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A Study of Intercomparison of Diagnostic X-ray Exposure by
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An applicability of Mg,Si04 (Tb) thermoluminescent phospher sealed in a capillary glass tube (12 mm in
length and 2 mm in diameter) to the intercomparis\on of diagnostic X-ray exposure by mailing it was studied in
cooperation with National Institute of Radiological Sciences (NIRS), Hyogo Prefectural Cancer Center and
Nihon University.

The exposure on the thermoluminescent phosphors ranged from 0.1 R to 0.3 R for X-rays (30-35keV) and
from 0.3 R-11 R for %Co y-rays which were measured with ionization chambers previously calibrated each
other. A set of five thermoluminescent phosphors was exposed to X-rays or Co p-rays and the exposure was
estimated from it. A relative standard deviation of thermoluminescence amounts for one set of five phosphors
was 2.9%=1.1% on an average over 85 sets in this experiment. The exposure for one type of radiation quality
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was estimated by using two sets of phosphors.

HAREZFRH RS SMER B8 HoH

Four experiments of the intercomparison of the diagnostic X-ray exposure were carried out by mailing

Mg38i04 (Tb) phosphor in our laboratories. Relative differences in the exposures between NIRS and other

laboratories were 2.6 %=1.7%, the value of which seems to be acceptable for the sake of the intercomparison of

the diagnostic X-ray exposure, because an exposure estimation of patients and practitioners due to diagnostic

X-rays may have a relative errors of around 20% or more. Also, no effects of the mailing of the thermolumines-

cent phosphos were found on the thermoluminescent sensitivity of Mg;SiO, (Tb).
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Table 1 Radiation units, radiation quality, and dosimeters used in our experiments,

Laboratory Uuits Tube Voltage ‘ E:E:;;ve Dosimaters
90KV (F) | 34 keV
Toshiba DC-15KA Applied Jngineering AE-1308
SRS 100kV (R) 35 keV (0.6cc & 12cc chambers)
50Ci *°Co unit - (1.25MeV)
. 90kV (F) 35 keV T U B
Tosh XO- Applied Engineering (0.6ce
Nihon Univ. oshiba KXO-I5 1 kv (R) | 36.5keV chamber) & Takeda TR-84M |
Shimadzu STL-1 - (1.25Mev) | (Vibration Reed) !
. 90kV (F) 30.5keV 1 a POENRD .
Shimadzu ID-150L onex 2500/3 (12505/3:0.6cc
gyogo Pref., Hmadan 150 100kV (R) 31 keV chamber) & Applied Engineering
ancer center | ‘ AE-1328
| T'heratron 80 —_ (1.25MeV)

F : Fluoroscopy, R : Radiography
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Fig.1 Exposure calibration factors of the dosimeters.
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OEEICII2~3%BEDEENETh B LD LE
zZbhn. M, EEREEGCIIRE G4
B) OMILHEERCHRERNE I EFEMHEE
PHECRT ClEMT Li- P DB B ST Ub B ET
AE-1328) # i\ ic.
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WA Fig. 2 R Thote. T TIE
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FF (LiF TLD ¥ &) b N TREN S
<, ZETAXHERE © X5 Mo BERE
B LTws, (b)) BMIAXH =¥ —ER
(25keV~40keV, {H L FLEFHRE A XL B <)
To Mg SiO, (Th) DREEIXE—%E TE 5.
(c) 100R LIF o B4 Tt Mg,SiO, (Th)
O RICEENCEGEY o Tuvn. (d)
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Fig. 2 Energy response of the Mg,5i0, (Th).
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RDREHRE Ko & A WRR TR - T REHRE X
Dz, ROZoMME (%) %95 % 8107
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Table 2 The results of the intercomparison of the diagnostic x-ray exposure in our experiments,

Thermo- Exposure per Exposure® .
- luminescence Luminescence (Estimated) Difference
Laboratory Radiation  |[Exposure - — - X=Xy
Quality (X) @ (ofL) | (X/L) | (X/L) Xa) (X-Xo) |57
0
R % | R %
[Experiment [; 28 Feb. 1976]
4.56 3.65 2.6 | 12491 4.76 —0.20 | — 4.2
*Co(NIRS)** 4.59 3.49 1.9 | 1.315| 1.305 4.55 0.04 0.9
NIRS 4.59 3.40 5.0 | 1.350 4.44 0.15 3.4
(B.G.) (0.007) | ( 5.4)
100kVX.(NIRS) (0.340)%*% i
C: '!' i '\
“Co(NIRS) 4.58 3.48 8.2 | Le6[ .. |4 34 0.04 0.9
| 4.58 3.50 4.6 | 1.309 i 4.57 0.01 0.2
| : 3 2 e - ;
"o | 8.92 7.07 2.1 | 1282] oo 9.23 0.31 3.4
- 8.92 | 7.01 3.2 | 1.272 9.15 —0.23 | — 2.5
ihon 3 .2 . -4
Univ. | gav X 0.252 | 0.723 85 | 0.309| .. 0.246 0.006 2 4:
0.252 | 0.729 3.7 | 0.346 0.248 0.004 1.6
. . ol .338 P —0.002 | — 0.6
100KV X 0.311| 0.921 2 0 ns 0.540 0 ‘313 - —0.00! 0.6
0.316 | 0.928 3.5 | 0.341 0.316 0.000 0.0
(B.G.) (0.004) | C 2.6) i u
“Co (NIRS) 4.60 3.58 19 | 1.985 [~ oo | 467 —0.07 |~ 1.5
4.59 3.57 3.5 | 1.286 4.66 —0.07 | — 1.5
r'_l R — [~
“Go 5.58 4.30 252 1.:.98 1.9 5.51 0.03 0.:,
Il;ly?go 5.76 4.43 2.3 1.300 5.78 -0.02 | — 0.3
ref. E
Cancer | gokv X 0.194 |  0.540 2.4 0.:559 Oiss 0.184 0.010 5.4
Center | 0.192 | 0.539 2.3 | 0.356 0.183 0.009 4.9
.197 562 4.2 | 0.350 0.191 ! .1
100KV X DA 1 0-9 910,350 L e
. 0.166 | 0.476 4.3 | 0.349 0.162 0.004 2.5
| (B.G.) (0.005) | € 2.6)
[Experiment I[; 26 Mar. 1976]
9Co (NIRS) 0.373 | 0.357 3.6 [ 1.0465] . 0.372 0.001 0.3
0.375 | 0.360 1.5 | 1.042 0.375 0.000 0.0
‘ 0.1044| 0.382 3.9 | 0.273 0.1051 | —0.0007| — 0.7
NIRS 100kV X
(NIRS) 0.1001]  0.368 2.8 | 0.272| 0.275 0.1012 | —0.0011| — 1.1
0.1039| 0.373 1.8 | 0.279 0.1026 0.0013| 1.3
(B.G.) (0.009) | ( 2.3)
= [
9Co (NIRS) 0.367 | 0.350 1.8 [[1.049] 0.365 0.002 0.5
0.369 | 0.347 4.7 | 1.063 0.362 0.007 1.9
100kV X 0.1025( 0.358 2.2 | 0.286 | o 0.0985 0.0040| 4.1
(NIRS)  |"0.1006] 0.364 | 1.1 | 0.276 | 0.1001 0.0005] 0.5
5.92 5.46 3.5 | 1.084 5.69 0.23 4.0
i 6C 1.096
iy i 592 | 5.35 4.0 | 1.107 5.58 0.34 6.1
. A ) .. K .180 0.00 N
90kV X 0.189 | 0.653 2.8 | 0.20| o0 0.180 9 5 J
, 0.188 | 0.648 2.5 | 0.290 0.178 0.010 5.6
i 0.202 ) ¥ .19¢ 0.00 4.
| 100KV X 0 0.707 4.7 | 0.286 | o o0 0.194 8 ‘1
i 0.201 | 0.688 2.5 | 0.201 0.189 0.012 6.3
- (B.G.) (0.008) | (3.0)
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Thermo-

Exposure pe

Exposure®

e f luminescence ‘ hlemmescence (Estimated) Difference
Faboratary Radiation  Exposure S - e T TEXY
Quality | @@L || KL X)) |[Ee
,R_ O — _%_ — R _____ — 3/5:__
e onioes | 0.370 | 0.353 4.6 | 1.048 0.368 0.002 0.5
©Co (NIRS 1.0
o (NIRS) 0.366 | 0.357 | 2.7 | 1.025 2 0.372 —0.006 | — 1.6
100kV X 0.0982 0.362 1.8 | oar| 0.099 | —0.0014] — 1.4
(NIRS) | "0.1025] 0.365 | 2.9 | 0.281| 0.1004 | 0.0021 2.1
Hyogo | ,, 592 | 5.55 1.8 | 1.067 5.79 0.13 2.2
C 1.059 .
i 5.94 | 5.65 2.5 | 1.051 5.89 0.05 0.8
Center 0.144| 0.500 | 3.6 | 0.288 0.138 0.006 4.3
K 0.285
L 0.141| 0.502 | 3.2 | 0.281 0.138 0.003 2.2
0.165| 0.583 | 3.5 | 0.282 0.160 0.005 3.1
KV X 0.283
100 0.165 | 0.585 3.5 | 0.283 0.161 0.004 2.5
(B.G.) (0.009) | (2.1) S| —
[Experiment II; 18 Aug. 1976]
. .68: A ; 2.17 . 0
“Go (NIRS) 2.17 1.683 | 4 L2 211 0.00 0.0
- 2.17 1.683 | 2.8 | 1.289 2.17 0.00 0.0
(B.G.) (0.003) | ( 3.9
100kV X (NIRS) i - ) Co.336) |
i 2.13 1.675 | 0.8 | 1.272 2.16 —0.03 | — 1.4
%Co (NIRS .274
o (NIRS) 2.17 1.700 3.6 | Lze| 2 2.19 —-0.02 | — 0.9
| 5.48 4.31 1.5 | 1.271 5.56 —0.08 | — 1.4
soc I .238
. ’ | 5.48 | 420 | 2.4 | 1.305] 5.41 0.07 1.3
ey i 2 351 |
o R | 0.183 0.52'. 3.7 | 0 5‘3 . 0.176 0.007 4.0
| 0.180 | 0.517 4.5 | 0.347 0.174 0.006 | 3.4
0.190 | 0.551 4.8 | 0.346 0.185 0.005 2.7
100kV X .345 =L.Li8)
Mo 0.181 | 0.524 25 | 0.3aa| ° 0.176 0.005 2.8
(B.G.) | 0.003) [ (3.3) | |
2] 9 2 . ] X
Co (NIRSy |_216 Lerz | 2.3 | L292] oo 2.16 0.00 0.0
| 2.18 1.606 | 1.8 | 1.285 2.19 —0.0l | —0.5
= C [
Co 5.60 4.12 3.2 | 1.3%9] 5.31 0.29 5.5
Il;Iyofgo 5.53 4.27 2.0 1.295 5.50 0.03 0.5
rel. o o |
Chiicar e 0.282 | 0.821 | 3.9 | 0.343 0.276 0.006 | 2.2
90k 0.342
Center 0.284 | 0.832 2.2 | 0.341 0.280 0.004 1.4
| 0.2 677 ] .346 .22 . .
o | 0.234] 0.677 4.8 | 0.346] 0.228 0.006 2.6
| 0.234| 0.654 3.9 | 0.358 0.220 0.014 6.4
(BG.) i 0.004) | ( 6.5) ] B
[Experiment [V; 17 Feb, 1979]
0.766 | 0.718 | 1.2 | 1.067 [ 0778 | —0.012]| — 1.5
%Co (NIRS 1.084
o (NIRS) =767 0697 | 2.1 | L.100 8 0.756 0.011| 1.5
NIRS | jo0kv X 0.321 | 1.157 2.5 | 0.217| . 0.330 —0.009 | — 2.7
(NIRS) 0.322 | 1.097 | 3.1 | 0.294 ’ 0.313 0.009 2.9
(B.G)) . o9 a3y - _ :
P — ( -
“Co (NIRS) | 0.7_59 0.668 L2 | 16| 0..72(1 0.035 4.8
0.756 | 0.676 2.0 | 1.118 0.733 0.023 3.1
100kV X 0.313 | 1.110 2.3 | o282 oo 0.316 | - 0.003| — 0.9
(NIRS) 0.324 | 1.140 | 4.2 | 0.284 ‘ 0.32%5 | — 0.001 | — 0.3
Nihon | 9.67 | 8.98 2.3 | 1.077 9.73 - 0.06 | — 0.6
Q. 1.078
LG ’ 9.48 | 8.78 | 2.2 | 1.080 9.52_ | — 0.04 | — 0.4
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| Thermo- Exposure per Exposure* : A
. . | luminescence Luminescence | (Estimated) Difference
| Laboratory| Radiatiou ]:.xéwsure S = i ; . (X=X)
| | Quality X) | @ | (m) | (XL) | (XL | (X) | KX |
1R % R % _
f | | !
ok X | 0.3% | 1.132 1.9 | 0.287 1 o] 0.323 0.002 0.6
0.323| 1.097 | 1.5 | 0.294 0.313 0.010 | 3.2
. 0.337 | 1.124 | 3.3 | 0.300 0.320 0.017| 5.3
| 100kV X 0.294
5 0.332 | 1.150 | 4.9 | 0.289 0.328 0.004 1.2
— | (B.G.) 0.018) | (3.8
| Twogo (NIRS) 0756 | 0.679 |_ L5 | T3] 0.736 | 0.020| 2.7
| i 0.755 | 0.668 | 2.3 | 1.130 0.724 0.031 4.3
: 100kV X 0.339 | 1.164 19 | 02911 oo 0.332 0.007 | 2.1
N (NIRS) 0.327| 1.148 | 3.1 | 0.285| 0.327 0.000 | 0.0
| Prels | wgy 20 | 044 | 33 | tom| 7| 1@ | -012 [- 11
f g:gfé: 11.22 | 10.55 1.6 | 1.064 ' 11.44 —0.22 | — 1.9
kv X 0.328 | 1.144 | 1.1 | 02871 .o 0.326 0.002[ 0.6
0.343 | 1.205 | 2.3 | 0.285 0.343 0.000 | 0.0
, 100kV X 0.322 | 1.114 | 3.7 | 0.289| 0.289 0.317 0.005 1.6
L 1 (®BGH 0.020) | (3.2) | |

# 1 X, was calculated from (L) by using the value of (X/L) of NIRS.
#% 1 (NIRS) indicates that TL phosphor was exposed to X- or vy-rays at NIRS
##% 1 This fibure was derived from (X/L) for ®*Co y-rays and the relative response for X-rays (3.832).

Table 3 Differences in the estimated exposure between NIRS and other laboratories.

Laboratory
| Radiation Quality | Experiment NIRS Nihon Univeriity Jgg:f:r %I:er{ter
(X]L) XLy | 4% XJL) 4%
. I 1.305 1.312 0.5 1.285 - 1.5
| wCo (NIRS) 1 1.043 1.056 1.2 1.037 - 0.6
| i 1.289 1.074 - 1.2 1.289 0.0
i v 1.084 1.127 4.0 1.122 3.5
! 5 2 3 .
| 100KV X (NIRS) 1 0.275 0.281 2.2 0.276 0.4
| \Y 0.285 0.283 - 0.7 0.288 1.1
1 1.305 1.267 - 2.9 1.299 - 0.5
| g 1 1.043 1.096 5.1 | 1.059 1.5
| 1 1.289 1.288 - 0.1 | 1.327 2.9
. I\ 1.084 1.078 | - 0.6 | 1.068 - 1.5
[ I ( 0.340) 0.348 2.4 0.358 5.3
| Py i &
| ooV X 1 0.275 0.290 5.5 0.285 3.6
g il ( 0.336) 0.348 3.6 0.342 1.8
| i Y 0.285 0.201 | 2.1 0.286 0.4 |
' ! I ( 0.340) 0.340 | 0.0 |  0.350 2.9
5 i | < | )
100KV X | i 0.275 0.288 | 47| 0.283 | 2.9
| i ( 0.336) 0.345 2.7 | 0.352 | 4.8
. | v 0.285 | 0.294 | 3.2 | 0.289 | 1.4

*¥: 4= \[C.iﬁ) _(XJ’L)NIRS] f(x_ﬂﬂ)nms
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Nihon University Hyogo Pref. Cancer Center *‘J’ﬁ";‘@%kﬂﬁﬁfi.o%'ﬁ% ot = ﬂi‘lﬂ' L, H
1T 1 REEHETRYE Lic TLD £Fo (XL) & HE
Profefgt o (XL OxE eek & <R
KT5.5%Thote. FHACHS E “Co Tk
5.1%, 90kV T5.5%, 100kV C4.8%CdH - 1-.
TP 3RO (X/L) OS5 5+ 5 &gk o
XL O ELHEMCH 4 D% Fig. 4
g, “Co v T, FOMMEIRAIY
WA THY, TLD H#F 5 KDOREHREN ©
] 1L i A>Tus. 90kV L100kV o4 s RETH -
e‘-f A 7. TLD 386K 1#C2 A EH T hug, @
HEAPAMG D a0 Rk TH5.5% TH D,
SHH DA LA TOMMED il (4] o
TR R TR 9132.60£1.68% (n=24) Thot. Zhul,
perient fiadal BUEOLIR X MBI ORITEE GBS < 20
" SOCo(NIRS)  a—-a S0go o-=-a 100KV B EEHEREIRD) bR TIRYIHETHS
o--=-—0 100kY(NIRS) s 90KV 5.
Fig. 3 Relative differences of the estimated exp- Ry s 75wy KA TLD 32!_",@”)1 2 fliit e
osure at Nihon University and Hyogo Prefectural ) _— -
Cancer Center from that at NIRS. T TOMMEL LT Shaflichh, @kt o
RERRIBD ORI otz e “Co BERL}
TS LTk \ie TLD T (MRS TLD % TLD FFn@ko P&o (X/L) ofixt% 411

(%)

L=}

Difference from values of NIRS
—
b/
1

'

wn
I

I

F) Tik, “Co y 100KV X% 4T, # 4 B DG THEH—HAK231.73%, HE—&
60Co y-rays 90kV X-rays 100kV X-rays
s [ T T ] [T T T ] [T T T T

Difference from Average Values for Three Laboratories
(=]

-5 - |- - -
L | 1 1 | 1 1 1 1 1 1 |
I I I v I II m N I I m v
Experiment Experiment Experiment
——= NIRS o-—-¢ Nihon Univ. 4==--% Hyogo Pref. Cancer center

Fig. 4 The relative differences of the exposure measured at three laboratories
from the mean value.
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#EH1.40%CTHb, BifEo TLD REDRENT
P hAHKEZTHYEEC L HEELELRD
T ot OFRRF, JE~700ARED TLD 3§
TR R Lic), FoMOFETOWRILE» 2 A
Thh, FEAFe - ARTE AT EE T
TLD $EF0iB%EDOEIRF A LT L2 -
te.
Lk vk, MgSio, (Tb) TLD FFo
LT X R A~ o e o T o
CDWTKDZ LAz k5. Bib, HAEKBIC
F 7o %o - Sl (25keV~40keV) L fih
fiE® (0.3R~10R) Tix Mg,SiO, (Th) TLD 3%
FAIAEE Al TLD T & LTHRAELS. T
FEEETREC L1, TLD ) - X ofR5FT, K
Bt b —EOHRELHEFTE 5 X 5 AR
REFEIAFT 5 = L WMRTH B Y, HEESE
BEFH L30T LxEL, EROHE,
ERERGT L1 TLD T4 AE 200 E%EL
W E W XA OB BIE T, E LR
RIEEAEFCH 50T, HELBEOFRCIE
BIE, 7 4 n %, FSD Zo WG4 I IER
THUBIENRHHH .

TLD ki & s sEFH kS & Lo b,
LD X 5 i HEC b = 0 FETFIR R X
5. B, #BRiREOEEHAC, TioREO
e WER OB ENE, T Tiishsy, RE
HOIEER OB F L F OfEff g o oJEs
ILRTE XS,

L@ o PRgE ek MgSiO, (Tb) » 7 A HA
FEFHH e, TOFRTE LR ER T
CaSO, (Tm) # 7 A AFETF b UAFER HANC
WL 5. OMEHEC O TEEARY HFERIC
BLTHY, RELEL, ¥ TR TFHEoRERED
A5 YRR 3YLURCRIEL EVD . B
FAXOE= 2L F —HRT, ORTFOBE
ZLht MgsSio, (Th) kv HEFK &0 T, X
W DY) = L F - T ECRRERIE & AT 5 LEED
Hormbahic.. LiF & BeO 3l THRE,
YR vHB LY FAB AR EDT T T
B, ChOMEEDENL LT, SEOMEH

BoRESHRERELME F8E Ho5

CEAREE EZ 2 Hhs . FFe BeO dtfid
P AL Ry v VARHEBO L L0 b ESET
WA 2 X5, il RE EDOXBETO
AR =5 ¥ KT ER O30
THLTWES.

R O T S E N & YO, HER
ROENFK—O LN L L EELFRTH S, AEH
BEHRC OV TIRES A RGP H LiF & f#
ST LT wA, Fofiy, LOEEYEDS
¢ BRI v v x -0 £EER CFRE
ThERAM—fTiebhTws, L L, 2
X2\ T O BHE BV F T /vbh T
BHY, ToMRETHEOEBIEL, TR . KE
TULISE 4 # (Radiological physics Center) T
AR b T, BB oWTL
TLD #p6p: 1o X D AR fToTwB dvb
haY. A%, HRMErETETHERERSIRS
KOhb, brAEThLREO XS I EIFD,
B 2 A O O SRR LA 1T AR RE
i DEEE T BLELHS 5 .

" =

WER, HX, ZEO 3B Tco TLD FT
SREET X b SR XER R A H e e il L
T Mg,Si0, (Tb) #fk 7 ABARF & £ 0H
PEEEOWTOMEER SN, ko X5 feklEc
L.

1) Mg,SiO, (Tb) AtHMAEFEF LRt L
WERETFES YA T A, BT X EET
Hlse o8 Uit Fio T 5.

2) # I ARAETF o TR G-AMETRC, H
D X 5 e KBS LELRSEWWEFTH
5.
3) @grho TLD T oBRiE v ik
T IEFEE L T,

) Egrh OB X bR AT~ o
FAEE L S 5.

5) TLD Y —x o ERFHREZLE R L,
Co v $&EENERSI A Lz TLD JRF 2 AL
BoEGCRBET 2BV D5,

Bk b hich i b, Mk TE B B 0K A AR BT
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