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SUMMARY. Bone marrow, gonadal, and skin d8ses to ABCC-JNIH Adult Health Study members
receiving photofluorography at other institutions were estimated according to patient and hospital surveys
and phantom dosimetry. Large differences in gonadal doses were found by type of unit, but no significant
variations in bone marrow and skin doses.  Average values were 40.7 g-rad bone marrow integral dose,
0.29 mrad male gonadal dose, 1.62mrad female gonadal dose and 646 mrad skin dose.  Photofluorography
was found to be an important source of exposure in bone marrow and skin doses, but not gonadal doses

in adults.
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INTRODUCTION

This study of chest photofluorography is part of a
continuing medical X-ray dosimetry program concerning
the 20,000 persons participating in the ABCC-JNIH Adult
Health Study.] It is based on previous surveys of patients
and hospitals.z‘3
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The Tuberculosis Prevention Law of Japan requires
yearly chest roentgenography." Photoflueorography is

exclusively employed in these examinations, and therefore

contributes appreciably to the total medical X-ray exami-

nation dose because of its frequent use and relatively high
dose compared to chest radiography.
prompted this study.

These points

MATERIALS AND METHOD

Dosimeters and Phantom Equipment. A phantom con-
taining a complete skeleton, beeswax-impregnated cellulose
for lungs, and Mix-D to approximate soft tissue density
was used in this study. It contains 16 drawer-like recep-
tacles for ionization chambers to measure bone marrow
and gonadal dose, after the method of Laughlin et al.?
The chamber positions are as follows: Skull vertex, C-4,
T6, T-12, L-5 body of sternum, lateral
portions of both 6th ribs: both iliac crests, trochanteric
regions of both femurs, symphysis pubis, and the regions
of the male and female gonads. The drawer arrangement
facilitated easy removal and replacement of the ionization
chambers before and after dose measurements.

vertebrae,

Radiographic Units and Procedures
Transformer-type Units. A General Electric diagnostic
radiographic unit (130 kvp, 500 ma) with full-wave rectifi-
cation was used to represent the transformer-type photo-
fluorographic units in this study. Tables were compiled
and skin doses
per mas for various tube voltages, field sizes, and added
filtration using data obtained with the General Electric

unit.

showing bone marrow integral, gonadal,

From these tables, doses to patients were calcu-
lated according to exposure factors used in the actual
examinations.

Nearly all X-ray units in this study were assessed for
output and quality to minimize discrepancies between the
roentgen output and nominal tube voltages of the units in
the hospitals and clinics and those of the experimental
units.

Condenser-type Units. Six condenser-type units, each
having a capacity of 1.0 4 F, represented a variety of such
units, of various manufacturers, currently in use in the
communities. No linear correlation could be established
between the condenser capacity and the radiation output
Radia-
tion output and quality were difficult to assess in cases of
phototimers, and because of the

in a study of output and quality of X-ray units.®

“tail-cut” effect of many
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of the condenser-type units. The average doses of the
six condenser units employed in the phantom dosimetry
were thus used to calculate dose, regardless of the

differences in radiation output and quality or unit capacity.

Bone marrow integral dose was calculated according to a
lattice. Methods of calculating dose are described
elsewhere in detail. ™" A value of 0.93 was employed as
the conversion factor for roentgen to rad.”

RESULTS

Figures 1 and 2 illustrate the bone marrow integral dose
per mas for transformer-type units as a function of tube
voltage, field size, and added filtration. Gonadal and skin
doses are shown in Table 1. These figures and tables
were used to calculate dose to each patient according to
the exposure factors for the transformer-type units obtained

in a survey of hospitals and clinics.?

The roentgen outputs of the six condenser-type units are
shown in Table 2. Dose estimates for chest photofluorog-
raphy contained uncertainties resulting from variations in
radiation output and quality. Wide variations in outputs
were observed in spite of the same condenser capacities.
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TABLE 1 GONADAL & SKIN DOSES BY TUBE VOLTAGE, ADDED FILTRATION, & FIELD SIZE

#1

WIE, A, IR A s RN b R O R R

(Transformer-Type, FSD:80 ¢m)

. Added Filtration Gonadal Dose ‘ER{Ig &R (mrad/mas) Skin Dose
Tube Voltage ; :
R i 30 %30 cm 40 x40 ¢m 50 x50 cm R
L {mmAl) M 5 F &« M5 Fe M F & {mrad/mas)
50 kvp .5 0.004 0.013 0.032 0.250 0.120 0.450 16,6
1.0 0.005 0.012 0.032 0.235 0.113 0.426 12.7
65 0.5 0.016 0.047 0.114 0.846 0.401 1.44 28.8
1.0 0.016 0.050 0.110 0.806 0.382 1.33 23.2
80 0.5 0.031 0.102 0.229 1.62 0.761 2 39.2
1.0 0.032 0.106 0.229 1.60 0.711 2.58 32.6
TABLE 2 ROENTGEN OUTPUT OF CONDENSER-TYPE APPARATUS
#2 EHRAxXBESEOMLD
(Unit: mR at 100 em, Added Filtration: 0.5 mmAl)
Tube Voltage Photofluorographic Unit [ % 4 2 % & Mean sSD
R A B C D E F Ty R
40 kv 16.6 21.2 21.2 15.4 32.0 33.6 23.3 T.72
a0 38.1 50.6 44.0 30.8 68.0 72.5 50.7 16.5
60 74.0 106 81.0 55.0 128 136 96.5 31.9
70 117 194 100 89.0 220 236 159 64.8
B0 150 308 120 136 350 368 239 115

Capacity of all units is 1.0 pF. Tube voltages are nominal.
SHEOFWERE T AT L0 gF. $EIEG A -7 —HIHGE EORTRE.



FIGURE 1 BONE MARROW INTEGRAL DOSE BY
TUBE VOLTAGE & FIELD SIZE
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“Tail-cuts™ at various tube voltages and errors in nominal
tube voltages may have caused the discrepancies. Wider
output variations may be expected from units by which
the patients receive their examinations in Hiroshima and
Nagasaki.

Tahles 3 and 4 show the average bone marrow integral
and skin doses from the six units, by tube voltage and
field size.

Gonadal doses by distance from beam margin to gonads
and by unit are illustrated in Figures 3-8. In this study,
these distances were measured according to radiographs
of the phantom. Accurate measurements were sometimes
difficult because of lack of clarity at the beam margin —
an additional factor of error in gonadal dose estimates
that is reflected in Figures 3-5.

FIGURE 2 BONE MARROW INTEGRAL DOSE BY
TUBE VOLTAGE & FIELD SIZE
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GOMNADAL DOSE (mrad/Exposure)

GONADAL DOSE (mrad/Exposure)

FIGURE 3 GONADAL DOSE BY UNIT & DISTANCE FROM
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GOMNADAL DOSE (mrad/Exposure)

FIGURE 7 GONADAL DOSE BY UNIT & DISTANCE FROM
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TABLE 3 BONE MARROW INTEGRAL DOSE BY TUBE VOLTAGE & FIELD SIZE
#3 HEH & USRIz & 2 R E Mt

{Average of Six Condenser-Type Apparatus,Unit: g-rad at 80 cm, Added Filtration: 0.5 mmAl)

Tube Valtage Field Size M4 % (om)
| W®IE 30 x30 35 x35 40x40 5050 70 x70
7.44 8.75 9.54 10.0 10.9
60 15.8 18.4 19.7 20.7 22.6
70 28.7 33.6 36.2 38.2 415
80 48.1 57.8 62.7 66.7 72.9

TABLE 4 SKIN DOSE BY TUBE VOLTAGE
Fd  BERIC S EE SR

(Average of Six Condenser-Type Apparatus, FSD: 80 cm, Added Filtration: 0.5 mmAl)

Tube Voltage

Skin Dose (mrad/Exposure)

BRE 15
40 kv 90.6
50 197
60 375
70 618
80 929

30

cm



TABLE 5 AVERAGE BONE MARROW INTEGRAL, GONADAL AND SKIN DOSES OF AHS SUBJECTS
BY PHOTOFLUOROGRAPHY, HIROSHIMA AND NAGASAKI
#£5 HEXHERECIARABREFESREOFEEMME, £MRs 5 U
R, 55 Bk

Examinations Bone Marrow Gonadal Dose

Unit Type Integral Dose T g it Skin Dose
EROHR S i T B (mrad) ERe
M_?‘j F % Total & (g-rad) M5 F %&
Condenser  # 5 & 233 269 502 38.9 0.115 0.178 658
Transformer %% & & 92 57 149 46.6 0.714 8.42 604
Average iy 325 326 651 40.7 0.285 1.62 646
Table 5 summarizes the average bone marrow integral, e, BEECcHTAMARERNESREOMBEXERE

gonadal, and skin doses of Adult Health Study subjects
from photofluorography in Hiroshima and Nagasaki.
There were no significant differences in hone marrow and

k-T2 2 FEERTE, EMIRE 5 FICEBRE
ERSILEHNLTHITS. Blis LK EHRECE, ¥

BlokaFEMHER2RELNE o LA L, EHEIRHE
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skin doses by unit type. However, gonadal doses of the
transformer-type units were significantly higher than those
of condenser units.

DISCUSSION . E B

This study is part of a dosimetry program involving
medical X-ray exposure of Adult Health Study subjects, AEmEHED ~HE L TERENALOTHEY, 22
but doses presented are useful in estimates of exposure of hanBEfE, o R2EHFMBMAEXSEBEL
other subjects who receive chest photofluorography. FoTZFHsEOHEEICLNATE 3.
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In Japan, yearly chest photofluorography is required, HACZHNTE, HEERCEERA*SHTEICLM
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including kindergarten pupils and housewives."  Some
effects of this regulation were ohserved during a survey
of radiological practice in Hiroshima and Nagasaki.'” 1In
1963, the frequency of photofluorography was .83 exam-
inations per year per capita in Hiroshima; and 0.5 in
Nagasaki, exceeding radiography and fluorescopy.

Bone marrow integral and skin doses from photofluoro- BAEIR S (0 b 2 SRR b b U R R L e R

graphy were 10 times that of chest radiography while
gonadal doses were more by a factor of two or three.
Short focus-screen distances and better beam collimation
in photofluorography may have been responsible for this.

Gonadal doses varied by unit type. Those from trans-
former units were higher than those from condenser units.
Beams are collimated to less than the dimensions of the
fluorescent screen of the condenser units used for
photofluorography, but less attention is given beam
collimation in transformer units. This is a possible reason
for the higher gonadal doses from transformer units.

Few reports have heen published about bone marrow dose

in photofluorography. Hashizume et al reported bone mar-
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row integral dose for Japanese adults as 29.4 g-rad per
exposure,“ assuming 741.7 g as the total active bone
marrow weight. In the present study, a weight of 1046 g
was used!®  The value of 29.4g-rad would become
42 g-rad were 1046 g used as the active marrow weight.
Our dose of 40.7grad in Hiroshima and Nagasaki
therefore agreed rather closely with Hashizume's.
However, his dosimetry apparatus and methodology
differed considerably from ours in other ways. Detailed
descriptions of our method of monitoring and calculating
doses are described elsewhere.”*

Gonadal doses from chest photofluorography for various
countries according to the United Nations Scientific
Committee on the Effects of Atomic Radiation™® varied
from 0.1 to 10 mrem for males and 0.1 to 15 mrem for
females with means of 2.1 and 3.3 mrem, respectively.
Values for Japan were 0.1 and 0.4 mrem. Izenstark and
Lafferty” in the United States reported 1.3 mrem for
males and 11.4mrem for females. Hammer-Jacobsen'’
in Denmark reported 3.8 mrem and 18.9 mrem for males
and females respectively. Doses in this study were 0.29
and 1.6 mrad for males and females respectively —three
to four times higher than those for Japan as a whole, but

generally lower than those for other countries.

The contribution by photofluorography to the total medical
diagnostic X-ray examination dose in 1963 in percent
was 18, 36, 3, and 1, for skin, bone marrow integral,
male and female gonadal doses, resi:c(:tiw:l;;.’ﬁ These
skin and bone marrow values emphasize the importance
of photofluorography as a contributor to exposure. Photo-
fluorography contributed little to the adult gonadal dose.
Although the Adult Health Study did not permit the study
of children, gonadal dose to children cannot bhe ignored
because of the frequent use of photofluorography and
their future high reproductive potential. Results obtained
in this study will be used to supplement the overall dose
data for this study population.
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