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Anldon-222 con be found in all cnvironienial samples
az a result ol deczy of Judiuwm~226.  wbhen a sarpic rolution
of Radium-22C ic mixed with =n erganic ligquid scintillator,

Radon-222 from deczy of Radium-276 will be Jiussolved in a

o

Adgit ie producede. The technigue

-

seintillator solvent and

]

involves the introduction of 12 nl zliquot into a vial cone
taining 5 @l liquid scintillator soluticn. The lower limit
of detection (LLD) is 0.1€ pCi/L at the 95 50 confidence lcvel.
The method is probably rapid =wd single and could be applied

to both high and low zctivity of Radium=-225,
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STERMINATION OF RADIUM-226

AN EASY METHOD FOR ThHL

USING LIQUID SCINTILLATICON CCUHMTER

Introduction

Radium=a25 (Ra=226) is a member of the uranium (4n+2) serics and
occurs in o1l uranium minerals. Pitchblende contains about 400 mg of
radium per ton and uranium orcs coemstitute the main sources of this
isotopce Uranium occurs in nature a5 primordial clements in rocks so
the Ra=226 is leached inte water fronm rock wnd soils The occans
contain about 20,000 tons of radium and the outcrmest miles of the
carth's crust arc estimated te contain about lab x 107 tons of this
isotopue Also, Ru=226 is absorbued frow soil by food crops and is
hence incorperitud into the food chil- of man (Ba 57; Se 66).

Ra=~226 has a half-lifc of 1,520 yowrs: it ducwys by zlpha particles

5

to radon-~~22, i noble pos with 3404 doya' half-1ife. The decoy scheme

of Ra=224 ig ghown in fi-urc l. Ra=225 crters the body by intuke of

3

contaminated foed and wature DBécnuse of its similurity in metabolic

[l
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behavior to calcium, Ra=226 is depesited in bone wnd is eliminated very
slowly and induces bone sarcomas z2nd carcinomas in soft tissucs
abjacent to bonu (Sc¢ €5).  As Ra-2106 decays to Rn-222, an alpha cemitter,

the accumulation of rRn-222 gag in the head cavitics is the major
induccr of head carcinomas (Mays 85),

The 1976 Envirorme:atal Protection Agency Interim Primary Drinking
Wiater Regulations cutublished = maximum contaminant level for Ra=-226
of 3 pCi/L (APHA 50). The International Commission on Radiological
Protection and the iHationzl Cowmittec on Radiation Protection have
specificd the moximum zmeunt of Rx=224 that may be tolerated when fixed
in the body for lons pericds of time is 0.1 nCi. The air concentration

that will recult in this anount being fixed is lO-ll uCi/cmj, if

contaminated air ia d cantinususly (Sc¢ 66),



Ra=226 has been rmainly used In medicine for gonmml-riy therapy

(Cegey for the treatment of cancer); the pamng radiztion is emitted by
some of the Rn=222 daughtcers. Rn-222 1s often used separately in tiny

zmpoules or seeds for irradiation of ticosucs. Ra=220, and to o lesser

extunt Rn=222, have been uscd in industrial gamma-ray radiography to

deteect flaws in casting, and for thickness measurcnentse A small

amount of Ra-226 is uscd for the production of scif-luminous paints in
conjunction with scintillators such as zinc sulfide. WMixtures of
radium salts zna beryllium have been used for nculron sources (Ba 57,

Se 66).

The determination of Ru=226 duepunds on types and concentration of
sample. Ra=226 may boe detected by gaumna-roy spectrometry when present
in sufficicntly high nuantity. In cuoll amounts, such as in water,
soil, food, and biologiczl sumplego, rodiun mezsurcnernt requires chemical
scparation and purification, Proscii metiods used include co-precipitat
with barium nitratc or barium ciloride, ion cxchange in resin column, un
solvent extruction, Detection by cmanation method is the most widely us
techniques Liguid scintillation tochnique presented in this report is
developed for analycis of Ru=226 Witk high accuracy, automatic sample
changing, and a gnod dcteciion Jimit,

Principlc

Rn..222 is generally more soluble in organic solvent than in watcre
hen a sample solution of Ru=226 is mixed with an oréanic liquid
scintillator, Rn~=222 from dccaycd Ra=226 will be dissolved in a
scintillator sclvent and light is produccd. The flashes of light arc
detected and amplificd by onc or more photomultiplicr tubes. The

ingrowth of alpha activity from Ra=225 increuscs at a rate governcd
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primarily by Rn-2Z4.  Frorm the duchy Serles (Ilf 1), it ig shown that

ravs into cueorated Zu-226 with the half-1ife of

i
tire alpha acvivivy

Rn-222, and the rrowth reaches cauilibrium within 30 dxys, 2t which time

3

the totz' alpha activity is four o o the initicl activity (AmiiA 80,
se 65).  The counting teciriivie woo beun deseribed in detsil by
Prichurd =i Guscll (Pr 77),
fe Apparsius
Liquid scintillation counter
£0=ml syringe
18=pnuse, 2-inch hypodernic nccedles
Glass scintillation viul
8, Reagent--mincral oil basce scintillator
Ce Proccdurcs
1. Usc the syringe 1o dvaw 12<15 ml) of samplce solution.
2. Eicct any small zir bubbles and extra water, retain
pruciscely 10 ml cof samrle solution in the syringe.
%e Transfer the samele solution from the syringe to a vial
containing 5 ml ligquid scintillater colutien.
Ge  sonl s store for three weeks toe 2llow the radon to

reach ecquilibrium with Ru=220,

Se  Prepurce so2ulibration curve uclng o226 standurd solution
with activicticve ot {ron 0.¢3 to 15,00 pCifvial,

b,

distilled water @l ccintillator prepurcd in the same way cs the
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sanple, Use onc witer sad preconcentrate by
evaporiting on the hotplate until the volume is cqual to 10 ml. Then

the 10 ml of distilled water represcaic one liter,



cnt the cualibration curve nre Siiown

thwse nlois are sumnarized in

in Fiurcs 2 and S oand
Tatles 1 and &, respuctively,

The lower limit of detection (LLD), blank value plus turee times
stondard deviation, for 2 #0 pinute count wnd 10 ml distilled water was
determined Lo be 0.6 7Ci/Le  Tho rewrcducibility wus dutermincd by
replicate measurcachto.  ibe accurcey 5L mensurcments wis deternined by
analysic of the .5, EPA cross-clivek sumpluse. The results of

| ST

renroducibility and accurncey meosuriments arc shown In Table 3.

Discus.cion and Conclucionuc

T O
The method 1o probubl;

drawing the 10 ml aliquot

1T seintillation

~

it nllguot to oo ldigui

into u syrirge wnd i
vial which contanns the ni cvnlenil biged seiniiilotiorn soiutione  The

T R e A . b ead LA
e mensured procisoly id the use of contanminated

volunme of cumnic

In Ro=czd ctandard and tus crosoechech oo frem Us3. EPA

guality assurnnce program wWore usvy €. cvoluate the methades  The results

that th’o i a hichly reproducible znd accurate
nethode The lower limit of detection (LID) is Cu.16 pCi/L ut the 95%
confidence levels, The ingrowth curve irn Figure 2 shows that in threc

weeky of storage, Bn-222 3 the sumples reaches cquilibrium with Ra=226.

A counting time of o 1o recommended,

reasurcascent iv 10 0l of wiior coan content

of nztural woter clar proconcentruaticon step and the

a2diochenical zens

Frew the prelimisary experiments



cotior by oevapsrooion rosults in samples

Tidc and stre oo coloration of the soluticn, which

Therelsre, srecencentration alone is

Cowiiiy v,

not suitable for 1ioumid

T radium with barium as

Arter preconcentration,
Ra(7:)30, should he curried? cubt. The jrecipitate is then dissclved in
alkulive BDTA soluidon, mixed with liquid gecintillator soluticn, and
then cocunicde  The results show that these lws steps, preconcentration

q

and purificatiocn, are practicable ed efficicnt.
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Tubie 1. bata for dnprowth curve, suitable time
period dn 2torduy sample using
187.5 plt Ra' ?" concontrations/vial.

Nays cpm
! 9.54
z 53.27
5 148.62
El © 340014
12 658,45
16 987.77
18 1006.25
22 1150.77
24 1157.15
30 1167.50

Table 2. Rodium-226 count rate in minutes
(cpm) for calibration curve.

Concentration Count ratc

pCif10 ml cpm
.68 1.98
1.35 4,61
2.03 7.32
2.74 10.20
3,75 13.56
5.63 20.26
7.50 26.16
9,38 34,11
11.25 41.00

15.00 ' 54.01




Table 3. Reprodovibildey and sccuracy test using
sipthked sample and Intercomparison sample

from .5, Eba,

Mumin r of tost Result (pGifn)

Splked Sample

1 15.25

2 14 . 8%

3 15.00

4 15.56

5 14 .64
Averapy valuu 15.07 ¢ 0.34
Known value 15.00
U.5. FPA

1 4H,50

Z 6.26G
3 . 5.6¢

Averoge value 6.13 £ §.45
Y¥nown valuc 6.10 ¢+ 0.92
i . 6.60D

2 6.42
3 5.65

Averapge value 6.56 ¢ 0.12 .
Known value 6.30 ¢+ 0.95
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Fig. 2. 1Ingrowth curve of Rn~222 from Ra-226 in the scintillation vial.

3
0’ 4 O O— -O—~—0 o]
‘ .o/
[»]
{)2 4
o
o 4+
e s ¥ T ¥ ¥ ¥
5 10 15 20 25 30
Days




cpm

-10-

507

40

30

20

10

Fip. 3.

Cnlibretion curve of Ra-226 counted in liquid
srintillation counter.
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