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Summary

Doses to the salivary glands, thyroid gland, breast, lung, stomach and colon
during mass radiologic gastric screening, mass radiographic chest screening,
upper gastrointestinal series, and computed tomography were determined by
exposing a phantom female human to simulated radiological X-ray examinations
in community hospitals. The doses were measured using thermoluminescent
dosimeters, and the results will be used to document organ doses received by
participants in the ABCC/RERF Adult Health Study.

Introduction

At RERF, the medical X-ray doses received by Adult Health Study (AHS)
participants are routinely documented to facilitate evaluating any late A-bomb
radiation effects in the low dose region.!

Due to the high incidence of gastric cancer in Japan, mass radiologic gastric
screening has been widely used for its early detection. In addition, mass
radiographic chest screening is still frequently conducted in Japan. Thus,
many healthy people can receive these examinations, and these examinations
contribute to the cumulative doses of many AHS participants. In Japan,
examinations such as fluoroscopy during upper gastrointestinal (GI) series and

fFun Japanese text will be available separately.
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computed tomography (CT), are generally conducted only when indicated by
symptoms, physical signs and/or abnormal results of laboratory examinations.
These radiological procedures constitute a high risk because of the relatively
high radiation doses they incur per examination.

Estimating organ doses received by examinees during such examinations is
mandatory, particularly for RERF subjects. In the present study, doses to the
salivary glands, thyroid gland, breast, lung, stomach and colon facilitate efforts
to determine the role of medical X rays in the development of various cancers
and any other abnormalities among AHS participants. Doses to the active bone
marrow and gonads during mass radiologic gastric screening and upper GI series
have already been estimated.?™*

The results reported here will be used in estimating and documenting organ
doses based on the responses of AHS participants who were interviewed about
their previous medical X-ray examinations.

Materials and Methods
Experimental equipment

The X-ray equipment used in this study included A) a Toshiba DC-15K X-ray
tomography unit (Toshiba Medical Systems, Tokyo), B) a Toshiba Model DTP-
OD photofluorographic and fluoroscopy unit, C) a Hitachi Model DR-125-22 TV
photofluorography and fluoroscopy unit with an over-table tube (Hitachi Medical
Corporation, Tokyo), and D) a Siemens SOMATIC Model DRH CT unit (Siemens,
Erlangen, Federal Republic of Germany).

To simulate X-ray examinations in community hospitals and clinics, an
Alderson Rando adult female phantom human (Alderson Research Laborato-
ries, Stamford, Conn, USA) was exposed to a variety of X-ray examinations
using these apparatus. Thermoluminescent dosimeters (MSO-S, Kasei Optonix,
QOdawara) were used to measure doses to the phantom. The sites where the
thermoluminescent dosimeters were inserted are described in a previous report.®
Thermoluminescence was measured using a 2000A Thermoluminescence Readout
System and a 2000B Automatic Integrating Picoammeter (Harshaw/Nuclear Sys-
tems, Cleveland, Ohio, USA). The coefficient for converting thermoluminescence
to exposure was obtained by simultaneously irradiating the detectors and the
Exradin A2 Shonka-Wyckoff chambers using the X-ray equipment (described
above in A).® Regardless of tube voltage, 0.87 x 102 (Gy/R*) was used as the
coefficient for converting exposure to absorbed dose. This conversion factor is
appropriate for 30-50 keV photons in muscle.”

*Although current RERF technical reports employ the International System of Units, certain reports
related to medical X-ray exposures retain the traditional unit of R due to equipment calibration.
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Results
Mass radiologic gastric screening

The apparatus studied is described above in B, and it was actually being
used for mass gastric screening. It was equipped with an image-intensifier
and a television (II-TV) and a pulse regulator delivering X rays; however, the
present study was conducted without operating the pulse regulator. The resulting
measurements are shown in Table 1. Experiments were conducted by using:
1) fluoroscopy only for positioning the examinee before each radiographic exposure
and 2) fluoroscopy combined with photofluorographic filming.

Table 1. Organ doses during mass radiclogic gastric screening.
Unit: 1072 mGy per examination

Dose estimated for mirror-

Doses measured for [I-TV type* camera type**

Organs
Fluoroscopy  Fluorography Total Total
Salivary glands 0.078 0.15 0.23 14
Thyroid gland 0.29 0.19 0.48 2.2
Breast 1.7 0.64 23 11.0
Lung 2.8 0.54 3.3 15.2
Stomach 96 95 191 874
Colon 63 64 127 584
Gonad (female) 12 21 33 152

‘Doses are from 35-sec fluoroscopy for positioning and 6-film fluorography. Technical factors: Focus-
to-screen distance, 82 cm; added filter, 2.9 mm Al; irradiation field, 9 inch ¢; tube voltage, automatic
change.

**Mean output of mirror camera-type apparatus with fluoroscreen was assumed to be 4.6 times that for the
machine used in the present study.?

Mass radiographic chest screening

The output, X-ray quality, and doses incurred by use of the chest photofluo-
rography apparatus used in Hiroshima have already been reported by Antoku et
al.® In the present study, organ doses were estimated based on the results of that
investigation and by phantom dosimetry using equipment A (transformer-type
apparatus). The results obtained are shown in Table 2.

Upper Gl series

The upper GI series examinations were simulated using X-ray II-TV-type
apparatus (described above in C). Three radiologists conducted examinations of
the phantom human using their own techniques. During a 1974 investigation
of hospital records of medical X-ray examinations, the average fluoroscopy time
was found to be 4.5 minutes, and the average number of spot films was 14
in Hiroshima and Nagasaki.* The organ doses per examination using average
technical exposure factors are shown in Table 3. Surface and active bone marrow
doses were 14.90 and 1.75 mGy/examination, respectively.
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Table 2. Organ doses during mass radiographic chest screening

Measured dose rate  Dose per examination*

Organs (102 mGy/mAs) (102 mGy)
Salivary glands 0.039 55
Thyroid gland 0.048 6.8
Breast 0.28 40

Lung 12 165
Stomach 0.0038 0.54
Colon 0.011 1.6

‘Doses per examination were adjusted so that the surface dose was 6.46 mGy,
which was the average dose obtained by Antoku et al 8 The measured surface
dose rate was 4.6 X 1072 mGy/mAs.

Table 3. Organ doses during upper Gl series examinations.
Unit: 1072 mGy per examination

Measured doses*

Dose
Organs A B c Average calculated™
Salivary glands 064 20 0.77 6.8 9.3
Thyroid gland 0.95 46 1.1 16 22
Breast 40 153 28 74 102
Lung 22 103 27 51 70
Stomach 443 953 370 589 813
Colon 120 258 195 191 264
Gonad (female) 7.6 36 80 41 56
Time (min) 1.3 55 08 26 45
Number of spots 20 15 13 16 14

‘Experiments were performed by three radiologists: A, B, and C.

“*Doses for |I-TV-type apparatus. Technical factors are averages for Hiroshima and
Nagas'.aki.4 In the present experiments, exposure rates for fluoroscopy and spot
filming at the surface in the irradiation field were 504 mR/min and 60.5 mR/spot
filming, respectively. The doses for the average technical factors were calculated
by using these experimental data, on the assumption that the dose distribution from
fluoroscopy is the same as that from spot filmings.

CT examinations

Examination sites were categorized as those of the head, chest, upper and
lower portions of the abdomen, and the entire abdomen. Whole-body CT
apparatus (equipment D) was used to “examine” the phantom human, employing
the technical factors which were in practice. Active bone marrow doses were
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measured at 14 locations in the active bone marrow. As with the other organs,
the mean active bone marrow doses were calculated by compartmentalizing
the bone marrow so that each resulting portion contained one location for
thermoluminescent dosimeter measurement. This facilitated obtaining the mean
value weighted by the mass of each part. The total weight of the active bone
marrow was considered to be 1.0466 kg, based on the study by Russell et
al.? Characteristics of the equipment and the technical factors common to all
examinations are shown in Table 4. Doses resulting from topography conducted
before scanning, were less than 1/10 those from scanning. Table 5 shows doses
per examination, including topography.

Table 4. Computed tomography exposure factors

Specifications of Equipment D (Siemens SOMATIC Model DRH)
Added filters: 2.2 mm Al, 0.2 mm Cu

Focus size: 1.6 x 1.6 mm

Distance between focus and center of the gantry: 70 cm

Number of detectors: 704

Focus to detector distance: 113.5 cm

Effective X-ray range: 51 cm ¢

Gradient of gantry: +25°

Exposure Factors
Scanning slice width: 8 mm
Scanning feed width: 8 mm
Slice number/scanning: 1
Scanning time: 5 sec
mAs/scanning: 410 mAs
Topograph slice width: 2 mm
Topograph time: 7 sec
mAs/topograph: 220 mAs
Tube voltage: 120 kVp (examination of the head)
125 kVp (organs other than the head)
Number and site of scans:
14 scans, brain (CT examination of the head)
35 scans, lung (CT examination of the chest)
19 scans, T10-L3 (CT examination of the upper abdomien)
25 scans between L3 and L4 to symphysis pubica (CT examination of the lower
abdomen)
48 scans from T10 to symphysis pubica (CT examination of the entire abdomen)
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Table 5. Organ doses during CT

Doses (mGy per examination)

Organs Whol
Head Chest  Upper abdomen Lower abdomen b o%: o

Salivary grands 3.16 (1.45)* 460  0.34 (0.45) 0.07 (0.04) 0.31
Thyroid 1.65 (9.60) 6.67 0.47 (0.54) 0.07 (0.04) 0.40
Breast 0.19 (0.15)  48.09 2.97(14.80) 0.57 (0.21) 2.96
Lung 0.47 (0.18) 4297 6.99 (6.80) 0.36 (0.11) 6.66
Stomach - 532 35.33 (7.60) 2.66 (0.43) 42.086
Colon - 0.83 5.39 (0.26) 17.00(12.10) 38.14
Gonads (female) - 0.20 0.43 (0.18) 24.18 (9.50) 25.40
Active bone marrow 4.08 (1.41) 7.28 556 (1.74) 4.59 (2.60) 10.32
Surface** 41.98 4759 45.03 3717 46.97

*The doses measured by Nishizawa et al'® are shown in parentheses. The values in parentheses under
“salivary gland” indicate doses to the sublingual gland. Eight scans per examination were used for every
examination site. Seven CT scanners were used in their experiments, using tube voltages ranging from 120
to 140 kVp, a slice thickness of 10-13 mm and scanning time of 4.5-105 sec.

**Surface doses represent doses on the surface at the center of the examination site (see Table 4).

Discussion
Mass radiologic gastric screening

Mass gastric screening has been widely used in Japan since the mid-1960s,
beginning with the use of mirror-camera-type apparatus. However, II-TV units
have been popular since 1970.

According to Antoku et al,? under average conditions for normal persons, the
female gonadal dose during mass gastric screening using an II-TV unit was
0.16 mGy per examination in which 5.7 fluorography films were exposed and
49 sec of fluoroscopy exposure was used for positioning. In the present study,
a dose of 0.33 mGy per examination was obtained. This is about 1/4 the 1.40
mGy mean for Hiroshima City obtained by Antoku et al.? The national average
obtained by Hashizume et al'! was 1.50 mGy, the mean female gonadal dose when
a mirror-camera apparatus was used. In the present study, no experiment was
performed to measure doses received during the use of a mirror-camera apparatus
with fluoroscreen. The active bone marrow dose from fluoroscopy used only for
positioning the examinee was about 4.6 times less than that found when a mirror-
camera apparatus with fluoroscreen was used.?

Mass radiographic chest screening

Chest photofluorography units were categorized as condenser and transformer
types. They differed markedly as to their characteristics, although Antoku et al
observed little difference between them in respect to the surface and bone marrow
doses they incurred. However, doses to the gonads were slightly higher when
using the transformer-type units, for which beam collimation was frequently
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inadequate.® The doses shown in Table 2 are, therefore, not precisely correct for
examinations performed with inadequate collimation. The collimation techniques
have since been improved. Thus, the doses obtained in the present study
are considered conservative, regardless of apparatus type, providing the beam
collimation is sufficient.

Upper Gl series

Fluoroscopy techniques vary with medical institution and by physician.
Fluoroscopy time and the number of spot films used likewise differ according to
the examinees’ health status. In 1969, Takeshita et al® showed that mean bone
marrow doses received during upper GI series performed by radiologists using X-
ray TV fluoroscopy varied widely—from 0.55 to 0.66 mGy per examination. The
present estimates (Table 3) are for X-ray TV fluoroscopy usipg the techniques
employed at major hospitals. The errors in estimates for individual examinations
appear to be relatively large. The active bone marrow doses obtained agree with
those estimated by Antoku et al.* Good agreement was observed between the
values obtained by Yamamori et al'? and the present thyroid gland and stomach
doses for the same techniques (Table 6). However, the mean bone marrow dose
obtained by Yamamori et al'? was 15.20 mGy per examination, which was six
times higher than the 2.59 mGy per examination estimated from the present
results for their fluoroscopy times and number of spot films. Their active bone
marrow dose was greater than the maximum surface dose obtained in the present
study.

Table 6. Comparison of organ doses during
upper Gl series

Doses (mGy per examination)*

Organs

Calculated** Reported!
Thyroid 0.32 0.50
Lung 1.04 5.10
Stomach 12.04 24.0

*Fluoroscopy time: 7.6 minutes, 13 spots per examina-
tion (used by Yamamori et al)'2

**Calculated from the measured doses shown in Table 3

t After Yamamori et al'2

In NCRP Report 33,!° the air exposure rate at the anterior surface of the
phantom human is reportedly approximately 0.6 R/min during fluoroscopy when
the exposure field is fixed. The measured exposure rate was 0.5 R/min, thus the
present X-ray tube is similar to the standard one. Our imaging system permits
using a long focus-to-screen distance (100 cm). Such relatively large distances are
commonly used with recently developed fluoroscopy apparatus. Before the advent
of the II-TV-type apparatus, doses from upper GI series examinations were
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greater than those shown in Table 3. Takeshita et al® showed that 3.02-minute
conventional fluoroscopy and 6.6 spot films caused examinees to receive 3 mGy
active bone marrow doses, which were three times greater than those of the
present study using II-TV-type apparatus, the same fluoroscopy times and the
same number of spot films.

CT examinations

Table 5 shows organ doses incurred during CT examinations, as determined
in the present study, and organ doses estimated by Nishizawa et al.!® Their
values were obtained assuming that eight scans were made uniformly during
examinations of the head and the upper and lower portions of the abdomen.
However, in the present study, 14 scans were made, even for CT of the head.
The values obtained by Nishizawa et al are, therefore, generally lower than those
obtained in the present study. However, their estimates of thyroid doses during
head CT, and breast doses during CT of the upper portion of the abdomen are
much higher than those obtained in the present study. Their average thyroid
dose from CT head scanning is greater than each of their measured values. Their
breast dose from upper abdominal scanning is greater than the other doses from
the same scanning, probably because their scanning position differed from ours.
Table 7 shows the organ doses per scan during head CT, as obtained in the present
study and those obtained by Nishizawa et al.!° Exposures per scan were similar
when examinations were conducted under similar conditions of exposures and
using similar types of apparatus, as illustrated in Table 7.

Table 7. Doses per scan during CT examinations

of the head
Doses (mGy per scan)*
Organs

Present Reported**
Active bone marrow 0.29 0.34
Salivary glands 0.23 o.16
Thyroid gland 0.12 0.12
Breast 0.013 0.022
Lung 0.034 0.017
*See Table 5

**The doses were measured by Nishizawa et al'® with a CT
apparatus using a tube voltage of 120 kVp, tube current of
350 mA, a scanning time of 9 sec, one slice per scanning,
a gantry diameter of 60 cm, an added 2.5 mm Al filter and
a slice thickness of 10 mm, which was similar to ours.

TDoses to the sublingual gland

The active bone marrow dose incurred during CT is relatively high because
the tube voltage is also relatively high (120 kVp), and the body is irradiated in
nearly all projections. In the present study, doses to the bone marrow within
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the irradiation field were more than half the doses to the body surface within
that field. Also, doses differed greatly for exposures inside, as compared to
those outside the exposure field, because a relatively small beam was used.
For example, relatively high doses, such as 50 mGy were incurred to a rib
per examination during chest CT, and 30 mGy to T12 and L3 vertebrae per
examination during CT of the entire abdomen. The active bone marrow dose
during CT of the entire abdomen was about 60 times greater than the active
bone marrow dose during AP radiography of the abdomen using technical factors
employed at RERF.!* Although CT scanning has recently become widely used,
it should be used carefully, because it exposes examinees to very high radiation
doses.

Data obtained in the present study will be used to document medical X-ray
doses received by subjects who reported they were exposed to these radiological
examinations.

Acknowledgments

The authors are grateful to the Atomic Bomb Health Center for
the use of its fluoroscopic apparatus. They appreciate the technical
assistance of Yumiko Sano, RT, Masayoshi Mizuno, RT, Takayuki
Enami, RT, Hiromichi Fukuchi, RT, Tadashi Sunayashiki, RT, Yumiko
Yamane, RT, and Michiko Ikejiri, RT, throughout this study. The
assistance of Mrs. Grace Masumoto in preparing the manuscript is
deeply appreciated.



RERF TR 2-90

References

1

10.

1.

12.

13.

14.

Thno Y, Russell WJ: Doses to the gonads and bone marrow in radiographic
examinations at ABCC. ABCC TR 24-63

. Antoku S, Sawada S, Russell WJ: Doses from Hiroshima mass radiologic gastric

surveys. Health Phys 38:735-42, 1980 (RERF TR 12-78)

. Takeshita K, Antoku S, Sawada S: Exposure pattern, surface, bone marrow integral

and gonadal dose from fluoroscopy. Br J Radiol 45:53-8, 1972 (ABCC TR 19-69)

. Antoku S, Hoshi M, Sawada S, Russell WJ: Hospital and clinic survey estimates of

medical X-ray exposures in Hiroshima and Nagasaki. Part 2. Technical exposure
factors. RERF TR 6-86

Kato K, Antoku S, Sawada S, Russell WJ: Organ doses to atomic bomb survivors
from radiological examinations at the Radiation Effects Research Foundation. RERF
TR 19-89

. Kato K, Antoku S, Sawada S, Russell WJ: Calibration of Mg,Si04(Tb) thermolumi-

nescence dosimeters for use in determining diagnostic X-ray doses of Adult Health
Study participants. RERF TR 11-89

. International Commission on Radiation Units and Measurements: Quantitative

concepts and dosimetry in radiobiology. ICRU Report 30, Washington, DC, ICRU,
1979

. Antoku S, Russell WJ, Milton RC, Yoshinaga H, Takeshita K, Sawada S: Dose to

patients from roentgenography. Health Phys 23:291-9, 1972 (ABCC TRs 4-67, 5-68,
21-70)

. Russell WJ, Yoshinaga H, Antoku S, Mizuno M: Active bone marrow distribution in

the adult. Br J Radiol 39:735-9, 1966 (ABCC TR 28-64)

Nishizawa K, Maruyama T, Iwata T, Furuya Y, Hashizume T: Estimation of
stochastic risk from computed tomographic examinations in Japan. 2. Organ or
tissue doses by computed tomographic examinations. Nippon Acta Radiol 41:242-9,
1981

Hashizume T, Kato Y, Maruyama T, Kamata R, Urahashi S: Estimation of
population doses from stomach mass screening, 1975. Nippon Acta Radiol 37:578—
89, 1977

Yamamori K, Kuramochi Y, Kawaharada A, Nakamura A, Iba S, Kawana M:
Estimation of risks and exposure in the examination of upper gastrointestinal tract.
JJART 35:244-50, 1988

National Council on Radiation Protection and Measurements: Medical X-ray and
gamma-ray protection for energies up to 10 MeV—equipment design and use. NCRP
Report No. 33. Bethesda, Md, NCRP, 1968

Antoku S, Russell WJ: Dose to the active bone marrow, gonads, and skin from
roentgenography and fluoroscopy. Radiology 101:669-78, 1971 (ABCC TR 20-70)

10



. . RERF TR 2-90
XMW E®E Y2 MERE  8-87
Technical Report Series

X GG, ERBREAL TICCTREICH T I HIFSMBRE

Organ Doses to Examinees during Photofluorography,
Fluoroscopy and Computed Tomography

E—4%, REEHK, FHMR=, FMEHEHE, Walter J. Russell

mgﬁﬁa@ﬁu ME R EBWRER
R/ iati ts R

search Foundation

%
H
|
=
&
o
B




MEMERBERU-X
RERF Technical Report Series
EMMEE G, BAHSBEBEM b+ ) VPV EERET S
EHDOEDOTHS., IOV -XIEEN3EREHFIE, HEFAASFOEMEK
LEAMRFE2ZHALOTHY, ZO0—HN L2 EFMBEENOBRRER
LT AVERS, AREBLEFIALAY, 2EXMELLTIALTY
EZLXAG0H, FREXEFRIILAHAERONBHERY TH 5. BES
DAFaHMLENEHEE, T732 EBHEEKIALLRES — 2 B
MEROTITHERLAALT & 0.

Mot R B EFR AT (76 ABCC) 1%, WEHISOSE4 H 1 HICABEAELLTRELLZ. 20
SERITHATERMFOEEFBEL, BRTEESEOMBE, KEEXZAVYF-H LD
B O KB EREO#HBEE AL o T TS,



BEEA WEEEmER RERF TR 2-90
X BB Es® > - X MRBEE 8-87

X xR, EHERBLE S ICCTREICHS T 3 HHEHBIGEE

Organ Doses to Examinees during Photofluorography,
Fluoroscopy and Computed Tomography

MEE—4 1%, REES 1, EEB= " MESERT, Walter J. Russell !

b B R 9 2 SRS A

L O

BRERZ, WS EFAMEERY, FEEBTEHRELOIC CTHREICL 2EHEIR, BRI,
i, L5, BRUKSBI AT IMESHBEREMET T 22010, EROEREMN CIThh T
WEIINEDXHMBREIIODVT, KMARTZ 7 v P22 AFBIIRI T AEBRELST W,
BRI AMBBE AT o2, AMEOWERLREIRARERERMEOZ T X8
WIRARIE & HEE LT 2 L THRISDLOTH 3.

w B
BT, MAREMNE (AHS) 2 E A/ F T -EHXGEHEEeR», (et meic
HUAFEBEBEEOFEMICEL TA2-OEICLEL TS !

HACEABBERNG VD, BEOFHERCHERRRZIELIThhTWwa, F i,
T £ H M ERELETZHBELTHLATVS, ZOEII, £L0BREHEHIFRLELZT S
ZEHTE, ZHILARBEESOAHS HEEOHBRBEMO—-HE 2o T3, HAE
T, FMEBEER (GDRERF I o — 7y —WEHRYE (CT) 2 X0OEHBREIT -©
iz, RER, SEMEEXGEEKMRESRIIBEIF B2 HHcLriTbhsn,
INEOXHREIR, FO1ENADOHBHEESHEBHEVADE) A7 #4.

AEEDHEERIZBNICRETL .

*ROERERATRTE R ; RS, ¥ TR, T ECR PR U K BRI B A AR AR R R
BEE. UUHOREORIN ;TR K TE B AR T R AT B A AL B AT A M. T K 2 ol S R
TR B,

A&EB19905F 1 A18H FNRI1990F 7 B



RERF TR 2-90

FHROBRETCHMRESPZTARSBHELOMEL T I 2L, FIIHEHGREAIONT
GERARTH S, RHRTIE, MEER, BRI, L5, I, HROEROMS SR &
HeE L, AHS B HE LR D LN 3HMADOWR U ZOMORTE OREE IR L TEMXHED
B OB 5. BHEARS RO L E RS E R DL 5 IEMER U E RO
s B E A s TS, 2

AR TWMETIHRE, ChETCURUAEAXBERECDVWTAHS HRFELAHEL, 20
HED»SHELAZREICL MR AHE L, LET LD IIHV S,

MER U A E

E Ty
AFEECHHALAXBERILUTOEENTHS. A) ¥ DC-15K X 5 7 A B 2 i (H2
AFA4ANYAT L), B) REEFLDTP-ODM B XM A &R %E, C) HALEF W
DR-125-224 — /8= Fa—7HR 7L E B X B R UEHER (AT Zugt), AU
D) ¥— 4 ¥ A SOMATIC €5 DRH CT #if (P ¥4 7, Erlangen, ¥ —x ¥ Z4t).

HERE CTEBICIThh Ty 2 XEMEOBEBRET I 20, RiILO®EBEEZMWT, Alderson
Rando i AR 7 » » F & (K[E 3 4 F # » b )| Stanford, Alderson Research Laboratories)
kA G XERE T, SE e RE O E, {Lak Optonix, MSO-S) 2 Hw T Ak
T b AOBREE T2, BEREAE AR AL MR s e B TH B S
BV I Aoy 2L, 2000 A BE RS REBE SEAIY ¥ AT A% 1F2000 B B @) £l Picoammeter
(#[E 4 />4 4 JI| Cleveland, Harshaw/Nuclear Systems) % f{# - Tl L7z, 2RI 4yt A
A HAGH G R R T A0 X AR %R 4 VT, #Ikat e Exradin A2 Shonka- Wycoff i HY
I ICHASE L TR 22 (REEA) .S BsHE R 2 RIURRAZR T 2 L EOf e L TEEE
1245 7% < 0.87 K10 2(Gy/R*) 2{fi- /=, ZOZEREHITZ0~50keV DHFDFHRIZET 5
HTHRGEHE L TEYN 2O TH ST

w R

BHER%E2

V%@ EEBIERLALEITHY), EROBEFARBIIHVTRS., Zhi3fA-¥
Av 577 AT—RUOUFLE (II-TV), 2 RIZXERHE OV AR &ML Tw P,
AR T AL ABERIEMN L -0 MESRERL AL, WERLTOLE
ot 1) SEEREMOBEREOLBROOLZOOBERRE NS LTV, KIZ 2) [
W EEOERRE LT, S4THREZNEL .

AR OE B E R CREBEYEM Y AT AFRAN TSN, R X gk o+ 2|Eho
Pt RBROERYOEE L, REROBMREMATIZ LN H 5.
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i 55 4 ) F) 43 1R 2

BB THERsA TN EREERO L, XBOBETE BRI OWTERILES S
REEGEENhTVE, RMETE, 2ORELBLETA(LIESAER) 12X AE
T b ARAEE R, ISR AHEL S BAERER2ILRT.

*1 ﬁ%ﬁﬂfﬁ?ﬁ\!:cﬁ. 5&&%&&%& ﬁﬁ[ lf&ﬁ%f‘:@lo—?mcy

IF-HAFFEBIIET S

[ER I1- TV R % 12 & 5 g dik GIRE fif)* o Ik (e i)

ERMRIL LY it it

W i ik 0.078 0.15 0.23 1.1

FRR B 0.29 0.19 0.48 2.2

L 1.7 0.64 23 11.0

fii 238 0.54 3.3 15.2

&) 96 95 191 874

1 5 63 64 127 584

R (ki) 12 21 33 152

ik O OFMERMISH LM R e MC kA4 A. BBHERMt: ME-20 00—V
HidE 82cm, MK 2.9mm Al, WHE 94 F¢, WEHE BBMOH.

TR I - A AT HROEHEHRERECHEROERO 4. 6L L2

FT2 bR £ 5 RS

o Ik 252 0 E i ITHEY DO

= (102 mGy/mAs) (1072 mGy)
T it 0.039 5.5

R g 0.048 6.8
L 0.28 40

B 1.2 165

5 0.0038 0.54

G gy 0.011 1.6

CIHE YA ORI A LS PSP THS6.46 mGy 12
LAHEOMEL ., Rt ROME MiE4.6 X107 2mGy/ mAs TH - 7-.
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THBEEERRE

REPE R E R & XM I-TV AR E (LEC) 2w TiT-o 2. 3 % O BB ERM
HEREFNHMEOKHET, AMET7> v FLAOERBEEZIT o2, OHMECERXHRED
IR ERABE L AL A, ERHREUEBIIET 3 FHERBEEENT 4.5%, Tl
MM IE U THLZZ B L 2 FEEEHEF AV IRELS A VORSHRE2EL3 (1C
AL IMEYLNDORDEFFHEESHGERIEE414.90, 1.75mGy TH - 7=,

#+3 HHEBEAEEMRTE K MR
HAr: LAY /2 01072 mGy

_— AL (0E 1l
{5 A= sk
A B C 5 (45 LA 3L A)

I 1 it 064 20 0.77 6.8 9.3

G BTN 095 46 1.1 16 22

FLIE 40 153 28 74 102

Jifi 22 103 27 51 70

&) 443 953 370 589 813

ok 15 120 258 195 191 264
AR (i) 76 36 80 41 56

HER (53) 1.3 5.5 08 26 45

IR 2R ATIE 20 15 13 16 14

YEERIE S B OBMBRENM(A, BRUC)IZLITbA L.

HI-TVEISFR A ER L 2 5& 08, BSR4 LER R R CHRENZ 60
TH5.* SROFRTIZ, BRRE R CHRHEEC L 20RO & @RS
SRtE L & 4 504 mR/%y, 60.5 mR/ABK TH - 2. BTN CIHRH
kAo HERETH S EMEL, #EF— ¥ & B ORI
L ABBAEREL

CT RE&E

BEBAMIZRS, W, ETHRSACES2FIIHEL, £5 CTHRERR (®&ED) %
o TAE 7> FADEREREIE LA, TOB, EFECHVSATWIBHEFRERL .
I M B S 0 14 A THIE L. fh 0 IS & AR ST TS A B AR AL E, B
D1 A, BELERNEHEM2ECLIOCERAE S L THEL L. ZOHETIEEN
OB THEL 2 TFHEAER B A2 TE5. Russell 5 OPFE 1085 L, Wk
EHOBERIZL.066kg 2 EZ SN RESKIIEETIRBRUBHRFORHE
FALRLAE, AF L vOMIZITo A bR 57— Ik ABRIE, AFxy Y ILE3HBED
05D LILUTFE -, PRI 74— %2F0REL-VOMBERS ITRL .
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I ¥ o — & — IR R R A

D DR (2 — X > X SOMATIC £FJLDRH)

2.2mm Al, 0.2mm Cu
1.6 X 1.6 mm

70 em

704

113.5cm

5lem ¢

HeD5s

8 mm

8 mm

1

5%

410 mAs

2 mm

T

220 mAs

120 kVp (JH M)

125 kVp (3RER LIAE DR )

14 0] B (SEEB CT M)

350] i (BB CT ki)

19/i] T10~ L3 ( EWE# CT fa )

250 L3, L4~H-g&s (FBE CTHT)

48|n] T10~HEE#E A (£ CTHE)

Fz5 CTHIEID & WG
it (mGy /H7E)
GH R a5 WU T HEER 1555 2 14

WEE 0z Mg 3.16 (1.45" 460 0.34 (0.45) 0.07 (0.04) 0.31
LR 5 165 (9.60) 6.67  0.47 (0.54) 0.07 (0.04) 0.40
JLEE 0.19 (0.15) 48.09  2.97(14.80) 0.57 (0.21) 2.96
il 0.47 (0.18) 4297 6.99 (6.80) 0.36 (0.11) 6.66
" - 532 3533 (7.60) 266 (0.43) 42.06
0 - 083 539 (0.26) 17.00(12.10) 38.14
RN (1) - 020 043 (0.18) 24.18 (9.50) 25.40
T 1 - i 4,08 (1.41) 7.28 556 (1.74) 4.59 (2.60) 10.32
14 i 4198 4759 4503 37.17 46.97

PRSI R AHEE R A SE AR L 2.

BEALZA L,

i IE 120~ 140 kVp.

1 OHELZIEROAFy ¥ HFiThbil., BIEIZIL,
AFy vEEMA4.5~1068ThH - 7.

A5 4 ABE10~13 mm,

[0 AR | OFEMAOMIEE FTIRBRTH S, SHE

TEOAFyT—FHu S h T,

AR I I MR D e O S T MR L A OR T (4 BIR) .
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F =

BIEHA&®

HEMBMZ I, 1960FERIEASHATEL TR TEA, BT 72X THEAPEH
A, 1970 LI =TV R A % & L /-

HEES P I A, MEAOFEHMMEESES TR, I-TVERELSHVATERA®BS I
LA RIS, 1NOMEY 200.16mGy T, ERMWEIE5.7, Ak
WL AT Tho . FFETIE, 1HMENZ00.33mGy DA 2134, 2O
S AR AEBHOFEAMRL.AOmGy OMAGTDLTHS. MELS" A, 3I7-HAA7 %
HHLCHEAEBE LEY 2 02EFY L T EMRERE1.50mGy Th- /. S OHEE
T, HERT I7-HAFHBREBCARAEOERENE TITbE o7, HREOMERD
OERC L BiEM L, HERMN I T A2 I EEHLABEEGDN1/4.6ThHo/. 2

79 &6 4  fEl 4 4R %

Mg Bl ER R EEEADLDFH R TV S, WEFEIIMRD TRE -
a2, KESOMWE T, MBEECLIZ@MACHHMBRIZELEALEI RSN
fhat, LaL, REBSEREBEFERSBHCASLOF ISRk Erok, ThIXEHO
BODPFBThh>EEDTHE.8 LaA->T, R2ILBFLBRIE, GHROZVPF 454
B TIT-2ME OV TREMR TR 2. #ooHifilzzo#iktshcws, MELD P
FTaaHAItELT, SRO@EETCHAERE, BROMICMEL (EEOMBICL S
ERLEBELERS.

EEHBRERERRE

EWRBESRF RGN A CEMIC L > TRE D, 72, HRMEN R UHSR L #h &
DR BEREEIZIG U TRE 5, 1960FET F 63 1k, REMFIEMY? TVERBEZER MV
T LM EBEERHRE CHRIBL A EMPARME, BECHHEL, IRAL.
0.055~0.66 mGy Th-o7T L &RLA. SERIOHEM (F3)1E, FELH &atmménf
WAHM AR W T2 TVERKRE»6HB 20O THSE. EME DT OMHETE EO B
Ldgmk vl Bbh s, A0EE L AEE GGG TEEs OHEEME —HL T st
AR 52 A AHEE M R U R T AL ORRIGE O EGRHEEMR S —F L2 (£6).
EZAN, ARG 0P AR RN LT 2 1) 15.20 mGy T, A (0] R R UL R
MEHE»SHE LA IREL A VOHR2.59mGy D EETH - . 16 OIGHEE iR,
RAHECH - AROBMRE LD KE L 22

NCRP H&EMEBHP 2L hiE, BETLZEEL 2HS, BREMRELLLIAKRTZ > V40
G EMESORBGREIN0.6R/FTHS. SROHEEREGERFEILO0SR/TTHD,
LA XS FHREERE EVEDTHS, Thr OMGEIIE, Ml A7) — v oms
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®O LIEBEERRE L AMBHEO L
W B (mGy /s )*
Rt LA et gt
IR 0.32 0.50
fili 1.04 5.10
H 12.04 24.0

EWRBRATIER: 7.6%

1Y 00 AFy R B LKL
**E 3 ORANEE G X 0 A
TibgEs iz k5.2

B (100em) TE 34, Z 5 L/atbBide v EREIRE BT OB A M ICHE L TERY A
ShTwad, I-TVEMEHE AL O FHBHIBEERRE CLAHRITHRIICRL ALY
RKEporZE2603, MTF6 I, BEOEHRMREEECHRHE I LERE 3.2,
HEEH W E 66047 2HE, MEEMEREIImGy 2232 #MELA. 2O
N-TVEMSERE AR THMUEBHEEM R CHER BN CREL2IT-> 2 & 212450 O RS
PETRENGEDIHETHS.

CTHRE
ESILCTHEICLIMBEGERARLAY, ChEF MR CHAMEMEBRGYIZELD
HEEM TH2. HRSOMIZEBRE L FHSREOR, MUEFT8RAFy 2T 2L
AMELTHALOTHS, E2AXKMETIE, HB CTHRETEAL ATy 2 140E1T- 4
DT, PRGOS EMRAITAMEOFEICEENEFL 5. 220, B CTI2X 2 BIKIR
LA O BB CT 2 L 23~ Ok O E (i, A COMEBL D 2 D&SV. T
PER S O CT M 12 &2 FHRRIGIE ZE-~oME@mE &, 4, BB AYey
AIFEOMITEIFEC EESAFr v cL OSSR ENEY, ZoBBIERL <,
AXx vOMBAIHADLDERESTWAZEIIREZLELLNS. RTIZE, FFRRUV
PEERSY IZEB1IEOEPCTAF y v Y00 BamEERLA. BTILRLALIIZ,
1A%y Mo itg, Rl —-o0BasErkFRBORE CRELT- 26d, 31E
RU %L 2.

CT 12k 2iF M Mg it A i @ v oo, FEIE S k& < (120kVp), BIEEHE L 5
B Eshd/ewThHS, RUFE T, AN OGS BEAGLE U SR O R IRLo
AL RS 7, WHFAOKRIZEBENMICHEANEHARKEOSF, THIEBEED
L shonbs Ths. Mz E, WE CTHRAELB Y 2D T, WiEIE50mGy, 2MEH
CTHE 1ML 20T T2, L3FHII30 mGy OBMH VR EZRZT Tue. BB EEFO
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F7 HHECTHEIILLZIAFy B0

it (mGy/ A2 % v ¥ )

R

AR fih 845 **
T i 0.29 0.34
M i 0.23 o.16t
FR KR I 0.12 0.12
FLE 0.013 0.022
i 0.034 0.017

*# 5B
AU IEPEIR 601k A, (M CT #iME S mIER L 2
B MO L O AFWEE 120 kVp, FALR 350 mA,
A¥ v M 9B, AFyrrYinnAsf A 1,
HrhY—H7E 60cm, WHK 2.5mmAl, 2742
W 10 mm,

T & T i gt

CTHAFID L 2iGMa s iti, BORFCHM s T 3 BE S TI1T - 7- 188 0 3% 4 1
ook 2SR O Th-7 M CTHEILREE TR TVS A, HkEs
R I ERE T A OBRBEILREEAIVLETH S,

FFRT— 51k, AEOMELZI 2L 2 WME T 202 & OEFH X G2 it i
ERCRAE NN RN g

#
XGEREROME IR L, B A% TH A & 2720 7 1 5 SR AR 5l 5 B
CRE AMEEET B,

FFZEOEEh, W S A v A vk, (EEF B 2E AR, kT IE 4 AT,
B s, S aL A, R RHEAR, (LiRHE TR S S IR
WRHEE s, EROERICS A TIWH T E skl RICEEH#T 2.
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