YAKUGAKU ZASSHI 121(5) 327—344 (2001) 327

—Reviews—

BEHEFE DT — Y DFERE

AW ER* HZHB T
HATERL RO S BE, 105-8512 BEXZ/NE 1-5-30

Development of Theme in Radiochemistry

Yoshio HOMMA and Yuko MORITA-MURASE

Laboratory for Radiopharmaceutical Chemistry, Kyoritsu College of Pharmacy, 1-5-30,
Shibakoen, Minato-ku, Tokyo 105-8512, Japan

(Received February 9, 2001)

The disintegration rates of 222Rn and its daughters in natural water were determined successfully by the use of the in-
tegral counting method with a liquid scintillation spectrometer. A significant advantage of this method is its freedom
from the quenching effect. Moreover, when plural a-, and S-emitters are present, their total amounts can be determined.
The simple extrapolation of integral counting curve to zero pulse-height, however, do not give the true disintegration
rate for the soft B-emitters (Emax<{200 keV), because the liquid scintillator (LS) has a relatively high detection
threshold. Therefore, the zero detection threshold of the liquid scintillation spectrometer was determined by measuring
standard *H samples, and a modified integral counting method which extrapolates the integral counting curve to the zero
detection threshold was proposed. The method has been successfully applied to various B-emitters, 222Rn samples, and
coloured samples of S-emitters, giving more accurate absolute disintegration rate than the conventional integral count-
ing method and the efficiency tracing method. In the course of the study determining 222Rn by liquid scintillation count-
ing, we observed unexpected phenomena; the air luminescence from gaseous space above LS, and the temperature de-
pendence of pulse-height spectra. As for the former phenomenon, we proposed a method for correcting errors due to air
luminescence, a method for determining a-emitters by the air luminescence, and a rapid calibration method for 222Rn de-
tectors. As for the latter phenomenon, we observed that the pulse-height spectra for o, and S-emitters in LS are shifted
toward higher pulse-height with decreasing temperature. We found that the fluorescence intensities of the solvent of LS
(toluene) is promoted at lower temperatures, and that not only toluene, but also the fluorescence intensity of a number
of aromatic hydrocarbons and aliphatic hydrocarbons show the same effect as toluene. Other unexpected results are exis-
tence of metals in number of enzymes, and discrepancies between the experimental value for Kurie plot of allowed £-
emitters and the value which would be expected according to Fermi’s theory, the results of which would affect the trans-
mission probability of potential barrier for a-particles.

Key words——modified integral counting method; air luminescence; 22?Rn; temperature dependence of fluorescence;
aromatic hydrocarbon
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Fig. 1. Part of Radioactive Decay Series of Uranium-238
Showing Radium—226 and Daughter Nuclides
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Fig. 3. Determination of the Detection Threshold
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Fig. 4. Method for Obtaining the Disintegration Rate of
Quenched 3H and '“C Samples by Extrapolating the Integral
Pulse-Height Spectra to the Detection Threshold
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Fig. 5. Method for Obtaining the Disintegration Rate of
Quenched ¥S and 4Ca Samples by Extrapolating the Integral
Pulse-Height Spectra to the Detection Threshold
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Fig. 6. Kurie Plots for “C in Liquid Scintillation System
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BEGDHZEMTEDN, MBI Z N & EITITE
AR TIE7en, /2, LSSIIHMET AL FF v
FIVIRE M8 MCA TIEEEIN IRyt 2D
V—VHEEES Z EISRER 2 &N, 1D
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WZERHW, SR>%28mlOLSICEML-BE
BN I Xy RITHEDEEIT+6.3%, LSH
10ml DFHIX, +3.0% E72b. [EHENA TIVIC
Vi R BR 22 ml OFCEH S HIE v RET H 5 43, 20 ml
PIED LS BTIE, A > TEHEENE T T 5. 2
UT LS 5 DHODED —EFMNA T ILDOETIHE SN
HREDEDTHD. LizhoT, mbHFEMWNRZE
SUV R vt ADOBREREIZ, LS OEFED 18—20
ml DT R VB ZHRETLEETHA D, 197229
314. BEOAEMBCREFTETILI Ry EZ
A DEE DO

1) —RICHEBEBTHEMSEE MPT % 9 2 HlEH#
%8 (LSS, —EB@ Nal(Tl) > >FL—3a>hv
DHRE) ITBWT, MPT 25V 2wt &
I L CRIFREBEZR T 255103, BRFICE
ETDTRODEDIZZEDNY 775 > KA
L, TOMPREENZEZI I Ry XD EE
ZVBAHEEND D, IR PITEL AL T
W3 F R>2H MPT B OZERIC A DAARZESZIL 2
Xyt RAERTEHEDTHS.

UC HRBIED =D LSS PIEICHNT, LSSD

Table 1. Distribution of 222Rn and the Daughters among the
Gaseous Space, the Liquid Scintillator and the Aqueous So-
lution

Volume Volume Perfect of 22Rn and

of the daughters in

o
Sample P
gaseous liquid

No. space scintillator the .thff the
gaseous liquid aqueous
(mD) (mD) space scintillator solution*®

1 18.1 4.0 27.3 72.4 0.3

2 14.1 8.0 12.8 87.0 0.2

3 10.1 12.0 6.5 93.3 0.2

4 6.1 16.0 3.1 96.8 0.1

* 1 ml of 226RaCl, solution.

Ny 7752 RERKLS, LrbERITHED I i3
DTHEEREMTHD, TIRCOEZINIFvE>
AWCEBNY T 52 ROLENL, HEHEDOKRER
MERZETIHRRESRD., LENST, &, —
DNy 775 RLSSIZBWTHLNS XD
IZ, MPT OFET HilBlF v > /)N —NITHIF /R %
FHAZML, TFRACEKDELSIIN IRy A%
PRETDHREDTRNPBELIR D, 232520

2) BEMNFULOHED O DOHEFIHT,
22 DT R MY F I ADGRHITIRA LR
IR B aREMEN H 5. 29 BEH OKASZIR MU F
L GH) 13 KRE% HTO £/213 T.0 B EDB TH
I 270, P HIRER, £2<oBa2EHh
DKRARZWHAL TEfEKEL, TOHIZEENS
S H %2 LSS THIEdT A Z itk RkdonTnd,
ZOREAEOBRIIEAT 2 EET DT K3, E
HOZEMMNS LN I 2y A%, LSHNSIT
I REIBEHEICK D5 EE 5AS. 2D,
TGN I ADARYT FMVIEH DAXRY -
IV ETRIINF—HFEMNERD D, AXRT NVEN
WKEKOBRETHOIIRETHS. Licn>T, IR
CHBRELTHSRIET 50, & 5WIZAEIRO
fRITING T R AT K BN B 2R LT 278
Eﬁs‘%\g & fci 6 . 25,26,47—49)

3) IEMRTT RKAERE, LS Z/A T LSS H
ET HWERND D), IEEREIEMEE5I0E, -
HOEMIIHTET RACKDZEZINI vk
AEEBETDHIENARARTHS.

3-1-5. ERL I x> XOFA

D ofEkOER ZEZIVI vt RAER
ZOFRKELTTRL, HIESNFEEZFA
U CTHEMMICFIAT 2 Z &0 kS, bbb, |k
FL O 210Po, 28U, 24 Am [FAIER IZ LD o KR D S

Table 2. Comparison of the Disintegration Rates Obtained by This Method and Conventional Method

This method

Conventional method

Sa}fﬁ)ple A% (dpm)
: Ay (cpm) A1 (dpm) A% (dpm) At (dpm) % Error*
1 8013690 95488 £107 95625198 95594198 1106124125 +15.7
2 88348 +94 95529+115 95548 +98 95410+98 101423 +109 +6.3
3 9301696 96704100 97075 +99 96664 +98 99553 +103 +3.0
4 92504 +96 94146+ 98 94491 +97 94082+97 95402+ 99 +1.4

* Calculated based on 100 (47— A%) /A%. Ay: the observed counting rate, Ar: the sum of the disintegration rates, A: the sum of the disintegration rates ob-
tained by subtracting the air luminescence counts graphically, A}: the standardized sum of the disintegration rates determined based on known amounts of 226Ra,

A% the sum of the disintegration rates determined by the conventional method.
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Fig. 10. Pulse-Height Spectra for 222Rn and Its Daughters
Measured at a: 13.0°C, b: —65+0.7°C
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Fig. 11. Pulse-Height Distributions for *C and 3H Measured
at a: 8.8°C, b: —12to —11.2°C, ¢: —67 to —66.2°C
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Fig. 13. (A) Fluorescence Spectra of PPO-Toluene Solution at (a) 23.5°C, (b) —20.9+£0.9°C, (¢) —40.9+0.9°C. (B) Fluorescence
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