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REPORT OF DOSIMETRY STUDIES
REAEHAECHET 28RS

INTRODUCTION

ABCC has made a number of assessments of dose to
survivors due to ionizing radiation of the A-bombs. Also
important is the contribution of medical X-ray to the
cumulative dose to these individuals, especially since it
could be of the same order as dose from the bombs among
distally exposed or partially shielded survivors.

Dr. Haruma Yoshinaga, Professor of Radiation Biology,
Research Institute of Nuclear Medicine and Biology,
Hiroshima University, visited a number of radiation
research centers in the United States to observe tech-
niques being used in dosimetry studies currently in
progress in the United States which could be applied to
the study at ABCC in the future. He also recommended
my going to the United States to receive training in the
field of radiation dosimetry. Sloan-Kettering Institute,
Johns Hopkins University and Rockville Institute of the
1.S. Public Health Service were places he recommended
for such training.!

Accordingly, 1 studied at Sloan-Kettering Institute the
majority of my 1-year stay in the United States, and spent
the remainder of my time at the X-ray Exposure Control
Laboratory, U.S. Public Health Service. I also visited
some of the radiation research centers in the United States
during the latter part of my stay there. On my return to
Hiroshima, I will resume an active part in the dosimetry
study at ABCC, incorporating some techniques and appa-
ratus which T observed and worked with in the United
States.

Following is a resume of my experience at Sloan-Kettering
Institute and the X-ray Exposure Control Laboratory,
U.S. Public Health Service and of my study tour in the
United States from 15 June - 26 July 1965.

SLOAN-KETTERING INSTITUTE

At Sloan-Kettering Institute, my main activity was to
participate in the research work being carried out by
Dr. Epp and his co-workers. Simultaneously, I attended
the special courses in radiation biology and physics in
which the speakers were mainly the chiefs of the Biophysics
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Division of Sloan-Kettering Institute. -Dr. Laughlin,
Dr. Epp and Dr. Pullmann kindly gave me an opportunity
to speak at the Biophysics and Memorial Physics seminar
concerning my research work in Japan.

SPECIAL PROJECTS AT SLOAN-KETTERING
INSTITUTE

Experimental Study of the Photon Energy Spectrum
of Scattered Diagnostic X-rays in a Water Phantom

The spectroscopy of X-rays used for medical and biological
purposes has been a subject of considerable investigation
in recent years. Most of this recent effort has been
devoted to studies of therapeutic X-rays by Cormack et al,24
Hettinger et al,37 and Johns et al.®

Detailed experimental studies of the energy spectrum of
scattered X-rays in the diagnostic X-ray energy region
has been made by Epp and his co-workers at Sloan-
Kettering Institute. This study was a sequel to a study
of the photon energy spectrum of primary diagnostic
X-rays.?

This knowledge is important in a number of areas such
as: computation of absorbed dose in soft tissue cavities
surrounded by bone (e.g., bone marrow); biological
dosimetry; determination of LET distribution; calibration
of radiation measuring instruments; and design of radio-
logical equipment.

When I started in this subject, the measurements of
pulse-height distribution with a scintillation spectrometer
had already been established at Sloan-Kettering Institute.
Therefore, my work was the correction of raw data for
several effects such as resolution smearing, nonlinearity
of Nal response, etc. and other calculations to obtain
several important indices. The method and apparatus
will be described only briefly here.

Apparatus and Method The scintillation spectrometer
used in these studies used a right circular cylinder of
Nal (T1), 1% inches wide and 1 inch deep. Pulses were
viewed by a Du Mont K 1234 photomultiplier tube,
selected for good energy resolution and low noise.

Pulse-height vs Photon Energy Relationship The gamma-rays
used to determine the pulse-height versus photon energy
relationship were Co57 (123 kev), characteristic radiations
from tantalium (Ej , =57.5 kev), iodine (Ej , =28.6 kev),
Copper (Ey ,=8.1kev ) ete.

% /= Dr. Laughlin , Dr. Epp, Dr. Pullmann |3 H # Iz
B AEHEOMREE EH WML £ & U Memorial %
HESORRIIFVTRETIHSEIRM L.
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Energy Resolution vs Photon Energy Energy resolution
was determined experimentally as a function of photon
energy. Over the energy range 10 kev to 90 kev,
the relationship can be adequately represented by
R=1.12E-048 where R=4E/E, 4E is the full width
at half-maximum of a photo-peak, and E is photon energy

in kev.

Scattered Specira were measured at three kirovoltages of
70, 90 and 110kvp with 2.0 Al added filtration, three
depths of 2, 6 and 10cm , and three field sizes of 50,
100 and 500 e with seven scattering angles of 20, 40,
60, 80, 100, 120 and 140°. Experimental arrangement
is shown in Figure 1.

ABERKXFIFLY - SBETEFzaLE-OH
ok LT HEBRMIHE L. 10 kev 590 kev 5[
TIRZOMEFEIZ R=1.12E"8 b T Z LN TES.
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M7, y—2.0Al, Fx122, 6, 10em, HA4TE (&
50, 100, 500em? TiF4Vvy, #HhFhiz20T20, 40,
60, 80, 100, 120 kU 140°0) 72 O EELSE Tl E L
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FIGURE 1 APPARATUS FOR MEASUREMENT OF SCATTERED RADIATION
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Analysis of Spectrometer Data Correction for Nonlinear
Response of Nal (T1) The relationship between pulse-
height and photon energy was not linear at both low and
high energies of the diagnostic X-ray region. For low and
high energy regions, relationship was expressed by the
following formulae respectively. For low energy,
E=0.0041V2 + 0.49V + 2.3; For high energy,
E =0.0022V2 + 0.19V + 32.4. Therefore spectra ob-
tained with a scintillation spectrometer were corrected
for this nonlinear response of Nal crystal.

AT MO Nal DS - TRLF -—FAFROER
pEOFRICHTIRE HEBeLTFALEF—0MN
GuraEEXHEoEBE s TEI ALY ST
LE_EoEAcELTESESOTRARD S L.
rhLcnETRshFRRONTRENIEGEEE -
Tk, Thbs, ELALE @ E=0.0041 V? +
0.49V+2.3, @i L¥—8 E=0.0022V?2 +0.19V+
2.4, FHWE Y v FlL—Yay - AT PO A—F—
THLAEANY PR DO Nal #GOHRESME L
THIE .



Correction for Todine K-X-ray Escape and Energy Resolution
The distortion introduced by the spectrometer on incident
iodine K-X-ray
escape and resolution smearing. The shape of the photo-
peak in the diagnostic X-ray region was found to be very

spectra can be limited to two effects,

Calibration of these effects was
performed by the use of matrix algebra method.

closely Gaussian.

If we consider a continuous spectrum of photons l{E «)
normally incident in a narrow beam on the Nal{T1) crystal,
the spectrometer of channel width 4E set at energy E
will record a spectrum I'(E) given by the integral equation:

E .
I(E) = X [Ea)(1-F(E «)G(EEa)dEe +
@ =Lmin
where F(E 2) is the escape fraction, G(E,E«) is the

normalized Gaussian function, Ex; =28.6 kev is the iodine
K-X-ray energy, [E«) is the true photon flux per unit
energy interval and I'(E) is the observed photon flux per
unit energy interval.

-

Expressed in terms of matrix algebra, the equation (1)
becomes

a=n
;a=2‘
a=]

where R gy is the response function of the spectrometer.
The measured spectrum I'5 serves as the first approxi-

mation of the true spectrum Ia so that substitution in
equation (1) yields

In general,

S-FK-—XBOBRESBECHTIHE 22t
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KoiEasiTtH5iohs
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ZITF(Ea) 13— FK— X812 L 538 % 8%, G(E,E.)

Mt ah Y AME, Ex1=28.6kev 13— Fo
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In practice rapid convergence was found so that three
iterations were sufficient.

The corrected energy spectrum at a given tube voltage,
depth, and field size was obtained by integration over
scattering angles from 0 to 7 radian in which measured
angle was 20, 40, 60, 80, 100, 120 and 140°., This
procedure gave the spectrum of total scattered radiation
at a given point of depth. The spectrum integrated at a
angles from 0 to 7 /2 and # /2 to = radian which was
forward and backward scattered radiation, respectively.

L".!iy.ﬁib BOELEZIETHHTH

IOWMEAITE oY, 20, 40, 60, 80, 100, 120,
140 mEE A TllE S22 P L EOHERT S VT
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FLeTHS., 0Obher 2hEUrn/ 267 35T
ORIz W TS LA A<y FLIEE R FhE ik
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Spectrum of primary radiation was obtained by the
calculation of other data which have been published by
Epp et al® using attenuation coefficient of photon in
water.

By the above calculation, four kinds of spectrum of primary,
scattered, backscattered and total {primary plus scattered)
radiations were obtained. These photon spectra were
converted to exposure dose distributions per unit energy
interval as a function of photon energy by multiplying the
ordinates of curves by various factors giving the dose in
roentgen per photon per em?® at various energies,

Spectra described hitherto are expressed in relative
exposure units. It was convenient and valuable to give
the absolute unit of the spectra. In this study, the spectra
were normalized to 10 R at given depths and then
converted reversely to photon flux distributions. This
conversion gave the absolute photon flux distributions in
the normalized dose of 10 R in the medium. The spectra
expressed in the absolute unit are called normalized
spectra.

Normalization factors were calculated from “depth dose
tables of direct beam” which have been reported by
Johns et all? and “surface back scattered radiation in
the 100kyv to 400 kv Xray” reported by Johns et al.1t
Calculations were performed by the use of an electronic
computer (Control Data). A program of the above
calculations is seen in Table 1 as an example of computer
program.

BE A BERBEO A7 FLiE Epp 50 ko TH
bhhdF— s L URTORTFORBREEERHLTE
?ffi:ct o_(?ﬁ’f:.

FHEoHET, AFOART L, T b L, E#E,
ErELER, 1 HIGELER b & O B (I HER & ELAR) A
BLhf, THOoOEFARZ PLEREBREOSMIC
LA, TNEETALF—IHTim? B ET
LrooLy b EESZ B EREEIMBORE R
T, RFzAAF-—OBEELLTELLL.

ThETHATERANSY Mm'ﬂ?lﬂﬁjf B TED

htdtnThr, AT 7}~JL/5; A5G, e L zlﬁ_
thEps—EDOHEUTELL J?ﬁ‘;nﬁffrlii‘én
poOEHRTH S, 'f*f\ﬁﬁﬁ'ﬁ'i—-mm‘-xét iaL‘(lOR(D
HBEE AT o A D Ay RV E LT HHEE i R
FEUEFRSMICERL, Adizs0TI0OR G)H%-TQT#'
b REAOBMELETRAHERD 2. M LHE

WTEAENEART PN EIRER S P LT,
b m A B S 7 — 413 Johns 512 & B [ EIER O EE

BMER|Y 5 L0100 kv — 400 kv X 5o F b FH 0
BELS Y EOHECLEsTRDE ZThoo#HER,
W -3 E B ( Control Data ) M LTI & - 2. &F

HEHM oy Lo lHERLIZTT.

TABLE 1 PROGRAM FOR NORMALIZATION
&1 HEfkornsrs L

DIMENSION Ei54)
DIMENSION Z{4,54)
READ 100, E
100 FORMAT (8F 10.0)
DO 40, 1=1,17
READ 101, ENGY, DEPTH, FIELD, HVL
101 FORMAT (4F 10.0)
READ 102, SUMP, SUMT, RATIO
102 FORMAT (2E15.8, E9.3)
A=10./(SUMP*1.+RATIO})
B=(10. <{10.£1. +RATIO)/SUMT
1001 FORMAT (5E15.8)
READ 103, (Z(1.J), J=1,54)
103 FORMAT (8E9.4,1X))
SUM1=0.0
DO 300, J=1,54
21,09 =7(1, A




300 SUM1=SUMI1+Z1,1)*2.
READ 103, (Z(2,J), J=1,54)
SUMR =0.0
DO 301, J=1,54
Zi2.h=-Z2,1"*B
301 SUM2=SUM2+Z2.J52.
READ 103, (Z3,0), J=1,54)
S5UM3 =0.0
DO 302, J-1,54
Z3.0)=2Z3,0*B
302 SUM3=S5UM34+Z3.Jr2.
SUM4 =0.0
DO 303, J=1,54
A4 =41, 1+Z2.0)
303 SUM4=SUM4-+Z4,Jy2.
DIF =10. -5UM4
PRINT 200, ENGY, DEPTH, FIELD, HVL
200 FORMAT (2X,8H ENGY = ,F 10.1,9H DEPTH=- ,F10.1,9H FIELD ~ , 1F10.1,7H HVL = , F10.2)
PRINT 201,5UM1, SUM2, SUM3, SUM4
201 FORMAT (2X, 6H SUM1=,E15.8, 6H SUM2=E15.8, 6H SUM3=E15.8, 1 6H SUM4=E15.8)
PRINT 500, DIF L~
500 FORMAT (2X,7H DIF = , F10.8)
DO 1000, J=1,54
1000 PRINT 203, J, (ZM.I), M=14)
203 FORMAT (2X, 12, 4E15.8)
WRITE TAPE 2, {(ZM,J), M=1.4), J=1,54)
SUM5 =0.0
SUM6 =0.0
SUM7 =0.0
SUME=0.0
DO 51, J=1,54
Z1,0)=Z1, JWEJFL.E~11)
Zz =22 J B E-11)
Z3 =3 INEIFLE-11)
24 =10+ 7220
SUMS5 =SUM5+Z(1,1)
SUM6 =SUM6+72 1)
SUM7=5UM7+43.1)
SUMB =SUMS ~Z(4,J)
51 CONTINUE
PRINT 210, SUM5, SUM6, SUM7, S5UMS
210 FORMAT (2X,6H SUMS5=E15.8,6H SUM& = E15.8,6H SUM7 =,E15.8, 1 6H SUM&8=E15.8)
DO 2000, J=1,54
2000 PRINT 211, 1. (ZIM.J), M=1.4)
211 FORMAT (2X, 12, 4E15.8)
WRITE TAPE 2, ((ZIM,J), M=1,4), J=1,54)
40 CONTINUE
REWIND 2
PAUSE




From the above spectra, several important indices may
be obtained such as half-value layer, mean energy to show
the radiation quality. The complete specification of X-ray
quality by means of photon flux distribution is more useful
than any single figure. However, it is too complicated
and inconvenient in routine work. For these reasons,
half-value layer, mean energy and rad conversion factor
(f) were computed using spectral data.

Half-value Layer According to the definition of half-
value layer, it must be determined by dose measurement
in the following manner: A dosimeter is placed at a given
distance from a radiation source, and an absorber is put
between the source and detector, and attenuation of dose
is measured with several thickness of the absorber. Half-
value layer is the thickness of the absorber when the
attenuated intensity is equal to one-half of the initial
intensity. However, in some cases, it is very difficult to
measure the half-value layer particularly such as those of
scattered radiation in a phantom.

1f the roentgen distribution of a radiation is known, half-
value layer can be calculated by the following formulae.
It has been confirmed already that the half-value layer
calculated from the spectral data agreed with that obtained
by the dose measurement.

Fim Ay b h L HEBOSE S RTEEE, B
LZALFEF-—LZ WO RAELEEFHLIZIENITE
5, Mmoo EoRb LA LTH, XFESHL L
AL FROFAN, EHE, FHz LTt &
S hBE—-OHETTELTENL LV AR TH LN, HE
DIEAEETMETSESE, ThooBAIZEY, Bk,
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where I(E) is the intensity at energy E attenuated with
an absorber, 14,(E) is the initial intensity at energy E,
#(E)is the absorption coefficient of the absorber at energy
E, d is the density of the absorber, t is the thickness of
the absorber, ZI(E)4E is the roentgen number of the
attenuated radiation and SI,(E)4E is the roentgen
number of the initial radiation.

Roentgen numbers of the attenuated radiations were
calculated over the aluminum thickness from 0.5 mm to
10 mm at an interval of 0.5 mm thickness, and the aluminum
thickness in which roentgen number of attenuated radiation
is equal to one-half of that of initial radiation was read
off graphically.

Rad Conversion Factor (f Factor) In the study of
relative biological effectiveness and the comparison of the
biological effect of different types of radiation, and the
mechanism of biological effect of radiation, one is interested
in the amount of energy which is absorbed by the biological
material rather than in what passes through it, because
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the absorbed energy in material may relate to the bio-
logical effect. Exposure dose of X-rays which have a
continuous photon distribution measured with an ionization
chamber can be converted to absorbed dose using rad
conversion factor which is estimated from the data of
half-value layer. This is the easiest method to obtain the
mean conversion factor and gives, in general, good results,
If roentgen distributions are known, however, one can

calculate the more precise conversion factor.

The following formula gives the mean conversion factor
for X-rays of a continuous spectrum
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where R(E) is the roentgen number in a spectrum at
energy E in the interval 4E, and f(E) is the conversion
factor from roemtgen to rad at energy E.

Mean Energy is a useful index as is half-value layer,
particularly in that it has a physical meaning when dealing
with the quality of scattered radiation in tissue. -The
following formula is for the calculation of mean energy (]:j}.

2 R(E)
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where N(E) is the photon number in a spectrum at energy
E in the interval 4 E .

A block diagram of the above calculations with a computer
is shown in Figure 2.

Results Examples of photon flux distributions and ex-
posure dose distributions normalized to 10 R are shown in
Figures 3.4.5. Throughout this report, reference is made
to the nominal kilovoltages. The actual kilovoltages are
also shown in the figures. These actual kilovoltages have
been obtained by Epp et al? using the same X-ray appa-
ratus.

Mean rad conversion factor, half-value layer and mean
energy of radiations are seen in Tables 2,3.4.

The lowest T factor was 0.883 and the highest was 0.907.
Even though the shape of spectra was different among
the kind of radiations (primary, scattered, back-scattered
and total), tube voltages, depths and field sizes, f factor
did not vary much. Mean f factor of all radiations studied
here was calculated to be 0.895+0.012. Therefore, this
value can be used for all diagnostic X-rays in soft tissue
as the representative factor. As already mentioned,
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FIGURE 2 BLOCK DIAGRAM OF THE COMPUTER ANALYSIS
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f factor can be estimated from the half-value layer. In
general, these values agreed with those calculated by
spectral data. Therefore, we can estimate f factor by
half-value layer measurement without any measurement of
flux distribution since it is possible to measure the
half-value layer.

As seen in Tables 3 and 4, quality of radiations at depths
did not vary significantly as compared with conventional
therapeutic X-rays. This is expected from the difference
of main scattering process between diagnostic and thera-
peutic X-rays.
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FIGURE 3 ENERGY DISTRIBUTION OF TOTAL, SCATTERED, BACK-SCATTERED AND PRIMARY RADIATION,
PHOTON FLUX AND EXPOSURE DOSE DISTRIBUTIONS.
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FIGURE 5 ENERGY DISTRIBUTION OF TOTAL, SCATTERED, BACK-SCATTERED AND PRIMARY RADIATION,
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TABLE 2 MEAN CONVERSION FACTOR (f FACTOR) FROM ROENTGEN TO RAD
£2 FRELPELY A AOPREBREFEE (T Factor )

{ RAD/ROENTGEN)
Radiation Depth &  2em Bem 10cm
fi B4 50em?* 100cm? 500cm2 50cm? 100cm? 500cm2 50em?  100em? 500cm?
70 kvp
Primary s .BBb 885 BET .BB7 LBBT 890
Scatter i AL (883 LB83 8B4 B84 884 .B85
Back-Scatter # 5B il B84 B84 LBB3 BE3 L8B3 B85
Taotal 2 e it B84 884 LBB5 885 B85 886
90 kvp
Primary R 880 .B90 L8090 894 LB94 894 898 898 808
Scatter Hi AL 85 886 886 .B86 888 .BER8 8RBT 890 B89 B89
Back-Scatter 7% 4 ECELE  BRE B85 .BR6 BRE 886 LBE6 888 BET 886
Total & Koot s 888 BB8 (B8R 890 890 (889 892 .892 .B90
110 kvp
Primary R 897 897 897 903 903 803 907 907 907
Scatter HELE 891 .891 891 892 893 .893 .895 895 894
Back-Scatter & 4 HEL#g 890 LBRY 880 8093 892 891 B84 .893 .B92
Total e HERE 894 894 894 896 L8496 885 .B99 898 896
“Field size L4195 _—
TABLE 3 HALF-VALUE LAYER
£3 i kg
{mm Al
Radiation Depth %%  2em 6em 10cem
14T 4 50cm2* 100em? 500cm?2 50cm2 100cm? 500em? 50cm? 100cm? 500 cm ?
70 kvp
Primary F R 2.75 25 2T 3.70 3.70 3.70 4.34 4.34 4.34
Scatter AL A 2.55 2.53 3.05 3.07 3.04 3.28
Back-Scatter {7 Bl 2.69 2.70 2.86 2.87 2.88 3.52
Total 4 B BT 9 2.64 2.62 3.30 3.20 3.17 3.45
90 kvp
Primary g 3.57 3.54 3.54 4.84 4.79 4.78 5.64 5.60 5.60
Scatter fELE 3.12 3.13 3.24 3.80 3.72 3.75 4.18 4,10 3.88
Back-Scatter 1% H AL 3.1 3.22 3.31 3.56 3.55 3.49 3.99 3.80 3.68
Total ShAHE 334 3.35 3.36 4.11 4.02 3.92 4,53 4.41 4.17
110 kvp
Primary R 4.58 4.60 4.61 6.02 6.01 6.03 7.09 7.09 7.11
Scatter gk 3.81 3.85 4.03 4.37 4.52 4.44 1.99 493 4.86
Back-Scatter % HdcfL#  3.87 3.84 3.98 4.60 4.43 4.27 5.03 4.82 4.51
Total Myt 419 4.15 4,22 4.87 5.01 4.82 5.58 5.37 5.16

*Field size % & 51
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TABLE 4 MEAN ENERGY
#4 BHTHLF-

(kev)
Radiation Depth 2 2cm Gem B 10em -
LEiE] 50 cm2* 100cm? 500cm? 50cm? 100cm? 500em? 50em?® 100em? 500cm?
76 kvp
Primary B 39.6 39.6 42.3 42.3 42.3 44.7
Scatter fcEL 36.8 36.8 38.6 38.2 38.3 39.4
Back-Scatter % 7 #0EL# 36.0 36.0 36.7 6.7 36.8 37.5
Total SRS 38.2 38.1 40.0 39.7 39.4 40.6
90 kvp
Primary s 45.6 45.6 45.6 48.9 48.9 48.9 51.3 51.3 51.3
Scatter AL 41.2 41.2 41.5 43.3 43.1 42.6 44.5 44.8 43.5
Back-Scatter # 7 e 34 40.1 40.0 40.7 41.3 41.1 40.9 42.7 41.6 41.0
Total £ Kt 43.5 43.8 43.3 45.5 45.3 44.3 46.6 47.6 45.4
110 kvp
Primary %3 52.1 52.1 52.1 55.5 55.5 55.5 58.0 58.0 58.0
Scatter gk} 46.0 45.9 46.0 46.5 48.0 47.4 49.5 49.1 48.3
Back-Seatter & Hficdleg  45.0 44.5 44.6 47.4 16.4 45.6 48.4 47.7 46.5
Total & MR 49.2 49.0 485 50.0 50.7 52.3 51.5

49.6 50.2

*Field size [ 418

Experimental Study of Energy Spectrum of Scattered
Betatron Electron Beam in a Water Phantom

In recent years, the high energy electron beams from
betatrons,*Van de Graff generators and linear accelerators
have been used clinically for therapeutic purposes. The
primary features of the high energy electron beam which
make it of clinical interest are: The depth of penetration
is proportional to the beam energy and is conveniently
controlled; The beam terminates abruptly inside the body,
thus sparing adjacent underlying tissue; The isodose
contours can be made reasonably “flat” to provide a
uniform radiation field; Absorption in bone, muscle and
fat is essentially the same.

The purpose of this study is to know the electron energy
distribution in tissue. This knowledge is particularly
important to measure the absorbed dose and bhiological

effect in tissue.

Apparatus and Method Experimental arrangement is
essentially similar to the study of diagnostic X-ray
spectrum shown in Figure 1.

Magnet for “Bending” Electron Beam High speed
electron produces X-ray to colloid betatron itself and

other neighboring apparatus. Therefore, the detector
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catches both electrons and X-rays. In order to obtain
the electron only, the following method was employed.
First, the distribution of both electrons and X-rays was
drawn, and secondly that of X-ray only was measured by
removing the electron with a magnet. The energy
distribution of electron only was obtained by the sub-
traction of the second spectrum from the first.

Scintillation Spectrometer Pulse sorting was accomplished
by a PA-4 100 channel analyzer equipped with a scintil-
lation phosphor. The detector and the photomultiplier
will be described later.

Monitoring Counter The output of the betatron was moni-
tored with a G-M counter first. However, it was found
that the response of this counter was not linear over a
wide dose rate range and saturates at high dose rate.
The reason was that betatron electrons emerged in a
2 1t sec. pulse; thereby the dose rate per pulse was
extremely high, even though the average dose rate was
low.

A new monitor chamber was constructed. This was made
with two parallel thin mylar plates, and current produced
in the cavity was measured with an EIL electrometer.
Pulse cycle modes from betatron were monitored with
Nal(T1) crystal and adjusted to the same height of all
pulses by controlling injection voltage etc. To avoid
noise, a coincidence circuit was attached to detect radi-
ations within the duration of pulse.

Energy Calibration of Eleciron from a Betairon The energy
reading of the meter on a control panel does not neces-
sarily indicate the true value. The absolute magnitude
of the electron beam energy in the 8 mev to 19 mev
range can be conveniently calibrated by employing the
photodisintegration threshold of various elements. In
this study, copper (copper foil), oxygen (water and poly-
methylmethacrylate) and carbon (graphite and polystyrene)
were used to determine three points of energy. The
threshold energy of these elements is 10.9, 15.6 and
18.7 mev respectively. The energy of the electron beam
for values between and beyond threshold energies was
obtained by interpolation and extrapolation. It was most
difficult to determine the threshold energy acecurately
because the activation probability are very small, actually
near zero. Samples were exposed to electrons at several
energies above the threshold, and induced activities were
plotted against the nominal energy and read the energy
where activity is zero off. Energies obtained by interpo-
lation and extrapolation were confirmed by the comparison
of photopeaks in a Nal(T1) erystal assuming the linear
energy response of the crystal.
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Resolution Improvement of Phosphor The electrons in a
circular accelerator are homogeneous in energy. However,
a broad spectrum is observed hy the effect of resolution
smearing of scintillators and photomultipliers.

The factors affecting resolution in a scintillation detector
and the means of optimizing resolution is a complex
subject. It would be expected that resolution is improved
by complete collection of light produced in a phosphor.
The nature of the surface of a detector is of primary
importance.

The surface of a phosphor (2”7 x2”¢ )} was scratched,
then the resolution was measured with and without covering
thin aluminum foil or light-reflecting paint against internal
conversion electrons of Cs!37. However, the resolution
of the phosphor was not improved significantly by any
method employed here. Therefore, the detector was
covered with aluminum foil and the surface was maintained
in a polished condition.

In our study of the resolution of a 4” x4” and a 5" x67%
plastic phosphor using betatron electrons, it was foynd
that resolution depend on electron energy. By compal.'isun
of the two plastic phosphors and by comparison with
similar measurements on a large Nal(T1) erystal, the
resolution at 15 mev or greater was due mainly to escape
of electrons from the detector. At energies below 10 mev,
the resolution was mainly due to statistical process (light
collection for the plastic phosphor). Nal(T1) crystal has
also good resolution for high energy electrons but it
detects X-rays which disturb electron energy distributions.

A photomultiplier made by EMI gave better resolution
than that made by Du Mont but as the EMI instrument
had a too great multiplying rate to measure the distri-
butions with the analyzer, use of the multiplier was
given up.

The detailed measurement of resolution for the preparation
of a resolution matrix was not finished.

Results Some preliminary scattered electron spectra
were measured at given incident energies, depths and
scattering angles. However, it was not complete enough
to mention here. This study was still continuing at Sloan-
Kettering Institute when I left.

Calibration of Memorial Diagnostie Chamber

The Memorial chambers were calibrated against a Baldwin-

Farmer Sub-standard X-ray dosimeter and I also tried to
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calibrate against a free-air chamber. At the same time
directional dependence and dose rate dependence were
determined.

X-RAY EXPOSURE CONTROL LABORATORY U.S.
PUBLIC HEALTH SERVICE, ROCKVILLE

At the X-ray Exposure Control Laboratpry, U.S. Public
Health Service, 1 studied the use of lithium fluoride (LiF)
thermoluminescence dosimetry for diagnostic X-rays under
the direction of Dr. Arthur H. Wolff, Chief of Research
Branch, Division of Radiological Health, U.S. Public
Health Service and Dr. D. Janes, Acting Director of X-ray
Exposure Control Laboratory.

Lithium Fluoride Thermoluminescence Dosimeter

Radiation dosimetry utilizing the phenomenon of thermo-
luminescence of LiF has recently been developed by
Attix12 and Cameron et all3 and is being used widely in
the field of radiation biology, therapy, etc.

The detector part of thermoluminescence dosimeter (TLD)
can be very small as compared to the size of the usual
ionization chamber and can be separate from the register
part. Therefore, it can be used for the measurement of
dose in a small volume of tissue such as bone marrow
dose, gonadal dose and dose in small irradiation fields.

The mechanism of thermoluminescence is still imperfectly
understood, but is believed to be as follows. Impurity
atoms or other crystal lattice defects provide metastable
electron states several eV above the ground state. Some
of the electrons freed from the ground state by ionizing
radiation may become trapped on these states. When the
crystal is heated to a sufficient temperature, thermal
excitation energy dislodges electrons from the traps, and
they return to the ground state, radiating light in the
visible and near visible spectrum. In the case of LiF,

it is orange in color.

Fluoroglass dosimeter (FD) can also be used for similar
purposes as those of TLD.

Advantages of lithium fluoride-thermolumipescence are
as follows:

It has nearly constant response per roentgen over a
wide range of radiation energies, that is to say, it is less
energy dependent than FD because it consists of elements

of relatively small atomic number;
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The pre-dose of TLD can be eliminated by heating.
Therefore, it can be used many times, the same as a
new unexposed TLD, but the pre-dose of FI) cannot be
eliminated completely. In the case of FD, exposure
dose is added to pre-dose. If exposure dose is very
small, unexposed glass must be used for the precise
measurement;

Luminescence of FD gradually grows until about one
day after exposure without any treatment. Therefore,
the measurement of luminescence should be made at
least one day after exposure. There are practically no

such problems in TLD. This will be discussed later;

TLD is flexible to make any form.

A disadvantage of TLD is that the luminescence cannot
be measured repeatedly because dose is determined with
TLD by measuring the light emitted when an exposed
dosimeter is heated and the luminescence disappears on
heating.

Material and Method The powders of TLD-100 from
Harshaw Chemical Company were annealed for 15 minutes
at approximately 500 C, packed in gelatine capsule (180 mg
TLD in a capsule} and then used for dosimetry. The
standard annealing procedure was as follows: After
receipt from the manufacturer the crystals were annealed
for 1% hours at approximately 400 C and then for 24 hours
at approximately 80C. This treatment was repeated
before reusing the powder. However, we found that the

annealing of 15 minutes at 500C was sufficient for reuse
of TLD.

Instrumentation Measuring the TLD after exposure
requires a method of heating the crystal and a system
for measuring the emitted light. The registration part
of TLD used here was constructed by Murphy et al, and
with it, it is possible to measure a smaller dose than with

a commercial one.

A measured volume of the crystals (in general, 80 mg
were used) was placed in a 1 cm diameter stainless steel
pan which was hard soldered with the electrodes of a
soldering gun. The crystals were then heated to a
temperature of 300 C in an interval of about 20 seconds.
The light emitted from crystals was collected with a
photomultiplier and the integrated current voltages were
measured. An example of a grow curve is shown in
Figure 6. It has been observed that the first peak
disappears about 1 day after exposure but integrated
output does not change by the disappearance of the first

peak.

18

Bt

TLD B GaT DM E (7L - F— 2 )ik
TEa. FRWZHLWE

ZElikS THT ZEAT

Sahtoemi wTLD LA L& 5 24K Tn g
HFHTEA5. L#LFDmfb‘b—x¢%%u%
FIENTELY, FDOKASIE, MERBEI L -

F—AtMth% & LM AR T E w
WA, BMEshAEZztnZu NS AEFHLLY
L IEME L BIE T E 2.

FDO#HEELTALIMETAZ L2

HE T CowidEmaolm+ 4. %1@
EAL L LB 1 BT E bl
TLDTHEHZOL ) 2B LY. 20
g 5.

TLD VR ETHA2BIEEO N CHNTES

TLD R F i # EEBRIE LM ET & & A,
VIO xhARBITE NS SRR Eh 2
KEBET Ll THREZMA2DT, ML S
THEFHRTE226THE.

Tz ks

#M# EH LU A% Harshaw Chemical #E 2 5 & A L 7~

TLD — 100 @& R £ 500 C, 155 M EAFEULE L,

F3FyRBIED (EH M40 TLD 180 ng), &M E
IZHH L2, EiEpBHENBE I RO LY THA. BLHE
Al & F - 2554400 C T 1 M EER AN EAULEE +

A, FWVWTHBC TUBBUESY S, o InEs
HEH+Ta2az480ES. LALS00C, 155 00k
METTLD BRIk S5 Thdzsddniishi.

®E e o TLD Ol 1213,
AEEBEFTI2ZIVETHS.
DEEHIE Murphy 512k TEBENEL DT, R
OEEED DS HELAET S

Mgk o F B & Bt & n
ZZTHws5NRTLD

ZEANHHET H B,

WE Iz B OB GEFE0mg 2 ) & MZLER S

BrESanslenBEROATF Y LAAF LI FIZE

L, 300 CT20fbmmsky s, &ad o Matanisii
REHEETEDLLh, MESAAEERELEEL 2. £
EMifo 1#+H62R7d. H§1loY— 7 L8411 HE%
IREETAY, BEahARoE bR A BB

R bLNLH o



FIGURE 6 GLOW CURVE OF TLD-100 LiF
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According to Cameron et al,!? the annealing for 24 hours
at 80 C reduces the first peak relative to the second peak.
thus rendering the TL of the powder more stable at room
temperature. Besides the annealing, the shape of grow
curve depends on the thickness of the sample and in

heating temperature.

The optimum heating time and temperature were deter-
mined to collect completely the light and to reduce the
background light. High voltage supply to multiplier was
adjusted give 5x10-6 ma in a meter with the C14-light
source. Victoreen chambers and r-meter were used for

the calibration of dose as standard chamber.

Results Energy Dependency of Lithium Fluoride Dosimeter
LiF dosimeters in capsules were exposed to X-rays with
half-value layer ranging from (.5 mmAl (50 kvp, 0.5 mmAl
filtration) to 1.25 mmCu (250kvp, 0.5 Cu filtration) at the
dose level of about 250 mR. After exposure to X-rays,
their luminescence readings to exposure doses were
calculated as a function of X-ray energy. As seen in the
Table 5, the sensitivity was gradually increased with the
decrease of half-value layer, reached a practically constant
value and then decreased with the decrease of half-value
layer. Sensitivity is plotted against the effective tube
voltage in Figure 7.

According to theoretical calculation by Attix,!2 the
sensitivity of LiF increases with the decrease of X-ray
energy. On the other hand, Cameron et al 13 have reported

19

Cameron 657 2k 3 &, BOC2UARMH o HAEUHE (2 2
gl LBEIEY -7 0B E%2MLbadshbhililh
IOTHY, ZORBLLE THEBRIZETAHILI &y
LY ARBREMEES EENTWE. FHEUBOIET,IZ,
CEREEOBREEOE S & & OIMBRERE k7T T 5.

REZFELZRD IS, 7T FEFHDERILBO
REOMMEEM & L PBRELRE L. HEEAOME
TAGBEECH 260 L BETEXI0  mat 5154
SR LLE BEMEEGT 7Y =Y - Frpai—¢
r A—F — HHEEHCEEEE L TR

BR:VFIL - TLAZ1 FEEFOI LT -k
M EHIZANL LIF BE3 2 FMEE 0.5mAl (50
KVP, 0.5mmAl 740 % —)# 51.25mmCu ( 250 kvp,
0.5Cu 740 #—) ) X #1241 250 mR o) WS % §7 7% 7=,
Figlsk, BGHERICH T AEAREXFI ALY —0DH
BELTHELL, RS5URTIEL, BEREHRED
WA ORTHRAICEMNL, FE—-FE0@EIHELED
LB L, EBEIHLTTOy PLARERZET
R,

Attix * OBIGRHEIZ LS &, LiIF O BERXET
V¥ —=nifbizonTHIMLTWS, i) Cameron 51



FIGURE 7 ENERGY DEPENDENCE OF TLD-100 LiF
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that the measured sensitivity was almost constant from FBEID L BREEL 30 kev 25 70 kev £ TIZIE T

30kev to 70 kev. It was impossible to make any compari-
son with previous data, because there were no available
data about the sensitivity change under 30 kev,

Angular Dependency The variation of the sensitivity of
LiF plate (5 x5 x1 mm) with angle against incident X-rays
were determined for 90kvp and 65 kvp with 2.5 mmAl
filtration. The differences of sensitivity for angles of
incidence of 90° and45® were not significant for both
radiations, but at 0°, decreases in sensitivity were
observed. Ratio of sensitivity at 0° to that at 90° was
0.86 for 90 kvp and 0.82 for 65 kvp X-rays. This seems
to be caused by greater attenuation of X-rays at 0° than
at 90°. Results are presented in Table 6.

Calibration Curve Luminescence reading of TLD exposed
to a given radiation dose varies with the variation of high
voltage to photomultiplier, heating condition, etc. There-
fore, under a given measuring condition, it is necessary
to determine the relationship between exposure dose
measured by standard dosimeter and luminescence reading
of TLD.

Results appear in Table 7. [uminescence readings
increased linearly with the exposure dose over the dose
range from 30mR to 10,000 mR, probably more than
10,000 mR, and no significant differences were observed
between 65 kvp and 90 kvp.
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TABLE 5 ENERGY DEPENDENCY OF LiF FOR X-RAYS
#5 LiF @ X#ids 24 08— 0Elk

Exposure Luminescence

Tube Voltage  Filtration HVL Veff Daose Reading* Sensitivity
kvp mm mm kv R mv mv/mR
TEE Fpllad— metga riFsotrafk R
a0 0.5 Al 0.5 Al 1532 120 16100 1.27
60 1.0 Al 0.95 A1 21.5 11.2 16700 1.49
60 2.0 Al 1.4 Al 24.8 11.0 16800 1.53
70 2.5 Al 2.1Al 29.0 10.4 16000 1.55
a0 2541 2.4 Al 30.3 10.8 16500 1.53
100 3.0 Al 3.0 Al 33.0 10.5 15900 1.53
150 0 0.14Cu 38 9.9 14500 1.47
150 0.1Cu 0.30Cu 50 9.63 14000 1.45
150 0.3 Cu 0.5 Cu 60 9.53 13500 1.41
150 0.5 Cu 0.65Cu 67 8.49 11800 1.39
200 0.5 Cu 0.9 Cu 76 9.76 13500 1.38
250 0.5 Cu 1.25Cu 87 9.66 13300 1.38

*Mean readings of six to twenty samples. £ — 20 & 8o F B

TABLE 6 ANGULAR DEPENDENCY OF LiF PLATES
#6  LiF fio Akt

Tube Voltage Angle * Mean Sensitivity Ratio
kvp o my %
O IE i HE TR B
65 90 4.84 100
45 4.87 101
0 3.96 B81.8
90 90 4.91 100
45 477 97.2
0 4.21 85.7

TABLE 7 RELATIONSHIP BETWEEN EXPOSURE DOSE AND RESPONSE OF LiF
#7 MRHHE L LIF OREOMK

90 kvp
Exposure Dose Luminescence Sensitivity
mR Reading mv/mR
18 A 4 gt ;sz‘T‘f&y;{ht i3
9.5 17:2 1.81
18.2 35.6 1.95
29.5 47.5 1.62
65.5 109 1.67
109 180 1.67
301 502 1.67
659 1080 1.65
996 1670 1.68
2450 4130 1.69
4900 #030 1.64
9860 16200 1.64
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A value of 0.60 mR per mv was obtained as the calibration
factor for both radiations. This could be expected from
the data of no energy dependence from 60kvp to 100 kvp
X-rays. The calibration factors for X-rays below and
beyond this range can be calculated from the energy
dependence shown in Table 5. Sensitivity was slightly
increased below 30 mR. However, it is very difficult to
determine the sensitivity accurately at such low exposure
levels. Therefore, the factor of 0.6 (mR/mv) can be
useful for exposure doses at least up to 10,000 mR.

According to other authors, luminescence reading is
proportional to exposure dose from 300mR to 103 R,
then there is a slight increase in sensitivity up to about
105 R for Co® ¥ rays. Our results agreed essentially with
previous papers.

Phantom Measugement A reproduction of clinical condi-
tions was made using TLD, a Rando phantom and a dental
X-ray machine. Skin, eyes, pituitary gland, thyroid,
cervical spine and sternum were selected as the critical
organs.

Mean doses of the experiments are shown in Tables 8,9.
The exposure doses at these points were reproduced
within a 15% error. In the phantom experiment, the
errors from anode effect of X-ray tube and apparatus
arrangement were added to the error of LiF dosimeter
itself. Therefore, this reproducibility is sufficient for a
phantom study.

During my stay at Rockville, | also visited the Research
Branch, Radiological Health Division, U.S. Public Health
Service. In Dr. Wolff's laboratory, | observed their
studies concerning chromosome aberration by ionizing
radiation in Biophysics Section.

Dr. W. Mills, Chief of Biophysics, and Dr. R. Schmickel
were studying the aberrations of human chromosome by
diagnostic levels of X-ray irradiation. Some control cells
have simple chromosome breaks but the complex abnor-
malities were seen only in irradiated cells such as
dicentrics, ring, acentric fragments and abnormally long
chromosomes. Although relationship between such a
small rate of chromosome aberrations and visual radiation
injuries was not yet determined, it is very interesting that
these aberrations are seen at dose levels of diagnostic
X-ray examinations. According to Dr. Bender et al, the
observed yield of rings and dicentrics is a function of
irradiated dose even in the diagnostic levels of X-rays.
They have proposed leukocyte chromosome analysis as a
biological dosimeter. I also discussed the absorbed dose
calculation of circulating blood cells by external irradi-
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TABLE & EXPOSURE DOSE FROM DENTAL X-RAY EXAMINATION MEASURED BY LiF DOSIMETER

#8

LiF G2t sl s hA~miERXEEE0 R

56 kvp, 5 ma, 2.0 Al filter, FSD 7 inches, time 20 sec.

Luminescence reading, mv Dose
Site LId by AR mR
8 fr ; T it
Surface Left £ 21800 22300 13300
£ Center 23500 23500 14100
Right *i 20900 22000 12900
Eyes Left *& 36.6 37.6 22.3
o Right 4 140 142 84.6
Pituitary gland B FEH 414 457 261
Cervical spine 2 HE 629 627 377
Thyroid Left % 155 157 91.8
TR Center i 227 267 163
Right # 193 184 113
Sternum W F 20.6 19.8 12.2

TABLE 9 EXPOSURE DOSE FROM DENTAL X-RAY EXAMINATION MEASURED BY LiF DOSIMETER

#9 LiF SEF iz X0l

sz 3

L2 Al

Z R X AR 0 B AR R

90 kvp, 5ma, 2.5Al filter, FSD 7 inches, time 10 sec.

i Luminescence reading, mv Dose
.‘:1“3{_‘7 Mijdoety 2R mR
ik I 11 i A
Surface Left bt 18800 19200 18900 11400
F il Center H% 19600 21700 20900 12500
Right 21400 20400 19600 12300

Eyes Left = 108 97.4 84 57.8
R Right # 239 216 211 130
Pituitary gland B0 F E{& 682 639 396
Cervical spine ik 263 339 385 197
Thyreid Left K 189 187 182 112
FB  Center i 294 300 204 178
Right 4 171 173 179 105

Sternum  fig & 37.1 30.7 322 20.0

The absorbed
dose of blood from external sources is very difficult because
it is circulating through the whole body.

ations and internal radioisotope sources.

1 also met Drs. Bruchner and Hazzard who explained the
decreased secretion of radionuclides in milk with concomi-
tant increase of radionuclide excretion in waste products
by the addition of synthetic materials in food.

Following this, [ met Drs, M. Shore and K. Smith with
whom [ discussed the alteration in development of enzyme
activity in livers of newborn rats irradiated in utero.
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Dr. J. Gitlin,

explained the epidemiological and dosimetric aspect of

Chief of Radiation Intelligence System,
their study. The method being employed has already
been described in Dr. Yoshinaga's report.! Incooperation
with the X-ray Exposure Control Laboratory, a survey of
output and quality estimations of outside hospitals and
clinics on a nationwide scale is being carried out using
X-ray film.

A study of routine X-ray examinations has been completed
and now a study for dental X-ray examinations is under
The method is as follows: Small aluminum and
copper plates fixed on a part of an X-ray film in an

way.
envelope. The film is sent to hospitals and clinics for
exposure under a given exposure parameter indicated by
the Public Health Service, returned and processed at the
Laboratory. Output of the machine is determined by the
optical density of the nonfiltered part of the film and the
quality is determined by the difference of optical density
among nonfiltered, Al filtered and Cu filtered film portions.

In relation to the above study, Dr. D. Janes, Jr., Acting
Director of X-ray Exposure Control Laboratory is studying
the film jacket method in cooperation with Emory Uni-
versity to estimate the exposure pattern of fluoroscopy
and spot filming using actual patients. Unfortunately,
I did not have an opportunity to observe the actual
techniques of film jacket method; namely, how to obtain
the exposure pattern of patients in parallel with exami-
nations.

CHRONOLOGICAL REVIEW OF OTHER
TUTIONS VISITED

INSTI-

On 7 June 1965, I visited Georgetown University and
met Dr. J. R. Andrews, Professor of Radiology and Director
of Radiation Therapy, with whom I discussed the biological
effect of fast neutrons and protons, and dosimetry of
these radiations. Dr. Andrews is interested in fast-
neutron therapy, particularly mofochromatic fast neutrons.
The use of high energy neutrons for radiation therapy
has not been completely developed yet, but it is very
interesting because fast neutrons have high relative
biological effectiveness and give high depth dose rate as
compared with other radiations while thermal neutron
therapy may not be useful for tumor therapy in depth such
as stomach cancer,

On 9 June 1965, I visited the National Bureau of
Standards and first met Drs. Scott and W. Smith with
whom I had a discussion on the calibration of ionization

chamber by free-air chambers. They have three free-air
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chambers, operating in the ranges of 5-60kv, 20-60 kv
and 60-250 kv.
used under severe control for temperature, pressure and

These standard chambers were being

tube voltage and filament current of X-ray machines.
Dr. Smith explained the important care in the calibration
of ionization chamber. Another study there was the
dosimetry of neutron and quality measurement of scattered
neutrons from a Van de Graaff generator. Following
this, I met Dr. M. E. Ehrlich who is studying the reduction
of energy dependence of the thermoluminescence dosime-
ter by covering it with metal net. By this, the energy
dependence is significantly reduced for diagnostic X-rays.
This study was very interesting for me in connection with

my study at the X-ray Exposure Control Laboratory.

On 10 June 1965, I visited the High Voltage Laboratory
of National Bureaun of Standards and met Dr. Wyckoff,
Chief of Linear Accelerator Laboratory, who showed me
a 100 mev linear accelerator which was almost con-
structed and other related instruments including the
monitoring dosimeters for neutron, X-rays and electrons.

On 13 June 1965, I visited Johns Hopkins University with
Dr. Janes who arranged my visit and met Dr. R. Morgan,
Chief of Radiology Department, Dr. L. M. Bates and
Mr. R. Gehret. They were developing the measurement
techniques of scattered radiation from diagnostic X-ray
examinations with a combination of dosimeters and
computer. Measured doses with dosimeters (scintillation
detector equipped with ZnS in plastic) are recorded in a
connected computer. They informed me that this system
makes it possible to use actual patients because the system
is very sensitive for radiation and its response is very
fast to survey whole body.

On 15 June 1965, I visited Southern and Northern Albert
Einstein Medical Center and met Dr. B. Shapiro with
whom [ discussed the mechanism of chemical protection
against ionizing radiations. The mechanism of protection
remains for the most part within the scope of conjecture
and the use of these compounds for radiation therapy is
still hopeless, but it might be possible by means of the
use of mixture of several protective agents, because the
protective effect is, in general, additive while toxic effect
is not necessarily additive. We agreed with each other
on the point that elucidation of protective mechanism
would contribute to those of radiation action on biological
systems, and promised to exchange papers and opinions
in the future.

On 16 June 1965, 1 visited Princeton University, where
I met Dr. Axtmann, Chief of Engineering Department,
Chemical Engineering and discussed the problem of
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chemical dosimetry of monochromatic neutrons from
Cock-Croft type generator. Two values of 10.5 and 11.5
have been reported as the G-value of ferrous sulphate
dosimeter for fast neutrons. He opined 10.5 to be more
reliable for 14 mev neutrons. We also discussed the
treatment of tritium gas from generators which is very
hazardous, and its monitoring chamber.

On 17 June 1965, I visited Sloan-Kettering Institute
again to meet Dr. E. R. Epp. I explained to him about
my studies at Rockville and of all of my training and
studies in the United States. I expressed my appreciation
and satisfaction with my research work under Dr. Epp
and Dr. Wolff.

On 21, 22 June 1965, [ visited Argonne National Labo-
ratory. First, [met Dr. M. R. Zelle, Director of Biological
and Medical Research, who kindly arranged a meeting for
me with Dr. H. H. Vogel, Jr. in his division. Dr. Vogel
explained his recent work about the differences of recovery
phenomenon between ¥ -rays and neutron injuries. In the
study of spleen colony technique, no recovery has been
recognized in neutron irradiated animals, while a signtfi-
cant recovery has been observed 4 to 5 hours after
irradiation by ¥ -rays. It is still not clear why the recovery
does not occur in neutron irradiation as compared with
electro-magnetic-wave irradiation.

Dr. Vogel also explained their study of the neutron capture
therapy in which organic uranium compounds are used.
By the fission of uranium, tumor received neutrons, fission
fragments, ¥-rays, etc. This is more effective than boron
capture therapy because the effective range of fission
products is more shorter than «-rays which are produced
in boron capture therapy.

After this, I met Dr. Sinclair with whom I discussed the
G-values of ferrous sulfate dosimeter for various ionizing
radiations and also discussed chromosome aberration

using Chinese hamster cells.

I also met Dr. A. Brues and Dr. Grant who explained
malignant tumor incidence caused by internal radioactive
isotopes such as strontium and pultonium and radiation
genetics, respectively.

During my visit to Argonne, | met Dr. L. D. Marinelli,
Director of Physics Division, Dr. Rose, Emeritus Staff and
Mr. Oltmann and discussed the dosimetry and component
determination of cosmic radiation. In this laboratory,
several sizes of round tissue equivalent ionization chamber
(Shanka's chamber), thermoluminescence dosimeter,

fluoroglass dosimeter and other spectrometers were being
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used for the above studies. Following this, I met
Dr. Frazirio to discuss the use of chemical dosimeter for
the neutron and proton dosimetry. A modified ferrous
sulfate dosimeter is being developed to detect lower dose
than usual detectable dose with it. We also discussed on
the improvement of output of neutron generator such as,

T(d,n) reaction, Li{p,n) reaction generator.

Dr. Marinelli guided me to see the cyclotron and CP-5
atomic reactor and the Chemistry Division.

On 23 June 1965, 1 visited the University of Chicago,
where I met Dr. J. Doul, Chief of U.S.A.F. Radiation
Laboratory. He has been studying comprehensive
screening program for protective agents which is
1) screening of agents, 2)toxic effect of agents and
3) protective activity determination. Dr. Doul’s opinion
concerning the mechanism of chemical protection is
slightly different from Dr. Shapire’s who stresses the

mixed disulfide theory.

On 25 June 1965, I visited Roswell Park Memorial
Institute and met Dr. Crohmer, Chief of Biophysies
Department, Dr. M. A. Bender, Chief of Nuclear Medicine
and Dr. D. J. Tuan with whom I discussed on the device
of film method for depth dosimetry and scintillation
spectrometry for linear accelerator X-ray using large Nal
crystal and showed the program of treatment planning.

I also met Dr. C. E. Helmistettler who explained the study
of radiation effect on bacteria and cultured cells. The
svnchronization procedure using modified paper pile frac-
tionation technique was of particular interest to me.

On 28 June 1965, I visited the University of Rochester,
where I met Dr. V. DiStefano, Chief of Pharmacology
Department with whom [ discussed the pharmaceutical
and physiological effect of chemical protective agents.
The change of protective activity with time interval from
injection of agent and irradiation which I have observed
at Hiroshima University, has a fine correlation to the
change of elevation of blood pressure with time interval
which Dr. DiStefano has obtained. 1 found satisfaction
with this discussion and beneficial for future study. He
explained his recent study on the combined use of pro-
tective agents and agents to breakdown hypoxia. This
study should offer a strong step to understand the
mechanism of chemical protection.

I also met Dr. Okada with whom I discussed the degra-
dation of DNA molecule in aqueous solution by irradiation
and the differences of target area estimated from the data
of radiation effect between bacteria and cultured cells.
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It is still in question whether this discrepancy of target
area results from repairing process or functional fraction.

On 30 June 1965, I visited the Massachusetts General
Hospital where I met Dr. E. W. Webster, Chief of Physics
Section, Department of Radiology, who has published
papers concerning gonadal dose in radiography exami-
nations. He was particularly interested in our gonadal
and bone marrow dosimetry at ABCC, and also the study
of reduction of gonadal and other critical organ doses from
medical use of X-rays which have been reported by us at
the Research Institute of Hiroshima University. [ ex-
plained our dosimetry technique (ABCC) in detail and
asked his opinion in regard to this. His impression was
that our method is good in general, but the use of attenu-
ation data measured with a plain phantom will cause some
error because the components and construction of the
human body are different from a plain phantom. Discussion

with Dr. Webster and his co-workers was very fruitful.

I also met Dr. Shibata, a research fellow in Dr. Potsaid’s
section, who showed me the solid chemical dosimeter.
This unique dosimeter which was developed by Dr. Potsaid
and others can measure the volume dose and show the
dose distributions by color change of indicator dye in
tissue equivalent material.

During my stay at Boston, I met Dr. Brownell, Associate
Professor of Massachusetts Institute of Technology,
who explained the dosimetry of Co$ gammarays, in
particular biclogical systems, and activation analysis.
Dr. K. A. Wright, Chief of Radiation Therapy, showed
me a unclear reactor and some Van de Graaff generators
and explained their therapy program using the above
generators.

At Harvard University, I met Dr. Shapiro and
Mr. M. Johnson, Public Health Labhoratory, to discuss
the routine work of the monitoring personnel exposure
The University
has an independent department for the exposure moni-

dose from several kinds of generators.

toring. The film badge is used mainly for X-rays and
neutrons the same as in other radiation institutes but they
have many special instruments for monitoring mixed
radiation field.

Dr. Webster introduced me to Dr. A. Koehler, Chief of
Cyelotron Laboratory, Harvard University who showed
me a 150 mev cyclotron which is being used in proton
therapy for tumor in pituitary gland. The proton therapy

for tumors of small volume is attractive.
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On 6 July 1965, I visited Oak Ridge National Labora-
tory, Health Physics Division where I met Dr. J. A. Auxier,
They
demonstrated the operation of a bare reactor which was
used for the dose estimation of the A-bombs in Hiroshima
and Nagasaki and is being used for dosimetry and neutron

Chief of Dosimetry Section, and his co-workers.

spectroscopy, etc. It was interesting that many pine trees
surrounding the reactor has died or were dying while
other kinds of trees were still living. The exposed neutron
dose in this area has been estimated to be about several

hundred rad.

I discussed with Dr. Auxier the dosimetry of neutrons by
several kinds of dosimeter including A-bomb radiation
dosimetry. Following this, dosimeters were discussed
from a standpoint of accuracy and convenience: pro-
portional counter; small proportional counter; threshold

detector system; spectrometry; fluoroglass dosimeter;

thermoluminescence dosimeter; nuclear emulsion technique.

Although space precludes mentioning all that was discussed,
one unanswered problem was that according to their
dosimetry, exposure dose from induced activity and fall-
out materials was negligible even though many people
who entered the city after the A-bomb were injured.
There should be some reason why they were injured, but
I was told that the experiments do not show such result.

Dr. Hubbell showed me the pile reactors, linear acceler-

ator, and Van de Graaff generator for heavy ion
accelerations.
During my visit there, I was able to observe

Dr. Higashimaru's experiment which is thermo-
luminescence dosimetry using roof tiles in Hiroshima
and Nagasaki. At the present time, this method is not
accurate enough for the dose estimation of the A-bomb,
but it is very interesting as a method using activated

Co% in iron materials.

On 8.9 July 1965 I also visited the Biology Division
at the Laboratory. First, I met Dr. M. F. Randolph with
whom I discussed the conversion factor of 14 mev neutron
for soft tissue. I expressed my question in the use of
Dr. Randolph’s data.
conclusion about it. He showed me a Cock-Croft type

However, we did not reach any

neutron generator for biological use.

Next, I met Dr. D. G. Doherty to inquire of his progress
in chemical protection. His opinion is entirely different
from Dr. Shapiro’s concerning the mechanism of protection
and effective substance of AET in the body. I did not

agree with Dr. Doherty’s opinion completely, but I had
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an enjoyable time with a discussion of pharmaceutical,
anoxic, freezing effect, etc.

In relation to the above study, I met Dr. Smith who is
studying the effect of culture temperature on X-irradiated
I also met Dr. C. C. Congdon who
explained secondary disease in exposed and then bone
marrow transplanted animals.

mouse bone marrow.

Next, I met Dr. Darden to discuss the late effect of
neutron irradiation including leukemia incidence, life
shortening and lens opacities. Their study showed that
relative biological effectiveness of neutrons was much
greater for chronic radiation hazards than X-ray and
¥-ray. In order to predict the effect of the A-bomb,
these kinds of research must be continued.

On 12 July 1965 I visited the Los Alamos Scientific
Laboratory. First, [ met Dr. W. H. Langham, Director
of Biological and Medical Research Division who explained
Cellular Radiobiology;
Molecular Biology; Biophysics; Mammalian Radiobiology;
and Mammalian Metabolism,

the program of his division:

and arranged a meeting
with the investigators in each section. i

By Dr. Langham's arrangement, I met Dr. J. F. Spalding,
Chief of Mammalian Radiobiology Section, who has reported
the comprehensive study on the relative biological effec-
tiveness of neutrons. I discussed with him the relationship
between the type of energy transfer and biological effects
which will lead us to studies on the essential mechanism
He explained
his most recent work concerning dose rate effect on

of biological actions of ionizing radiations.

lethality of mice exposed to fission neutrons and concept
of effective residual dose and showed experimental animals
under the late effect and recovery study.

1 met Dr. C. R. Richmond, Chief of

Mammalian Metabolism Section with whom [ discussed

Following this,

computer use for filing biological data, which was inter-
esting for me after the training I had received at Sloan-
Kettering Institute. He showed me the operation of animal
and human counters, and also promised to send a Foriran

listing for their least squares curve-fit.

As the study on molecular and cellular biology has been
initiated recently, as a result of increased emphasis on
molecular and cellular level studies, the progress in this field
was restricted to fundamental study. Dr. D. E. Peterson,
Chief of Cellular Radiobiology Section, demonstrated the
production of synchronized mammalian cells by film.

On 14, 15 July 19651 visited the University of California
at Los Angeles where I met Dr. B. Cassen, Emeritus
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Staff of Biophysics Division, Nuclear Medicine and
Biology. They are studying the qualitative and quantitative
analysis of fall-out materials using a filter paper and

scintillation counter.

Next, I met Dr. G. V. Taplin with whom 1 discussed the
chemical dosimetry of chloroform or other halogenated
compounds for extremely low dose levels. There are no
excellent chemical systems to measure the dose range
interesting for biological studies. Halogenated compounds
will be the best even though it is very difficult to prepare
and treat.

After this, I met Mrs. J. L. Leitch, the wife of the late
Dr. Leitch, who is continuing Dr. Leitch’s studies. These
studies have showed that some compounds emphasize the
protective effect of main compounds, and the use of mixture
of protective agents is hopeful for radiation therapy.

I also met Dr. N. S. MacDonald, Chief of Physics Section,
Radiology who showed me the whole-body counter. He
the radioactivity of visitors there and
explained that radioactivity of the people from the East
Coast in the United States is always higher than those
from the West Coast.
eastern part I was very interested, but unfortunately, I

is measuring

Since | had just come from the

did not have time enough to measure radioactivity in my

body.

On 19 July 1965, I visited the U.S. Naval Radiological
Defense Laboratory and met Dr. L. J. Cole, Chief of
Experimental Pathology, who used to study the relative
biological effectiveness of neutrons by means of DNA
contents. The study program depends on the staff and
now they are conducting studies concerning hematological
problems such as bone marrow transplantation, and
chemical protection. They have discovered new protective
In general, most of the

protectors are effective for small rodents such as mice

agents which was not reviewed.

and rats, but ineffective for large animals such as dogs
and monkeys.

According to Dr. Cole, their agent is effective for dogs
and has a possibility for use in man. I was not able to

meet Dr. Ainsworth who was in the hospital.

During my visit to San Francisco, I visited Lawrence
Laboratory, UCLA to meet Dr. Lawrence who arranged
a meeting with Dr. N. Oda, research fellow from Japan.
Dr. Oda guided me to cbhserve the Laboratory including
a cyclotron with which new elements were discovered.
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SPECIFIC TOPICS COVERED AT U.S. INSTITUTIONS
WHICH MAY BE APPLIED TO WORK AT ABCC

The study of energy distribution made at the Sloan-
Kettering Institute does not relate directly to our dosim-
etry program at the present time, but this knowledge is
particularly important for the accurate estimation of bone
marrow dose and also necessary to convert exposure to
absorbed dose, which is more meaningful than exposure.
In this study, I participated mainly in the corrections and
calculations of raw data which had been obtained with a
scintillation spectrometer. An electronic computer was
used. The knowledge of computer programming, which
1 obtained through this work will be important for the
dosimetry study at ABCC. We have estimated the gonadal
and bone marrow dose of patients surveyed in 1962,
Similar surveys have been carried out more compre-
hensively for 1 year from 1963 to 1964 and will be
continued. A survey was also conducted of the period
since the A-bombs in 1945 to 1963 in Hiroshima and
Nagasaki. It is difficult to calculate the doses of all cases
by hand, and there is a possibility of making some mistakes
during the calculations. We plan to use the electronic
computer at ABCC for these studies. I believe that the
knowledge gained at Sloan-Kettering Institute will help
our future studies.

The experience of calibrating the Memorial chambers
gave me an opportunity to become familiar with the
chamber, and I will be able to calibrate the chambers
which we are now using at ABCC myself, without sending
them to Sloan-Kettering Institute. The calibration at
Sloan-Kettering Institute requires at least 2 months
including shipping and in the past the calibrated chambers
and meters have sometimes been damaged during shipment.
We can thus avoid such wastage of time in the future.

The thermoluminescence dosimeter has become very
popular recently because of its principal advantages of its
independence on photon energy, its large useful range

The

Memorial chamber is an excellent jonization chamber for

and its flexibility over other available dosimeters.

use in diagnostic dosimetry, but it is too large to measure
the dose at points within marrow cavities of certain bones,
such as ribs, sternum, etc., when one might use more
than one chamber in a small field. The Memorial chambers
are relatively free of energy dependence!* but the LiF
thermoluminescence system I used was even less so. By
comparison with the fluoroglass dosimeter, the thermo-
luminescence dosimeter has many advantages such as to
energy dependence and detectable dose range. We will
not employ this system at the moment but would like to
take it into consideration for future use.
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At the U.S. Public Health Johns Hopkins

University, Emory University and Roswell Park Memorial

Service,

Institute, X-ray film is being used for dosimetry, quality
determination, and other related studies. In general, the
ionization chamber is better for dosimetry than X-ray
film, because X-ray film has a large energy and directional
dependency, and it is possible to introduce an error during
processing, etc. Another disadvantage is that X-ray film
cannot be used in light.
film gives better results and is convenient, particularly in

However, in some cases, X-ray
the measurements of output and quality of X-ray machines
in outside hospitals and clinics. We have tried to measure
the output and quality of X-ray machines in Hiroshima
and Nagasaki using an ionization chamber but have never
obtained good results because the chamber and electrometer
did not work well under high humidity and temperature.

We will not be able to obtain reliable exposure doses
without correct estimation of the output and quality which
significantly influence the exposure dose. T will initiate

a basie study concerning the above technique.

At the Sloan-Kettering Institute, the dosimetry of diag-
nostic X-ray examination and the study on bone marrow
The

quality measurement of diagnostic X-ray and the study

weight and structure have already been finished.

of radiation effect on bone marrow was being carried out
when I was there.

Since we designed our dosimetry study according to their
techniques and chamber, the methods are essentially the
same except for the calculation of marrow dose from
Our
method is more complicated and should be more accurate
than their method.
on patient surveys and hospital surveys such as ours.

measured data with phantom and outside beam.

They have never based their work
We
surveyed patients first and then visited the hospitals and
clinics indicated by the patient to obtain exposure sites
and parameters. We are employing our present method
for bone marrow dose estimation in order to obtain better
Some doctors at
Sloan-Kettering Institute expressed the opinion that our

accuracy in surveys and dosimetry.

method may be designed to obtain too great an accuracy
for the estimation of exposure dose from X-ray exami-
nations, in view of other larger errors, such as in survey
data, but they agreed that it is important to determine
We hope that
our data concerning bone marrow and gonadal dose can

exposure dose as accurately as possible,

be used by other investigators without question of accuracy.

The method which is being employed by Dr. Morgan et al
{Johns Hopkins University) will give even more accuracy

than ours. When [ visited the University, they had just
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finished setting the instruments up and preliminary
experiments were being carried out. Therefore, I could
not see the actual data. We will be able to see them later
and to compare them with our data.

At the institutes I visited, I discussed and received expla-
nations of the dosimetry of neutrons, protons and
therapeutic X-rays, relative biological effectiveness,
chemical protection, and general radiobiclogy. These
subjects are not related directly to our dosimetry program
of medical use of X-rays, but they are important because
of the final purpose of the dosimetry study in clarification
of the ‘dose-effect’ relationship of survivors.

SUMMARY

In summary, I can say that my trip to United States was
very profitable, not only in gaining knowledge and
experience in technigques and methods which will assist
me in my work at ABCC, but also in the way of obser-
vations which will be generally useful in my work as a
physicist and chemist interested in radiation biology. Iam
also grateful for the many friends and acquaintances 1
made at the institutions where | worked and visited.

A complete series of my monthly reports, ten in number,
is included. A protocol which describes the major portion
of my future work in dosimetry has been drawn up and
approved for implementation in January 1966 —ABCC
Research Protocol 3-66, Dosimetry, Diagnostic Medical

X-ray; Based on Survey of ABCC Subjects and of -

Community Hospitals and Clinics, Hiroshima and Nagasaki.
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Dr.
Sloan-Kettering Institute in which I can participate to
gain experience: Scattered diagnostic X-ray spectra;
Betatron scattered electron spectra; Calibration of
Memorial ionization chamber; Miscellaneous.

First two projects are presently being pursued by
Dr. Edward Epp and his collaborators. The third entails 1>

working in the Standardization Laboratory.

The degree of my participation in these projects will

1964 8 B
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depend on the period of my stay at the Sloan-Kettering

Institute, since it may be desirable to spend some time at
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At the present time, therefore, I am participating in
computer analysis of scattered diagnostic X-ray spectra,
which have been experimentally determined here. The
research of scattered diagnostic X-ray spectra is closely
related to that of primary diagnostic X-ray spectra which
have been studied by Dr. Epp and Mr. Herbert Weiss.
These fundamental data allow precise determination of
absorbed dose from diagnostic X-ray examinations and
have other applications as well.

In order to understand the details of this investigation,
I have made an effort to study under the direction of
Dr. Epp and his collaborators, and to read reference
books. The main references which I have read are:

Thwz, BEERNIZRE SR TVS2HH XS0
AR ANy FLOEFHERB L HHCEMLTN S,
BELX & A~y b OffZEIE Dr. Epp, Mr. Herbert Weiss
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EFAMBECES TR A2MNBRREOEELRE, H&U
b FEIzFIHTE 5.

IOMEOEMAIEMTASZYIZ, D Ep EEUEFD
ERFEEOHED FIZMEIZIoe®, £2885L45
BEMAL. BLEBELFERODEBYTHS.

|. EPP ER, WEISS H: Experimental study of the photon energy spectrum of primary diagnostic X-ray. (In press)

(BHHRXBORFI AN - HHOERNNE)

2. SKARSGARD LD, JOHNS HE: Spectral flux density of scattered and primary radiation generated at 250 kv. Radiat Res 14:231, 1961
(250 kv DEBETCRETIXBOMEAS L VEBEDAAZ PV T4)

-

3. LIDEN K, STARFELT N: Scintillation spectrometry of continous X- and ¥ - ray spectra below 1 mev. Arkiv Fysik 7(36), 1953

(1 mev I FOd#ENE B0y rFlb—-3a>

CRNZ TR Y =)

4. LAUGHLIN JS et al: Annual Progress Report to US Public Health Service, 1962

(FELEGEER~OERES, 1962%4)

5. McCRACKEN DD: Fortran (A Guide to Programming)
{ Fortran — 70 % 7 3 ¥ 7 ENH)

Experimental data on scattered diagnostic X-ray spectra
have already been obtained. These spectral data are
being corrected for various effects. An outline of the
study is as follows:

Measurement of Scattered Specira Pulse height distributions
of scattered X-rays with given tube voltages, scattering
angles, depths and field sizes were obtained with the use
of a multi-channel scintillation spectrometer equipped with
a sodium iodide (Nal) scintillator (Figure 1, page 3).

Correction for Non-linear Response of Nal(Tl) Energy-Pulse
Height Relationship Spectra obtained with the scintillation
spectrometer must be corrected for non-linearity between
pulse-height and photon energy. This relationship is not
linear at either low and high energies of the diagnostic
X-ray region. Therefore when pulse heights are converted
to photon energy, it is necessary to determine accurately
this non-linear response of the Nal crystal using standard
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non-linear response of the Nal crystal using standard
radiation sources of which energies of radiation emitted
are known.

Correction for lodine K-X -ray Escape and Energy Resolution
The distortion introduced by the spectrometer on incident
spectra can be limited to two effects, iodine K-X-ray escape
and resolution smearing. The shape of the photopeak in
the diagnostic X-ray region was found to be very closely
Gaussian. Calibration of these effects may be performed

by the use of matrix algebra method.

The final spectrum at a given energy, depth and field
size may be obtained by integration over scattering angles
from 0 to 7 radian. An electronic computer is being
used to perform the calculations,

If a computer can be used for the calculation of gonadal
dose and bone marrow dose from diagnostic X-ray
examinations which we are doing in ABCC, it would be
very helpful. [ think that my gaining some computer
experience in the projects described above may eventually
be applicable to the estimation of such doses in the future.
I have not yet reached a conclusion as to whether or not
the computer may be useful for dose calculation at ABCC.
As Dr. Russell will send a draft of dosimetry which was
done in ABCC, I would like to discuss this draft with
Dr. Epp and his collaborators from several points of view,
including the possibility of using a computer in the future.

Recently I have worked out the calibration of pulse-height
and photon energy from the data of standard spectra of
Cd-109 Ag X-ray, Cd-109 7Y-ray and Pb-210 ¥ -ray, and
prepared punch cards of photon numbers in scattered
diagnostic X-ray spectra. These are necessary for the
calibration of measured spectra by the computer. I expect
to become involved in all aspects of this analysis.

This fall I expect to be working in the Standardization
Laboratory where I will specifically study the response
characteristics of the Memorial Diagnostic Ionization
Chamber.
over the half-value-layer range from 0.3 mm of aluminum
I will also study their dose-

I will calibrate a number of these chambers

to about 4 mm of aluminum.
rate and directional response.

SEPTEMBER 1964

As already mentioned in a previous report, the true
spectrum of scattered diagnostic Xrays in a water
phantom is being made by correction of scintillation
spectrometer data for non-linear response of the Nal (TI)

crystal, iodine K-X-ray escape and energy resolution.

37

KA F— ﬁiéi%rzy TANMF—=DbisTW
o M aER & B féﬁ#@fﬁ(%f%ﬁ%ﬁflt“f, Nal # &
JFEEEAE T ERIZEET 2 LRSS,

- FK-XBRBEBLIUDREICHTIRE AHT

%ﬂﬁﬁ@XNﬁbw§ZN¢kn%—ﬁ—u EsTHE
Bt aERIZ2 >OBBIIRETAIENFTE T4
bt, 3= FK- Xﬁmﬁ%&ﬁ%mfba.ﬁﬁﬁﬁ

wxﬁ:hW%%gﬁ—7wwmﬁﬁzﬁﬁc#ﬁuﬁ

I EHFABESATVA, CRAHOBREBIINTAME
J.:vw,umsw: ks THL S W EED.
EOIANE—, X, WITEL D RANE AR

g RLEOPET VT vichiARERIIDVTHEY

FEHEZEIlk-TBLRA. ZOHFICEETIHERSY
fAfahTtws
4L, ABCCThhbhhAThTwA M XEsk

L AERIR BHEROHFE B IHERIANHEHTER
HEFEICEMTHE. R LAMR IO TE P ERE
mﬁﬂuwtéﬂ%%ﬁ%:au 13 5% ABCC o 5 Bt He

CHEATEAEELLANS, FHEHEOLIAABCC
ORERFTEICE HEHPIHTE 22K ) Lasio
LTwZuy, Dr. Russell 2" ABCC 17 & - 22 # Bl

HE 4% T2 TFETHLOT, TOERIFELLE
v, BROEBFHEEOBHEOTREZEHTETOR
HAr s Dr.Epp kU2 QERBES LaTHE Lz

BiEThomtseLTiE, Cd-1090 Ag X, Cd -
1090 Y #, Pb 210y iz <y b LT — ¥ (2
EOVTHGHERFIALF—OBIE, &L URZIH
XMofilEr <y PLoRfHEE Sy FH - FIZBL
. ChollEFHERICLIMEENLZARZ PLO
HECSEThS., EHRIOGTHROTANTIIODVTE
m+2rEThd

L.fk Standardization Laboratory T Memorial 32 # X &8

i 0.3 mmA5 4mm 7 3 =7 LHDXHFIZDTITL,

Z ORI R

[AliF IR BEE S LU HEFE L2 THFET 2 FET

5.

1964 9 A

MMz snTiizIEL,
X o E s
& O 3F BLERAY BLIT,
fZx LTHIEZ

KT v k=4O EL
ENFEART bRIZDVT, (T1) &
W%, B LU

HAVHENART P ERIHENLE

Nal
33— FK-X



The final energy spectrum of scattered radiation at a
point in the medium is obtained by integration over
scattering angles from 0 to z radians.

The spectrum of scattered radiation may be presented as
a distribution in exposure dose per unit energy interval
as a function of photon energy by multiplying the ordinates
of curves by various factors giving the dose in roentgens
per photon per cm? at various energies.

The program to execute the above calculations using an
electronic computer consists of five items which are interpo-
lation, iteration, integration, conversion and normalization
programs. Interpolation, iteration and integration programs
have been worked out by Mr. H. Weiss and Mr. M. Chapko,
and according to these programs, I am now executing the
calculation of spectra using a computer and graphs of true
spectra obtained. From these graphs, photon numbers
which are necessary for conversion are read off and then
punched on cards.

The conversion program was made by the author and was
confirmed to be correct by a sample calculation (the val@e
obtained by using a computer agreed with that obtained by
manual calculation). The program is shown below:

hTw3. kbhobardiblaRABOREDT AL
¥F— ARy LV EEHEAOO»cr S YT vioh s TH
GTAZ itk TH/LENS.

fHerDT AL —Z20Tem? A RT KDDL Y
b TERbENIHERA5 AR TR, B OH
BICEUTITAIZEI LT, HEED A<y P id
KFTALF—OMHE LTHEN ALY RS 2D
ORGHEBREOSHE LTELT LD TE A,

BrHEMFERH LT EBOHEXGL ) T0 75 4
E52mHEHEEOKE, Thbb, NE #IEL, i
G, MEL L UERE oy ATES, NIE, B0KE
L, #5134 T2 Mr. H Weiss & Mr. M. Chapko 2.k -
THEEINATVE, chen 7y 74000 TEHI
BrFHERCIZHFOERSLFEoNEHOARY
Py 75 EMLTWE. ZIh60F7 72 6HBE
NRELETEAGRAED, Sy Fh— FlzgIl L~

BET7O7 7 A3EEFES L, KBOHEILLS TE
LuEn) ZbifEErbons (BFHEBILTH
SNEEEFHE LAEAI—HKLE), 7Oy 345 F
IR,

Conversion program #E 7o 7 5 4

DIMENSION RO(54), U(54)

DIMENSION SP(54), SS5(54), SB(54)

DIMENSION SA(54)

DIMENSION A(54), B(54), C(54), D(54)

READ 100, RO
100 FORMAT (8F10.2)
READ 101, U
101 FORMAT (10F8.3)
DO 70, 1=1,3

READ 102, ENGY
102 FORMAT (F10.0)
SUM1=0.0
READ 104, SP
104 FORMAT (8F10.0)
DO 71, N =1, 54

AfN)=RO(N) x SP(N) x 1.LE —11
71 SUM1=SUM1 +A(N) x 2.

PRINT 200, SUM 1

200 FORMAT ( 2X, 6H SUM1=, E 14.8)

DO 80, J =1.3

READ 300, DEPTH
300 FORMAT (F 10.0)

SUM 2 =0.0

DO 72, N =1,54

BIN} =RO(N) x SP{N)/EXPF(U(N) x DEPTH) x1.E — 11
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72 SUM 2 =SUM 2 + B(N)x 2.

PRINT 201, SUM 2

201 FORMAT (2X, 6H SUM 2 =, E14.8)

SUM 3 =0.0

READ 103, ENGY, DEPTH, FIELD

103 FORMAT (3F10.0)
READ 104, 55
DO 73, N=1,54

C(N)=RO(N) x SS(N) x1.E —11

73 SUM 3 =SUM 3 + C(N) x 2.

PRINT 202, SUM 3

202 FORMAT (2X, 6H SUM 3 =, E14.8)

SUM 4 =0.0
READ 104, SB
DO 74, N =1, 54

D(N) + RO(N) x SB x 1.E —11
74 SUM 4 =SUM 4 + D(N) x 2.

PRINT 203, SUM 4

203 FORMAT (2X, 6H SUM 4 =, E14.8)
PRINT 205, ENGY, DEPTH, FIELD
205 FORMAT (2X, 8H ENGY =, F10.1, 9H DEPTH =, Fi0.1,

9H FIELD =, F10.1)

PRINT 206, (N,A(N), B(N), C(N), D(N), N =1,54)

206 FORMAT (2X, 12, 4E14.8)

PAUSE
80 CONTINUE
70 CONTINUE
STOP
END

Where RO: roentgen number per photon; U: absorption
coefficient, SP: primary spectrum; SA: attenuated spectrum
at a given depth; SS: total scattered spectrum with a
given depth and field size; SB: back scattered spectrum
for a given depth and field size; A(N),B(N), C(N), and
D(N}: roentgens number for primary photons, attenuated
photons, total scattered photons and back scattered photons,
respectively; N: N + 4 is equal to energy in kev.

A normalization program is being constructed and it will
be compiled and executed in the next month. In addition
to this I am participating in the measurement of scattered
spectra of betatron electron beams in a water phantom.
Preliminary spectral data by using Nal (T1) scintillator
At the present time, the
preliminary experiment is being performed by using a

have already been obtained.

plastic scintillator instead of Nal [T1} crystal.

OCTOBER 1964

The execution of interpolation and iteration programs to
obtain true spectra (iterated spectra), and that of inte-
gration program have been carried out this month.
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The program for the conversion of photon spectra to
roentgen spectra has already been described in a previous
report. According to this program which has been
changed slightly, the execution has been performed and
graphs of converted spectra have been made.

The final program for the correction of spectra is that of
normalization. Spectra described hitherto are expressed
in relative units. The spectra must be converted from
the normalized 10 R roentgen distribution directly to photon
number. This conversion gives the absolute photon number
distribution for the primary, scattered and backscattered
spectra for the normalized dose of 10R in the medium.
Spectra expressed in the absolute unit are called normal-
ized spectra.

Normalization factors were calculated from depth dose
tables of direct beam and those of scattered beam which
have been reported by Johns et al.*

Roentgen spectra in absolute units may be obtained by
multiplying the normalization factors by the relative
roentgen spectra, and normalized photon spectra may be
obtained by converting normalized roentgen spectra to
photon spectra. The normalization program has been
worked out and necessary data for the program were
punched out on cards. This gave me good practice for
programming since it was more complicated than the
conversion program.

When the normalization program is completed, almost all
of the calculations of the scattered diagnostic X-ray
spectra in a water phantom will be finished.

The block diagram of the normalization program is shown
on page 41.

At the present time, betatron scattered electron spectra
in a water phantom are being measured using a method
similar to the measurement of scattered diagnostic X-ray
spectra, which has been shown in a previous report.
Scattered electron spectra must be corrected and
calibrated by a treatment similar to that of diagnostic
X-ray spectra. These corrections and calibrations may
be performed by similar programs, as a rule.

In the above calculations, the integration of seven spectra
at scattered angles of 20, 40, 60, 80, 100, 120, and 1400

KFARZ PLELY B Y ANZFPLVIIELS SO Y
SLlZDWTE, RBIzEwTTTIIRNE 2070
Fahkb LIEP0iEEL, GHRAERL, REASY
PO ST 7 EERLE

287 P ARIEOBRO SO 5 L FEEERTHD. 2
nEoiliaftzxy PR EZEATREbEATY
L., ALY PLIFIOR ICHEERELALYRTFY A
ANy P s EENTRIIEREARDIELZL LY. IO
TRTiAhos 58108 288%, 10R CHE#HELS
n-EEES, BB L UERARELAS Y PLIZoWwT
WA FAMEE LTEL NS, BB TELER
FASy P BRI EN LAY BV LT,

HEEL Iz E LRSI Johns S I THEERTY
PERBEP L VEABROREBREE,SHEE RS

Mixt Lo L v by A7 PILEEMH LY RS R
Ry AN REEOLDORFERT I LI L TH
Hh, H#franskFascs bz, E¥tshiL
VR ANS ML ENFASAY PLIIERT AL
roriBeha. HElrors sy ERE N,
P Tyt A - FlofTahsz, 207075 AR
SoEBRTOTrSLEVEEETH DT, TOT T3
v OEVWEEE LS

HEA oSO rs BT L, K77y b—4rhiz
BUAZHEXBEOREARY PLVOREO KRS & 8K
THETERES.

B TosrsanTa .y 74— FVIZRT.

WA, K72ry bbbl <—9% o~ KELE T
@Ay bL@flEd, BEHIBROBRESEAXT P
PEETHRLALE I AHETHEbA TS, REEF
AT PLLBHXEARY PV ERLE L S LA
T, iEE-iREsnhiIges 4w, ZhooWMLE,
BEZEANE LT, sido 7o 7o El270 77 A
TEETLIZIENTES.

LitoHETr, —F0Es, BHE, 4L —I1liHwn
T HRELH# 20, 40, 60, B0, 100, 120 #LEU140° 120w

+JOHNS HE, EPP ER, FEDORUK SO: Depth dose data, 75kvp to 140 kvp. Brit J Radiol 26:32, 1953

(EEHSET— 7, Bk > 5140kvp )

JOHNS HE, HUNTER JW, FEDORUK SO: Surface back-schtter in the 100 kv to 400 kv range. Brit J Radiol 27:447, 1954

(100 kv # 5400 kv S2MIC £ 17 3 Hifik FEdl)
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START

!

READ DATA

‘

CALCULATE NORMALIZATION FACTOR

!

MULTIPLY BY NORMALIZATION FACTOR

PRINT NORMALIZED ROENTGEN NUMBER
(Primary, total scattered, back-scattered, primary and total scattered)

.

WRITE TAPE

'
CONVERT

|
PRINT

!
!

WRITE TAPE

PLOT
'

END

with a given dell:tth, field size and energy has been done
after the iteration of each spectrum. However, the
execution of the iteration program took a large amount of
computer time. If the same final spectra will be able to
obtained by the iteration after integration of seven spectra,
the running time of the computer could be greatly
shortened. In order to confirm whether this method gives
the correct data or not, I will alter the iteration and
integration programs to integrate the uncorrected spectra
first, and then iterate the integrated spectra.

I expect to be working on the calibration of the Memorial
diagnostic ionization chamber in the Standardization
Lahoratory next month in parallel with the preparation
of programs, execution of these calculations, and partici-
pation in the measurement of betatron scattered electron
beam.

In the Standardization Laboratory, the calibration of
Memorial chambers which belong to ABCC in Japan is
being performed against a free air chamber. It is very
interesting for me to participate in the calibration of the

chambers because T expect to use these chambers in Japan.

These spectra

These spectra

These spectra
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Normalized roentgen spectra to photon spectra

Normalized’ roentgen spectra and photon spectra
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NOVEMBER 1964

The main activity this month was the calibration of the
Memorial diagnostic ionization chamber and the execution
of the normalization program.

The Calibration of the Memorial Chamber In order to
prevent the leakage of charge, 21 chambers were cleaned
with a special solvent (Freon). Of the 21 chambers 13
for which the leakage of charge was within one division
per day were selected after a leakage test of over several
days. Then 10 chambers which gave a constant initial
charge voltage and exhibited the least amount of leakage
were picked from these chambers.

In addition to these 10 chambers, 6 special chambers, 2
from ABCC and 2 from another institute were calibrated
over a wide range of X-ray energies.

The radiation source was a Keleket constant potential
X-ray machine which was operated under the following
conditions: 150 kvp (0.5mm Al filter, HVL 5.1 mm A1),
100 kvp (1.65mm Al filter, HVL 2.9 mm Al}and 60 kvp
{no filter, HVL 0.7 mm Al).

A uniform distribution of X-ray exposure in the irradiation
field was obtained with two collimators. One of them was
placed immediately front of the X-ray tube; the other,
at a distance of 1.3m from the target. Uniform dose
distribution was confirmed by an optical density measure-
ment of blackening of X-ray films.

The exposure was measured out using a Farmer-Baldwin
sub-standard X-ray dosimeter which was put at the same
distance from the target as the Memorial chambers.
This sub-standard dosimeter has already been calibrated
at the National Bureau of Standards. Response charac-
teristics of the 20 chambers for the energy are shown
in Table A.

Determination of directional dependency was performed
on 14 chambers for X-rays with HVL of 2.9 mm Al. The
results are presented in Table B. These chambers showed
slightly greater directional dependency than that which
has been reported by Garrett et al.*

The measurement of dose rate dependency was impossible
because the shutter of the X-ray machine moved too
slowly and therefore, the delivered dose in a brief
irradiation time could not be measured accurately.
According to Garrett et al, dose rate response of .the

1964FE 11 B

A HME L ZHEIL Memorial W F2 38— b B (b
T AOMEERTH -

Memorial Fz /N —OKIE B\RIOBEEE CAHBHIZ21A
DFzv - ERBHRLEE(7 L4 ) TRFLL HA
ChisBEMETLIHEYAZY 1 HEYLAOEROE
MERLABAEEZAED I LH HEAL.
LhLBUONENF—ET, RO SVI0EDF= >
= BARE.

E512Z2M3

ZOW0EOFz A2z T, 6 FOFKF A,
ABCC b2 A LT 6D 2 KIZ 20T X
IANE— B THELT L .

AL Keleket T BEX REBTCROFEMNF FTiffe L.
+T4h5, 150 kvp (0.5mmAl 740 % —, HVLS5.lmmAl ),
100 kvp (1.65mmAl 745 —, HVL2.9mmAl ) £ 60 kvp
(74n%—7% 1L, HVL 0.7mmAl ).

HGHMNIHIAXBOBRSHELYE - 2dakbii2
O EFERH LA 123 XETERO T ¢, s
HEAL 1L 3mof#osus BRSGEOE—EIIow
THXBM 7NV LDBAEFHUET ST LI0L-THED
¥

R & B I3 Farmer-Baldwin ¥ BEHE X S8 RFT 4 Memo-
rial Fx3¥ - L E CMIEICREE LTHBIE L. ZOHE
WERAN T I KEBEER THREENLEDOT & 5.
WADFzv - FNF— I+ 2 BEHIEELRA

2ot

HifsE g o #BREIL, WEOD Fv 28— 2207 HVL
2.9mmAl XL THEEZ- 2 BMBEEEBUIST. O
NEDFe /=1t Garrett 512k THEEATVE4D
(DHeT Rk B v R A R L ¥

BREEFHEEXBRO Y v 0 4 —OR B, £20O%
SHHEIFM OB C L 3B FRIIEEFAZ LA TE
Ltraieht, ERTAHRETH- 2. Garrett 5283 &,
Memorial Fx 23— D FF B FEMFEILI MR, sec £ T

*GARRETT R, LAUGHLIN J5: A diagnostic X-ray exposure dose chamber. Health Phys 2:189, 1959
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Memorial chamber is constant within a standard deviation
of 2%% up to 14 R/sec. Also, dose-rate dependency may
be estimated by calculation.

Calculation of Scattered diagnostic X-ray spectra in a water
phantom The computation of a normalization program
described in a previous report was finished, and spectral
data and graphs, which were drawn with a computer, of
normalized roentgen and photon distributions were obtained.

Next month, half-value layers of these spectra will be
calculated with a computer. A program for the calculation
of half-value layers has been constructed and the execution
of this program was already carried out, but the values
obtained were not reasonable, compared with other data
One of these values did not agree with a value calculated
manually. Therefore, the data for the calculations and
the programare being reexamined. Probably, this program
has a logical error.

After the computations are completed satisfactorily, we
will discuss all spectral data.

UBDEBEENNT—ETHEEENTVE, BE
FRGEEEHE L THEHETS2LETES.
K77V b—LhOBMBXEANT FPILOETE  #i#

CELTHlRRAREL T 5 Lo E T L, M
AR RIS

EaTHdPh AR ML F=g by 574 EL R L.

ffahizb v by BEFRFHMICOVT,

FHRREIAEOAXT PLOEMBEEFHRERIE -
THETATFETHS. FlBHEo LT 7S 4
ETCICERL, HEERBEZTL- 20, Bonls
D F—F LB LTAGETH . ZhEHDHED I
L0122 FHELAME-BLErZoT, §HEIEC
EHLAEAF—F L7730 BRELTVS. BE25
(Fu s LZHEBENLRD M ELEEL RS,

COHEFETTE, TRTOART M F—5 129
WIHBT B TETH S

TABLE A ENERGY RESPONSE CHARACTERISTICS OF THE MEMORIAL CHAMBERS

Memorial Fx 2 /i—@ T 3 L F — i

(volts/mR)

Sensitivity B

EA
Chamber
Frin/S— 5.1 mmAl
1 334
2 .336
3 .340
4 .303
5 324
6 .312
7 346
11 .299
12 .350
13 322
51 .316
66 .348
85 314
88 311
Al 344
A2 .353
A3 .353
B1 327
B2 .320
B3 .322

2.9 mmAl 0.7 mmAl
.316 .293
.318 291
L3198 J2B8
291 .269
308 287
288 .273
.342 .315
289 268
327 .305
.315 292
.309 288
.322 310
Se0R 280
293 273
316 297
326 304
324 303
298 285
<292 273
295 283
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TABLE B PERCENT DIRECTIONAL RESPONSE
£B HRKHIEOES ¥

Chamber Angle (%) f R
Fxy i
] 45 20 135 180
1 89.9% 97.6 100 97.6 91.4
2 83.9 94.2 100 93.4 86.8
3 87.7 96.2 100 98.5 88.5
4 85.3 96.8 100 98.4 89.4
5 85.4 92.1 100 96.2 88.5
] 88.2 97.4 100 97.4 89.8
7 88.0 92.9 100 97.2 89.4
11 a4.4 96.7 100 97.5 88.5
12 87.3 97.0 100 96.3 87.3
13 84.9 98.5 100 99.2 B5.6
51 84.6 95.4 100 100 B7.6
66 88.2 99.3 100 97.1 87.4
85 87.0 96.7 100 98.3 87.0
88 4.4 97.6 100 98.3 88.5
DECEMBER 1964 1964 F 128

The reconstruction of the half-value layer (HVL) program
and the execution of this program were done this month.

The data obtained with the program were plotted in
graphs and the half-value layers of primary X-rays, total
scattered X-rays, back-scattered X-rays and primary plus
total scattered X-rays with given energies, depths and
At the same
time, 100 % normalized photon distributions of these X-rays
were calculated.

field sizes were obtained from the graphs.

The half-value layer is an index which shows radiation
quality. According to the definition of half-value layer,
it must be determined with the dose measurement by the
following method. A dosimeter is placed at a given
distance from a radiation source and the absorber is
placed in between the source and dosimeter. In general,
an aluminum filter is used as the absorber in the case of
diagnostic X-rays. The attenuation of dose was measured
with several thickness of absorber. The half-value layer
is the thickness of absorber when the attenuated dose is

equal to one-half of the initial dose.

However, if the roentgen distribution of a radiation is
known, we can calculate the half-value layer by the
following formula. It has been already reported by Epp
et al that the half-value laver calculated by the spectral

data agreed with that obtained by the dose measurement.*

ik (HVL) 7o 73 LoBEREZOTOTF LD
ATEEAHERLA.

TOF T AR TR T TICREE, 5 FRE

DI FNF—, KE, BEFIZETDEER SHER,
BoTEREAR, HEHR: SEERO RS 77 7 25100
Sh. FEFZZRLOXMOFHE 100 %12 FE# L

AN P EHEI RS

EHEB AR OREERT 1 20ERTH S, RN
DEFIEZE, ROLI 2 HFETHRRAELEITL- T
mMEShRELLLL, T4bb, BEMESEE,» S —w
OB EE L, HiE SR OMICREREEAT 5.
IR MTH XBOBGET Y L AR & L
THHESLAS. & OURR 122 T R R ORES
AliE L, M LABBEIANLABEO RS

3 A O F & &Rl L 5.

p EE e

e nE

LALAEFG, WEBoL Y FY Yy SHdAmenTwna
Wd, RO 6 iR & i E
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*EPP ER, WEISS H: Experimental study of the photon energy spectrum of primary diagnostic X-rays. Brit J Radiol (In press)
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IE)=I e-#(E).d.t

FIE)4E =[(Ee- FELdt AE

Where I{E): intensity at energy E attenuated with the
absorber; I‘E{E): initial intensity at energy E; p(E}
absorption coefficient of the absorber at energy E; d:
density of the absorber; t: thickness 'of the absorber;
X I{E) 4 E: roentgen number of the attenuated radiation;
& '{D(E}A E: roentgen number of the initial radiation.

In this program, roentgen values of attenuated radiations
were calculated for the aluminum thicknesses from 0.3 mm
to 10 mm and these values were plotted. Roentgen values
of attenuated radiation equal to one-half of that of initial
radiation were read off graphically.

On the other hand, 10 R normalized photon distribution
were converted to percent photon distribution for the
purpose of displaying all the photon distributions to the
same height.

The flow chart for this program is shown below:

HVL and percent normalization program

START

!

ZZTHE) :BMEKIEZE - TEHBLEZFALF-E®D
AR OME, Io(E): =470 —E 0 ARG OM
[, #(E): T3 L ¥ —E 1281125 U ok 1{E 8,
d: B oEE, t:BEUROEs, SIE4E: ¥
85 LS oLy M v, YIa(EJAE: A ST &
Mol >y by

ZHFursaT, LB Ly S EN
0.3mm A6 WmBESEO7LIZADVTEHESN,
ZhemiEadr s 7IcHvwi. BIORSEOL ¥ by
vHOrmii Lk REEOL Y N BE TS T
b ‘5‘5?%&&') 7on

—J, WRizHBLLLEFHHEE - b AFHE
CEHRLE, ZhETRToEFARERILCGEICES
ABEHTHS.

TR sLAN 7O —Fr— FERIRT.

HVL 5 & Ui —+ v AL 707 5 4

READ ABSORPTION COEFFICIENT

COMPUTE A(N)=EXPF(U(N)xdxt)

READ MAGNETIC

TAPE

!
COMPUTE
PRINT

READ MAGNETIC

TAPE

!
COMPUTE

|
PRINT

'

END

Where ZR(N): Normalized roentgen number at energy N:
ZP(N):

maximum photon number in a spectrum.

normalized photon number at energy N; PM:

Normalized roentgen spectra stored in magnetic tape

ZR(N}/A(N)
A(N) =A(N)xA(N) =EXPF(U{N)xdx2t)

Sum of attenuated roentgen spectra

Normalized photon spectra stored in magnetic tape

ZP(N)/PM =100

Percent normalized spectra

ZTZRIN): TALF—Nizk !+ 2 Rk xhiL
P VR, ZP(N): AN -_NizB I AHELxh
fFE, PM: 227 FBE LT

T

b4
7%



The principle of these calculations is very simple, but the
calculation includes the exponential function and it is
necessary to repeat the calculation of the exponential
function 73440 times. Even if the computer is used, it
would take a long time. In order to shorten the computer
time, several transformations of the formula were made
in the program.

All corrections and calculations for the scattered diag-
nostic X-ray spectra in a water phantom were finished.
Hand calculation of some of the computed data are being
These data
are the interpolated, iterated, integrated, converted, 10R
normalized, and percent normalized and half-value layers.

made as a check of the computed results.

We will discuss the results in the near future.

The attempt to improve the resolution of a phosphor
(plastic scintillator) was also performed. First, a phosphor
was covered with a thin aluminum foil and the spectrum
of Cs-137 internal conversion electron was measured.
The phosphor was painted with white paint (light reflector)
instead of aluminum foil and again the spectrum was
measured. The measurement was performed with several
thicknesses of aluminum foil. However, the resolution of
the phosphor for the internal conversion electron of Cs-137
was almost equal in all cases and did not improve with
the above method.

We are measuring the scattered betatron electron beam
in water phantom with a phosphor. For this measurement,
the use of a phosphor which has good resolution is desira-
ble. This was the reason that we attempted to improve
the resolution of the phosphor.

JANUARY 1965

The attempt to improve the resolution of a phosphor
{plastic scintillation detector) was continued and the energy
calibration of electrons from a betatron was performed
this month.

Improvement of Resolution of @ Phosphor The factors
affecting resolution in a scintillation detector and the
means of optimizing resolution is a complex subject. One
of the factors is the efficiency of light collection. It would
be expected that resolution is improved by complete col-
lection of light produced in the phosphor. The nature
of the surface of a detector is of primary importance.
As already mentioned in a previous report, the resolution
was not improved by covering the scintillator with
In general,
specular reflection at the surface is avoided because it

aluminum foil and a light-reflecting paint.
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can result in a fraction of the light being trapped in the
scintillator. The use of diffuse reflection has been found
to give larger and more uniform light output than specular
reflection.

The surface of a phosphor (27 x 2" ¢ ) was scratched
and covered with a thin aluminum foil or lightreflecting
paint. Then the resolution was measured against internal
conversion electrons of Cs!37,

As seen in the following table, the resolution of the
phosphor was not improved significantly by any method
employed here. We will cover our detector with aluminum
foil and leave the surface polished.

ORAMPFBATHL ZE3FF L A0, Enididy
YFEL-—F - H o ROBEENEE L THE. TEHOD
&2 ot bbb EEhTns,

(2T X 27 ) mERICDE LEE T, HOT
WifEELURERSFTAEH T s D Cs —137
ONEEBREF I LTaBESEE L L.

ROBIZRTIEL, EXfFoaBiEz I THW LW
LB HETLERLURRBEEDON G, ThW

- f&f JLEE%T}‘* Eﬁgf‘i‘a‘ﬂ“;&:mi [i&?ﬁ‘rﬁ‘h/”iiﬁ‘ﬁgl:
LT+ iz L.

Covering Material 3 #% A

Resolution 5 #fig

Al foil (0.001mm) 7V 3 (0.020m)

Al foil (0.02 mm)
Paint &4

Paint + Al foil (0.001 mm) #7355 (0.001om)
R4 7L 3 (0.03m)

Paint + Al foil (0.03 mm)

T2 (0.001mm)

19.0%
20.1
21.2
21.8
22.3

Scratched + Al foil (0.0012 mm}) 81f8 -+ /v 3 3 (0.0012mm) 20.9

Scratched + Paint

BlfE+

21.1

In our study of the resolution of a 4” x 4" ¢ and a
=" o
5" x 6

we found the resolution depended on electron energy.

¢ plastic phosphor using betatron electrons,

By comparison of the two plastic phosphors and by com-
parison with similar measurements on a large Nal (T1)
crystal, we came to the conclusion that the resolution at
15mev or greater is due mainly to escape of electrons
the
resolution is mainly due to a statistical process (light

from the detector. At energies below 10 mev,
collection) for the plastic phosphors. It was the resolution
below 10 mev which we were tryving to improve with our

studies on the 27 x 2" ¢ detector.

The
measurement of the scattered betatron electron beam in

Energy Calibration of Electrons from a Betatron

a water phantom is being continued at several energies,
depths and scattering angles.

For the study it is necessary to know the accurate energy
of emergent electrons from a generator. The energy
reading of the meter on the control panel does not neces-
sarily indicate the true value. The absolute magnitude
of the electron beam energy in the 8 mev to 19 mev range
can be conveniently calculated by emploving the electro-
disintegration threshold of various elements. For instance,

electrons of an energy 10.9 mev or higher may cause
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the expulsion of a neutron from the nucleus of 20 Cuf?
resulting in the positron emitting isotope 20 Cu®2. This
threshold is definite, and the cross section for this reaction
increases rapidly with increasing electron energy above
the threshold.

An alternate use of threshold energies consists in allowing
the electron to strike a foil of high atomic number to
obtain X-rays whose maximum energy is equal to that of
the incident electrons. As the energy of the electron
and the maximum energy of the X-rays is increased above
the threshold energy, activation occurs (photodisinte-
gration).

In this study copper (copper foil), oxygen (water and
polymethylmethacrylate) and carbon (graphite and poly-
styrene) were used to determine three points of energy.
The threshold energy of these elements is 10.9, 15.6 and
18.7 mev, respectively. The energy of the electron beam
for values between and beyond threshold energies was
obtained by interpolation and extrapolation.

Practically, it is most difficult to determine the threshold
energy accurately because the activation probability would
be very small, actually near zero. Therefore, samples
were exposed to electrons at several energies above the
threshold and induced activities were plotted against the
energy in the meter reading. The energy of the inter-
cepting horizontal line was read off from the graph.

A similar procedure was carried out for photodisinte-
gration in which a lead foil was used to obtain X-rays.
Both procedures gave similar results for the above three
elements. But photodisintegration was finally employed.
There was a number of reasons for choosing photodisinte-
gration: the activation cross section is higher; the sample
to be activated can be made thicker; very often, X-rays
are present in the electron heam, —the X-rays which will
not lose energy in traversing a medium (air or the moni-
tor chamber); and we could not distinguish hetween two
reactions.

The meter had been calibrated by Siler et al several
years ago using a method similar to ours. They have
observed that the square root of activity increased linearly
with the increase of energy. We found that this rule was
not, true near the threshold, but was valid for a few mev
above the threshold. The values obtained by a square
root plot of our data agreed with Siler’s calibration, but
those obtained by examining the region near the threshold
were about half mev lower than the root of n plot.

The energy obtained by activation was corrected.for
reduction of electron energy with the scatterers which are
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used for obtaining a uniform electron distribution in the
irradiation field.

Although the energy of electrons for values between and
beyond the thresholds may be obtained by interpolation
and extrapolation, further confirmation for these energies
will be made by the comparison of photopeaks in a scintil-
lation detector, assuming the linear energy response of
Nal (Tl) crystal.

FEBRUARY 1965

Calculation of the Mean Conversion Factor from Roentgen
to rad and the Mean Energy of the Scattered Diagnostic
X-rays in a Water Phantom We have discussed the spectral
data of the scattered diagnostic X-rays which are the
interpolated spectra, iterated spectra, integrated spectra,
normalized spectra to 10 R tissue dose, half-value layers
and peak normalized spectra. From the discussion, we
have concluded that the mean conversion factors from
roentgen to rad and mean energies of these radiations
are valuable data for such a study.

The rad is defined as a unit of absorbed dose and absorbed
energy of 100 ergs imparted to matter by ionizing radi-
ations, per gram of irradiated material, at the place of
interest. The definition of the roentgen makes it impossi-
ble to measure radiation if the radiation has an energy of
more than about 3 mev. Furthermore, the roentgen is
only defined for the electromagnetic radiation and may
not be used to measure the dose from particles such as
electrons, protons, neutrons ete.

In the study of relative hiological effectiveness and the
comparison of the biological effects among different types
of radiation, one is interested in the amount of energy
which is absorbed by the biological material rather than
in what passes through it.

In general, an ionization chamber which gives roentgen
The
absorbed dose in rad may be calculated by multiplying

dose is used to measure X-ray and Y -ray dose.
the rad conversion factor by exposure dose, in roentgens.
If the roentgen distribution or photon distribution of a

radiation is known, we can calculate the average conversion
factor ( f value) by the following equation:

f

2 R(E)
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Where R(E) is the roentgen number in a spectrum at
energy E in the interval 4 E, and f(E) is the conversion
factor from roentgen to rad at energy E.

Mean energy is a useful index to show radiation quality,
as well as half-value layer, particularly because it has a
physical meaning when dealing with the quality of scattered
radiations in tissue, whereas half-value layer, by virtue of
its definition, does not. The following formula is for the

calculation of mean energy (E).

E =

Where N(E) is the photon number in a spectrum at energy
E in the interval 4 E.

A program for the above calculation was made and exe-
cuted. By the computer, conversion factors, rad distri-
butions and mean energies of primary, scattered, back-
scattered and total radiations with given kilovoltages,
depths and field sizes were obtained.

Some parts of this study have already been performed
using a Bendix computer. The former data have been
normalized to 10 R surface dose, and the latter were
normalized to 10 R tissue dose. There are no significant
differences in the physical meanings between both data,
but the absclute magnitudes of the spectra differ from
each other. Punch cards are being made and the program
is being changed to normalized 10 R tissue dose, and to
obtain  values, graphs of normalized spectra and half-
value layers which had not been obtained in the previous

calculation.

Betatron Study As already mentioned in a previous report,
the energies of betatron electrons were determined by
the photo- and electro-disintegration method. The ener-
gies between and beyond the thresholds were measured
using a pulse-height analyser equipped with a 77 x 9”
Nal(T1) scintillator, assuming the linear response of
Nal(T1} over all energies, up to 22 mev, According to
these results and those obtained by the threshold method,

the energy meter on the control panel was calibrated.

Other work in the betatron study was the improvement of
resolution of the detector and the preparation of a chamber
for monitoring the output of the betatron.

The effect of the surface and size of phosphor on the
resolution has been studied. In this case, we changed
the photomultiplier from a DuMont to an EMI, measured
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the resolution using a 4” x 4” phosphor, and obtained
extremely good resolutions for 6 mev to 22 mev electrons.
At the same time, we confirmed that a plastic scintillator
has a linear response for the electron energy range.

We are using a Geiger-Muller counter for monitoring the
output of electrons, but the response of this counter is
not linear over a wide dose-rate range and saturates at
a high dose rate. The reason is that betatron electrons
are emerged in a 2 ¥ sec pulse, thereby the dose rate per
pulse is extremely high, even though the average dose
rate is low. A new monitor chamber designed by Weiss
was constructed. It was difficult to reduce the natural
leakage. After several improvements, we obtained a
chamber with less leakage. The dose response of the
chamber will be determined against an EIL chamber.

Most of all the preliminary experiments for the study of
betatron scattered electrons has been finished. The next
study will be a more detailed measurement of resolution
for the preparation of a resolution matrix.

MARCH 1965

Study of the Diagnostic X -ray Spectra Corrections of the
scattered diagnostic X-ray spectra for various effects,
and the caleulations of half-value layer, mean energy and
conversion factor from roentgen to rad of these radiations
were completely finished, and the obtained data were
confirmed to be reasonable. This study will be published
elsewhere.

From the data obtained here and those of primary diag-
nostic X-rays which have been studied by E.R. Epp and
H. Weiss, it is possible to obtain the total spectrum of
photon flux passing through points inside tissue media
exposed to diagnostic X-rays.

Such knowledge can be used to derive electron spectra
and associated linear energy transfer (LET) distributions.
It can also be used to determine the distribution of energy
absorptionin small tissue cavities surrounded by bone,
such as bone marrow. This is an important factor in the
study of the biological effect of diagnostic X-ray energy
region, since the complete specification of X-ray quality
is more useful than any single figure such as half-value
laver, mean energy, etc. Of course, half-value layer and
mean energy are convenient indices to show the quality
of X-rays.

Free Air Chamber The Memorial chambers were cali-
brated using a Farmer-Baldwin dosimeter as a standard.
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As already described, this is a substandard dosimeter,
although it has been calibrated at the National Bureau of
Standards. Its accuracy has been determined to be
within 2% which is enough for the calibration of the
Memorial chamber. However, a free air chamber is
better than the above chamber as a standard, if we can
reduce the measurement error to less than 1% when all
conditions such as leakage of chamber, stability and
sensitivity of electrometer and setting of chamber, étc.
are quite carefully treated.

The important instruments for the calibration are a free
air chamber, an electrometer for the measurement of
current produced in the chamber, a monitor chamber for
the measurement of relative output of the X-ray machine
and an integrator for the integration of current for the
monitor chamber.

A low energy free air chamber which has been constructed
and studied by J. Hands will be used. The free air
chamber was cleaned, and the leakage of the chamber
and stability of an electrometer and an integrator are
being examined. However, there is still a problem in the
stability of the electrometer. This will be continued next
month (Figure 2, page 9).
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APRIL 1965

The Calibration of the Memorial Chamber The attempt to
use a free air chamber for sensitivity determination of
the Memorial diagnostic X-ray chamber was continued.
Most of the preliminary work was finished and it was
confirmed that we will be able to measure the radiation
dose within a 2% error. However, there was not
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sufficient time to connect the integrator to the X-ray
control panel and to obtain a low-capacitance cable to
connect the free air chamber to the electrometer.
Therefore, a Farmer-Baldwin substandard dosimeter and
a Victoreen R-meter were used as standard. Both dosime-
ters were calibrated against a free air chamber at the
National Bureau of Standards.

The Memorial chamber in this study has an aluminum tip
on the top of an electrode and its wall is made of tissue-
equivalent polystyrene material. It would be expected
that this special chamber would give a more constant
initial charge voltage, and less energy-dependence than

the previous one.

The seven special chambers were calibrated against the
Farmer-Baldwin and the Victoreen thimble chamber by a
method similar to the previous calibration. The differences
of the absolute dose measured by the two chambers were
within 2% for three radiation qualities (HVL: 5.1, 2.9
and 0.7mm Al
calibration of the Memorial chamber.

This is sufficient accuracy for the

The initial charge voltage of the special chamber was
almost constant, but the energy dependence was slightly
greater than that for the usual one for diagnostic X-rays,
as seen in the table.

Although time was not sufficient to permit actual use of
a free air chamber, this work was experience in the use
of the free air chamber.

Observations of Studies in the Radiological Health Laboraiory
of the U.S. Public Health Service One week of my stay in
Rockville was spent observing studies which are being
Chromosome
aberrations produced by diagnostic levels of X-ray irradi-
ation. (Dr. W. Mills, Dr. R. Schmickel, Dr. S. Armentrout
et al); Decreased secretion of radionuclides in milk with

conducted in this institute, as follows:

concomitant increase of radionuclide excretion in waste
B. Bruckner,
Dr. D. Hazzard et al); Effect of radiation on enzyme
activity in rat embryos, and phospholipid kinetics
(Dr. M.L. Shore, Dr. K. Smith et al); These will be
described in a final report.

products, and bioluminescence (Dr.

Study of the Lithium Fluoride Thermoluminescence Dosimetry
The detector part of thermoluminescence dosimeter (TLD)
is very small, as compared with the size of the average
ionization chamber and is highly sensitive to radiation.
Therefore, it can be used for measurement of dose in a
small volume of tissue, such as in bone marrow, the gonads
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in small irradiation fields. The fluoroglass dosimeter

(FD) can also be used for measuring these doses.

Advantages of the LiF thermoluminescence dosimeter are
as follows: It has nearly constant response per roentgen
over a wide range of radiation energies; that is to say, it
is less energy dependent than FD because it consists of
elements of relatively small atomic number; The pre-dose
of TLD can be eliminated by heating. Therefore, it can
be used many times exactly the same as the new unexposed
TLD, while the pre-dose of FD cannot be eliminated
completely; Luminescence of FD gradually grows until
about one day after exposure without any treatment.
Therefore, the measurement of luminescence should be
made at least 1 day after exposure. Practically, there
are no such problems in TLD.

A disadvantage of TLD is that we cannot measure the
luminescence repeatedly because dose is determined with
TLD by measuring the light emitted when an exposed
dosimeter is heated, and the luminescence disappears on
heating. -

The schedule of my study with Dr. H. Steward et al is
as follows:

Sensitivity determination (mv vs mR): Standard dosimeter
(Victoreen R-meter); LiF (Powder in capsules); Exposure
dose (10 mR -10,000 mR); Tube voltage(90 kvp, 65 kvp
with 2.5 mm Al filter).

This calibration curve is necessary for the phantom
measurement of dental exposure.

Energy dependency (energy vs sensitivity): LiF (Powder
in capsule); Exposure dose (250 mR); Tube voltage (90-
30 kvp); Filtration (3.0 mm Al - no filter).

As already mentioned, LiF has a nearly constant
response over a wide range of radiation energies.
According to Cameron et al,* at 30 kev, the response is
only 25% greater than at 1.2 mev, and this remaining
259% can be practically eliminated by suitable shielding.
This will be confirmed using our X-ray machine.

Angular dependency (angle of LiF plate vs sensitivity):
LiF (Plate); Exposure dose (200 mR); Tube voltage
{90 kvp, 65 kvp).

Phantom measurement of dental exposure utilizing TLD
and Rando phantom in a simulated condition in dental
office. This work will be embarked on next month.

TEA. WEA T AMERH(FD) LFAKRO BT
5ZENTES.
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*CAMERON JR, ZIMMERMAN D, et al: Thermoluminescent radiation dosimetry utilizing lithium fluoride. Health FPhys 10:259, 1964
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TABLE C INITIAL CHARGE VOLTAGE AND SENSITIVITY OF SPECIAL CHAMBER
#C HBRFLv N -OWBES & URE

Chamber P Sensitivity i

iy e Xox @

Frvii-HE 5.1 mmAl 2.9mmAl 0.7 mmAl
A-4 30.86+0.05 .293 273 .229
A-5 30.86 £0.06 .296 279 233
A6 30.90+0.06 289 it ] 229
AT 30.8640.05 302 280 232
A8 30,86 £0.05 291 268 227
A9 31.5240.10 293 273 .231
A-10 30.86 £0.05 .298 279 232

MAY 1965 1965 5 A

Basic study of LiF thermoluminescence dosimetry was
carried out this month, as follows:

Energy Dependence of LiF Dosimeter LiF dosimeters in
capsules were exposed to X-rays with half-value layers
ranging from 0.5 mm Al (50kvp, 0.5 mm Al filtration) to
3.0mm Al (100 kvp, 3.0mm Al filtration) at a dose level
of about 250 mR. After exposure to the X-rays, their
luminescences were measured, twice per capsule, and
the ratios of their luminescence readings to exposure
doses were calculated as a function of X-ray energy. The
result is shown in Table D. As seen in the table, the
sensitivity was practically constant for the X-rays with
half-value layers from 1.4 mm Al to 3.0 mm Al and then
decreased with the decrease of half-value layer.

The difference in sensitivity between the hardest and
softest X-rays studied here was about 15 %.

According to theoretical calculation by Attix, the sensi-
tivity of LiF increases with a decrease in X-ray energy.
On the other hand, Cameron et al have reported that the
measured sensitivity of LiF was almost constant from
30 kev to 70 kev.

It was impossible to make any comparison with previous
data, because there were no available data about the
sensitivity change under 30kev.

The following seem to be logical reasons why sensitivity
decreased for the lower energy X-rays: Chamber cor-
rection factors for energies of X-rays may not be accurate;
Exposure doses might be underestimated for the lower
energy X-rays, because of attenuation of X-rays in the
LiF dosimeter itself; Improper assumptions may have

been made in the theoretical calculation.

" A5 3.0 mm Al
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The correction factors of the chamber have been
determined by intercomparison with a chamber calibrated
at the National Bureau of Standards. It seems unlikely

that the errors in the correction factors are more
than 10%.

The magnitude of effect on luminescence due to absorption
of lower X-ray energies in the capsules walls and TLD
materials was not fully resolved.

Although good explanations could not be made, these
sensitivities could be useful for the dose measurements of
diagnostic examination when the same size capsules are
used.

Angular Distribution The variations of the sensitivity of
LiF plate (5 x 5 x 1 mm) with angle against incident X-rays
were determined for 90kvp and 65kvp with 2.5 mm Al
filtration. The differences of sensitivity for angles of
incidence of 90° and 45" were not significant for both
the radiations, but at 0°, decreases in sensitivity were
observed. The ratio of sensitivity at 0° to that at,90°
was .86 for 90 kvp X-rays and .82 for 65kvp X-rays.
This seems to be caused by greater attenuation of X-rays
at 0¢ than at 90°, The results are presented in Table E.

Energy dependence and angular dependence of the LilF
dosimeter were very small for the diagnostic X.rays as
compared with fluoroglass dosimeter.

Calibration Curve Luminescence reading of TLD exposed
to a given radiation dose varies with the variation of high
voltage to photomultiplier, heating conditions, ete. There-
fore, under given measuring conditions, it is necessary
to determine the relationship between exposure doses as
measured by standard dosimeter and luminescence

readings of TLD.

In the phantom measurement of dental exposure, two
kinds of X-rays with tube voltage of 90 and 65kvp will
be employed. For this purpose, calibration curves were
prepared for both radiation qualities. Results appear in
Table F.

Luminescence readings increased linearly with the
exposure dose over the dose ranges from 30mR to
10,000 mR and there were no significant differences
between 65 kvp and 90 kvp.

A value of 0.60mR per mv was obtained as the calibration
factor for both the radiations. This could be expected
from the data of no energy dependence from 60kvp to

100 kvp X-rays.
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Sensitivity was slightly increased below 30 mR. However,
it is very difficult to determine the sensitivity accurately
Therefore, the factors of
0.6 (mR/mv) would be used for exposure doses up to
10,000 mR.

at such low exposure levels.

According to Cameron et al, Attix et al and Miller et al,
luminescence reading is proportional to exposure dose
from 300mR to 10° R, then there is increase in sensitivity

N mR LUTFTE, A¥FricEREoMNSS 72 LAL
EHLIOLESIECEBIFVWTEREIREL RET
AT LIiEHEETHS. 202 0.6 (mR / my ) &3
ff1210,000 mR £ coMHBE M LTHEHTESTH
i

Cameron &, Attix & & kU Miller 5I2Xk5&N 3 F 4
+ 2 ARIF300mR 510 R £ THREERICEAL,
2hab610° RETchTraEEOMMYySE3 L%

up to about 10 R for Co®® ¥ -rays.

Co® YHIzoWTHE LT WS,

TABLE D ENERGY DEPENDENCE OF LiF THERMOLUMINESCENCE DOSIMETER
#D LiF #2803 4 o & v AHBHO TRV F —RKGFMH

Tube Filtration HVL Eeff Exposure Lumines- Ratio Mean
Voltage Dose cence Ratio
WRE 74N matgat  Reading® i3 Tk
Nidetraft
kvp mm Al mm Al kev mR my mv/mR mv/mR
50 0.5 0.50 17.2 228 327 1.43
232 327 1.41 1.42
60 1.0 0.95 21.5 276 419 1.52
281 431 1.53 1.563
60 2.0 1.40 24.8 . 242 393 1.62
T 46 398 1.62 1.62
70 2.5 2.1 29.0 260 422 1.62
266 434 1.63 1.63
90 2.5 2.4 30.3 268 437 1.63
265 437 1.63 1.63
100 3.0 3.0 33.0 264 430 1.63
268 434 1.62 1.63

*Mean value of eight readings
B [ e il o o B il

TABLE E ANGLE DEPENDENCE OF LiF PLATE

#E LiF o HiakE
Tube Voltage Angle Sensitivity* Percent Ratio
TEE 1 % A - 4
kvp mv/mR
90 90° | 4.91 100
45° / 4.71 97.2
[0 s 4.21 85.7
65 a0° 4.84 100
45" 4.87 101
0" 3.96 81.8

*Mean value of five plates with 4 to 5 readings in each plate
slm LIFfIZ2ue T FAFA4 -s@EBlE LAMHOFE

57



TABLE F EXPOSURE DOSE - LUMINESCENCE READING RELATIONSHIP
HF WHEBRELIF by AROBHRE

Exposure Exposure Lumines- Sensi- Mean Exposure Exposure Lumines- Sensi- Mean
Time Dose cence tivity Sensitivity Time Dose cence tivity Sensitivity
satns il BAERE Re:admg* e Tt B mgtEs R mastsp it Reading® B TR
NidytrAR Liftatr2R
sec (¥) mR mv mv,/mR mv/mR sec mR mv mv,/mR mv /mR
90 kvp, 2.5 mm Al filter, HVL 2.4 mm Al
1 8.64 14.8 1.71 10 117 195 1.67
9.30 16.1 173 115 193 1.68 1.67
9.95 20.6 2.07 30 301 502 1.67
10.1 17:4 1.72 1.81 301 501 1.66 1.67
2 17.8 331 1.86 60 602 948 1.66
17.3 331 1.91 596 1010 1.69
18.7 36.7 1.96 707 1159 1.64
19.0 39.6 2.08 1.95 730 1172 1.61 1.65
3 29.2 47.2 1.62 100 1000 1670 1.67
29.7 47.8 1.61 1.32 991 1670 1.68 1.68
6 50.5 98.7 1.66 250 2450 4170 1.70
61.1 99.3 1.63 2450 4080 1.67 1.69
T1.2 118.6 1.67 500 4900 &030 1.64 1.64
T0.1 120.1 1.71 1.67 1000 9860 16200 1.64 1.64
10 101 168 1.66
100 165 1.65
65 kvp, 2.5 mm Al filter, HVL 2.0 mm Al
2 11.0 19.3 1.75 120 728 1180 1.63
11.2 22.2 1.98 723 1200 1.66
11.9 19.8 1.66 728 1190 1.63
11.7 20.4 1.74 1.78 734 1230 1.68 1.65
4 21.5 41.3 1.92 200 1200 1930 1.61
21.7 41.9 1.93 1220 1970 1.62 1.62
21.8 41.8 1.92 450 2680 4440 1.66 1.66
21.9 41.1 1.88 1.91 ano 5460 9120 1.67 1.67
6 36.0 58.8 1.63
36.0 60.2 1.67 1.65
12 76.3 125 1.64
76.3 125 1.64 1.64
40 240 400 1.67
240 397 1.65 1.66
60 365 589 1.61
361 587 1.63 1.62

*Mean value of 4 or 8 readings 4 [al £ 7 (3 8 W oM O 5 H
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Research Protocol 3-66

APPENDIX Dosimetric #BAE
(D

DOSIMETRY, DIAGNOSTIC MEDICAL X-RAY *
ZH R X IREB AR

SHIGETOSHI ANTOKU, Ph.D'( %% ®# ); KENJI TAKESHITA, Ph.D!( #r F&'% ), ROY MILTON, Ph.D’;
HARUMA YOSHINAGA, Ph.D¥( %4 #B ); WALTER J. RUSSELL, M.D% SHOZO SAWADA, Ph.D!(JRAZ =)
Research Institute for Nuclear Medicine and Biology, Hiroshima Universityl, ABCC Department of StatisticsZ,

Kyushu University Faculty of Medicine3, and ABCC Department of Radiology?
EBRFRATHEEZMIM, ! ABCCHAE,? IMAFEFS® b & U ABCC HEFHE*

Approved jREE 10 December 1965

Purpose To determine individual doses for ABCC BaY BEe LRI AR IEHEER TITEbI
subjects per examination for diagnostic X-ray procedures FBERXSOBMCIEL. ABCCORAANR ENS
conducted at community hospitals and clinies in Hiroshima ; = ! :

: i 1 Eo U Ao oo 1 R Gzl Zdue
and Nagasaki, and to evaluate dose contributions by flone. v :

diagnostic medical X-ray, including photofluorography, HEMRESZD BB RERIRE DM T BB,
radiography and fluoroscopy, to the overall exposure of B, SRS ORI XB L2558 2H#
ABCC subjects to ionizing radiation. BTk,

Background Diagnostic medical X-ray is considered an e AL E ST, BUERRICEBBI IS

important source of radiation exposure to populations in

BRI E DL 5 T, ZETHX &SI EE L MEME T
general, and particularly among the populations of

. - : : : hBEELLND, HEREFFREO & & H R R
Hiroshima and Nagasaki who experienced the atomic i B S4B = o L AT A b I L B R
bombs. Dose by medical X-ray is of special importance ~RBRREREICLORELT 2 HI T _’t 4
because of its yet undetermined relationship to the overall BB LT, TRITHRELRULBREEAT SR
radiation experience of those populations upon which BAX AL 2 BERAROMEH I ST T 0D
long-range studies are being conducted for detection of L, EEMHXEREEMGPIIT A EERIEETH A,
possible late radiation effects. It has been postulated LRHEXEIIL 2 EHEBERL, B, 52N
that cumulative dose from diagnostic medical X-ray might HETLrEErEfR Floh o, HBERAZULRE
approximate that of partially shielded individuals located BUUH L, »A5A 08002 - L EER T 2 h o W

at some distance from the hypocenter, and in some
instances may exceed that of distant or heavily shielded
persons. It is also conceivable that individuals located

Tﬁ'ﬁf’)%ﬂ%ﬂxﬁuti‘n—*’ihit% Hlaﬂﬁﬁtﬁ?}(
BEOEAL BREAEBCILMLEHIIZT LD L

1 = e
. - i N n 3 & LA g il if [eh)] f;“ 1
closer to the hypocenter might receive more frequent 2, AzEY2LR, 50N ;’”% B A
: B ; g 2 N A A D e A pi : el
X-ray examinations because of readily available and less 27T, XBREERIZRANECEILLI LY
costly medical care,! or anxiety, or both. EibiLd,

Previously a series of projects was conducted jointly by HAZABCC o Matisal & & Ut 5013, B RFRBRK
the ABCC Departments of Radiology and Statistics, and

STHEDE 7 B2 s JERERF A 000 & I8 L T, KO 3
the Department of Radiation Biology, Research Institute AT IR f& 1

for Nuclear Medicine and Biology, Hiroshima University, BepLlds—doltAfRsxlL. T42bb,
with the following main points for study: The magnitude i BT 5 A MR R X 80T L A RIRGR o
of medical X-ray exposure as compared with atomic bomb

exposure; frequency of medical X-ray exposure between R R A JERORE O RO R X RIS O E O T
atomic bomb exposed and nonexposed groups; the activity d 1945 LIBOEEE L FERI IR A ERBXED
of medical X-ray in Hiroshima and Nagasaki since 1945; -

methods for es':imating the cumulative effect of medical RS 1945% IR BB X 4R1Z & 2 KBURB O
Xeray since 1945; variations in radiological practice by Eidy R s LRSI XBoBEN» L ALK

city and type of medical X-ray; f‘r*equenc_v‘ of rz'idlatwn SRR P o T B ko E B s b TR R B
therapy; exposure frequency of ABCC subjects in com- e
munity hospitals and clinics; individual doses per examination TABCC o &M R HEAD T X BB O HEE; T
at community hospitals and clinics, and at ABCC;

Bt L FABCC T& A ZUHAHME LN S ) OBER
compilation of diagnostic X-ray procedure dose curves for

P TN, 7 -
application in community hospitals and clinics in Hiroshima Wi L & RSO RITHERE BT A H 0%
and Nagasaki. Wi Xk 20t R B o fEl, o Tha

* Based on ABCC and Community Hospital and Clinic Surveys - Hiroshima and Nagasaki
ABCCH LU BFHER DLW ITT - LHE LB - B
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Results of previous investigations and studies which
technically aided this program have already been
reported. ?*11

The basic plan adopted for the study of exposure to
medical X-ray among ABCC subjects was as follows:
(a) interrogation of subjects examined by the ABCC
Department of Radiology to ascertain location and time of
exposure to ionizing radiation from medical and occu-
pational sources; (binterrogation of personnel in community
hospitals and clinics to determine technical factors used
for the individual exposure reported by the subjects in
(a); and (c)dosimetry studies at ABCC using dosimetric
apparatus and phantom material to duplicate these exposures
and measure bone marrow dose and gonadal dose.

Previously (@)® and (b were followed by dosimetry in
1964," but the number of subjects per type of examination
was small (except for chest examinations) and a larger
study was undertaken with a more detailed patient
survey® followed by a hospital and clinic survey.” The
present study will be the third and final step; dosimetry
based on the survey of subjects and the technical factérs of
exposure reported by the community hospitals and clinics.

Procedure In an earlier study® determination of radiation
quality was attempted, but, because of the over-sensitivity
of the small polystyrene ionization chambers to the high
humidity encountered at the time it was not entirely
successful. Depending on atmospheric conditions during
the proposed study, either the small ionization chambers
or the larger 35cc chambers will be used to determine
radiation quality in the community hospitals and clinics.

Using the data previously obtained in the survey of ABCC
subjects,® and the technical factors of exposure obtained
during the survey of hospitals and clinics,” conditions of
subject exposure will be duplicated in the ABCC Department
of Radiology.

In the previous dosimetry study,® all calculations were
manually performed. A more efficient method for
calculations by electronic computer has been sought and a
number of trials have been made, based on the earlier
dosimetry study.® The programming for the present
study has been undertaken, and is essentially complete.

The results obtained in this study will be reported as:
Individual bone marrow (calculated using the values of
Ellis'? with some modification!! ) and gonadal dose. per
examination; range of dose to bone marrow and gonads;
gonadal and bone marrow dose curves (after the method
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of Epp'?) for various technical factors; comparative cumu-
lative gonadal and bone marrow dose by diagnostic
procedure among atomic bomb survivors and persons who
were not in the cities at the time of the bombs.
Equipment X-ray Unit General Electric diagnostic
radiographic unit; 130 kvp; 500mA; full-wave rectification.
G.E. diagnostic fluoroscopic unit. Image intensifiers
and photofluorographic units {(in community).

Dosimeters Baldwin-Farmer Electrometer, Type RB;
Electronic Instruments Limited Dosimeter, Model 37A.

Tonization Chambers ~ Multiple polystyrene ionization
chambers, constructed by the Biophysics Division, Sloan-
Kettering Institute,'® for use with the Baldwin-Farmer
Electrometer; Electronic Instruments Limited, Model
A37A,'® 35¢c capacity ionization chambers, for use
with the Electronic Instruments Limited Dosimeters.

Phantom Muterial Mix-D Material: Three sets of plain
phantom material have been constructed for use with the
above dosimeters and ionization chambers for the determi-
nation of radiation quality, scattered radiation, and dose
inside and outside the direct beam of X-ray. A mix-D
phantom containing a human skeleton, and beeswax-
cellulose to represent lung tissue has
to accommodate small
polystyrene ionization chambers which can be inserted

impregnated
been especially constructed

in removable
sections of the phantom, at 16 different locations according
to the method of Laughlin.!” This manikin also contains
a removable ‘barium-filled stomach; which can be replaced
with a block of plain Mix-D materiai.

within the marrow cavities contained

Timer A special timer will be inserted into the circuitry
of the X-ray unit to assure accuracy in exposure factors.

Miscellaneous Humidity and temperature recorder, densito-
meters and industrial films to be used in accordance
with a previous study in this series.

Additional Costs Transportation for personnel to and
from community hospitals and clinics during the early
part of the study (about 3 months). Additional equipment
required will be the special timer (about $50-75) and a
densitometer (about $400).

Replacement for a radiologic technician now working in the
dosimetry program must be assured as previously agreed.

Summary A diagnostic medical X-ray dosimetry study
will be made to determine the individual dose to ABCC
subjects during diagnostic X-ray procedures in community
hospitals and clinics in Hiroshima and Nagasaki.
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This survey will be based upon the experiences of a COMEL, ROMEOHBELI VL EREOAANZTE L

greater number of subjects in a broader spectrum of
procedures than in earlier studies and will permit more
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definitive bone marrow and gonadal dose determinations. IRRBEC - Z IMIELEF A2 LN TIZTHS .
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