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Abstract: The efficiency and applicability of the solid phase extraction disk method in a **Ra analysis were
examined by the gamma ray spectrometer (GRS) method using a Marinelli beaker and the liquid scintillation
counter (LSC) method for groundwater. The recovered **°Ra, which was filtered by the solid phase extraction
disk, was analyzed using gamma ray spectrometer The disks, which were pretreated for caulking the daughter
nuclide, were sealed with polyethylene film. Distilled water was used for the blank value of the **Ra activity.
The recovery values of 2'“Bi and 2'*Pb in the solid phase extraction disk, which used **’Ra standard material,
were 80% (295.21 Kev) and 104% (351.92 Kev), respectively, which were higher than 75% determined by
the LSC. The injection of nitrogen gas into the measuring chamber reduced the interference values by about
10%. The detection limits of the *Ra activity in a blank sample of 5 L were 0.17~0.40 pCi/L after 80,000
seconds of measuring time. The relationship of the **°Ra activity in the solid phase extraction disk method
and in the LSC method in seven groundwater samples showed a correlation coefficient value 0.987, which
implies the applicability of the solid phase extraction disk method. The results showed that **’Ra activity in
groundwater using the solid phase extraction disk method has the following benefits: simple pretreatment, time
saving, high recovery values, a low detection limit, and so on. Compared with the LSC method and the GRS
method using the Marinelli beaker for the *°Ra analysis, the solid phase extraction disk method could be useful
in groundwater samples with low levels of activities of radionuclides because the method is not restricted by
the volume of the sample.
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Fig. 1. Picture of the solid phase extraction disk and the analysing view for a pretreated disk.
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Table 1. Calibration results of the certified reference materials

Activity (Bq)

Nuclide Certified Analyzed
0, 0,
values  values %) (Ba) %)

HAm 2,408 2,463 102.3 102 4.1

Efficiency  Uncertainties

19Cd 11,142 11,178 100.3 648 5.8
S1Co 325 325 100.0 13 4.0
139Ce 328 330 100.6 14 4.2
SIcr 4,955 4,950 99.9 172 3.5
138n 679 691 101.8 20 2.9
8gr 598 599 100.2 14 23
B7Cs 742 750 101.1 21 2.8
Co 1,119 1,103 98.6 28 2.5
sy 1,544 1,545 100.1 61 39
( N & Sample solution is adjusted to pH 2 by
Sample adding HNO.
|
v
( ) . b * 2M HNOj; 20mL filtering with flow rate
HN03 Flltenng below 50 mL/min.
\
v
( ) - Flow rate below 50 mL/min.
Sample Filtering
\
v
( . . * 2M HNO; 20mL filtering with flow rate
HNO; Filtering below 50 mL/min.
\
¥
( Y - Put a disk on the glass.
Drying « Dried on the hot-plate at 50°C.
\ J
¥
( N - Using PET film
Sea“ng « Attach circular acryl on both sides of the disc.
A D,
v
( . . N - 24 q;ys_ needed for the radioactive
Stabilization equiibrium.
\
v
Gamma ray * More than 80,000 seconds.
spectrometry
measurement
i

Fig. 2. Analysis procedure for ?*Ra using solid phase
extraction disk method.
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« Sample solution is adjusted to pH 2 by
Samp|e adding HNO;.
A 4
« Attach cap and beaker using glue gun
Sealing
v

« 24 days needed for the radioactive

[ Stabilization ] equilibrium.

Gamma ray + More than 80,000 seconds.

spectrometry
measurement

Fig. 3. Analysis procedure for **Ra using Marinelli beaker
method.
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Fig. 4. Blank spectrum of gamma-ray spectrometer without
and with N, gas injection into a chamber.

2 2d¥EZo Q3| 2B, 2MppalEe] A
7t AaFAoz A AASS o 4 AtkFig 4).

S A4S 2E gIFEd
sl ol om, EPAS] HESHAIR] 1 pCILE ¥
3l= Ao 2 Uehgth FE blank A1E 1 LE Al
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Table 2. Effects of N, gas injection in the gamma-ray spectrometry

without N, gas with N, gas
. Energy
Nuclide (Kev) Activity Uncertainty MDA Activity Uncertainty MDA
(pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L)
K 1460.81 33.26 1.93 3.04 7.81 0.69 1.39
214Bj 609.31 391 0.24 0.53 0.24 0.06 0.17
214ph 295.21 3.94 0.24 0.58 0.40
21%ph 351.92 3.99 0.22 0.48 0.23 0.06 0.19
26Ra 186.21 21.65 1.78 6.46 0.61
A 338.32 1.98 0.48 1.51 0.71
28Ac 911.60 1.93 0.44 1.35 0.62
U 185.71 1.31 0.1 0.39 0.04
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Table 3. Recovery rates of the solid phase extraction disk
with the standard reference material for the *°Ra

analysis
Elapsed time . Energy Activity Recovery

@ay) N ke ain) (%)
Bi-214  609.31 11.53 14.85
2.1 Pbal4 295.21 15.76 20.29
) 351.92 15.64 20.14
Bi-214  609.31 32.69 42.10

4.6
phogg 29521 43.58 56.12
351.92 42.62 54.88
Bi-214  609.31 46.35 59.69

7.9 Pbala 295.21 60.66 78.12
: 351.92 60.39 77.78

Bi-214  609.31 58.96 75.92

15.6 Pbold 295.21 78.03  100.49
) 351.92 75.17 96.80

Bi-214  609.31 62.62 80.64

29.7 Pbal4 295.21 82.01  105.62
; 351.92 80.40  103.54

Bi-214  609.31 62.38 80.33

32.8 Pbold 295.21 80.87  104.15
) 351.92 81.10  104.44

EZBYS 0188 48 53EY

3 a
IYFEY AR 35S 5H5] 98 PRa

EA 3131 cH(Table 3).
T30 345E3-S PRa2] B FEC] A
HeHA S7F & AR Siks s

g} & 15U7HA &
25 o]F o= & W3S Ho|x] AgtHFig 5). o]
A= PRag] T F<d 2“Bigt 2MPbrt WEEHA

%ol DEE t2IARbA AAtthe RS BT
of 25¢ A Folle RIFTI DI Fo| AP F o]
o|FfHE & 4 ATt 32.8Y TWE AN F, AAFF
EUj&AHe PRa &2 2MBi(609.31 Kev)7t
80%, 21“Pb (29521 Kev)©l 104%, 2*Pb (351.92 Kev)©|
104%= A =0 xFEH ] @ FASHA YErs
th 919 A#2 Hol W FETAAE ©]&T PRa
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120
Theoretical value - mmEBER B I =
100 g =
A W ] Y ° L
&3 N ee® °°° °e
[
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9 60 L
8 ©Bi-214 (609.31 Kev)
g . HPb-214 (295.21 Kev)
4Pb-214 (351.92 Kev)
20 ®m
(]

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Elapsed time (day)

Fig. 5. Variation of the recovery rates for *Ra with the
elapsed time.

= Disk (GRS)
4300 o 1212 = Marinelli (GRS)
104.15 104.44 103.12 £36
100
s
é 80.33
> 8
o
3
g o0
[
4
40
20
0
Pb-214 Pb-214 Bi-214 Lsc
(295.21 Kev) (351.92 Kev) (609.31 Kev)

Fig. 6. Recovery rates of the solid phase extraction disk
method, Marinelli beaker method, and LSC method.
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3 FE ke R 2HBi7) 103%, 2'*Pb (295.21 Keyv,
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Table 4. Results of *°Ra analysis using the solid extraction method and LSC method for 7 groundwater samples

Method  ??Ra activity (pCi/L) by solid phase ~ Uncertainty 226Ra activity (pCi/L) Uncertainty
Sample extraction disk method (pCi/L) by LSC method (pCi/L)
SA-1 1.14 0.10 0.76 0.05
SA-2 0.00 0.05 0.21 0.04
SA-3 0.00 0.06 0.00 0.02
SA-4 0.00 0.06 0.17 0.04
SA-5 3.30 0.16 3.17 0.10
SA-6 0.00 0.04 0.08 0.03
SA-7 0.60 0.09 0.79 0.05

35192 Kev)9] 3|5&2 717 115% 2 122%= °|&
FHEG Oi 2A Jeieth dEEraaye] 34
&L 2MBi (609.31)7F 80%, 2'“Pb (295.21 Kev)©] 104%,
8] 3 24Ph (351.92 Kev)S 104%E o] Z37kel H) &)
MBie thd W9k 2Mpbe fARSHA YERgTE A
o= HAz o] AL vigldeM|AY e} g
S 2AYPS A 5] &40 AL glof 3F&o]
o] vjE)] A Hgo] B HAHFATH

N

%
EFU =AY S AHESte] 2Ras B4 § AAge
WA TH(Table 4). F WHORE BAgk 77 Al
TE dAZ FAB YEbstTh 3 PRa %
g = ] FAAFE 098702 YER} L%
SH&aye] A7 S Balth

4.4 B

o]-&-gt
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1070 &Fe] QAFzkol g
98.6~102.3% U} 71719 g7t A
3ttt Blank A8 SAA] AA7FAE A B
A ek9ke 7ol PRa] FH Q] MBi (609.31
Kev), 2“Pb (29521 Kev), 2*Pb (351.92 Kev)9] &=
7} 2+7; 391, 3.94, 3.99 pCi/L o] oyt AAh7tAs
Aol FYJ3FA S AS-ole ZH2z 024, 0, 0.23
pCI/LE 108} o] ZHAstdh gk A8 5 L, #4

AlZF 8 Tt E 7102 =43 PRa] HESH 3
£ 0.17~0.40 pCi/L 1= VEY} EPAS] | pCilLE
sl th dubd o2 A et & EA8HE PRadl
TRV A 42 RS AgteH B o AE A
A7t 7HAgk AFFET =AY AEAAE HF
= F8 AoE Add, yYFESyLIHo R
2Ra EFEA Y 35EE AT 2, 2MBivt 80%,

24pp (29521 Kev)©] 104%, 2“Pb (351.92 Kev)©]
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B
o
o
5
o

= S T A3 7 e s=
3k FaATE 09872 w2 e Sl A4
Aoz £ AFolr ARk LFEHLIAHLS A8
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