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Estimation of Stochastic Risk from Computed Tomographic
Examinations in Japan

2. Organ or Tissue Doses by Computed Tomographic Examinations

Kanae Nishizawa*, Takashi Maruyama**, Takeo Iwata*,
Yoshiro Furuya* and Tadashi Hashizume**
Department of Radiology*, School of Medicine, Kyorin University, Shinkawa, Mitaka-shi,
Tokyo 181, Japan
Division of Physics**, National Institute of Radiological Sciences, 9-1, Anagawa 4-chome
Chiba-shi, 260 Japan
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Radiation doses absorbed in the gonads, red bone marrows and eleven organs or tissues with
respect to the population dose were determined with a phantom measurement for four types of the
head CT scanners and three types of the whole body scanners.

The measurement was carried out under the condition of cranial examination for head CT
scanners and of cranial, upper and lower abdominal examinations for the whole body scanners, Dose
measurements were performed with thermoluminescent dosimeters placed at the positions of the
organs or tissues in a RANDO woman phantom, The thermoluminescent dosimsters were calibrated
by an ionization chamber in a MixDp phantom for primary X-ray and scattered radiations, using a
diagnostic X-ray generator.

The resultant organ or tissue doses are tabulated for various types of CT scanners, The organ
or tissue doses were widely ranged depending on the types of scanner and on wheather the organ or
tissue was exposed to the primary beams or scattered radiation. For examples, the gonad doses for
female were ranged from less than 0.3 mrad (3 pGy) at minimum to 0.8 mrad (8 uGy) at maximum

for the 8 scans of cranial examination, from 4 mrad (40 uGy) to 18 mrad (0.18 mGy) for the 8 scans
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of upper abdominal examination and from 0.2 rad (2 mGy) to 1.6 rad (16 mGy) for the 8 scans of

lower abdominal examination, respectively, The mean bone marrow doses ranged from 80 mrad

(0.8 mGy) to 200 mrad (2 mGy) for the 8 scans of cranial examination, from 120 mrad (1.2 mGy) to

270 mrad (2.7 mGy) for the 8 scans of upper abdominal examination and from 150 mrad (1.5 mGy) to

440 mrad (4.4 mGy) for the 8 scans of lower abdominal examination, respectively,

In order to simplify the estimation of the population doses the average organ or tissue doses were

calculated weighting with the ratio of the number of units by type of CT scanners in Japan.

1. # E

WAED CT BEEOWRITHEE L, 197940
FAHE e Y hiE, £FEC1EMicfTbhic CT
BEHBOIIHME &2k % A TUEFtTHD, =
Von v A gt RS RIENL 149075 [E1 T b » 1.
= OISR VT CT B k2 [E RS &
) A7 HEET B0, SENTARR, ERiE
B X OB ACBIRT 5 E, Ao R
A E Uiz, 19794810 8 O EREFRF OFF TR
PECHEMA ST CT 35 o Bl 19265k
RS, Thbod b bl HEHO % 2EE
AT AlRCHmE, 7 v AKRETS
fo. WEOKHRIBEAEICESE b - TELT
Y. ERERBSICY A7 OHERYES TS

fod, KO G RE T EROT L FE O
w SRR L, ChboRRER VT
e U EEG RS XU X 2 2WTIHERER T
WET 5.
2. ¥ iE

BRERE o WE & 177 CT iE v BEEA
#% SCT-100N (jid), TCT-30 (%), CT-1010
(EMI), CT-HF (H3L) o 4%, <HH »
CT-5005 (EMI), TCT-60A (%), CT-W3 (H
37) D3R TH o7, FEEOAF » VEMX
7 v — FREE LR A LSBT o SR
O 4 21z X b, Table 1 J Ut Table 2 @ X
5 T,

ARG 1t UD-1108 (Ca,80,), UD-170A

Table 1 Main specifications of CT scanners for head scanning

A B c D E F | @
Tube voltage (EV) 120 120 120 120 120 120 120
Tube current (mA) | 25 | 25 25 33 35 350 200
Total filter (mm) LA el 5 o 2281|2281 1oal|  2.sal| 29 o
Focus (mm X mrn) 1.8%x14 3x14 |[1.1%x15 |1.1%15 1.1x15| 1.2x1.2 2%2
F.D.D.* (cm) 72 71 90.2 87.4 103.3 120 100
Generation 2nd 2nd 2nd Znd 2nd 3rd 3ed
G. Diameter** 28.5 24.4 28 25 43 60 58
F.C.D.*** (cm) 45 46 53.4 54.8 53 54 60
Scan angle (°) 180 240 180 240 180 360 360
Beam angle (°) 10.55 8 6 10 3 35 40
Slice thickness (mm) 10 10 10 10 13 10 10
Scan time (sec) 78 45 105 80 20 9. 4.5
Numbers of slice per Scan 1 | 2 1 2 1 1 1
~_Detector | BGO | BGO BGO Nal _ Nal e Xe

#*  F.D.D. : Focus-detector distance
#% (3, Diameter : Gantry diameter
#kk F,C.D. : Focus-gantry center distance
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Table 2 Main specifications of CT scanners for body scanning

E F G ‘

Tube voltage (KV)) 140 120 120
Tube current (mA) 25 350 200
Total filter (mm) 1.9A1 2.5A1 |  2.9Al4+0.5Cu
Focus (mm X mm) 1.1x15 1.2%1.2 f 2x2
F.D.D.* (cm) 103.3 120 100
Generation 2nd 3rd 3rd
G. Diameter®* (cm) 43 60 58
F.C.D.#* (cm) 53 : 67.5 60
Scan angle (°) 180 360 360
Beam angle (°) 10 35 40
Slice thickness (mm) 13 10 10
Scan time (sec) 20 ‘ 9 4.5

| Detector I Nal | Ke  Xe

* F.D.D. : Focus-detector distance
** G. Diameter : Ganiry diameter
*#k% F.C.D. : Focus-gantry center distance

(BeO) (IATFH) Fvt MSO-S (Mg,sSiO,) (H
AAEEEA 7 b = 7 28 oS4 EE (TLD)
AWz, Thibo TLD HFHET 5 CT 3%
EERA%ED BEE, BB IOREEC .y
b L M XHRIEE KXO-12 (FE6) % [
W, BRPFCEEIh: BERSEH Y
MixDp 7 7 v b arhC R 3 X O liFL#fic o
TR U, i & hiz CT i@ s b0 X
MOES) =21+ —13 KXO-12% CT [ UY
BE, HEE, BBty P LT Al O4AfE
P BHETE LI, $937~65KeV Tk o 7o, = Offi
BOER = XL+ —% 3 OXH 1z #3554 TLD
D VAR ATHND O & Y —F LT
. BFR—FE TLD FFHoMHE D5 v i
T%TH ot

3. WEFE

4) # v b Y =B Rl c o

fEM Uic CT HEM o il 5 ks v
Y =Bl o LT ofEA TLD 7% T
JFE L7z, TLD FFIX XM — A0 [ELLEw 7o
% &5 10~15F % H—FNcFHE X LR PAF = —
VRTCEEL, —BElAF 4 v LTk,

=) JER, koM

AR« BB 3 X ORI DA BIERT B I

o, MERE LT, B4 OERER PR, M OH,
I, KIS EE - T, BB X0 owT
HIZE Lic,  FedEfERIEN oW TaR b5
KT DT HGE Uiz, SIS - ffkohrs
{% Gambarelli, J¥ $0 CT §a 21k L,
FThHIEHAMST S5 v F7 e v b a0 E g
B, TLD %3535 Uiz, B 48 OrEs:58
BODTHENT v F 7 2 v b 8 OFOREMT
v TLD FTFAEA Lic, iGHEROSfisks
S OSSR © BUES 1 AR & FIRE & L
fo. BARER lem, £ X lem 07 7 Y A fT
fED, WS Tmm ofifEic TLD FFx Aht:.
B IIR LI & 5 I BRI BT —#24 ) o
A% 5 vHk (contrast enhancement 0750 A
o VEBREEE V), BT TE, IEHT
11, £MOFHTIETH Tz, F£2C, 4H
DOWFETIE, a) FIOBE, @1 HEHES
[~ lem & SUIHI 2 55 L5 A%+ v LI
Tiebbh, 1 A% V4D 2 Wi S h 5 R
ih 2em RBEWWAAF ¢ Y& Fotz. b)) FIEH
VERIIRZERL X O WEHH R~ 1.5em %% 8 A% 4
v, ©) FEREBIHE Lk X b i imes 1.5em
BE8AF ¢ vEITHI.

o) PRI D
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R DB AF v g, a) BHHOBEL 3 A
FrvB (1 AF 5 4D 2MMEE LR LEBD
&2 A¥y vH), b) EEEHIZ6 A% v
H, c) FTHEIPT 42 vEOHEBNYS 5
YV F7 7 v ARAOAEC TLD FFx{E\T
REH A JIE L. FiFs X OB O IFAE,
AR & 2h b ORI EOFF 8 M TR D FrEF
ThhoFmcrthfhA~HTEL L.

4. # K

A4) #v bV =i o

1A% v4DoO, v Y —fofhico
zerpffifd Table 3 iR L7z, 4AFIE 2 o
BETHHH, hoREE X YEEE, 9E
i, HEREF V) - o T collE & hR
Bicd, —2DRKE LT, HEEY 120KV, 4
BHE 25mA, AF o VI 1 s XOEER, PO
HFR L B S0em 1 BEAELL L C Ao iR 5 71
BThb.

Table 3 Exposure at the center of gantry

E‘Isf??ners Specification | TLD Ai(rl;lgse :i%’:?ﬁi)'
A 170A 3.1 0.032
B 170A| 3.1 0.057

Head

C 170A, 4.4 0.048
D 170A| 4.5 | 0.035
E | 170A[ 5.6 | 0.26
F Head 170A| 16.5 0.153
G 1108 3.4 0.136
E Body 170 A 4.6 0.191
. (L. abdomen) | 170A| 10.3 0.184

(U. abdomen)| 170A| 8.8 0.128
G 1108 3.4 0.136

* Normalized to 25mA, 120kV, 50cm (distance
of focus-TLD), and 1sec. (scan time).

w) Ja -

BEES, b - THRSA S+ vRORERRE Y TR
Zi Table 4 ~6 1R Lz, Rjrad ZEHAFRELIT X
B EL) = 5 L ¥ —3T~65KeV 1=\ ~T 0,937 %
Fu o,

KA, FUE 20 o2k JE L.
AR B © 25 G ERiEA 765g L LT
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——— A
Surface doses for wee- B
cranial scanning —o=C
e S —=seeanf)
=
= 5 \\
—trad__
/ \
?\ / /-——-,5.-.‘_*\ \
B

Fig. 1 Surface doses arround the head for cranial
scanning. 8 scans were carried out as for A and
C types of CT scanners and 4 scans were carried
out as for B and C types of CT scanners, The
arrows show the start and stop points of scanning.
Scan angle ; A and C 180°, B and D 240°,
Angles of 0° and 180° represent the anterior and
the posterior median line, respectively.

Surface doses for
upper abdominal scanning
(rad)

Fig. 2 Surface doses arround the upper abdomen
for 8 scanning. The arrow shows the start and
stop point of E type scanner. Scan angle ; E 130°,
F and G 360°.
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Table 4 Absorbed doses in organs or tissues from cranial scanning.(mrad)

Organs ‘ A B* o D* E F G**  |Average¥#+
Ovary (right) < 0.3 < 0.3 0.44 < 0.3 0.47 0.80 | < 0.3 0.43 il
(left) < 0.3 < 0.3 0.39 < 0.3 0.49 0.65 < (.3
| Testes < 0.3 < 0.3 0.28 < 0.3 0.50 0.54 < 0.3 0.38
| Bone marrow 2.0x10° |1.26x10%|1.38%10*| 8.8§x10 |1.11x10%] 2.7%10* | 8.0%10 | 1.41%10?
. Brain [3.2x10° | 2.2x10° | 2.2x10° | 1.82x10°[ 1.59%10°] 5.8%10% | 7.2X 10° | 2.5 X 10°
| Sublingual gland 2.6x10% | 1.50%10°| 1.09%10% 9.2x10 | 1.56310?| 1.30 % 10?| 1.98x10*| 1.45x 10°
| Thyroid 1.68%10°| 1.00%10°| 7.8%10 |5.9%10 |9.6%x10 |9.8%10 | 1.15x10%| 9.6x10°
| Breast 2.4x10 | 2.8%10 1.2 9.3 [2.0x10 | 1.78%10 | 1.11x10 | 1.52x10
Stomach 5.8 5.5 3.1 1.8 5.4 3.4 3.5 3.8 |
| Lung (right) 3.0%10 |2.3x10 | 1.46x10|1.10%10 | 2.4X10 | 1.55%10 | 1.43 %10 —
(left) 3.0x10 |2.6%x10 | 1.35%10 | 1.01X10 | 2.1%10 | 1.24%10 | 1.44%10
Liver 6.4 5.8 3.6 2.4 5.8 4.2 33 4.3
Upper L. intestine < 0.3 < 0.3 0.62 < 0.3 0.88 1.08 0.42 0.56
| Lower L. intestine < 0.3 << 0.3 0.47 < 0.3 0.66 0.94 0.61
| Rectum <03 | <0.3 0.38 | < 0.3 0.48 0.59 | <0.3 0.49
! Eye (right) (rad) 2.3 1.51 1.03 2.0 3.8 5.8 1.73 2.8
Ir T.L.D. 170A I70A 170A 170A MSO-S MSO-3 170A |
* 4 scans
* & scans every 1.5cm downward from OM line and 3cm, 6cm and 7em upward from OM line
**% average doses per examination
Table 5 Absorbed doses in organs or tissues from upper abdominal scanning. (rorad)
! Organs E E F G Average¥
|—Cvary Gighp) 1.80X10 1.55%X10 T.05%10 B
; (left) 2.1 %10 1.70%10 1.15%10
| Testes 1.80 X 10 1.77%10 3.8 1.65%10
| Bone marrow 1.17x10° 2.6 x10* 2.6 X10° 1.74x10°
Il Brain | 6.0 Tl 2.6 5.0
l Sublingual gland k 5.4 %10 3.3 x10 2.6 %10 4.5 %10
| Thyroid 6.7 %10 3.7 %10 3.4 X10 5.4 x10
| Breast (left) 1.80%10° 7.2 x10° 1.78%10° 1.43%10°
| Stomach 7.8 x10° 7.2 X10° 6.6 X10° 7.6 x10° |
___ Lung (right) 4.8 x10° 6.9 x10° 1.32%10s |
E (Ieft) 5.6 x10° 9.2 %10 1.34%10°
| Liver 4.7 x10° 7.6 %10 6.8 x10° 5.8 x10°
Upper L. intestine 2.9 x10 2.2 %10 1.49%10 9.6 X10
Lower L. intestine 3.2 %10 2.1 »x10 1.59%10
Rectum 1.74%10 1.62%10 9.0 1.62x10
Eye (right) 1.70x10 1.58 10 4.7 1.54%X10
T.L.D. 1108 1108 1108

* Average dose per examination



IR Fn564E 3 A25H

247—(61)

Table 6 Absorbed doses in organs or tissues from lower abdominal scanning. (mrad)

Organs E F G Average®
Ovary (right) 5.1 X10° 1.35%10° LABXIC | e
(left) 7.0 X10° 1.59%10° 1.46%10° ]
Testes 1.80% 107 1.64x10? 1.76 X 10* 1.75% 10
Borie marrow 1.44 % 10? 4.2 x10° 4.4 x10° 2.6 x10°
Brain 0.39 0.89 1.31 0.63
Sublingual gland 2.2 3.6 4.1
Thyroid 2.3 4.0 4.3
Breast 1.88%10 2.5 x10 2.1 x10 2.1 %10
Stomach 4.5 %10 3.8 x10 5.1 x10 4.3 %10
Lung (right) 7.8 1.52%10 1.88x10
1.13%10
(left) 9.1 1.46x10 1.65%10
Liver 3.7 %10 3.8 %10 4.4 X10 3.8 %10
Upper L. intestine 8.3 x10° 1.58X10° 1.84%10° i
Lower L. intestine 9.6 XI10° 1.78x10° 1.56%10° i
Rectum 5.6 x10° 1.46x10° 1.48%10° 9.2 »10°
Eye (right) 2.1 2.2 2.5
T.L.D. 1108 1108 1108 |

* Average dose per examination

Table 7 Weighting factor used for the
determination of average organ or tissue

doses.

Type of Head scanning Body scanning
CT units ratio* w.f,#* ratio® | w.f.¥*¥

A 0.066 0.160

B 0.006 0.015

c 0.062 0.152

D 0.114 0.279 |

E 0.096 0.235 | 0.25 | 0.60

F 0.048 | 0.117 | 0.13 | 0.30
G | _0.017 | 0.042 | 0.04 | 0.10_
| Total | 0.400 | 1.000 | 0.42 |Lm

* ratio ; Fraction of the number of CT units to
the total number of CT units in Japan on
October 1979.

#* w.f. ; Weighting factor

FHE Lo, AR AREBC S LT Bk
¥, FERFHEZSOENERD SO RET 0K
Ec X0 B 4 ZREOBBRE Y TS L
PHEIBRTWA?, La L SENT flEse TLD
FTFERNTWBZ Enh, ZORECKETH

RAZEHIPHIN & 38 2 CHER Lk,

) R O R

FERO—FIE LTHHIBAF + Vi XU LR A
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23 lom BRECRIE Lic.
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B AT Lic X 5 w4y FldEE 3o\ TSRS
DFENE L. BIR, BSOS FZAAIEEY
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