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RADIATION OUTPUT AND QUALITY OF DIAGNOSTIC X-RAY APPARATUS
IN COMMUNITY HOSPITALS AND CLINICS

HIROSHIMA AND NAGASAKI
B TRERECSUYIZHAXKEORFTRADERE

jra

INTRODUCTION

ABCC is estimating medical X-ray dose to atomic bomb
survivors in Hiroshima and Nagasaki because of its
importance as a concomitant source of ionizing radiation.! ¢

In studies with phantoms in the ABCC Department of
Radiology, patient exposures in community hospitals and
clinics have been duplicated, and doses estimated.>-5

That output and quality vary according to X-ray apparatus
and exposure factors used is well known,”? influencing
the reliability of dose estimates. To reduce the influence
of such effects, the output and quality of X-rays from
medical X-ray apparatus vsed in Hiroshima and Nagasaki

institutions were assessed, and are reported herein.

MATERIALS AND METHOD

Dosimeter An Electronic Instrument Limited (EIL)
electrometer'® and 35 cc ionization chamber,!! capable
of registering dose rate and accummulated dose, were
used in this study.

X-ray Unit General Electric diagnostic radiographic
unit; 130 kvp, 500 ma, with full-wave rectification used at
ABCC, and various X-ray units in community hospitals
and clinies in Hiroshima and Nagasaki, were assessed
for radiation output and quality.

Other Apparatus for Qutput and Quality Measurement
A cabinet was constructed to accommodate a remotely
controlled revolving disk of 0.5mm aluminum with a
perforation for no filtration and additional revolving
aluminum thickresses to produce 0.5, 1.0, 1.5, 2.0, 3.0,
4.0 and 5.0 mm added aluminum filtration (Figure 1) The
front surface of the cabinet was covered with 2 mm lead,
except for an aperture of 7em diameter for entry of the
X-ray beam. The aluminum disk was positioned eccentri-
cally immediately behind this aperture, and the EIL chamber
in the beam course at the opposite end of the cabinet.
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FIGURE 1 EXPERJMEMTAL ARRANGEMENT FOR OUTPUT AND QUALITY ASSESSMENT
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A field of 10em diameter at the EIL chamber was thus
established. The chamber was positicned 100cm from
the focal spot, except for some cases of exposure to
fluoroscopic and photofluorographic apparatus where the
chamber was closer at the maximum permissible distance
from the focal spot of the tube. This mechanism provided
relatively uniform exposure situations and a rapid means
of making the exposures by remote control in busy insti-
tutions where relatively little time could be afforded such
studies.

Radiation output and half-value layer (HVL) were
determined according to chamber readings with and
without absorber from the attenuation curves for aluminum
absorbers. For transformer radiographic units, exposures
were generally at 10-100 mas. Cumulative doses were
used. For fluoroscopic units, tube currents of 2-3 ma were
used, and dose rates obtained. All output data were
expressed in mR/mas for transformer type units and mR
for given g F of condenser type units at 100 ¢m from the
tube focal spot. By definition, half-value layeris determined
using a narrow beam without scattered radiation. In this
study a wide beam was used. The size of the chamber
and time available for the use of X.ray apparatus in busy
institutions made the study somewhat difficult.

For our purposes, the attenvation of Xaays in tissue-
equivalent materials was an adequate supplementary source
of data. Two sets of MixD “plate” phantoms were used
accommodating the EIl. and Memorial chambers
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{1 cm diameter X 3 em)respectively. In preliminary studies
using the ABCC Xoray unit, radiation quality was determined
using depth dose data for phantoms. At that ime satis-
factory data were unocbtainable with that apparatus in
community institutions where humidity could not be
controlled, unlike at ABCC. There was insufficient time
to repeat such studies without interfering in clinical
procedures. The apparatus used is shown in Figure 1.

RESULTS AND DISCUSSION

X-ray apparatus surveyed are shown in Table 1. Among
unsurveyed units, the uncertainty of tube voltages, currents,
other factors such as malfunction of apparatus and technical
problems related te tomographic units were problems.
Numbers of institutions refusing evaluation are included.
Table 2 shows the surveyed units by type and institution.
A detailed classification of X-ray units in Hiroshima and
Nagasaki community hospitals and clinics has been
reported.?

Examples of attenuation curves for aluminum absorbers are
shown in Figures 2-4. Differences in shapes of attenuation
curves by type of unit were not substantial. Output in mR
for zero absorber are shown and HVL evaluations can be
. determined by these attenuation curves. The second HVL
can be determined by these graphs, but the first HVL
determination was sufficient for our purposes.

OQutput is shown in Figures 5.7 and HVL determinations
are shown in Figures 8-10, as functions of nominal tube
voltages according to control panel meters, added filtration
and capacity. Improper indications of tube voltages and
currents, differences in inherent filtration and degra-
dations of the targets and filamenis of the X-ray tubes
could have been responsible for the variations in output
and quality of these units,

Figures 11 and 12 show the cutput and HVL determi-
nations of the ABCC X-ray unit used in phantom dosime-
try. Output and HVL increased logarithmically with
logarithmic increases in tube voltages. Had these
corrections for output and quality not been made, some
errors might have resulted when estimating exposure dose
by applying data of particular X-ray units excluding other
sources of error. For example, average bone marrow
dose calculated from 321 PA chest examinations, with
and without correction for output and quality, were 4 and
8 grad respectively®® This suggests that output and
quality corrections are necessary for more accurate
estimations of patients’ exposure doses.
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TABLE 1 MEASUREMENTS OF OUTPUT AND QUALITY OF X-RAY MACHINES IN COMMUNITY HOSPITALS AND CLINICS
1 HTAERICEE I XREEORN EEEOWME

Item Hiroshima Nagasaki
HE 7y By
Radiography izl X
Hospitals and clinics to be surveyed B+ N2 RER 162 46
X-ray Units to be surveyed FET AE XBIER v eeresesersserens 197 62
Surveyed completely EZIZHE ... . R b be st e s e 164 54
Machine changed WHELLFRHEE 8
kvp or ma unknown MIEL Z A kvp £ 413 ma REY . 3
Total surveyed AELEET i 175 61
Not surveyed ~ Machine changed ¥EEEE .....occvrvnrcenieniececerns 12
AELads 2 kvp or ma unknown Evp £ A8 ma T e i P
Tomography i R 18 B R werfeeraer 3 -
Dental 2 & 2 D 1 1
y Broken s, 1
' Disposed 1
Refused 2
Total Not Surveyed FEL %4 4 o &7 ... 2% 1
Hospitals and clinics surveyed TE L ZHIEEE oo ieoiesineresneesssees s e sssssomsessessns 150 46
Photofluorography HiE@®
Hospitals and clinies to be surveyed M T N EMER oo s 39 10
Xray units to be surveyed HE TN E XEEE oo et es s 55/26* 12/3*
Surveyed M L2 XHEE 52/24* 11/2+
Not surveyed HELAL 3 L XBER i 3/a 1/1*
Unable to contact JEETTE «ooveeeeee s s srevsesor s sneane 2/2% 1/1*
Refused B covvvernvcrinirnienanee 1
‘ Hospitals and clinics surveyed FATE L ZIRERE oottt eea v e 38 9
* Mobile units v ¥ M2 A
TABLE 2 X.RAY UNITS BY TYPE, INSTITUTION AND CITY
F2 AR, EH, THOLRSEYR
Hiroshima & Nagasaki B8
Type
RN Hospital Clinie Hespital Clinic
ke £33 W Erx
Transformer fullwave rectification
EESRR (=373 = 3 OV 24 85 29 8
Half-wave rectification, selfrectification
C(EEEFR) (ACERE) rtemereereni 1 8 0
Condenser  FELRA e re e et e et sre s ane 3 41
TORAL B oo ettt s s e et e raen 28 134 30 24




Surveys for radiation output and quality of X-ray units
have been conducted, using X-ray film!*® Such film
methods are practical for nationwide surveys, but our
smaller surveys in Hiroshima and Nagasaki had the
advantage in that measurements were confirmed by recorded
exposure parameters.

Output and quality data are useful in estimating dose, in
improving techniques, and also to reduce patients’ exposures.
In some institutions, tube voltages less than the 40 kvp of
the ABCC unit were used for routine chest and abdominal
X-ray examinations (Figures 13-15),

In Japan, less than 50 kvp tube voltages were used, in
earlier years, especially for high contrast techniques
favored in competition in contests sponsored by various
commercial organizations (7.5% in 1957 and 2.2% in
1960).!* Higher tube voltages have found increasing
use in radiography. It is well known that techniques are
improved by increasing filtration, as this study also
demonstrated.

SUMMARY

To estimate reliability of the ABCC subjects’ doses, output
and quality of X-rays used were evaluated. In general,
some correlation between kvp and output, and kvp and
half-value layer were observed in community hospitals
and clinics. These data are applicable to estimating
exposure dose and the improvement of techniques in
X.ray examinations.

XREBORSBRENLBEE 74 LA LETRAEL
LREEFHD.P o FEEEANEEORBICIEHE
HMeychs., LPLbhbho@lERLE, BWEIZES
NihE2E0THY, MEICET, BiREOR
BAETCEIEVIBRENS 3.

Hh, BEOEHI, SRMEE-LEBERTOZBOM,
BEOBBERLBD 22320 HPTCE . ETFOR
HizbswT, BEORIS, HH0OXBRHEN, ABCCESE
DO kvp LT HS T 3BETCEES AT H13-15).

PEiHACES TS0 kvp I FOEGE AV SH, B
e FRoOXBEREI VY FRAMBYIYFFA M
BEHFESFENE (1957487.5% , 19604 2.2%).H
BERVBEFRBIMBEIR3 LItk TER. &
FRETiRENLEIE, EHREHM I E-THR
MEMIFHBEERIZLIEELAONATVS.

E 0

ABCCHEEOHBREOEHEEL T T I A0, X8
OHEAEBRADNUNELT L - 4. —ITHEFRERIS
15 kvp EHABE U kvp EEAR ORI ITHEMAED
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RADIATION QUTPUT {mR/mas ot 100 cm)
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FIGURE 2 ATTENUATION OF X-RAYS WITH ALUMINUM ABSORBER
TRANSFORMER TYPE, FULL WAVE RECTIFICATION
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RADIATION OQUTPUT (mR/ mas ot 100em)
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FIGURE 3 ATTENUATION OF X.RAYS WITH ALUMINUM ABSORBER

TRANSFORMER TYPE. SELF-RECTIFICATION
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RADIATION QUTPUT {mR/ mas at 100cm)
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FIGURE 4 ATTENUATION OF X-RAY WITH ALUMINUM ABSORBER, CONDENSER TYPE
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RADIATION QUTPUT {mR mas at 100cm)
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FIGURE 5 CORRELATION QOF NOMINAL KVYP AND OUTPUT, TRANSFORMER TYPE. HIROSHIMA
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FIGURE & CORRELATION OF NOMINAL KVP AND QUTPUT, TRANSFORMER TYPE, NAGASAKI
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FIGURE 7 CORRELATION OF NOMINAL KvP AND OUTPUT, CONMDENSER TYPE,
HIRQSHIMA AND NAGASAKI
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FIGURE 8 CORRELATION OF NOMIMAL KVP AND HVL TRANSFORMER TYPE, HIROSHIMA
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HVL {mm Al}

FIGURE ¢ CORRELATION OF NOMINAL KVP AND HVL, TRANSFORMER TYPE, NAGASAK!
W9 ZTBEELHVL LOBE, TERRX, &8

4.0 T T T T T T ; T T
5.85
ADDED FILTRATION
AR
+ 0.5mmAl
« 1O
« 12
«~ 15
30 F . a2 20 1
2.5
a
o Cu
a
o
L]
L]
a
o
o
o
o
20 . 4
I
o
o
o
°
- .0
o
o v . .
- e
L] -
L L]
- o
.
1.0} . u
1] ! 1 1 i 1 ! 1 L
0 40 80 120

TUBE VOLTAGE (kvp}
ERE

13



FIGURE 10 CORRELATION OF NOMINAL KVP AND HYL, CONDENSER TYPE, HIROSHIMA AND NAGASAKI
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RADIATION QUTPUT (mR/mas at 100cm)
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FIGURE T RADIATION QUTPUT OF ABCC X-RAY UNIT
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FIGURE 12 HALF.VALUE LAYER OF ABCC X.RAY UNIT
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FIGURE 13 CORRELATION OF NOMINAL KVP AND ABCC KVP,
TRANSFORMER TYPE —HIROSHIMA
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FIGURE 14 CORRELATION OF NOMINAL KVP AND ABCC KVP, TRANSFORMER TYPE, NAGASAKI
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FIGURE 15 CORRELATION OF NOMINAL KVP AND ABCC KVP, CONDENSER TYPE
HIROSHIMA AND NAGASAKI
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