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+« Centrifuge
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+ Add 50 ml deionized water
+ Sonication
+« Add Conc HNO,

+ Cleaning and Centrifuge
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Ba(Ra)SO, ppt

iy
>

Fig. 1. Preparation procedure of the purified Ba(Ra)SO4 precipitate
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Ba(Ra)SO, precipitate

+ Transfer (low potassium glass vial)
« Dry (on hot plate)
+— Weighting(to calculate chemical yield)
+ Add deionized water 8 ml
+ Sonication
+— Add Insta-Gel Plus 8 ml
and Ultima Gold AB 4 ml
+ secular equilibrium for 21 days
(store at refrigerator)

Countby LSC

Fig. 2. Procedure fo sample preparation for liguid scintillation counter (LSC)

2 Aol=s oF 30 X AolFAT. Zaks olgste] Al wi=Es e a9 1, 290 o

T8N pHE 4.2 - 4602 A Ba(Ra)SOs 3 S HAHZAF7IE o]-83te] 3024 53] whEs}e]
dol AHHES stglor] 9aRe sto] AAEL 35 o FRao] TEE QANBAETE Soto] dojxl
staltt. Azl e $3E AR 2= AaEs AAS TS w71 B8 aR BAske] ALkl
7] flete] et FAAES voAR $7IaL 1 M th HH PSA(Pulse Shape Analysis)E GupeE<l
4Na-EDTA 9 10 mLZ o] 7}dals 282 %90 amd} wesEel “c EFH9L o4kl AAakg]
T 10% (NH9SOs &8 5 mLE B2 F A0 R pHE 3L 1 ghe 960Ith

4.2 - 4602 A5 Ba(Ra)SO:E AR Alzlen ¢ AEE FAR ] ASE % 2] AR Az 2010
A sto] AHES Bttt Adwd Ak & 9 dAEALAT NN BT AL opFR A

N
)
)4
(o3
Y
o
[
s
>
M
)
S
i

44 B5E AAE o8 22 PO R Ba(Ra)SOs AW &5 FARYA: B44E AR FAsdE
ES A =o|a1 0.8 pm HWEYQ] EMillipore AR 5.46 g, ¢4t 50.3 g, FakdFulHF 2,94 g, FAFEZH(ID)
ATk, ool 10% (NHy)SOs 89 5 mLE P 0.17 g, 4kl 0.09 g, FSHEF 11.7 g, 3RIIER
ZAPO 2 pHE 4.2 - 4622 243t Ba(Ra)SOE Al 17.3 g& ol ¥ F A o9& 2 L& 939
AR A, AdE ZFES e 2 A9 th oA AlxE RAEE 7F 300 mL A 679] AR
galz A8l S8, daRelete] 858 AAS v 2 Uie F Zztel| tE Fxo] Ra FFEH(0, 2.86,
o)ARZ &) ok 50 mLe] o]l 1 mL Fg FAF 572, 8,54, 11.4, 14.2 Bq - g )& ¥l F 67le] moj®

& 9ol o s 1k 8B the B B AT F A EARE Axste] AEF 2% U PHOR PRa
Bejsle] e Wtk AAEe ARl A & Bl me) mFg9 wwol vlwmag

EDTA 2718 flste] dilie] &7]¢ dolesg gol w3, QIFEFED B4 A9 “Rracl tiE
AAF F gaRejste] FEde Mches wE), F ox BEEEdo] glo] IAFEA NI AFEE
FHoR 34H Ba(Ra)SOs HAES &Fe] BolFE  (AEA 434S Fo] ARG8Tt it aL JISa+E

olg3te] wg] FAE M 20 mL §Fe] ANAFAG7] 1 g2 Teflon® beakeroll ¥l 10 mLe] 78 22k}
& el &7 % AdaAFY daE HRdEe] s 77 ¥a S AT AlE A
GAJE vlolde] FAE S5t IFEES 78 vy g BAF 2 /7= AAE Y8 10 mLe] SAEAES
2ol 8mL 9 Instagel® Plus 8 mL 12|31 Ultima  ¥al gA] S8 AxA7] & 23 G4k oF 20 mLy &9
GoldM AB 4 mLE 9il F®ste] A& A3A7E & 4 oF 50 mLe AREsle] AuES &8I
Holeg EE0o] FAUh deEE g¥AA Ao A

T2 8 oS 5 Rao] MAIEES 95 21 B2 WF

B3 Ba(Ra)SOs HAES AL ASAEE

(DO )
S e g

JOURNAL OF RADIATION PROTECTION, VOL.36 NO.4 DECEMBER 2011 225



AS3 9] 281 : EDTAE o] &8 Qi1 A& Fo

1o

M

347 ¥ =9

3.1 %Ra o8 e) 23}

2 AFelA sidE EAE [dEd bl ol
EDTAS AMg3le] 22 d4E(Ca™, s, Ba™, Ra™HS

EDTAC] Z3A1A SO 7] AAE 3L JAAA <
A I obA &g} o] Ga¥t B SO EET B
AlgollA] Ra BA3L7] 918 S8 Ba(Ra)SOS
ot} Auld o 7@ EDTAE $7)83tEe] d=
B}l Al2 CiHigN0s0 It 2™ 3). oA 7)) ezt
zZhgst = 9lom F& o]} Agste] S 7t
2 olE FFES w5 Ca¥' 5 X
& ol 2ET 1:1¢] A3 FES FA
A3 9t} o]H o]§-= EDTAE SO o] the EA5=
Azol Ba FHULS 48 & ] Rao] 2WHAIZ 3
Ba®7} SO 9t Asle AL JAgke] H7HE Baol
53] “Rat A HY F JEF SEt =7 <
2431 &4} 2ho) Ca®lo] 7 thFo s EAE A
ko] Casos HAAE AL JAlste] Ba(Ra)SOs 3
S AARAE A e 9EL ) 53k o] &

o]g3le] BaSO; HAES EDTARE 3¢ 3 AZA A

=22
[e)
)= Fge WHEE A9 Baso, YRS w53 Al

[t fo

b kel e

)

¢

nd]
7

o
=

2

E

o,

=

2 2= 9t} o= the g T o]LE 7lo| HleAS &
sto] Al U] EDTASH B4 o]eEo] 2= 3 7o ztz}
o] 71E 5445 &l & 5 ok

Fig. 3. Structure of Ethylenediaminetetraacetic acid (EDTA)
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Table 1. The Analytical Results of 2°Ra Concentration in Environmental
Samples using Liquid Scintillation Counter (LSC).

Sample ID Activity results (Borkg™)
Leachate-1 0.106 + 0.012'
Leachate-2 0.091 + 0.013
Leachate-3 0.105 + 0.013"
Leachate-4 0.105 + 0.012°
Average 0.102 + 0.007"

Table 2. The Analytical Resuilts of **Ra Concentration in Simulated
Sample using Liquid Scintillation Counter (LSC)

Measured Added Value | Bias
Sample 1D )

Concentration (Bq) (Ba) (%)

Simulated Sample-1 2.77+0.12* 2.86 1.0
Simulated Sample-2 6.21 + 0.28* 572 0.9
Simulated Sample-3 8.07 + 0.36* 854 11
Simulated Sample-4 11.6+0.5* 114 1.0
Simulated Sample-5 127+ 0.6* 14.2 11

* . 2ebe (k=1)

Table 3. The Anaytical Results of *Ra Concentration in Reference
Sample (IAEA-434) using Liquid Scintillation Counter (LSC)

Sample 1D Actz\ggl/k;fjlts Ref(zrgg.ckeg_\lgalue Bias(%)

IAEA 434-1 739 + 38 53

IAEA 434-2 771 + 40° 1.2

IAEA 434-3 735 + 60° 780 + 31 5.8

IAEA 434-4 745 + 52 45

IAEA 4345 745 + 53 45
Average 747 + 14" 43

T BEgE (k=1)

-+

7} R dste) EEAL

A2z 9 290

s 225 :
EDTAE o] MMl A&4 F9 TRa B4 /L 3 249 S

16

=
=
£ 121 a .
= -~
£ ’I
£ 4 d Y 0.924 X +0.317
2 ’,»’ R-squared = 0.986
4 o,
2 4 i
g o
=

08 ; : -

4 8 12 16

2¢Ra concentration in simulated standard sample (Bq)

Fig. 4. Correlation between °Ra concentration in simulated standard

sample and measured Z°Ra concentration

4.4 &

B AFoME 7124 BasOs RS 83k
SO."o] ko 2 EA3le QA I of A A& Fol

20p, BAL Hs} HPHS St} EDTAS ARRS)H
o), Baso, B3] Age 2ste] SR A7l ba

o] Ra¥} FASA HY F xS i, BFow M
CaSOs = A% % A8kt 500 mLe]
BAPS u] 7E318Hx|E 3.4 mBq - kg0l
%%914% A7yet E'_PJE%/\]EQ} Ak <l
A= 147}61 J% R

' i
& ?{m or

-
m

[N]
N

2o o Rl o of
|

o] Oi?b W57 IER T Al AR |E Nt
7] ARATIA AESAFT] A J¢FH)
(2007 - 2011)"9] Yo w S LHT}

83

1. Rutherdord PM, Dudas MJ, Samek RA,
Environmental impacts of phosphogypsum. Sci.
Total Environ, 1994;149:1-38.

2. Bolivar JP, Garcia-Tenorio R, Garcia-LeonM, On

the fractionation of natural radioactivity in the
production of phosphoric acid by the wet acid
method, J. Radional, Nucl, Chem, Lett, 1996;214:
77-78.

3. olAA, AR, AES, A, A8 AFH A
|9A FH S R AATAFs AL AL
A, 2011;44(1):37-48,

4. May A, Sweeney JW. Evaluation of Radium and

[ed

Toxic Element Leaching Characteristics of Florida
Phosphogypsum Stockpiles, U.S. Bureau of Mines,

JOURNAL OF RADIATION PROTECTION, VOL.36 NO.4 DECEMBER 2011 227



A3 9 221 EDTAE ©]8% iHal A5 Fo

10.

11,

12,

Report No. 8776 1983:1-19.

Carter OC, Scheiner BJ. Investigation of metal and
non-metal migration through phosphogypsum. In:
P.E., ElShall, H. (Eds.). AIME
Proceedings on the Symposium on Emerging

Richardson,

process Technologies for a Cleaner Environment,
1992:205-210.

Berish CW. Potential environmental hazards of
phosphogypsum storage in central Florida, In:
Proceedings of the third international symposium
on phosphogypsum,. Orlando. FL, FIPR Pub, No.
01060083; 2. 1990:1-29,

Reijnders L., Cleaner phosphogypsum, coal
combustion ashes and waste incineration ashes for
application in building materials, A review, Build.
Environ, 2007;42(2):1036-1042,

Vasile M, Benedik L, Altzitzoglou T, Spasova Y,
Wétien U, Gonzdlez de Ordufia R, Hult M,
“Ra and **Ra
determination in mineral waters — Comparison of
methods. Appl. Radiat. Isot. 2010;68:1236-1239,
Jia G, Torri G, Innocenzi P, Ocone R, Di Lullo A,

Determination of radium isotopes in mineral water

Beyermann M, Mihalcea 1.

12samples by  a-spectrometry.  International
Congress Series 1276. 2005;412-414.
Kim YJ, Kim CK, Lee JI. Simultaneous

226 ; .
*Ra and *°Pb in groundwater

determination of
and soil samples by using the liquid scintillation
counter - suspension gel method. Appl. Radiat.
Isot, 2001;54:275-281,

MANJON G, VIOQUE I, MORENO H., GARCIA-
TENORIO R, GARCIA-LEON M. Determination of
26p0 and 2
Scintillation Counting. Appl. Radiat. Isot.
48(4):535-540.

Shakhashiro A, Sansone U, Wershofen H,
Bollhdfer A, Kim CK, Kim CS, Kis-Benedek G,
Korun M, Moune M, Lee SH, Tarjan S, Al-Masri S.

Ra in Drinking Waters by Liquid
1997;

The new IAEA reference material: IAEA-434
technologically enhanced naturally occurring
radioactive materials (TENORM) in phospho-

228 JOURNAL OF RADIATION PROTECTION, VOL.36 NO.4 DECEMBER 2011

13.

14,

16.

17.

18,

19,

20,

21,

22,

23.

. Higuchi

gypsum, Appl. Radiat, Isot. 2011;69:231-230,
A drled. A= AW Bk v 9 I3t
Hobdes 91 AL F37)ER. 2005,

D, KG, KC.
Determination of “*Ra in aqueous solutions via

Karamanis loannides Stamoulis
sorption on thin films and @-spectrometry. Anal.
Chim, Acta, 20006;573-574:319-327.

M, Satoh K, Ohashi N,
Determination of radium by liquid
scintillation counting after preconcentration with
ion-exchange resin, Anal, Chem, 1984;56:761-7063.
19,
Analysis of Radium (in Japanese). Science and

H, Uesugi
in water

JCAC Radioactivity Measurement series No,

Technology Agency Japan, Japan 1991,

Kuo Y, Llai S, Lin U. Activity
concentrations and  population

Huang C,
dose  from
radium-226 in food and drinking water in Taiwan,
Appl. Radiat, Isot. 1997;48:1245-1249.

Lasheen Yasser F., Seliman Ayman F., Abdel-
Rassoul AA, Simultaneous measurement of ““Ra
and “®Ra in natural water by liquid scintillation
counting. J. Environ, Radioact., 2007;95:86-97.
JL, P, EG,
Garcfa-Tenorio R. Ra and U isotopes determi-

Aguado Bolivar San  Miguel

nation in phosphogypsum leachates by alpha-

particle spectrometry. Radioactivity in the environ-

ment 2005;7:160-165.

Haridasan PP, Maniyan CG, Pillai PMB,, Khan AH,
226

of Ra

Radioact,

from
2002;

Dissolution characteristics

phosphogypsum. J. Environ,
62:287-294,
AZAAADATY,  HADIALINIE D e 2},
A eobd %9, 2010:18-28,

Harris Daniel C. Quantitative Chemical Analysis,
7th ed. New York; W.H.Freeman & Co, 20006:
283-309,

U.S. Department of Energy. Quality Control and
Detection Limits In: EML HASL-300 Procedure
Manual, 28th ed. New York; U.S. Department of

Energy, 1997:1-18,



QO
e
1z
i
=
e
)
M
2
.24
o
ol

A2z 9] 22 : EDTAE o]83h iMa A& S

Determination of “°Ra |sotope in the Leachate around Phosphogypsum Stack

Using Ethylenediaminetetraacetic Acid (EDTA)

Geun-Ho Kim’, Yong-Jae Kim™ ", and Byung-Uck Chang™*
“University of Science and Technology, " Korea Ingtitute of Nuclear Safety

Abstract - Ba is the most useful element to get the Ba(Ra)SO; precipitate, However, when the high concentrations of ions
such as sulfate, calcium are existed in the leachate of phosphogypsum stack, it is difficult to get the Ba(Ra)SO4 precipitate,
26
Ra in a leachate of phosphogypsum using this
*Ra stock solution and the CRM

Since this reason, the developed method for the Ba coprecipitate using EDTA was performed to determine the
concentration in the high sulfate sample. The average concentration of 226
method was 0,102 Bq - kg and the minimal detectable activity is 3.4 mBq - kg'. The
(Certified Reference Material) were analyzed to verify this method. In analyzed “Ra stock solution, bias with added
concentration was approximately 1% and the correlation curve between “Ra concentration in simulated standard sample and
measured *Ra concentration showed good agreement with a correlation coefficient (RZ) of 0.99. In analyzed CRM, maximum

bias with reference value was 5.8% (k=1) and the analytical results were in good agreement with the reference value.

Keywords : Radium, Leachate, Phosphogypsum, EDTA, LSC
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