 0.51 mrad for females. Technical factors of
exposure varied widely in the community hospitals and
clinies, but these values are of the same magnitude as

obtained by other investigators.

The mean bone marrow dose in this study was about twice
as great as that reported by Epp et al,'” as shown in
Table 17, though radiation output of the X-ray machines
used by their group and ours was nearly the same, and the
dosimetric apparatus were of the same type and manu-
facture. Size of phantom, bone marrow weight, and
calculation methods were somewhat different, however.
These latter factors could be responsible for the

differences.

A value of 40 mrem has appeared in the United Nations
reportzn for PA and lateral chest examinations, obtained
by calculation after measuring skin dose and percentage
depth dose. Epp et al'” calculated this to be 15-17 mrem.
The value obtained in the present study was 12-24 mrem.

SUMMARY

Measurements of bone marrow and gonadal dose from PA
chest X-ray examination have been made with a phantom.
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An electronic computer was used to calculate the hone
marrow dose, and calculated dose was applied to X-ray
examinations of ABCC subjects received in community
hospitals and clinics.

Mean bone marrow dose of ABCC subjects for PA chest
examinations was 4.64 pm-rad, and that of gonadal dose
was 0.16 mrad for male and 0.51 mrad for female.

FHHEEROHECIEFHEREH Y, SohiERE
FERIIEVTZSHA-ABCCHEFH O XMEHIZEMNL
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HW AN X &EEEICE T35 ABCCH R4 0 FaEH

BE L, 4.64gm-rad, EREIREE T FHE0.16mrad, i
0.5l mrad T & - Ao,
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