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The tissue and organ doses in patient during the stomach photofluorographic examinations were
estimated based on the records of the irradiated regions of patient and the experimental date obtained
from the phantom measurements.

These records of irradiated regions were obtained by using the photographic method in which
images on X-ray television monitor were photographed continucusly by a 35 mm motor driven camera,
and the entrance surface doses of patient were measured with a transmission type ionization chamber
attached to the front of the diaphragm of a X-ray tube,

The tissue or organ doses were determined with a ionization chamber and a thermoluminescent
dosimeters placed in a tissue equivalent phantom, and the results obtained were as follows:

1) The tissue or organ doses per photofluorography by 12 inch dia. image intensifier (I.1.)
system were 2.1 mrad (21 pGy) for the male gonad and 28.4 mrad (284 pGy) for the female gonad,
Similarly, the breast; 78.5 mrad (785 uGy), bone marrow; 44.7 mrad (447 pGy), lung; 30.1 mrad (301
pGy), thyroid; 1.4 mrad (14 uGy), bone; 186 mrad (1.86 mGy), stomach; 199 mrad (1.99 mGy), liver;
165 mrad (1.65 mGy), small intestine; 189 mrad (1.89 mGy) and the large intestine; 140 mrad (1.4
mGy).

2) The tissue or organ doses for a I.I. system were about one-tenths smaller than these for a
mirror camera system, and so this I.I. system should be more prevalently employed in mass screening

of stomach cancer,

H W I o BB E o ER
1. SEEREERE S LUk

=
jill}



PRG54 3 A25H

1) 12inch LI. pgifitisg
2) E-F-FIF5A472FCrbBHHABME X
O TRAE AL o 5 Gk
3) HmBTE=x - W X 5 BOREkO NE
2. W B
1) SRR ALt L B WM
2) PR & RS IR AL
3) FEEk Lo o AS R
I BHHEXHRRECHMRS IUVBERECNE
1. SRR s Lok
1) EER
2)  XHEWE &8 o W E
3) EhAEMRE T o MEIEMAE I 2w
T
4 THEKT 7> v b Ak 5HENE
2. #& #
1) TLD #F o BMHXHcH 5 =41+ -
Wtk
2) WRHRE AR X RS
3) HisroBRERikoE
i) 12inch L.I. [4nE
i) 7<% 27 HERE
4)  BERERE D Aok MEEXMMREE o Kk
(effective dose equivalent o #5E)
vV # %
1. R BB X O R AL A 2 & BRI o v
T
2. B X ORE OB DR 9T
3. A#k XUvREREConwT
V # @
VI BIAER
I &% &

B A T ERIZ205 AL R o g i
WRMThhTwa. i o kRSB ML ©
HBHI D, BREE O Al R A<
HiEhT&k, 2oz bbb, X LTER
JETHMEEE L Xy CsI FEEMo12 inch Image
intensifier (LI L.I. 1BE) % JA\ - [lldein st
B2 SRER LTS,

BESR D BOHARBIHE D % 77 3 A 7 B B
7o & OYTEMR OB Z M LT, Bl
@ UNSCEAR #45%, NCRP?® Js X ¢ ICRP 269

223—(31)

MECXBE, Toffigy OMfkE IS E D

VAIZWRBHBHENIE 2 FKINsTWA. Li-
20T, BRBEXHRAE OWEIC O\ T DR
{ERELUEE I B, FEAEBCHRE O
BAE RS i by, FhicikEERr
B 5FR S X OREOERBL+HEE LiciiE
WET — 2 CEMT IR HE DRSS 5.

L0, FEHIFBEB IV OXE TV =
=4 —{8% 3bmm E—F—F 54 7H 25 CH
BRI LEt@T s & &, XHEHnsE
H Y BE N A BRI X 5 Bl R
DUEDMHAE LN, HEEEXHREDOLS, #
Bt 0 B R3O0 51 5 BRiR R & 53 5 5
WEBR L. CoMERKEE 7 7 v F 2ER
%, 12 inch L.I. [T & 5 B X Ham
DEEERNS X ORERELHE Lo TR
5.

I #ikd owsigE0sa)

1. SERHE S X0k

1) 12 inch LI. RijgsiRiyisE

WEEc VA2 12 inch LI REEXERIRESEE
HE (DT-SI-1 ) EXERMLEERT ve
FREE ©, fR—RtmMEgE T F.F.D
EWET) 1% 110em (FE8—KHHPERE 105cm),
CsI &35 12 inch L.I. |3#% HR #—RTH
2301—G2Th B, 7V » FIIEETHNRS : 1D
D% 2RBFE Lo, 12 inch I-I. RIEHRER O
BIFEEEIPOERC 3.0 L.P/fmm, (3i1F3 35—
A FEELABRETHSY.

2) EB—Z—F347H 25 L5ERNER
X O HRAHBAL D R

B B LU HEOR T, BRE O XERET
fir, AT, XRAHTTAI x5 oo Fig.
1 wimdms, BRBEHMA TV €= % - i3 jo
T -%HE L. 20 TV z=x—{&4iE
WTashkoi, ==2v 35mm =—X—F54F
B A7 (2508 ) % S0cm o PR EE L
FRB LOCWE DAL » 7 L HE) X2 3 PR
T7 4 VAREE LK. TV =% —{R12ix, 5
BRHEE T2 2 AL TERLTHZ DT, £BFHG



224—(32)

(¢)) @

@ @

Fig. 1. View of the systems for recording the irra-
diated regions of patient and measuring X-ray
radiations. TV-monitor (1), 35mm motor driven
camera (2), dosimeter (3), recorder (4).

AR T % BRI R @D & ENTES. BF
BT, XHBHE & MHEEL 2 ms o LT
5.
3) BRI T = x —EHEHHIC X 5 SR E ORI
TE

s 2 S AR & T 57, Fig. 2
RTINS, XELEED ORiHECERE € =
& —EHERE (B8 DQ—20mFiREst) ZHufr
v, HBEEHELIE L. ZofRihy, &
BETHERG 0 lmm EXOHE) =257 40
AETERERE LcbDOThHS. KEIRE
WEZGEE 160x 160mm ©, 2oL Y) =25
N7 4 v ATHREIRE 10mm o> sl SRR IR 25 B
HEEORE L It TWD ., & OB O X0
IRZDRE T v 3 M5 T 0.2mm TH B . FEKF
B BRIV b h s XREEEFIR TS %
DOEHETH B . = OFEET OFEE 3 RHHRE L
BHE o Reern®) TFbL, 2via—
# —CHESE T8 Lic, EX#AFR12 inch 1.1,
[EIEESREE C VLR & B35 A © 30 x 30cm
E—RBTCT 1D T, BEHHRED =2 —REF
DEHE LTS,

Bkl sl 5 P o ASmiRE (R) &
WO F CRDB. Boh UDEIE L Ionex
2,500/3m 0.6¢cc Bk % E X 60cm, jFE30cm, Ji

BARESFRARERNE $408 Hs 5

Fig. 2. Transmission type ionization chamber att-
ached to the front of diaphragm of X-ray tube.,
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Fig. 3. Photographs taken from the images on X-ray television monitor.
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Table 1. Radiographic positioning and fluoros-
copy time in upper gastrointestinal photofluo-
rography by 11 films using a 12 inch dia.
image intensifier system.

Position Elaeesr s
(1). Prone (relief, P-A) 11.5%6.8
(2). Oesophagus (A-P) 7.1x1.6
(3). Oesophagus (right anterior
oblique, A-P) 7.1£4.9
(4). Erect (barium filled, A-P) 9.9+3.2
(5). Supine double contrast (A-P)  8.3%£3.7
(6). Prone (barium filled, P-A) 8.3%4.2
(7). Right anterior oblique supine
(double contrast, A-P) 9.1%4.3
(8). Left anterior oblique supine i
(double contrast, A-P) 7.7£3.6
(9). Schatzki (barium filled, A-P) 10.2+5.8
(10). Erect (barium filled, A-P) 7.4%3.6
(11). Right anterior oblique erect . |
; (barium filled, A-P) 2%3.5 |
Total 93.8

2 BIRE, SEATEE 1 SM o I THET 5)" 0%
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Table 2. Radiographic positioning and fluoros-
copy time in stomach photofluorography by 6
films using a 12 inch dia.image intensifier

system,
Position e N
(1). Prone (relief, P-A) 11.5
(2). Erect (barium filled, A-F) 9.9
(3). Prone (barium filled, P-A) 8.3
| (4). Supine double contrast (A-P) 9.1
| (5). Right anterior oblique supine 7
[ (double contrast, A-P) 7.
(6). Right anterior oblique erect -
| (barium filled, A-P) L
Total 53.9
®----Thickness of body 21cm x---Center of
T-74 W ” 1720 cm x-ray beamn
gl a-—-- " 16 em

g0l

Irradiated region

[ e L S  ]
—
—_—

Erect position  Supine position Prone position
Positioning

Fig. 4. Relationship between radiographic positi-
oning and irradiated regions of patient in stom-
ach photofluorography using a 12 inch dia. image
intensifier system.

50WENH S, Fig. 41z, 5000 X e H %
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Entrance surface dose in stomach photofluorographic examinations

by 6 films using a 12 inch dia. image intensifier system.

(2) Radiographic operation

. 1) Fluoroscopic operation . p (1) .
Thickness ‘ ( . P P . i (1)+(2 e
of body operating parameters :Inolie operating parameters ::.)lsle i >mR< ) (1)+(C2)
) 80 kV, 1 mA 85 kV, 150 mA -
16 cm time 53.9 sec. 606 phototimer 147 753 0.8
k

17—20 em D e 723 ” 257 980 0.74
- e

21 em | Pk 2mA 1261 ” 29 | 1670 0.7

Dosimeter: Shimadzu Exposure monitor (DQ-20)
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Fig. 5. Schematic diagram of experimental geo-
metry.
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Table 4. Bone marrow distribution of a
Japanese and the number of detectors
used for measurements.
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0O--10cm depth

Part Bone marrow | Number of
weight (g) detectors

Skull 55.6
Mandible 1.8
Cervical vertebrae 22.3 1
Sternum 20.6 1
Scapulae 16.7 1
Clavicles 5.6 1
Ribs 104.5 10
Thoracic vertebrae 101.0 8
Lumbar vertebrae 85.8 8
Sacral vertebrae 65.8 2
Illiac bone 170.2 8
Femur 87.1
Arm 28.0

Total 765.0 40
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Fig. 8. Energy dependence of TLD (Mg,SiO,:
Tbh) dosimeter to diagnostic X-rays.
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Fig.9. Central axis percentage depth dose obtai-
ned with a 25X 25cm field at 87cm from the X-
ray focus.
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Fig. 10. Dose distribution of 25cm wide beam at
9 cm in MiXDP phantom.
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Table 5. Measurement points and calculation
points for tissue or organ dose.

Tissue or Organ Points Method
Gonad 1 ionization chamber
Breast 3 ”
Thyroid 1 "
Lung ] TLD rods
Red bone marrow A0 w”
Bone 40 ”
Stomach 6 calculations
Liver 7 ”
Small intestine

Duodenum 4 "

Jejunum 4 ”

Ileum 2 "
Large intestine

Ascending colon 4 #

Transverse colon 6 ”

Descending colon 9 ”

Sigmoid colon 3 ”
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RS EMRELRDHIE D Rrad ZRFHIL,
HRFEARI0.915, B 12 3 L Cidd.29% v izth,
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Table 6. Tissue or organ dose per entrance
surface dose (1 R).
X-ray radiation was generated at 85kV.

Direction of x-ray beam
Tissue or Organ
P—A A—P
Gonads Male 1.8mrad 1.%mrad
Female 18.1 18.1
Breast 59.4 90.0
Red bone marrow 46.8 34.2
Lung 30.0 30.0
Thyroid 123 1.4
Bone 194.0 142.0
Stomach 90.0 216.0
Liver 108.0 162.0
Small intestine
Duodenum 108.0 243.0
Jejunura 78.3 225.0
Ileum 54.0 162.0
Large intestine
Ascending colon 84.6 180.0
Transverse colon 62.1 261.0
Desbending colon 151.0 126.0
Sigmoid colon 8.1 16.2

X-ray apparatus: over head tube

F.F.D: 110cm

Field size: 25x25c¢m

Thickness of phantorn: 18em

Center of x-ray bheam: between Ist and 2nd
lumbar vertebra
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XBAFHFAC L - Th, EEECIRERRE
BT 5. Fib bR AALE S H b
B TW5H.F, B, 7. 8, F, DB
¥ X Ok O R R, XE2EEHETAS
Lics & &R CAH LIcBEOENRKE W
ZEERLT WA, eI c P gl
B L xh iR giofRc i L
T, W glso e SoiciFE, M, KB
B LOFOBBEIAECFEREYE.
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Table 7. Tissue or organ dose per entrance
surface dose (IR).
X-ray radiation was generated at 95kV.

Direction of x-ray beam
Tissue or Organ
P—A A—P
Gonads Male 2.2mrad 2. 2narad
Female 22.0 22.0

Breast 72.6 108.0
Red bone marrow 57.2 41.8
Lung 36.0 36.0
Thyroid 1.5 1.7
Bone 238.0 173.0
Stomach 110.0 264.0
Liver 132.0 198.0
Small intestine

Duodenum 132.0 297.0

Jejunum 95.0 275.0

Ileum 66.0 198.0
Large intestine

Ascending colon 103.0 220.0

Transverse colon 75.0 319.0

Descending colon 184.0 153.0

Sigmoid colon 9.7 19.4

X-ray apparatus: over head tube

F.F.D: 110cm

Field size: 25x25cm

Thickness of phantom: 18cm

Center of x-ray beam: hetween Ist and 2nd
lumbar vertebra

Wi, EXEREKcH B HE 18cm OFAC
DT, BIEAAMR (6K X5 EXHE
REE@o LI BEEE 3 57— 2 S HEREREC
BB AERRERE o SRR T L.

i) 12 inch I.1I. fEiER%

Table 9 IFIBOE—Z — FIFA4 TH 2 FICL
BEMEALL O BEER 3 L O BHETM L 2=
# —-fgmEt O b, LI HERE B3 A
HEARM XX BEORE X HELLOTH
5. ASTEGES 980mR (B 723mR, #iiy 257
mR) DBE, ALMEEEE % Bkt 2.1mrad,
ik Ty 28.4marad, FREOEEEFREL 44. Tmrad D
BEErBicoeH LT, Bxadicii s
1% 140~199mrad 35 Y OVE#E: 186mrad Lok
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Table 8. Tissue or organ dose per enfrance
surface dose (1 R).
X-ray radiation was generated at 105kV.

Direction of x-ray beam
Tissue or Organ
P—A A—P
Gonads Male 2.4mrad 2. 4mrad
Female 24.0 24.0

Breast 79.2 117.0
Red bone marrow 62.4 45.6
Lung 39.0 39.0
Thyroid 1.7 1.9
Bone 259.0 189.0
Stomach 120.0 288.0
Liver 144.0 216.0
Small intestine

Duodenum 144.0 324.0

Jejunum 104.0 300.0

Ileum 72.0 216.0
Large intestine

Ascending colon 112.0 240.0

Transverse colon 82.0 348.0

Descending colon 201.0 169.0

Sigmoid colon 10.5 21.0

K-ray apparatus: over head tube

F.FD: 110em

Field size: 25x25cm

Thickness of phantom: 18cm

Center of x-ray beam: between Ist and 2nd
lumbor vertebra

Ve fEE 15T,

i) 35—, 7HEHRY

37 =7 2 FBERE OB OHE I XY
TR TXBEEA—BOEHMEERE 70cm (F5—
EHEEERE 50cm) & LT, s X 0BE0S
BEL 105kV T7 > v+ 2EBR T -7, i
ASTHEHE X1.5R X 6 =9 R, ¥ BHEHAS
R o Wik, BERESS.98 T2 RE L
To. COFBEGHHEOREY, 7 —h 2 FEE6
Btk D B HRRFHDB0~60ETH 5 &\ 5 AHY D
ERHBDTHY THH5L Bbhs. IL
[EEE O HE LR AMETRBEEK7 » v b ok
MiXDP 7 » v I AR X B ESR, G5
SN G, WEYD OB JUBEREYETE

AREZENNE RSN 5408 $3 5

Table 9. Tissue or organ dose in stomach photo
fluorographic examinations by 6 films using a
12 inch dia. image intensifier system.

Tissue or Organ Dose (mrad)

Gonads Male 2.1
Female 28.4
Breast 78.5
Red bone marrow 44.7
Lung 30.1
Thyroid 1.4
Bone 186.0
Stomch 199.0
Liver 165.0
Small intestine average 189.0)
Duodenum 226.0
Jejunum 200.0
Ileum 143.0
Large intestine average 140.0
Ascending colon 169.0
Transverse colon 220.0
Descending colon 155.0
Sigmoid colon 18.3

Operating parameters, X-ray apparatus: over

Fluoroscopy 90kV head tube
1 mA F.F.D: 110cm
53.9ec,  Field size: 25x25cm
Radiography 85kV Thickness of phantom:

Total surface dose 0.98R  18c¢m

L, Table I0VZiR Uiz, BRI X OHE o A ST
FRE1IR OS5, ARNRGRE X Bikcix 20.6m
rad, 4k Tk 278mrad, FRrFHEGEEIL 435m
rad, B &45o (bR E S X % 1,400~2,000
mrad 5 X O FEEE 1,810mrad wh b, 12
inch LI [MEHRELOHIMEOBHREGERTH-
7e.

4) BRI 2 A HIBEXRMALE © K
(effective dose equivalent DIE5%E)

TR X 5 Y A 7 ek, UNSCEAR o
BEVD B, T2 ORP~BREOWEL K %
FHBIARETHS.

ICRP 26 =2 NCRP iz bR TW5B U A 71
HeAkfzi UNSCEAR 5 —-Z I X 5T\ v5.
Table 11 jz ICRP 26 NCRP ¢ risk factor %
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Table 10. Tissue or organ dose in stomach pho-
tofluorographic examinations by 6 films using a

mirror camera system.

Tissue or Organ Dose (mrad)
Gonads Male 20.6
Female 278.0
Breast 770.0
Red bone marrow 435.0
Lung 294.0
Thyroid 13.6
Bone 1810.0
Stomach 1952.0
Liver 1618.0
Small intestine average 1860.0
Duodenum 2217.0
Jejunum 1963.0
Ileum 1402.0
Large intestine average 1378.0
Ascending colon 1657.0
Transverse colon 2159.0
Descending colon 1520.0
Sigmoid colon 178.0
Operating parameters, X-ray apparatus: over
Fluoroscopy 105kV head tube
1 mA F.F.D: 70cm
53.9sec.  Field size: 20x20cm

Radiography 105kV
Total surface dose 1IR

Thickness of phantom:
18cm,

AL, ThbD Y AZ IS E D REENG
ews, LiedisT, ARSI ThhTW5E
IEEX MR AE O BINE BR T 5 e bl - T,
SRR pE g ARORERE S S h s
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ICRP 26 @ effective dose equivalent %3 %
si%‘WT-HT % 12 inch LI MEXEHRESE 35
=7 2 FHBEXHBRECHE D HTIEDHTHE L
TH. Zhicid Table 9, 10 iR UizigE 4 b
DO E 7B ERE E WEAR W 25 3E
LTRwiz, Table 12133 EOMPELR L b0
TH5D. 37— 27 HEXHRAE CLL effective
dose equivalent [} 7&8Smrem Xizh, Ao j
WA O FEMBRE O1.56% & Teoteht, 12
inch LI. REEXHEAL 79.Tmrem TX L %
YTTHh -1z,
v & 5

XA 31 % ARl 3 3 OBl O Bk R
% HI5E Lic#if5iciy Laughlin 5'®, Epp 519
--E'J”F)l'f)’ m;gﬁgpla)—ﬂ)’ l:él-_-ikibﬂﬂ, RUSSEIIQE), fﬁ
LB IORAYLOE L OWMERDHS . BE
#» UNSCEAR, NCRP 3 ¢t ICRP 26 #r &iciR
EhTwan<, B X - <, £HEe
BRI, S0 ML BE RV AZHNR
BohtTuws, Licdis T, XghEr s 548
REERES L ORE ORISR L EET 5,
PbE o RERAL & RE A M H UIED BB . E
DFAF VL, 7 4 v A0 BEHIRAL 23 FEdE S hoTn
. Lrl, MEBERED X SCFEREL E b I)
Bedrcrk, ML, BT OXE Sk I UXHE
AH T e & OWEEIRZE L% 5 LB B 5 .
FHXLPBAKT 7 v b AR KERY -+ 7 4
WREEBANTT7 4 VA BEETT - Tw 5. BA

Table 11. Risk factor of tissue or organ.
Risk factor
Tissue or organ Remarks
ICRP 26 NCRP
Gonads 1.0%107* rad™® 1.0%10™* rad™ first two generations.
Breast 2.5%10° (3 to 20) x10° ~ age and dose dependence. female,
Red bone marrow 2.0%10°% » (1to 6) xX10° » age and dose dependence.
Lung 2.0%10°% ~# (2 to 10) %10 « age dependence.
Thyroid 0.5%10°% ~ (2 to 15) X10° « sex and ? age dependence.
Bone 0.5%10°% « 0.5%10° age and protraction dependence.
Remainder i o
(Other organ of 5.0%107° # (1to1.5)%x10° « 23:0?11;3: ?;?::liggga;l R
tissues) & ’
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Table 12. Effective dose equivalent in stomach
photographic examinations by 6 films.

Effective
Method Irradiation conditions | dose
equivalent

Fluoroscopy
105 kV, 1 mA
53.9 sec.

Mirror .
Radiography

e 105 kV

6 films

Surface dose 11 R

785. mrem

Fluoroscopy
90 kV, 1 mA
53.9 sec.

12 inch I.I.| Radiography 79.7mrem

85 kV
6 films

Surface dose 0.98 R
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