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SUMMARY

Dental radiography doses in Hiroshima and
Nagasaki were estimated using doses measured by
a thermoluminescent dosimeter and a phantom,
and survey data from dental hospitals and
clinics in Hiroshima and Nagasaki. Doses to
organs, including the lens, pituitary fossa, thyroid
gland, and skin were calculated. Average doses
per examination to these body sites were calcu-
lated using data obtained during a two-week
survey in both cities. The mean caput doses were
calculated from the data indicating frequency
per year, and were tabulated by organ, age,
teeth examined, type of examination, pupulation,
sex, and city. No significant difference was
observed by age, population, sex, or city. Cur
rently, the doses incurred during dental radio-
graphy may not be sufficiently high to cause
bias in the assessments for late radiation effects
among atomic bomb survivors. However, the
mean caput thyroid doses of 62mrad and
67 mrad in Hiroshima and Nagasaki, respectively,
cannot be ignored from the standpoint of their
potential in contributing to radiation-induced
carcinogenesis.

INTRODUCTION

Diagnostic radiological procedures are an impor-
tant source of ionizing radiation exposure
for populations worldwide. This source could be
acting as a contaminant, to cause bias in the
ongoing assessments of A-bomb survivors for
late effects of the ionizing radiation from the
Hiroshima and Nagasaki A-bombs. As part of
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these follow-up studies, RERF has periodically
surveyed Hiroshima and Nagasaki institutions
for the medical and dental X-ray exposures
they incurred to RERF Adult Health Study
(AHS) and Life Span Study (LSS) subjects,
comprising the fixed population samples under
surveillance, originally numbering 20,000 and
90,000, respectively.

Annual changes in the frequency of dental
radiological examinations depend on whether
such examinations are covered by health insur-
ance, and the radiation exposure dose fluctuates
according to X-ray unit wused, radiographic
conditions, and X-ray film speed. Therefore,
continuing studies are needed. For example,
it was only in recent years that full-mouth
examination and orthopantomography have been
covered by health insurance in Japan. Rapid
increases in these examinations are continuing.

Doses received by the AHS subjects from dental
radiography have already been reportv::d.l In the
present study, the magnitude of dental radio-
graphy’s contribution to the overall exposure
of LSS subjects, and to the Hiroshima and
Nagasaki populations to ionizing radiation was
assessed. The present study was prompted by
the report of increased thyroid cancer among
survivors with A-bomb exposure doses of 50 rad
or more.?

MATERIALS AND METHODS

Frequency of Dental Radiography Exposures
and Technical Exposure Factors. Dental radio-
graphy exposure factors of relatively large
hospitals and of a 40% random sample of all
dental clinics in Hiroshima and Nagasaki were
determined by survey for a period of two weeks
in 1975. This information included types of
radiography, body sites examined, numbers of
exposures, and exposure factors such as tube
voltage and tube current, necessary to estimate
doses. Detailed information obtained in the
survey has been published elsewhere.?

Phantom Dosimetry. The phantom dosimetry,
performed in a previous studyl according to type
of examination, teeth examined, and field size,
is described here briefly.

A conventional dental radiographic unit (Type
Max-I1, J. Morita Dental Manufacturing Co.), rated
at 60kVp and 10mA was used to expose the
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phantom human. Orthopantomographic units®
(Panex, J. Morita Dental Manufacturing Co.
and a Siemens Type OP-2, Siemens Manufacturing
Company) and a cephalometric unit (Tokyo
Engine Kogyo) were also used in the dosimetry
for some of the examinations.

A thermoluminescent dosimeter (TLD) system
(Model 2000 TL Analyzer, Harshaw) and LiF
powder in gelatin capsules 0.5 cm in diameter X
1cm in length were used. To correlate the TLD
readings with exposures in mR, Memorial diag-
nostic X-ray ionization chambers were used with
a Farmer-Baldwin electrometer (Type RB,
Baldwin Instrument Co., Ltd.).*® Exposures in
mR were converted to doses in mrad, using a
conversion factor of 0.89 R/rad. The head and
neck portions of a Rando phantom (Alderson
Research Laboratories) were altered, with holes
accommodating LiF capsules at six sites as
follows: right and left lens, right and left lobes
of the thyroid gland, pituitary gland, and skin
at the centers of the exposure fields.

Bone marrow and gonad doses were measured
during the previous study.! Bone marrow doses
were less than 2 mrad during the exposures of
14 films for a full-mouth examination. Male
and female gonad doses were not detectable
for maximum exposures of 400mAs, except
for those to the male gonads incurred during

upper incisor and upper cuspid examinations.

Dosimetry for these organs was therefore not
performed in the present study. The t-test
was used to determine the statistical significance
of the differences between results.

RESULTS

Phantom Dosimetry

Among a total of 189 apparatuses, 169 were
operated at fixed tube voltages of 60kVp; 1 at
50 and 55 kVp; 7 at 65kVp; and 12 at 70kVp.
The phantom was exposed using a fixed tube
voltage of 60kVp.

Table 1 shows the doses incurred to various body
sites according to teeth examined.! The dose
data in Table 1 were applied to each exposure
in the community institutions, Whenever the
beam sizes of the examination differed from
those in Table 1, the one best approximating that
for the exposure was used for dose calculation.
Beam sizes exceeding 10cm in diameter were
rarely encountered in this investigation (less
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TABLE 1 DOSES TO BODY SITES IN A PHANTOM ACCORDING TO TEETH EXAMINED
60kVp, 10mAs, FSD 15.5 cm, 0.5 mm Al FILTRATION (Unit: mrad)

#1 BRELEZENO7 7 ¥ b Ao iz 1+ 2 8, 60kVp, 10mAs,
FSD 15.5em, 0.5mm Al 7 4 v % — (Bifi: mrad )
Incisors Cuspids Premolars Molars
Site
Upper Lower Upper Lower Upper  Lower Upper Lower
Beam Size: 6.5 cm ¢
Lens 20 10 113 8 56 1 10 0
Pituitary Fossa 0 10 3 8 0 0 0 0
Thyroid Gland 8 27 15 18 25 36 19 106
Skin 1320 1260 1310 1240 1330 1310 1310 1300
Beam Size: 8.0cm ¢
Lens 35 17 4175 8 371 4 22 1
Pituitary Fossa 0 10 5 10 0 1 4 1
Thyroid Gland 8 60 18 54 39 103 101 429
Skin 1350 1250 1420 1300 1310 1310 1340 1340
Beam Size: 10.0 cm ¢
Lens : 155 43 613 124 446 14 47 6
Pituitary Fossa 0 40 7 30 4 4 6 3
Thyroid Gland 8 103 23 46 68 286 179 520
Skin 1240 1430 1230 1210 1310 1300 1290 1310

FSD = Distance from focal spot to skin.

FSD=Mm 25 EWE TOER

than 0.5%). For the lens and thyroid gland,
averages of doses to the right and left sides have
been used throughout this report. Upper cuspid
and upper premolar examinations incurred
relatively high doses to the lens; lower premolar
and lower molar examinations did so to the
thyroid gland. Doses to the pituitary fossa were
relatively low for all types of examinations where
beam sizes were less than 8 cm in diameter.

Application of Dose Tables to the Populations of
RERF, and to Hiroshima and Nagasaki

In Table 2, the numbers of exposures and exami-
nations during two-week periods are shown by
examination type and by city.®> These data,
including the technical factors used and the dose
tables compiled, are stored on computer tapes.
The organ doses per exposure and per exami-
nation were calculated according to the AHS,
L3S (Non-AHS), and Hiroshima and Nagasaki
populations, by type of examination, teeth
examined, age, and city. In the calculations,
doses were considered directly proportional to
mAs, and according to the inverse square law
of the distance between the focal spot and the
skin (FSD).

An example of the average dose per exposure is
shown in Table 3. All of the A-bomb survivors
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BULMEL 20 0RBEME, mARERENR
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I mAs CIEHBIL, MALSERE COMR
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TABLE2 EXPOSURES AND EXAMINATIONS (NUMBERS) BY TYPE OF RADIOGRAPHY
DURING A TWO-WEEK PERIOD IN 1975 SURVEY OF HIROSHIMA AND
NAGASAKI DENTAL INSTITUTIONS

%2 1975612 2RI O MMz oW TIEE - RO EBERETERL L
PRI A X ST O FR I BB R U R B
h - s
Intraoral Full-mouth Lo ;Ig:;:;lt;mo Bitewing Occlusal
Hiroshima
Exposures 7596 1462 185 10 38
Examinations 4380 168 180 3 23
Expo./Exam. 1.73 8.70 1.03 3.3 1.65 -
Nagasaki
Exposures 2940 496 79 0 9
Examinations 1823 50 79 0 3
Expo./Exam. 1.61 9.92 1.00 - 3.00
Total

Exposures 10536 1958 264 10 47
Examinations 6203 218 259 3 26
Expo./Exam. 1.70 8.98 1.02 3.3 1.81

were more than 30 years of age in 1975, and the
doses for this group were calculated and are
shown separately. There were no significant
differences between the doses per exposure and
per examination of the A-bomb survivors and
those of the general populations by age and by
c:ity.3 The average doses per exposure to various
body sites by intraoral radiography, by city, are
shown in Table 4. Inthis table and in subsequent
ones, for ages 30 or more, city, and population
were combined. Since nearly half of the intraoral
examinations were of molars, doses incurred by
molar examinations contributed much more than
did examinations of the other teeth.

The average doses per examination to body sites
by type of examination and city appear in
Table 5. The averages of skin doses from
intraoral and full-mouth examinations shown
were summed at the centers of the exposure
fields during several exposures. Skin doses from
orthopantomography varied from 6 to 100 mrad
according to sites on the skin. Although the
doses per intraoral examination were 15%
to 30% of those per fullmouth examination,
their contributions to mean caput doses were
4-8 times greater than were those by full-mouth
examinations because of the high frequency of
intraoral examinations. Doses from bitewing
and occlusal radiography were estimated, but
those data are not shown here because of the
very low frequency of those examinations.

DI ER R LT TR ETHY, ZORD
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TABLE 3

EXAMPLES OF AVERAGE DOSE PER EXPOSURE TO BODY SITES BY AGE AND CITY
DURING RADIOGRAPHY OF UPPER INCISORS (Unit: mrad/Exposure)

#£3 LHUBMXEREIFPTIEHEEAD I BHY -2V OFEBET
H T BT R B (HGL: mrad /HE4)
Age in years
Site
13-29 30-39 4049 50-59 60-69 70+ 13+ 30+
Total

Hiroshima
Lens 16£11 16%11 17£11 17+12 19+12 15+10 1511 17 %11
Pituitary Fossa 0 0 0 0 0 0 0 0
Thyroid Gland 4.6+2.9 4531 49+30 45%26 53%3.1 4.0+3.4 47+29 4730
Skin 8201520 B00%550 870+540 B800*470 940%570 710%610 830£530 840%530

Nagasaki
Lens 21%24 22125 16t15 14+10 22%16 178 1920 18+18
Pituitary Fossa 0 0 0 0 0 0 0 0
Thyroid Gland 4.1+3.0 4.9%53 4.0%22 3.3%15 46%27 39%16 4.1+3.0 4.2+3.4
Skin 720£390 860+920 710+400 600%270 830+480 7101290 740540 740%590

) Total

Lens 17%15 1816 1713 16£11 20£13 16£10 17+14 17£14
Pituitary Fossa 0 0 0 0 0 0 0 0
Thyroid Gland 4.5%2.8 4.6£38 4.6+28 4.2%24 51%3.0 4.0%£3.0 45+3.0 4.5+3.1

Skin 790490 8201670 820t500 7501440 910%550 7101530 800530 810%550
TABLE 4 AVERAGE DOSES PER EXPOSURE TO BODY SITES DURING INTRAORAL
RADIOGRAPHY IN HIROSHIMA AND NAGASAKI
(Unit: mrad/Exposure)
#d BB - BHOORXBREIZETSZHA~D
LRGN0 o (BT mrad /8BRS
. Incisors Cuspids Premolars Molars
Site
Upper Lower Upper Lower Upper Lower Upper Lower
Hiroshima
Lens 17£11 7.7%£52 160%140 6.3%6.5 120%110 2.0%1.4 12.8+6.5 0.43+0.69
Pituitary Fossa - 7.5%6.3 28%1.9 6.7%4.3 0.05%0.27 0.46*0.69 1.3£1.9 0.40+0.61
Thyroid Gland 4.7%£3.0 23+16 102%55 21+14 22+11 47+31 4234  180%130
Skin 840£530 8001590 8501+480 850£490 990*520 1000520 1200%560 1120%570
Nagasaki

Lens 18+18 8.1%£52 200*160 11%19 160£140 25+26 148196 0.8%1.3
Pituitary Fossa - 71%49 29120 6.5%48 0.22%0.74 0.75%0.95 2.1%£2.6 0.63+0.80
Thyroid Gland 4.2%£34 24%15 10.0%5.7 1915 24+18 56*53 54*44 210%170
Skin 740£590 770£500 790470 670+360 950+820 780+380 1140770 1030590

Total

Lens 17£14 78%52 170+150 8%12 130£130 2118 134%£7.6 0.52%0.89
Pituitary Fossa - 7460 28119 6.7%45 0.11%0.49 0.55+0.79 1.5%2.2 0.46+0.67
Thyroid Gland 4.5%3.1 23*16 10.1%£5.6 20%14 2314 49+39 45%38  190%140
Skin 810%550 800570 830470 800+470 980%640 940+490 1180=630 1090570
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TABLE S AVERAGE DOSES PER EXAMINATION TO BODY SITES DURING
INTRAORAL, FULL-MOUTH RADIOGRAPHY, AND ORTHOPANTOMOGRAPHY

IN HIROSHIMA AND NAGASAKI

(Unit: mrad/Examination)
#£5 K& - BWoORNXEMmE, £ XEMAE, KU orthopantomography
LB ABEEAD L REYL A OFEER (KA : mrad/HHK)

Site Intraoral* Full-mouth Orthopantomography
Hiroshima
Lens 59%150 4601440 13.6 £6.4
Pituitary Fossa 26*66 17%13 37+10
Thyroid Gland 110+180 4701380 140110
Skin 1800£2200 860014500 e 1
Expo./Exam. 1.75 8.59 1.01
Nagasaki
Lens 11175 440480 16.4*:4.0
Pituitary Fossa 2.6%6.4 17+20 38.4+9.6
Thyroid Gland 110£180 470+490 52213
Skin 1500+1800 7800 £4900 6.6 £15%*
Expo./Exam. 1.59 9.76 1.00
Total
Lens 65+158 460£440 14.8%15.7
Pituitary Fossa 2.6%6.6 1715 38%10
Thyroid Gland 110*180 470410 102£95
Skin 1700%£2100 8500%4600 13+ 12%*
Expo./Exam. 1.70 8.83 1.01

*Includes full-mouth examination. ¥k & & €.

**Skin dose at molars. K F i o H i 5 fit

Mean doses to the thyroid gland per caput per
yvear during intraoral examinations and ortho-
pantomography were calculated based on the
data in Table 5, and those for examination
frequency appearing in a previous report’ are
shown in Tables 6 and 7, respectively. Per caput
doses for AHS subjects are shown in Table 8, No
significant difference was observed by population,
city, and sex, except for doses during ortho-
pantomography in Nagasaki (Tables 7 and 8).
The doses during orthopantomography were
estimated using apparatus of two malnufacturer‘s,1
namely the Morita Panex and Siemens Type OP-2.
These two types of X-ray apparatus were used
for 60%-70% of orthopantomography dosimetry
in both cities. In Hiroshima the Siemens Type
OP-2 units comprised 60% of the two types of
apparatus being used. The dose rate of the
Siemens apparatus was relatively high compared
to that of Morita. Therefore, some Hiroshima
doses may be higher than those of Nagasaki.
However, the dose rates of 30%-40% of the other
types of apparatus were not available; thus,

[ /A ¥ 75 B 1F orthopantomography T @ 1 %74 b
BU LAY OFRBRTERIEE, £507 -7
EUMOBMES ChoREBEL LT L, H4
FERUTIDRLA, RABBERHESRE LAYLDY
Ot & % 8 1R+, EW® orthopantomography T
O AERE, KM, B, o3 EEZERY
SNt Hhor-(# 7 K18 ). Orthopantomography @
BRI _OOMEMTES W AARE, ThhbETY
31k 7 B4 Panex b Siemens #L# OP-2 K1 % (fi f
Le#ELE. ZoZonRRAoXHERA B0
orthopantomography M60% ~70% IZHV5hT W/,
BT, Z02RA0ERN I L Siemens M
OP-2 EIA60% % 5 & T2 /2. Siemens #E3 % E 0
fpdtE i, £ 7 BEMRERICIEEY o T h
WiIEBOEROBRIZHOZALSIIHVI L
AEIZILENS. LAL, ZOMOEHED I 530%~
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those dose estimates include larger variations.
Since orthopantomography was conducted less
frequently than intraoral or full-mouth exami-
nations, it was not a major factor in estimating
dental exposure dose. Other technical factors,
such as mA, time, FSD, and field size were similar
in both cities, as was the case in a previous dental
radiographic survey® and a survey for medical
radiographic exposures.”

SOEBRHEEMOZE®IE LD KE V. Orthopanto-
mography MBI IZ DA FEHMAELINENOT,
MR X SRR OREEICE > TENEREL KT
TlEswv. LMo WA X SMEEs & UEMRAHX
W oG EEMIC, mA, BRE, FSD, W45
FOMOBEREEmTTE QBEL Tk,

TABLE 6 MEAN DOSES PER CAPUT PER YEAR TO THE THYROID GLAND
DURING INTRAORAL RADIOGRAPHY INCLUDING FULL-MOUTH
RADIOGRAPHY BY POPULATION AND CITY
(Unit: mrad/caput/year)

%6 HDAXERE(ZEMREZET)CHEIALIEYEY)RET
1 AY A oFRIRESHRR, EFARE BT
(BAL: mrad/A/H)

Population Total Male Female
Hiroshima
AHS 58 %95 71%116 52184
Non-AHS 49%80 44 +£72 53%86
General population 54 £88 47£76 61100
Handbook holder 3964 2846 47+76
Nonholder 60+98 53+86 671109
Nagasaki
AHS 631103 51£83 71117
Non-AHS 72+118 44+7]1 931152
General population 44172 36+59 52185
Handbook holder 3151 22+36 3760
Nonholder 56%92 44 %72 68112

TABLE 7 MEAN DOSES PER CAPUT PER YEAR TO THE THYROID GLAND
DURING ORTHOPANTOMOGRAPHY BY POPULATION AND CITY
(Unit: mrad/caput/year)

# 7 Orthopantomography iZ# 1313 1 FX4-N RV 1 A S0 D
LR Yy dit, MR OEH D] (M6 : mrad/ A /)

Population Total Male Female
Hiroshima
AHS 3.7%2.9 6.9t54 2.1%1.6
Non-AHS 2.8%22 2.5%2.0 29123
General population 3.3%£2.6 3.6%2.8 3.0%24
Handbook holder 14%1.1 1.0+0.8 1.7E1.3
Nonholder 4.0%3.2 43+3.4 3.7+2.9
Nagasaki
AHS 3.5%0.9 3.0%0.7 3.8%1.0
Non-AHS 0.2£0.1 = 0.7%0.2
General population 1.2%0.3 1.0%£0.3 1.4%0.4
Handbook holder 0.9%0.2 0.5%0.2 1.1+0.3
Nonholder 1.4%0.4 1.2%0.3 1.6*+0.4
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TABLE 8 MEAN DOSES PER CAPUT PER YEAR TO BODY SITES DURING DENTAL
RADIOGRAPHY FOR AHS SUBJECTS IN HIROSHIMA AND NAGASAKI, 1975
(Unit: mrad/caput/year)

#8 BB BHMORAREAENRIOEBMXGEREIC ST S5 ~D
1ELENDRU L AYL ) 0FEGR, 19754 (Mr: mrad/A /)

Body Site
Lens Hpy Thyroid Gland Skin

Hiroshima
Intraoral 31£79 1.4%35 58+95 95011160
Orthopantomography 36%1.7 1.010.3 3.7%29 0.5%+0.4
Total 3579 2435 62195 950+1160

Nagasaki
Intraoral 44+100 1.513.7 63103 860+1030
Orthopantomography 1.1+0.3 2.6 0.7 3.5%0.9 0.4%0.1
Total 45100 4.1%+3.8 67+103 8601030

Cities Combined
Intraoral 35+85 1.4%3.6 59197 920£1130
Orthopantomography 0.6%0.3 1.6+0.5 44141 0.6 £0.5
Total 36+85 3.0%3.6 63197 9201130
DISCUSSION F =

The scale of the present study was about 20 times
that of a previous AHS survey.® Statistical
analysis showed no significant differences
between the mean doses of the previous and
present studies. Results of the present study
were compared with dose data reported by
Maruyama et al,® and the dose to the thyroid
gland was higher in the present study. Compared
to some A-bomb radiation doses, a 60-70 mrad
thyroid dose may be relatively small, and may by
some be considered negligible in the study of
late effects of A-bomb radiation exposure,
but it will pose a problem in examinations of
large numbers of people exposed to this much
radiation. According to an UNSCEAR Report,
the rate of thyroid cancer induced by radiation
is 15X 107 /rem. If the dose levels of Hiroshima
and Nagasaki are applied on a national - scale,
it would be 1.5 x 107 /rem X 0.065 rem/y x 1.1x
108 persons = 107, suggesting theoretically that
approximately 100 cases of thyroid cancer would
be attributable to dental radiography. This is
why every effort is made to reduce radiation
exposure as much as possible during radiography.

Reported doses for full-mouth radiography
have ranged from 5 to 60rad to the skin, 80 to
1,500 mrad to the lens, and 50 to 900 mrad to

FHEORBL, LATOMAREREERMT 5
WES OM2METH -7, HHMEF 2T e
5, fElESEIOHEOFHHERICEREZIAD 5
Nehol, FHEORREALSFBEL TS
it 7 — s LML LS, AFEORIKEGR
DHEFKRED o7 FRBHGER S g5, 60~
70mrad ¢ B4R IR 45 L 1T EEdE i &, BTHR M
HROBVEORNAECTIERNTCELLELLAL
wasblLhgw, LAL, 2hZT0oRO KSR
EEHOANREIL L - THBT 52 &3 mm
ZAEELRE. EAFETHHEVERYEAS
(UNSCEAR) 512 & 3 &, B4 & 5 Bk I5
DFHEEIZ 15X S/rem ThH 5. K - BEFO
LNV EEERALRBICEATRIE, 1.5
10 "/rem X 0.065rem/y X1.1X108 A=107& %9,
AHEE B 1S 10045 o0 B K DR A 0l B X AR T 12 R R
THZENRMEENRS. LT, XERETD
B BRERAETREZIRD L 2 T52 L1258 hH
IbhTuws.

BEILXAE, EHEXHRECOENERILS ~
60rad, AfmfkfAt T 80~1,500mrad, FFiRiS &I
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the thyroid gland.®™™ In the present study, the
values for these sites were 8.5 rad, 460 mrad,
and 470 mrad, respectively. In the United States,
a 1,140 mrad skin dose per exposure in 1964 was
reduced to 910 mrad in 1970."* The skin dose
in the present study was 1,000mrad, nearly
equal to that for the United States. According
to Bushong et al,ls the average thyroid dose for
55 patients during full-mouth examinations,
using intermediate-speed film and 65 kVp, was
0.37rad. With ultraspeed film and higher kVp,
this dose was reduced by a factor of five to eight.
The corresponding value was 0.47 rad, reflecting
the use of intermediate-speed film and 60kVp in
the majority of Hiroshima and Nagasaki dental
clinics.

The contribution of dental X-ray examinations
to the annual genetically significant dose was
0.01 to 0.15 mrem, while that of medical X-ray
examinations was about 30 mrem.'® The gonad
dose from dental exposure can be considered
negligible when compared to medical and other
sources of exposures.

Currently, the doses from dental X-ray exami-
nations may not be sufficiently high to cause
bias in the studies for late effects among A-bomb
survivors; however, the mean caput thyroid
dose of 62 mrad in Hiroshima and 67 mrad in
Nagasaki (Table 8) cannot be ignored from the
standpoint of potential radiation-induced carcino-
genesis in the thyroid gland. Furthermore, the
frequency of full-mouth examinations and mean
caput doses in the present study were greater
than those of a previous study. Also, regulations
are being revised with increasing frequency,
authorizing the use of and reimbursement for
ever greater numbers of radiographic exami-
nations and films during dental care. Therefore,
efforts should be made to reduce doses by means
of higher speed films, higher kVp, and improved
beam collimation. All these observations further
underscore the necessity for continued monitoring
of diagnostic radiological procedures.

10

50~900mrad T& 5.7 P AWE T, Zhs O
D3 & 4 8.5rad, 460mrad, 470mrad T& - 7-.
FE T, 196451213 1 B4 0 2 0 @ B Fr it
1,140mrad T & - 7= A%, 19704 (2 1% 910mrad 12§
LAY &@EEoEESRE 1,000mrad T, KEO
12 IEIFSE L vy, Bushong 5% 12 &5 &, HBED
7 4 VAU 65kVp A v A 2MMRE T, BE
554 ) -9 B K Bt 12 0.37rad T - 7z, WEE
D7 4 VL EHOWTKVp @< TaL, HhE1/5~
1/8 @i L7, RIFRTOTFERRIERERE 0.47rad
i, B BEWMOMBEROIFEASHFRBEED
74 WA, 60kVp 2 VWTWAZEZRML T VWS,

R X GREAENEEAFEHRCFS T 5
0.01~0.15mrem T& % #°, EHHXBHREOH G
(£#7 30mrem TH 5. s B X BRI 0 & B AR
Wiy, ERAR Mo EICESTERY S
TENTESD.

WA, MR X MHEIC & S, FURERE
FUHIHRBEEORARTECREVEL A6 TELSSE(RY
AbLlhze. LaAL, 1AYAEDDERMPEHPIRR
AR T 62mrad, EUWT 67Tmrad (£8) TH 3
ZliE, PRBOBRMEGERELEL S LT, BR
TE AW, T2, REHRTOEWX B KO HE,
BU1AYEYOTFHHERELMOBEEICLNT
mu, WMEBZRIIEWT, 2D ELOXBRED
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BELZ7 4 VL RUTEVWKp 2H, E—A0#D
AHRRTAZEIIEST, HRBL~DOEHET
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