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SUMMARY

The aim of this work was to get information about *°Sr contamination of the
environment by using soil, sand and seaweed from selected areas in Jeju Island,
Korea. Additionally, we tried to improve the Sr-Spec method by searching for a
procedure to get pure *°Sr spectra. This belongs in the methods available Sr-Spec
resin in prepacked columns. The elution containing “°Sr and the inactive Sr carrier
was mixed with a scintillation cocktail and measured by liquid scintillation counting.
The soil samples have been collected at 4 sites of Jeju island during June to August
of 2013, analyzed for vertical distribution of *°Sr activities. The sand samples have
been collected at 6 sites of Jeju beach during April of 2013 to August of 2014,
analyzed for radioactive *Sr. The Ecklonia cava samples of seaweed have been collected at

3 sites of Jeju seashore during July of 2011 to July of 2013, and analyzed for radioactive **Sr.

Result, soil surface samples of 0-2 cm were detected by 18.24 + 0.42 Bg/kg, 18.27 +
0.28 Bg/kg, 13.46 + 0.67 Bg/kg, and 8.70 + 0.59 Bg/kg at San-gum-bu-ri, Gwan-eum-sa,
Dol-o-reum, and Mi-ak-san. Sand samples were detected by 1.36 + 0.14 Bg/kg, 0.85 +
0.16 Bg/kg, 0.58 + 0.11 Bg/kg, 0.30 + 0.09 Bg/kg, 0.22 + 0.08 Bg/kg, and 0.25 + 0.08
Ba/kg at Hyeop-jea, Sam-yang, Ham-deok, Wol-jung, Pyo-seon, and Hwa-sun. And Ecklonia
cava samples of 2011-2013 were detected by 2.68 + 0.63 Bg/kg, 0.85 + 0.44 Bg/kg, and
0.64 + 0.32 Bg/kg.

This material is expected to be basis reference for survey of environmental radioactivity in

Jeju Island.
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Table 1. Isotopes of Sr
Natural Atomic
Nuclide ) Half-Life Decay mode
Abundance weight
82gy
0.00% 82 25.35 EC
83
Sr 0.00% 83 1.35d EC, 8°
8
‘Sr 0.56% 83.9134 ] Stable
s 0.00% 84.913 64.84d EC
85er
0.00% 85 1.27h IT. EC
86
Sr 9.86% 85.9093 - Stable
87
Sr 7.02% 86.9089 - Stable
87m
Sr 0.00% 87 2.80h IT EC
88
Sr 82.56% 87.9056 - Stable
89
Sr 0.00% 88.907 50.52d 8
90
S 0.00 89.907 28.8yr B
918r _
0.00 91 9.50h 8
9ZSr _
0.00 92 2.71h )
QSSr _
0.00 93 7.4m )

*EC: Electron Capture, *IT: Isomeric Transition
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Ba/kgol ATk 3 | AFA o] sre] WA 546 + 0.36 Bakgl® Hatak
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Table 2. *Sr activity in Korean soil (1998) 1

locations %3y Activity (Ba/kg)
Che-ju 5.46 £ 0.36
Chin-ju 1.80+£0.16
Chol-won 3.42+0.17
Chong-ju 1.81+0.15
Chon-ju 1.99+0.16
Chun-chon 6.94+0.34
Chung-mu 4.82+0.23
Hae-nam 5.80+ 0.22
In-chon 2.81+£0.28
Kang-ung 2.80£0.25
Kim-chon 412+0.21
Ko-ri 2.34£0.28
Kun-san 2.28+0.24
Kwang-ju 1.45+0.19
Paek-ryong-do 6.68 + 0.24
Pu-san 247 +0.23
Pyong-taek 1.10+0.13
Seoul 1.86 £ 0.19
Sok-cho 13.5+0.49
So-san 541+ 0.23
Tae-gu 1.25+0.19
Tae-jon 2.39+0.22
Ul-Jin 3.98 £ 0.30
Wol-song 4.92+0.30
Won-ju 6.55+0.28
Yon-ju 3.56 £ 0.22
Yong-kwang 1.74+0.22
Range 1.10- 135
Mean 3.82£2.63

18] 20043 0] A mo M= BCsHp 0gre] Zlo] W Rz thate] 2AE I
Table 3o A= AT} A|FH

Abe2 ot 3.79 Bakg? #to]l urgkow, A=A 9] ¢ 5.05 Bg/kgl. = LTt

gagov, ngAL 33 Dol Y



Table 3. Sr activity in Korean soil with depth (2004) ©!

. %5y Activity
Location Depth(cm) (Borkg-dry)
Go-seong 0-5 4,57

5-10 4.28
10-15 3.82
15-20 3.48
20-25 3.58
25-30 3.05

inventory 1230 Bg/m*
Jeju 0-5 8.06

5-10 6.85
10-15 4.57
15-20 4.65
20-25 3.4
25-30 2.79

inventory 890 Bg/m”

Table 4= 20121 d¢] 27l o] A]

Bqg/kg - 1.85 Bg/kgel 0., < 52 0.74 Bg/kge) 1t}
Table 4. °Sr activity of Uljin soil (2012)°
Location gssglﬁ‘;tg/rg
Gum-seong 0.534 + 0.073
Na-gok 0.223 + 0.063
Bong-pyeong 1.40 + 0.09
Bu-gu 1.40 + 0.08
Sang-dang 1.20 + 0.09
So-gok 0.342 + 0.051
Shn-hwa 0.860 + 0.065
Jukp-yeon 0.209 + 0.042
Jung-ri 0.656 + 0.054
Ha-dang 0.383 + 0.064
Hwa-seong 0.698 + 0.145
Deok-gu 1.85 + 0.08
Hu-jeong 0.248 + 0.058
Mea-hwa 0.314 + 0.072
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Figure 3. Soil sampling point of Jeju island.
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AF A= Table 500l EAISFAT A

ol ebA 71ARl AFAAA AP 37 =] dFe 7 EXgls

Table 5. Geographical information of the soil sampled location

Location Geo code Alémide Sampled date
s1 N33°26'8.1"
(San-gum-bu-ri) E126°41'19.2" 424 2013-06-05
) N33°25'27.8"
(Gwan-eum-sa) E126°33°24.2" 548 2013-07-11
s3 N33°24'18.4"
(Dol-o-reum) E126°27'59.6" 692 2013-07-18
S4 N33°18'14.0"
(Mi-ak-san) E126°3333.0" 472 2013-08-08
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Table 6. Geographical information of the sand sampled location

Location Geo code Sampled date
(Hyeopiee) 1260141047 2014080
(samyar) 1531052
(Harrls-?aeok) Nszgf 417?5'% 2013-05-14
ol E126°405 80 2014042
yo-seon 1503026
(wsan 126195005 204071

1.3. S FAI Z(ZHH)

Zrell(Ecklonia cava):= 219 s|ZFZE Z4Z2FY A vlE(Laminariales) ] &3}

Figure 5. Photography of Ecklonia cava.
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-4
=
=
rlr
o
=
1o
oo
kit
N
)
°
N,
rA
=
12
o
>~
=
ff>
Ao
mf
rO
rO
R
-3
=
ok
o2
ot
o
N
>

G 20137k 9 el E AF sl AEls AAAFHTE Erbse] WEel
H Hee fAERke ARRSEAT ATl MAske AHEle A4 AVIERE WdyE
AAE 27] wZel vind A3 Aol DEbA Figure 62 4 dE HE WY
g ZuE HAT AAE Jerdde AHAAH Awet A%, 28 HHY
A= Table 701 3EA ST

21



Table 7. Geographical information of the Ecklonia cava sampled location

Location Geo code Sampled date
T e
(Seongesa Cloevins: 2012-07-11
Fyoson 502
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o7 B Ao M= Figure 73 o]
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Figure 7. Soil sampling tools.
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1) *sr +E943
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10 cm, Whatman No 2)& ©]&3to] o1} ATt AR AHelA] o5 A7

7t

flo
i
ofN

IOF R AR wE

ol
Lo

™, e
th o apelat A S 2 L beakeroll %713 SE 7Fske] oF 1.2 L7F H Al

ATt

Figure 11. Process to filter the soil samples.

2) Fe AALA

of w4ttt Wdstol HAS st AAdEEVIE ol &t weld

Fe Fd&S AASL deods At &= oF pH7F 1.00] 2 w71

25

T4 500 mLE i 7FE F AAES

ol

]_



B

i

;AD

3) Oxalate &2

B

HAr

T

}A A oxalic acid 40 g= ZHX

s

%A A7 §91-S magnetic bar? 1

0.02M

o
=

t}. Bromo Cresol Green(BCG) #| A]¢F (250 mL-volumetric flaske] BCG 0.1 g

I P

Fo] #1%) 1.0 mL

S

NaOH 7.15 mLell &3l A%l & FF% marking

= M
- 1

%)

o Aol

|

A

A

—

Z
=

bolck (1 Skl

S

beakero] =7 ®H.3

oe

3t 7}

of HCI 50 mL$} Ca carrier (Ca?": 50 mg/mL) 5.0 mLE 37}

=
T

.
o

kls

LA

7}k

A
A

oxalic acid 5 g& =+

Ko
Ty

s B2 WA e

ol
ok

&

—5—]_ [eZ]

Pyl

oo

lory

fite)

N

ol
e

—

_ZU

T
mju

RN 454

). BAE o1&

N

K

—

_ZD
gH

A7

ul
o

7129

= 7Y

ok =7HY

==
LN

3)

7Ems fds] AlA

sol

12A17F 714

ok
ol

A}

o] 550 Co]

EoF 1 Vg

T
R

3kl T}. Figure 12

o

AdE=

8 M HNOz;=

NB

ol
%o

i
i

)

26



Dried soil 100g

<€ ash (550 C, 24hr)
h
Ash soil
le—— spike 10 mg Sr carrier
Repeat
[ &————— Digest with 500 mL 9M HC1
b 4
Filtering{GF/C)
l Residue
Filtrate
wf:— NH,0H,pH 10
Centrifuged and Filtering
o2 Residue
k
Filtrate
le——— add 40 g oxalic acid
l&———— NH,0H,pH 4.2
[ &— filtering (GF/C)
A 4
Precipitates

(Sr, Ca, Ra, etc.) oxalate

k4
Dissolution in $SM HNO,

Figure 12. Flow chart for separation of Sr in soil.
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Figure 14. Carbonate precipitation process of sand samples.
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Dried sand 50g

€——— ash (550 °C, 24hr)
h
Ash sand
Repeat (& spike 10 mg Sr carrier
V{— Digest with 250 mL 9M HC1
Filtering(GF/C)
,,L. Residue
Filtrate
<——— NaOH.pH10
V{— Na,CO0, 50g
Centrifuged
\L Removed Al
Dissolution
< (H4)HCI
ye—— NH,OH,pH 10
Centrifuged and Filtering
Residue
h
Filtrate
le——— add 30 g oxalic acid
&———— NH,OH,pH 4.2
le———— filtering (GF/C)
Precipitates
(Sr,Ca, Ra, etc.) oxalate
.
Dissolution in SM HNO,

Figure 15. Flow chart for separation of °Sr in sand.
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Dried Ecklonia cava 100g

€——— ash (550 C, 24hr)
k

Ash Ecklonia cava

le—— spike 10 mg Sr carrier
Repeat

&————— Digest with 500 mL 9M HCI

A 4
Filtering(GF/C)

l Residue

Filtrate
\?:— NH,0H,pH 10
Centrifuged and Filtering

\Ilh —> Residue

Filtrate

le——— add 20 g oxalic acid
<————— NH,OH,pH 4.2

< filtering (GF/C)
h 4

Precipitates
(Sr, Ca, Ra, etc.) oxalate

h
Dissolution in SM HNO,

Figure 17. Flow chart for separation of ®Sr in Ecklonia cava.
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Dissolution in SM HNO,

Condition resin with

!

D.I water— SM HNO; Sr-Spec. resin

Rinse with §M HNO,

(100 gm to 150 pm)

W

Strip with D.IL. water

/!
oL O
L=

W

—— Discard

—— Discard

NH,0OH,pH 10
add 5 mL sat. Na,CO,

Centrifuged

SrCO3 precipitate

Dissolvein 8 mL 0.05SM HNO,

<«———— add 12 mL Ultima Gold LLT

Figure 18. *Sr separation using Sr-specific resin.
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LSCE WAlsS =74317] Aol backgroundE =74 &3t} low-potassium vial ol
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al

A F 3RS WHEo] backgroundE  Al4FSHt). background®] Al &= Hf 5.36 +

0.58 CPM©o] ™ Table 8 ZA]3F T}

Table 8. Background calculation

No Count rate(CPM) Corrected count rate(CPM)
1 10.42
2 5.86 5.86
3 4.58 4.58
4 5.56 5.56
5 4.92 4.92
6 5.87 5.87
Maximum 10.42
Minimum 4.58
Average 6.20 5.36
Standard deviation 2.13 0.58
e s
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rsd(%) 6.8216

QFA % Srcarriers 9 A

kil
o
i
Y
52
flo
>
k
10,
2]
®)
e
'
riet
A
kN
i
ot
_\:LI
&N
)

40



O
I
2
oX
i,
2]
o
®
5
i
ot
Mo
i)
ot

G= ¢Hg 9 Srcarriers o] 3 A159) resin B3 & dAxAw

X= QF4d % Srcarriers Fo] 3t A 59 AT&

o

Y= SF4 % Srcarriers 59 1A &2 A5 A

P E Srocarriers W Alm9 @A o2 AR resin B F ARAFS B

Erhs Jbgstel ANAS BEE O QR WE 5 0

axR, =G, (1)

(@+b) xR, =G @)

T e AxAzo WAsS 9 Srcarriers 2317 wWlEol 2ok 3)3% (4)

AXR=X (3)

AXR,=Y 4)

41



X X
Ro = 2.,4= & )
Y Y
R=2.,4=35 (6)
A (6),(6) WAbsel @] mie] shtel Ao wE 5 gk
R=(3)Ro ™

(a+b)R=G 8)
aR +bR =G 9)
bR =G —aR (10)

2o A aRe] R 2] (6)¥ #ZOoE=E tglo] b3ttt

bR =G - aRy (%) (11)
Aol Rz A (7 ZomR dle] b s,
bR =G —Go (5) (12)

42



AR Al 2 AR

ftlo

S| 4 (3o YN, 47 ARE H5E

()
oft
o

=9 AlFAlolA backgrounddt= A SJAI7] L, AEE2] resin T & dx

of AeiEEHEAL AL Al T3 FE kel 0.0145ge thiisko] AAeRITh

3.3. F A HESWAE S (Minimum detectable activity level, MDA) A4t

A= WAkl drE EAA RO WAs AlS Al backgrounde] @S wF

ok 28 A5 WAFso]l =38 wnE w= I A S$E background 2} st
7l A AAER ST 5 e PAbs A FAVE EAgg AAE e
Al4=7} background$} T2 A& SHAIE A Z$HAI A (Lower limits of detection,
LLD)2} F-=3. o] HE AlFas 55 wtste] Witeo R ket 3hs HA

W ALs7= 9] (Minimum detectable activity level, MDA)2} & T34 3 o] Fo]

HEY
A, O
L 4.62+/BGC
MDA = -2 = (14)
yetg tpXyetg

L —

AZIM y= BT YA HEH], e Al ASEE,

rlr
>~
bl
1o,
=)
|\
>,
N

tsi= background A A|ZF, BGCi= background®] Alg=x]olt}. 21& H™ Alz9] F

43



= Aol A4 LSC?! Quantulus 1220(Wallac, Perkin Elmer Co., Finland)& A}&-3}7]
bA, Wallac ikl A Al Fshs AZES O] WinQe o] g43te] WAlsS S48t

H A protocolol 4] PAC(Pulse Amplitude Comparison) level, channel %3¢, &7 A7}

& ATelM = sre] ey AsE, V7] ASEE, AR AAEEE olgst
o HhAlsS AlAkstt), Alakslr] Aol 7171aeS 817] $18] quenching curves
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LHFEEY ESAE T Sr whits &M ZAq}

AFAG 4] BEFS zlo] MR P5ro] WAFs S 43 A, 02 cmoll A=
A R-glell Al 18.24 + 0.42 Bglkg, ¥=AtelA 1827 + 0.28 Bglkg, =25 ollA]
13.46 + 0.67 Bg/kg, "]elAtel A 8.70 + 0.59 Bg/kg® A=Htt 2+ A jwjet 2z

o7} zloJ A ¢ Fore] WAbs b delAE 2 B 4 Slvh Table 102 *sre]
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Table 10. ®Sr activity in soil samples in Jeju island

S Depth %05y Activity MDA
(cm) (Barkg-dry) (Barkg)
0-2 18.24 + 0.42 0.33
2-4 1451 + 1.24 2.18
San-Gum-bu-ri 4-6 7.72 + 0.51 0.8
6-8 7.39 + 0.56 0.93
8-10 2.77 + 0.22 0.39
0-2 18.27 + 0.28 0.21
2-4 13.48 £+ 0.24 0.2
Gwan-eum-sa 4-6 6.22 £ 0.19 0.24
6-8 7.51+0.17 0.18
8-10 1.69+0.11 0.21
0-2 13.46 + 0.67 0.91
2-4 45.27 + 2.60 3.38
Dol-o-reum 4-6 7.86+1.11 2.3
6-8 456 +0.29 0.45
8-10 3.76 £ 0.19 0.26
0-2 8.70 £ 0.59 0.94
2-4 1.09+0.14 0.29
Mi-ak-san 4-6 3.64 +0.20 0.29
6-8 <MDA 2.14
8-10 146 +0.41 0.96
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Figure 20. Vertical distribution of *Sr activity in the soil from Jeju island.
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2HFEW R2AE F Psr WiAls 2N Zat

AFE=d ZeAR F Usre] Wabe A A, A= 1.36 + 0.14 Balkg,
Akek 0.85 + 0.16 Bg/kg, $Fl 0.58 + 0.11 Bg/kg, €74 0.30 + 0.09 Bg/kg, ¥A&
0.22 + 0.08 Bg/kg, "HAE o7 3<=E 0.25 + 0.069 HEHAE 2z XH ) WAL
s TEE vWl$ 23 MDA oo yEebt o, kg Bd 7] ¢kttt Table

112 BgAE e Psro] Walbs mEE YERIch

Table 11. *°Sr activity in sand samples from Jeju island

Location %05y Activity MDA
(Ba/kg-dry) (Ba/kg)
Hyeop-jea 1.36 + 0.14 0.27
Sam-yang 0.85 + 0.16 0.34
Ham-deok 0.58 + 0.11 0.25
Wol-jung 0.30 + 0.09 0.22
Pyo-seon 0.22 + 0.08 0.18
Hwa-sun 0.25 + 0.06 0.15

Figure 21> 7} %]’ %gro] WAy Fxo] BIXTE YeR
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Figure 21. Geographical distribution of *Sr activity in the sand from Jeju island.
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ATy ZEHAE S Psre] 4 A, 201199 WAFs w325 £ 0.23
Ba/kg, 1.30 + 0.15 Bg/kg, 3.49 + 0.57 Bo/kgl. 2 3+ HAs2 2.68 + 0.32 Bg/kg S
2 AEHAL 20119 2] WA FEE 0.60 + 0.07 Bo/kg, 1.32 + 0.26 Ba/kg, 0.61
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Table 12. ®Sr activity in Ecklonia cava samples from Jeju island

. %S Activity MDA
(Balkg-dry) (Barkg)
2011-1 3.25 + 0.23 0.37
2011-2 1.30 + 0.15 0.30
2011-3 3.49 + 0.57 1.22
2011 Average 2.68 + 0.63
2012-1 0.60 + 0.07 0.16
2012-2 1.32 + 0.26 0.58
2012-3 0.61 + 0.35 0.87
2012 Average 0.85 + 0.44
2013-1 0.16 + 0.09 0.20
2013-2 0.55 + 0.15 0.37
2013-3 1.21 + 0.27 0.61
2013 Average 0.64 + 0.32
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Figure 22. Distribution of average *Sr activity of the Ecklonia cava.
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