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SUMMARY

A large amount of airborne radioactive species had been released following the
Fukushima Daiichi nuclear reactor accident. They included such radionuclides as
Bics, ¥Cs, B and *sr. Among them, **Cs, *'Cs and **'1 were identified as
having reached to Korea including Jeju Island around the end of March, 2011. It was
not known, however, whether ®Sr had also reached to Korea or not, since **Sr and its
daughter Y are pure beta emitters and thus cannot be easily distinguished from
other natural beta emitters. Conventional measurement of “Sr in environmental
samples involves a lengthy chemical process. We present an efficient method of
measuring the ®*Sr activity in environmental samples, which is based on using ion
exchange columns loaded with a Sr-Spec resin (4°,4”(5°*)-di-t-butylcyclohexane-18-
crown-6 from Eichrom Industries, Inc.) and beta ray spectroscopy. This process is
much faster than the conventional method which is based on dissolving the sample
with the fuming nitric acid and measuring the total beta activity after a series of
tedious chemical processes of isolating Sr. In our procedure, Sr is directly separated
from other hindrance elements with the Sr-Spec resin after a few chemically
conditioning processes. After the column separation, the solution containing “Sr is
mixed with the scintillation cocktail Ultima Gold, and beta ray spectroscopy is
conducted by liquid scintillation counting to measure the activity. Using this method,
we measured the activity concentrations of strontium-90 in moss samples and in soil
samples gathered from Jeju Island. The activity concentration of moss samples
measured was in the range of 62.06+0.63 - 325.5+2.43 Bqg/kg and the activity

concentration of soil samples was in the range of 48.13+0.61 - 272.1+1.97 Bg/kg.
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Table 1. The origin and number of natural radionuclides

Origin of natural radionuclides Number of nuclides
Radionuclide originated from Earth 55
Non-decay series radionuclides 20
_ D_ecay se(igs radiopuclides _ _ 41
(Uranium series, Actinium series, Thorium series)
Radionuclides originated from cosmic ray 20
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Table 2. Non-decay series radionuclides

Nuclide Half-Life(yr) Abundance (%) Decay Mode I(El\r}lir\g/))/
K 1.3x10° 0.0118 Beta 1.32
oy 6x10™ 0.25 Beta -
¥Rb 4.7x10" 27.83 Beta 0.273

Bcd 9x10" 95.7 Beta -
Bn 5x10 0.87 Beta 0.49
123Te 1.2x10" 0.9 EC* -
38| a 1.1x10" 0.1 Beta 0.27
Y2Ce >5x10'° 11.1 Alpha 1.5
“iNd 2.1x10" 23.9 Alpha 1.83
17Sm 1.1x10" 15.0 Alpha 2.23
185m 8x10%™ 11.2 Alpha 1.95
195m 1x10%* 13.8 Alpha <2.0
%2Gd 1.1x10™ 0.20 Alpha 2.14
oDy 2x10™ 0.06 Alpha 3
oLy 7x10" 2.6 Beta 0.57,0.31
it 2x10% 0.17 Alpha 2.50
180Ta 1.6x10" 0.012 Beta -
¥Re 2x10" 62.5 Beta 0.0026
190p¢ 7x10M 0.013 Alpha 3.16
204p 1.4x10" 1.48 Alpha 2.6

* EC: Electron Capture, [Emitted Auger electron or characteristic X-ray]
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Fig. 1. 28U decay series.
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Table 3. Uranium concentration distribution extant in ecosystem

Uranium concentration distribution extant in ecosystem

Soil 1 ppm ~ (average 4 ppm)
Plants 10~30 ppb
Ground water 0.3~200 ppb
Sea water 3 ppb
Underground ~ thousands of ppb
water
Phosphate _
rock 120 ppb
Coal average 1.8 ppb
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Half-life
14.3d
25d
8d
2.9h
32.0m
3.1x10%
37.3m
55.5m
270y
2.1x10%

Nuclide
32P
33P
3SS
388

34mC|
36C|
38C|
37C|
39Ar
81Kr

12.3y
53d
2.5x10%
5,730y
2.6y
15h
21.2h
7.4x10%
2.6h
700y

Table 4. Radionuclides originated from cosmic ray
Half-life

Nuclide
°*H
Be
1OBe
14C
22Na
24Na
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SZSi
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Fig. 2. Fission-product yields for thermal and 14-MeV fission neutrons in **U.
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Table 5. Inventory of fission products in Reactor

Half-life
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8.04d

o] AHIE

]

A
300% olAtolt}t. Table 594+

bl 71 giet.

=

A% el o
A

=
=

A
ok
=)
Nuclide
85K|'
89gy
QOSr
106Ru
106Rh
131|

3

T
R

2

=

]_

t}

A
©
“




1827¢ 78h 36,900 36,900 36,900
133 20.8h 54,200 54,200 54,200
133%e 5.29d 53,300 53,300 53,300
Bics 30.1y 300 1,080 5,170
1404 12.79d 51,500 51,700 51,700
14ce 284.4d 9,860 26,700 44,000
144pp 17.28m 9,860 26,700 44,000
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Table 6. Major neutron activation products

Nuclide Half life Activation reaction
16 7s 160(n,p)16N
“Ar 1.8h ©Ar(n,y)"Ar
>ler 28d *Cr(n,y)*'Cr
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*Mn 303d *Fe(n,p)**Mn

**Mn 2.6h **Mn(n,y)**Mn
*¥Co 72d *®Ni(n,p)**Co
®Co 5.4y *Co(n,y)*Co
*Fe 45d *8Fe(n,y)°Fe
Zn 245d 4 7n(n,y)*Zn
Qg WArglE #F2 %Co, ¥Co, PFer}t ¥zn Solth o5 1A AT P2 F

B2 EF A2 (fluence) 7t WS F-tellA wo] Azt
ARE HHoZ ALgEE UAMAY T AT AL
Aot X m7]el= *Co, ¥'Cs, #°Ra o] 2xoli=t Fejvt datd e 4T
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Blo} ¥cse] whEke 7k7} 1760 PBq, 85 PBq W =2 FALE

Table 7. Estimated Radioactivity released during the Chernobyl nuclear accident

Activity in PBq deposited in

Radionuclide Release in PBq the European part of the USSR
BCs ~100 ~30
BiCs ~50 ~15
gy -8 ~7
Ru ~35 ~25
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14ce ~90 ~75

Homag ~1.5 ~0.5
125gh ~3 ~2
239.240p, ~0.055 ~0.05
2%8p ~0.025 ~0.02
2py ~5 ~4
2 Am ~0.006 ~0.005
#2Cm ~0.6 ~0.55
243240m ~0.006 ~0.005

o] WEFS At e T x| old Axz o] A 32K (inventory)ol A

Table 8. Radioactivity ratio of released nuclide during the Chernobyl nuclear acci -

dent
Kiev soil Brest Ba_ltic Sea Riso air USSR
Sept. 86 lorry dust air dust Apr. 86 Meant1 SD data
Apr. 86 Apr. 86 May 6
905137 s 0.36 0.28 0.033 0.024 0.22
1404/1%"Cs 24 3.9 2.4 1.3 7.4
%7r/*%'Cs 18.8 1.7 0.21 0.77 4.2
Wce/t¥Cs 18.2 1.6 0.28 0.75 35
29240py’cs 35x10°  0.75x10°  0.045x10°  0.21x10° 1.7x107
13RuCs 13.7 3.3 0.58 0.82 3.8
895r/%gr 16 17 14 20 1.68+2.5 115
B34cs/t¥Cs 0.49 0.53 0.59 0.56 0.54+0.04 0.5
132U Ru 4.7 43 4.5 5.1 4.6+0.34 2.3
Wce/t*Ce 1.41 1.35 1.39 1.52 1.43+0.07 1.41
238py239.240p 0.41 0.4 0.54 0.52 0.47+0.47 0.47
22Cm/#**Cm 128 91 83 53 89+31 -
241 Am/>9240py 0.117 0.061 0.116 0.119 0.013+0.028 -
241 om/[?39240py 11.4 8.0 13.3 9.5 10.6+2.3 12.4
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Table 9. Fraciton of major radionuclide added to the soil (%0)

Nuclides soluble exchangeable fixed
gy 5~10 80~90 2~15
BCs <0.2 30~40 50~70
1%Ru 5~15 3~5 80~90
Sy 0.5~1.5 2~5 >95
Hice 0.1~0.5 1~5 >95

71&2 A humic acid)¥ EHAH(Fulvic acid)o.Z T =0 Puxs EHAM

dgstal sr FAatel &A@t 71 B Al AstA Add dFES

o] EA BFS ABAZ 5L oF dole syl Eaeld 4

A2 A7 JEE HAol Al S (transfer factor)2 Strt. 3F 2] Mol A4+ 107~10

AE FEolth T2 B 58740 AA olFo] Fi 2 EA F57F wabA
Aol A57F 19 74H4th. X $hejl(exchangeable) & = A)3k= & Fo] &7t wE1),

Ty XS Ao Aate] w1 Ej(fixed)E W Ete] F4go] wolxit

28] (Ca), ZE(K) HIEE BY T Aol axrt glorz Mgl ¥ese] Ha=

AT
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gojra 2 g
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AR Aol swle] gx8) U Wi A fEEO g AF A
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Table 10. Major radionuclides that were detected in the environment

Major radionuclides in the environment (**’Cs, *°Sr, °H, *'C)

Air 181) 1340g 1370 3y
Water 3H, 89gy, Wgy 131 134cg 137
Milk 89gy 90gy 131 13405 1370g
Meat Bics, Bcs
Other Food 8gr, Ogy g ¥ Cs
Vegetation 895y, %0gr, %7r, ®Nb, ¥, *Cs, ¥'Cs, *'Ce, *Ce
Soil gy BT 129] 14 W B8py, 29240p Ham H2Am
: : *Mn, Fe, *Fe, ®°Co, ®zn, *zr, ®Nb, **Ru, **Ru
Marine Sediment 11‘”“Ag,,lzsst;, 131 '14cg Vg “ice Ce, Transuranic

Al = B i aFe A Gx dAY Ad fEE T v

AR YA LS WE R At Sge] @il =uE WA rEol
A9 gtk AMAA wWe @ojn Aol BPAH Fo AE FS Wos, D,

°H, “C & 4Fol7 Pu THHAE WIEA HEHAD o5 MY Hxlo] AT

A Fe FrbE o o gty o dFo] A o] Akl F29= Table 119



Table 11. Baseline activity levels of radionuclides in the environment

Radionuclide Baseline level
1¥ics ~80 Bg/kg in dry soil
0gr ~15 Bg/kg in dry soil
*H ~ 4 Bg/L in rain water
1c 260~270 Bq/kg-carbon in air
¥Tc ~2 Bg/kg-soil
239.240p ~2 Bg/kg-soil

Nsro] ol Al diste] AHsiAtd, tlFE dapgke] FHksk w Pgro]

At 3.7 PBg/MT A %olth 198074 tf 7] @l ¢3S 603 PBqo]
A o]F A= Abare] &s) 14 PBg7F FYEE 5 1990 % 7HA] F 609 PBq
7F e Aow FAEY 1990d7HA] T vlE ke 78%r "o ® FA N

U A 2296357k AR 2 A

ol

Aol AFAUT. BRA FEZ FHE 9

A

AFe] ¥essl o] 24 EAM= 1.6 FEolvh 12y AASANA AEHE 2
e olZlst & AfolE KHolFH A=wd AlaelA rEd FAES A¢E d
Z Ro® HuHom At & AdleA 3.6, FdlA 40 FEST =
SFAE AdAALLR A FUF/A nHETHE o 2 zolE BHY Ao o

gt

2.5t WAFs 4] 3
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Table 12. Isotopes of Strontium

Nuclide Abundance Weight Spin Half-Life = Decay Modes

82gy 0.00% 82 0 25.36d EC
83gr 0.00% 83 35 1.35d EC B+
84Sy 0.56% 839134 0 Stable
853y 0.00% 84.913 45 64.84d  EC
Mgy 0.00% 85 0.5 1.27h ITEC
863y 9.86% 85.9093 0 Stable
87y 7.02% 86.9089 4.5 Stable
8imgy 0.00% 87 0.5 2.80h ITEC
883y 82.56% 87.9056 0 Stable
895y 0.00% 88.907 2.5 50.52d  p-
gy 0.00% 89.907 0 28.8y B-
gy 0.00% 01 2.5 9.50h B-
%2gy 0.00% 92 0 2.71h B-
%gr 0.00% 93 2.5 7.4m B-

* EC: Electron Capture, [Emitted Auger electron or characteristic X-ray]

*IT : Isomeric Transition [Emitted y —ray]

AR sre A aAE WA sre AT ATl thste] dolE Ag

ek sre SRYEFE AANS A0, B FE AARE DA £

N
N

sHA] & FEES olFa Utk AR HA FelAY XM= 0.02=

#sr7t Psri= fission yield7} £ SFoR, T2 LA oA AFHERE
A g7l T A o3 Jdrloly AAHAILAZRE ] WA H7E SOl
FexEololth Sr FAA B 1 542 Table 129} Aok ¥sre} Psre e o7bg

EwS ALY 929l Cadt AEe 2ol &) "ol Aol FrEd 24714
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Table 13. Sr and Ca content of precipitate according to Nitric acid content of sample

solution
HNO; content(%) Sr(Sr(NO3),) Ca(Ca(NO3),)
80 100 51
70 98 11
60 81 26
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AR Falxze #eoz FH7Fe potassium chromateE A

U}&© 2 Scavengings PSrzFE AAE Py @ E31¥oiqle @ehol= wb

A AF(Bacl A A la §)E FAlstAlolE T3S o] gkl Ysrom

B AASE 2aolth FuEAClE S HE/] A g guelrt
AREE SRAGOR A Ae AgRth AR odd GEolii COE
FRetn GdorE s FAS ] A% olth SICo FArE Wl ol &
sl Afahs BAe AART

SrCO; + 2HCI — Sr*?+ 2CI' + H" + HCOy

H"+HCOs- — H,0+CO, 1

A carriers H7be thE, AS HEE dRUolrEE Yol HIHAS wEW Yy

o]

o

HE T

Fe" + Y+ H* + NH,OH — Fe(OH); | +*Y(OH); | +NH," +H,0

== T
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714 @@ A7 wASEEE S ol4) B71% 9] CO7t o} Solvt srat
ol B AL oW u ¥ AnEo] srel 3l
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A5 5 05M fAke] =9l 3 o] 2w 3<% (Dowex 50W-X8, 100-200mesh, H&)7}
2% columm(3cm ¢ x 26cm) ol £ 3} A7 o] &w k] ol Ph, Ca, Sr, Bao] 4

ek &2 AQM AR E I w'= o 11 gl °fsiA Pbel Caol &

1

YHa g2 B2M A EE &)l oA Sro] & ¥t

Table 14. Ca and Sr contents in samples

Amount of
Sample Name Sample Ca (g/sample) Sr (mg/sample)
Pisces (body) 1 kg raw 2-19 7-100
Sea water 40L 17 140-330
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Powdered milk 1 kg raw 4-13 2-5
Sediments 100g 5 3-400
Pisces (muscle) 1 kg raw 0.05-4 0.7-17
Seaweed 1 kg raw 0.6-1.6 40-130
Milk 1L 0.9-1.3 <0.1
Soil 100g (0-1) 0.1-40
Wl Y= F Ca¥ 5g7HA A G0l 7hsete] syt oA RF(ZADE Al

2

o

o

-z
M

o] A= AEo] 7hsatth. ey Cagt@o] wWol ks &
g7t =2 G= A= columne 9 ] EFAZAY HAAAS shH
Aeletwl e etAl Caol AAE Sr& FE T F vk o] F WS dAHAE I

st}
2.3. Extraction chromatography

B AAtoll A A g3 Extraction chromatography #2]%H-2 vl Echrom Alojl A
Nst Sr-specific resing o] st W o® w9 wha] gElu 7FASHA PYsre
2lgd 4 Qlth. Sr-specific resin> ©F 50-100um 712 FX Aol 4,4(5)-di-t-
butylcyclohexano-18-crown-6 (crown ether)E octanole]l 5o F® 3k Zlo]t}. Resin?]
TZ% v Fig. 50 YERSIO™ o] resing o] g3td FHASIA PSre

ot ¥ resing sbolm W o AEE HET 5 G 5 wol

b

QA WS EeA AE 5 ek
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Figure 1

4.4'(5")-di-t-butyleyclohexano
18-crown-6

SN R
\\yi/ e (g ’ (j). ¥
A ™
\//\0 O/‘\\//’
¢ N

Diluent: 1-octanol

Fig. 5. Structure of Sr-spec resin

b2 Fig. 68} Fig. 72 A F%o wE BuiAIF (k) 9 W3E HodF= 1380

2 g AEETt sekdas BulAS (k)7 AA S resinell S8k &

o

Hof| A sra Fefske W

UeEld o]t} 3M AAFEN (0.01M oxalic acid) ] 2lal A= Sre resinol] Wolo)l i

M
©

Bt Wl faEo]l AARY HAFHoz 0.05M FAake] 93] Sro] =478k
t}

Sr-spec resin® EAJA} stable Sr& carrier® 4 mgol W E AFg-afof st 34&

.

rir

o]

offN

HAGL Psre] gubd S o] &3t
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Fig. 6. Acid dependency of k' for various ions at 23-25°C Sr-spec resin (1).
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Fig. 7. Acid dependency of k' for various ions at 23-25°C Sr-spec resin (2).
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Table 15. Elution behavior of common elements and fission products on Sr-specific

resin
3M HNO; - 0.01M Oxalic acid 0.05 HNO3
44 1-5 6-10 11-15 16-20 21-25 26-30 31-40 F.C.V
Li 100 - - - - - -
Na 100 - - - - - -
K 66 35 - - - - -
Rb 100 - - - - - -
Cs 100 - - - - - -
Mg 100 - - - - - -
Ca 100 - - - - - -
Sr - - - - - - 99
Ba 53 42 6 0.7
Ra 99 1
Al 100 - - - - - -
Cr 100 - - - - - -
Mn 100 - - - - - -
Fe 99 05 0.2 0.4 - - -
Co 100 - - - - - -
Ni 100 - - - - - -
Cu 100 0.2 - - - - -
Zn 100 0.2 - - - - -
Y 100 - - - - - -
Zr 91 - - - - - -
Mo 84 16
Tc 57 43 - - - - -
Ru 100 - - - - - -
Pd 100 - - - - - -
Ag 100 - - - - - -
cd 15 88 2 - - - -
La-Eu | 100 0.1 - - - - -
Hg 5 5 19 40 19 10 5
59 Fig. 82 WA o]l2uwdSFAE o] gst WW,  Extraction
Chromatography & ©] &3k ®H 2ol 38t A& 43 nlusles o= 33t
A A e zpolE o &

42



EY
I
3|3}
i |
g =&
| Itl. x
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T | 3 Sr-spec resin
I l
Ca(Sr)-oxalat
CaCO3 2l loxa e Sr-oxalate ppt.
== | = SF(NO )2 =] IIIA
E OOH (HI‘ RIA ) ey EJEE
I = - IE .g.'é'H
ool 1%
0|2 wet Ba-Chromate Coc|ktai|
|
_ I
Scavenging
: LSC
SrCO; ppt

Fig. 8. A comparison of method in using cation exchange resin and fuming nitric acid

method and using Extraction Chromatography.
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counter(gas proportional « /B counter)®} 4 A41d A 5=7]1(LSC : Liquid Scintillation
Couter)7} AFg-Eth A A4 FAS=7](e]18F LSC):= gas proportional « /8 countert}
o-spectrometryoll H]3lo] AISAIF o Z A7} 1tdsly ASE 80 =& Aol 3l
th. REde] PMT A}A 9] noise, PMT W 2] f-2lell 2]gt Cerenkov &7, =171,
A 59} cocktail 7+ SRS 58 YO E gas proportional a/f countertt a-

spectrometry .t} background Al5=&0] ¥ wdo] Qlth LSC URtH o=z Y,
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A

& 3% (delayed fluorescence) ©|th. wheba] wERA 7} dupd o vty els= A 339

W Aol o] gate] dmpalw} MERS] BA] AZo] et

4»

AFA oA EAsE o] PMTZ7HA] 71 ARl S5, Atst 59 ddo=

=1}
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H
=

A (=4 )Y HErdo]l &gl whgshr] dell A[R9

sato] WERA S oA 7} Al A o ke
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54 s AR AgdAdS 4o F Sk A [IAE £ulE o7IA 71|
o718 &7t AFA BAAZ AUAE dagste] A EAE o71A17] 1L
o}71| AFA A= 9 FHE JuxE diFerh o] ol PMT(Photo-
multiplier tube)l Al 7rA| =0 72T 2 vpyl & FHE HFH R WAbE &

HE Ak

oluf AP FH wgE 350-400 nmo|tl. WEEHE wo] pPMTY SA 3 &
2} dAskA] ¢t uwliell secondary scintillators AFE3}7]%= Sl Secondary
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Cocktail & #7189l @HAE FALOR stu Ame & AolAl 7] 9t
o AW YA 52 dol EFF 2 we PANn: HFHow 5§

g%

e

rlr

o of oJ¢t f7189% scintillatore} EF3te] ZA 7] wize] A
713 dmrA o7 A} ¥ 3 9l cocktail S o] &

3} scintillator(cocktail)ell =3stdd7F =2 FE& scintillator2 W)y AFS F
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primary solvent, secondary solvent, primary scintillator, secondary scintillator 2] 47}#] =
R

WA primary solvent= AR Ao RFAUAE 7] oyA R A&7
= xylene, toluene 5-©] o] AREHE T g 542 RPH(relative pulse height),
melting point, flash point 5 °. %2 WEdIth RPHE €19 oy A3 a8 54

s

&

¥l o] 31 melting point ©]3tel| A L7t dolwald oux Hd S5

o

kA5 flash pointi= cocktail®] 43} A1y g Hrlst=d Fosit) g o

& secondary solvent™= A] S 7} primary solvent®} WA HEFoEE Lo o

e
o

sho), AWEA © 2 Trition X-1000] @o] ARg-¥
Primary scintillatori= o17] AU X|& "o =2 3LA|Z1t} PPO (2,5-dipheny oxazole)
7} primary scintillator= 7}7 wWo] ARt} o529 cocktailel PPO7} AFE-# T}

o A% 58, A4 gallx, w2 @) vieAd 59 olE 7P Wol At

15 g/L ©]% AF&-3hd quencher= &3ttt Butyl-PBS:= 7H8 &34 Q1 primary
scintillatoro] o}, 121 7k o] PPO©°] S ufj o]/golm ststAow Ak 7], ofwl,
S wkeeth a7y A5 9k 4 oW butyl-PBDE ZAo] A8 Wt} BBOTE 7f
AFAd dole] WS Yo} optical quenching? &S A A weth AFEES
PPOS] 80% &%= o]t} Ab¥} REgeto] ekl FE= A4S Wk Secondary
scintillator:= primary scintillator7} W& 2O 3445 PMT7F 7HA 7] #2 344
S % % A7t} Bis-MSB+ solventell & a1 3184 wbg-S dHA| 7] wiitol
w3 PPO7} quencherZM 2] Z-8S5 Adslz o9 AA-E cocktailol] AME
#t}. POPOPE secondary scintillator® 7}3 WA A& Zolth thiE<] solvent
°f non-reactivedttt. 1eu} Gl =7t S7] wfo] Fol=dl AZto] wWol A~e¥

t}. Dimetyl POPOP+= POPOP2] +EA 24 solvento] st fsf %7} w=o}b 18
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bt gh-gake] bAoA Ao AZ-S W

oje] Z gl 71E} H7MEZE cocktail] A WHIIAIAY 553 54
o7 AMgstaAr & wf H7hski= Z o]t} Cab-O-Sil (thixotropic gel powder)s 3-
4%(wiv)e] 5= toluene scintillator solutiono] YW o™ <FA St gelo] H T} 1-2%(w/iv)
AL W2 sellds miAE SV AIRZE vial Hell F3E= e

=
o},

i,

2~3} $tt}. Ethylene glycol<> dioxane scintillation cocktail®ll anti-freeze= A}-&-

Gammas}l X-ray A5 &8-S SXIA7]17] 95t tetrabutyl tin?} 22 5% =4

Scintillation vial> Al&.2} scintillator cocktailo] SHA] SolQle £V EAH

scintillator= 58] 2-AISE WS E3A]AoF 331 cocktaild] f7]&wE

it
ol
({3
>
Y
>y

Wolol Bhc}. Low-potassium borosilicate glassi= 3}8HE2 S F3A|7)#] 9kl HE-E-
ol glar WS FA7)= AAE Fol scintillation vial?] AFEE Wo] ALEH T}
Yy BEEER E2A8E YK WlEe] Z2k4E vialith background”}b T
Polyethylene vial-> A3t 712 wjFo] <A77 ok PAbs =97 32 AF=2

HE 7E5o]x high density polyethylene® 2 wWHEo] A7) wj&-of vial =A<

HE

background”} w2 o] Qltk. 1281} primary solvent”} polyethylenes 3}
=2 Ql3k cocktail®] A W3t 5 9% background count rate?} external standard
S0 ¥ & F Utk old o|fE ASo] ¢n F AASES A% HEge
2o Abgo] gkeltt. Teflon vial solvent F2}&©] Y3l background H=&F ulf-$-
7] wiitol 7Hg E& vialo] A wk 7FA o] H|ATE Polyethylene®] &7 3} teflon vial
o] S 7S teflono] ZHE vialo] wi= 32 Slt}. Teflon-coated vial 7}4
% A ®H3slal background®= O™ solvent F3& TSl wHY] wjFe] QF Wol A}

ailay
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3.2. AAAFAF719 Background

PMT =}A19] noiseell &3t Aoz F 71 PMTOlA A =+ count rate(pulse)

T
R

o] BAE zt=d 97| TE PMTY Ea5o]tl. o]d 3t noiseS #H 2 3}3}7]
9138te] noise7} w& PMTE AdEstojobdt $hth T =20 nse] a2 N;= Np= 40000 cpm

olgbH N=1.1 cpmo|th. 1=} 1.1 cpm> AES] WAbs S A5 el= vy

m

S Fgolmz AL FAF7] o AFEE= PMTY noisei= 4000 cpmo] 3Rt A}

ofo
rok

t}. Delay coincidence circuit=> ©] ¥ noise$} chemiluminescence, phosphorescence &=
AA =
stte] PMTE o8 PMT WO el st Cerenkov @d/do|ut electron

discharge?] A3z A7 H& 7

ok

T Q= olE s /= crosstalko]Zt §F
t}. Cerenkov 3 ¢FA4 AU, $eHEy EF Y decay serieso] U= TS
Kol Al HE= = high energy g4l 93] AT o]y AFELS {2 Ao
2 E2A k. e o213 Ak (optical crosstalk)e %% PMTo| A A
of A H = AlZolARE A5 AV7F AE HE7] wite] Amplitude disparity

discrimination (= Left-right Comparator(LRC) = Pulse Amplitude Comparison(PAC))2} %+

o g A AAD 5 ek

rl

7171 A ZA e Z3rE WAbe B2 wtel A7) backgrounds A9 W
g3to] W& S olvh #E vial YKE

]_

ol

E3reta Qe o] Kol Cerenkov 3 WAAIA °H spectrum Aol 1M
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A cocktail 2} ®E-S-3Fo] spectrum®] high channelZ:oll A noises THE71%

ro
=

Background+= 2], quartz, polyethylene, teflon <=4 = Yt} Phosphorescence(?! )
nylono] 7} %31 polyethylene, 2] <=o|t}.

High energy muon, proton, electron(170 particles/ssm?) <] $-F41-& passive shield £}
anticoincidence guard counterol &4 A|A 2 4 Utk

T A 9 AFES S o= HobaA o] Compton &¥E Q5] 7HA
S W= olgst JEFS AASEY] 918k passive shielding®] AF-g-o] 42 olt},
Backgroundi:= o3t 7]9] shieldE AFE3tUglE FH o2 HE 2= i
ol TAZE Jlorvw AEL 7 W AP Aol FHMHolt} Radio frequency noise
S AASH] HsliA= 7171 Uil <tElUE A7 = she, Static electricity =

913t backgroundi= DeionizerE AF£3}o] A A 3o},

3.3. 3833 (Chemiluminescence)

i)

St olld A el oM A= U spshigolet sh=Hl LSCi WAs &

Ao AuAE W FH R sidst=d 7I2E 7 ol7] "ol sehige]

3

o

[e)
e 5 ek

o2

2
N

Zre] fooju} Ak #ht]ZH(oxygen radical) &S Zlo] EAE F-o e

g
)

ool % glth. FHA (o)t oW Fejold gAY YAt ofe
F919) of| Fuje] oluAeE wol of7] (excited) W WO E Uipol, AFE

o] W& PMTOIM 7X9 = 9l Ziolth ALshA} dHbaHE (peroxide)s 4

B>

gu e AA7IER olgdt Zo] QIS siof ok AWARTEH s
o] Alse sehdds dod rheAel vk a8y 1 k2 FAE W
strh. 13] WAls B3 o A== photond] & W2 Wk 13]9] spehida
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eventell ]3] A4 ¥ = photon®] 4=+ 17j°]t}.

22 @A) LSC= F 7] PMTS} coincidence circuits: 7FA 3l Q1o m =
& WFo R dolrki= ste photon A=A 2] PMTolARE A ¥ E w2
coincidence gateoll 2JafA AA R shehdgo] Ao FAlo] F ¥ dojdrid
(coincidence gate®] resolving timeX.th ZHA) oldl A7 F 7l photono] <FZ
PMT= 717} 5o I oA Wibs A E ASdE. sedds 337] ¢
A= A5 pHE 7°lst®E RbEofof dhrh. B shehdbge A[7ko] A 3}sl

u}

wheb ZFAastt shehg decay™ B ollA] A9l

71 gk &5E 35 T7HA SURAITIR Ehehebg s Aol whe SRV ST
ol ikg =4S lelli= &37F ltk(burning-off) = 9 s ke

3.4. 2% 4’ (Quenching)

Bl &siA A== photone] 7, S L] AV WEEHE A oYy

Ao n]#F sttt PMTE] photocathodeo| 4] A§4] == photoelectron> PMTZ 590 2

rlr

photon®] <ol Wl stet, wabx PMTE pulse 2715 HEH= B4 UXA
of vlgisttt, 1 AAE o] PMT7ZHA] 7= A2l 2o Al7], S photon
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g G spectrum?] peakE R o|UA] ZFHOo® o] FAZF FAll total count
rates HAaA7|= AdE 2 Ech

3}} 4= ¢(chemical quenching)- 43 (scintillation) 7]2Fo] dojutefwl &34 2
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o
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rlr
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ol daEol gAY duUAE gliMHOEZN pAHAE © ol AF &7
(scintillation vial) <FellA] WS AFAI71A] st

Primary solvent ©]&]e]l th& #A5o] Wwor pdo] primary solventel oA =

Adeshs Aol Wl E ek ojH T

gt

-2 primary solvent7} 32 % o] 271

Ro=z e 4 QlorF 32X A F(dilution quenching)e] 2kl sttt = thE 3}
&332 o] 7]9 primary solvent”} A4l ol UA|E A o] &FA|olA st

L& F99 v BAESoA wokr]= 2S5 Hrel A F(inhibition quenching)©] 2}
L stth o] T AR, s Aol B EAso] oW Ago] & dojdrt #g)
2~ (optical quenching)>  ZA & A (color quenching)oletil e  E&w  A4A
(scintillator) 2 58 W&E o] PMTE 717] Aol MAEZA Tof g3 F5
© d2dolth

&2 & F(physical quenching) 29| Abgh wjFof] A7 oZ PMTE 7h= 2

Fol Zoltr @ow Aol QAL AAY FAE] EA F AP &7

FESHE pA9 UATY B HFEMC, TR ¢ FF)S ade] e TR
spectrum®] ©]E-0] loJubil count 9] W wl$ AAl Aojurh T e
e Ao MFEL Z count 522 W3Sl spectrum] o] %0] FAlo] Jojt

o,

3.5. 2% H A (quenching correction)
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€

O

=
ae] AxE

I

F= W Solli= Sample Channel ratio method(SCR) External

il

Standard Channel(ESC), Spectral Quenching Parameter of Isotope(SQP(I)), Spectral Quench

Parameter of External standard method(SQP(E)) & o1& 7}x]7} Qlth.

SQP(1)= Spectrum®] peak -3 (in the center of the gravity of the spectral distribution)
°] channel numbero] T},

SQP(E)+= Compton electronel] 2J3l A4 ¥ scintillation spectrum®] total intensity 2]

1%<! A1 2] channel numbero]th. AlEE AlS3t7] Aol LSC7]7] uiF-ol 2=

b

of Folxl

ol

7rol =4 ¢ (external standard capsule) 0.2 FE Yo FvpdE Al

Al

Y

59t ZAMAA HASE= Compton electron®] scintillation spectrum ©. = 5-E]

SQP(E)= AlAtsh= Zlolth. sQP(I)7F Hl-p- W2 w919 AlBelX = 2 AEE

ot

& grhekA Rate dl Wkl SQPE)E Wit W 919 AlEelA e H¢
Aol wEA A3 ALES =73t} External standard source® = ?°Ra i

WEy Fo] AbgETh
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. ¥4

LAIE AR R AA=

AEAR A P dE FEE 8 heEAA e ARl P4,
33, A8 w5 GPol A AGow EFS g A9 v FAAAA
o171 6 A A Aol A ek AA AR AH AL Fig. 9o BA

it Wk o7 RAIF XS B4k o7 F AREE o AHE Adeln A

EEs 44 mAe sdshs Ade AdAskel AFske] AR ol A
o] dAsh EkAIRe 2 o7|ARe] A 4 Aol mE EAE G

zpol7h A7) wiZell s A qelM AHD ¢ A= T w2 Fs AFHT A
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(o]

sttt AlRAF AH ol " AAAZE $O AR= B o7 44 Table

rir

16 , Table 17 YEFUATH BE A8 AA Axdskol|A 5008 S Falo] #4

of o] &3 ar, Al 50go] WA 2 o7 Alme AAE A el o] &353lth

Table 16. Information of mosses sampling sites and weight of samples

stero. | STOSE cupingaue S s
S1 1323623?32284?88;\:5 2011-11-16 137.1 20.0
S2 1323622743??8571 2011-12-29 71.40 38.0
S3 13 23 6137591827'\:5 2012-04-12 69.00 69.0
S4 13 23 62431524 17 3I\IIE 2012-05-08 152.3 50.0
S5 f;GZZZSZ?ffll\IIE 2012-06-08 29.75 30.0
S6 13 23 61f7zf; 6I\IIE 2012-08-10 157.3 50.0

Table 17. Information of soil sampling sites and weight of samples

Site no. Sigfrlé?r?af;te Sampling date ;St\jie?;:': Fz:;) Analys(i;)weight
Sl 52362:3228;:;\'15 2011-11-16 646.70 50.0
S2 1323 6227 43§§7I\IIE 2011-12-29 474.00 50.0
S3 13 23 61;59182;\:5 2012-04-12 335.40 50.0
S4 13 23 62431524 17 3I\IIE 2012-05-08 158.66 50.0
S5 13 23 6222 8232 16 1I\IIE 2012-06-08 205.84 50.0
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3319.265N

S6 126 17.126 E

2012-08-10 220.50 50.0

3315.792 N

ST 126 19.699 E

2012-01-06 437.90 50.0

33 25.146N

S8 126 46.561E

2012-01-04 342.90 50.0

1.1. EFA R AFH 9 AAE

Eope] AHA = A%

B Q9

)
RUSNe Bire)

o] Q= P A9 akglet. mEo] Psr

A} % 71(Core sampler 50 mmg x 50 mm)E ©]-&3}o] x| oA 0~5cm Zo|7kA] A

FHsEAY, 1 o]l Zlo](5~-30cm AHE)E AFHs= EFAF 7](Depth profile

2 Ab23) o] 5 em Zo] W9 ® 5o A% =

sampler 50 mmg x 300 mm)

, ATl A

1)
=

rﬁ
10

=
g3to] A s,

8

q

oA A Ygo siEdsts %ol 500 mm x 500 mm™E A& A g Eto] W

RYA
a1

A EF ARG, FEAA, A4 B)E AAR A4S ol g3t THE

o

T

X

o] oF 1~2 kgd &= At Eld

g Wel= ARAH A Bl AFHAL,

HE

labeling 3l =T}

A Y EAE 5

oﬁi

5|
RA

A ZAY trayell A=

A& A AL fresh weight

rlr
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AzAZ(dry weight) 2 S35t Axd EgAgE dolgls o]l54 S o}

X
o
r

Al AA = F HAFHoR FAE A

1.2. o]7IA 59 AFH L AAF

o7l BN vVHAR yUiFy e TxEel g HAA ok HEA
olaL A9 A weho] fli= KoM EF flellA Ak o)717F obd = flelA A
gt ol71E AAST =l =oldle ollE T =9 AAE w5k ok,

oA A= o) 7 wkS AFHE o™, Fig. 10 S3 X @] Eoku} o]7]9 A

A

A ARRlolty AFH T o)7)= EEeld

@

Wo ol WR gt o]t AxAA
JeIE R gw 1 Rugh ue FolEx ¥ mE Aolzh vmz Ayl o

2kgd &= AF T B vibzpA R Eloddl Mel= AlRAH @ 9l AR

Aol F 105T Lol 24-48A7F A% ¢bd AZRAG AFH o7& 354

7171 golstAl 1Y E o] &35k i
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Fig. 10. Moss sample and soil sample in sampling site of S3.
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2. 38t A 2| Ay

EG ARG o7 ARE ststAde] #Ad L Fig. 11 o YESIth dxd EoF
AR 50 g & =7 el A ©a, Al o7 Alg =3 4 g ol AFE FHd 50
g = Z7Fdel &A "ol d7IZe] ¥a 550CelA 24 AF o] 33
F715S AASAL 33" AEE 500 mL o kA &7, 9Hg Sr
carrier (Sr(NOs); ; 10.0 mg/mL) 0.1 ml 2} 9.0 M HCI 250 mL & #7}sF$it}. Hot
plate o4 7FA3tHA wWRIAIA s QRS ol7|ZHE FESIGTE FET
Sr /dE2> ©1 A Whatman No. 2 & ARE-3to] o] #atqint. o2t Hef 20 g 2

oxalic acid & X7}t %, o] &3 & UdHEYOI4(NH,0H)E 250 mL F =

i

H7rstel pH & 4 A== sk St Saakde] g3E o FAdEol AddEn.

[e]
pul

o
ol
bl
i,
N
&Y
e
o
2
i)
ok
ot
e
2
B
do
12
o>
2
Flot
ur)
e
=2
™
ot
i
S
|

AAZT) S Aud AEE 6.0M HNO; 10.0 mL o ¢ 5 A gvjz

=
Sr vhe E3l7] 98] 6.0M HNO, ©2 A3k Sr-specific resin ©] o9l

i)
fulta)
=2
of
B
>,
~y
_Q
@
o

.OM HNO; 20.0 mL = ARg3to A7& Al#sto] Ca 2 Y
59 el dAE AAST. =7 10.0ml & AFE3Ee] Sr-specific resin o] &2
Sr & #F3tt). Sr-specific resin & ©]4-3}o] &3 *Sr S low-potassium vial ©ll
100 mL #7113, ©]lF 1 mL & AFsH B sr s¢&& &8k f% ICP
ZHgo7 wE BHdch ymx 9.0 mL 2 thA] 7FdEte] ehHs] A ¥
20 mL o] SHFE Al o] AA|A4A| (Ultima Gold, Packard Instrument)E 18.0

mL 7}&Fo] cocktail & W™, ¥y o A o] o] FojxA] ¢k 44 Pgr 7k Q=

FEIR ARl Ay sk Yy 9] wabeS BAS FA dotm HY
uj o] HFZ LSC(Liquid Scintillation Counter, Quantulus 1220, Perkin Elmer Co.)&
o] gsto] AlSetdtt. b sr &S S5 fls wE BEad 1.0 mL
£=9ML  |ICP(Inductively Coupled Plasma Spectrometer OPTIMA 7300DV, Perkin Elmer,

USME ol g3tel B5EE Sk,
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Sample (soil and mosses)
| ashing (550°C, 24h)
+ Sr carrier 1mg,
OM-HCI 250ml
| heating, filtration
Filtrate
+ Oxalic acid 20g + NH,OH
| pH 4
Precipitate : Filtration
|
Precipitate ashing
Dissolve in HNO;
| heating
Dissolve in 6M-HNO,
|
Adsorption on Sr-Spec Resin
|
Elution with 10ml distilled water (H,0) [ Extraction (1.0ml)
| heating | + 9.0ml distilled water
Completely evaporated, Recovery measurement
+ 2ml distilleld water (H;0) sample (10ppm)
|
Cocktail ICP measuring
I
LSC counting
Fig. 11. Chemical separation procedure.
3. 54z ¥
B ATelA AFEE LSCx S ATS7HA S540] 7Fs 3 Quantulus 1220(Perkin
Elmer Co)& URHAQ] LsCe] w3 wgkate] v vt obgsh wigehe 9}
a8 WE AT A S4Z 5 vk o] LSCE AHEsh] SlsliM= A
27 54 2ds vE AAse] 5&E 7ekal &3R4 (quenching
correlation)= 3t Al5e] WAtes SAE % dof
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’1

A Lscel Psrof Wi &S 957 At =TI (KRISS) ol A
%5r %419 (Certification No. 1107-00441-001) & F43FAch A4 BAY SHS
317] Yete] EsEo] 98 A33a ¥ (quenching effect) & E544<12} (standard

quenching parameter; SQP) & AF&3to HASAY. A% B 4 2712 v

Table 181 ERA ST,

Table 18. Measuring condition of quenching correlation

Sample SRR Nitromethane 0.1M HCI Scintillator Total
No. source vol. (ml) vol. (ml) vol. (ml) vol. (ml)
vol. (ml)
1 1.000 0.000 4.000 15.000 20.000
2 1.000 0.020 3.980 15.000 20.000
3 1.000 0.040 3.960 15.000 20.000
4 1.000 0.060 3.940 15.000 20.000
5 1.000 0.080 3.920 15.000 20.000
6 1.000 0.100 3.900 15.000 20.000
7 1.000 0.200 3.800 15.000 20.000
8 1.000 0.300 3.700 15.000 20.000

ESES 23R 7P wo] o] nitromethanes EA1L(*Sr+2Y)ell 0.00,
0.02, 0.04, 0.06, 0.08, 0.10, 0.20, 0.30 mlE Z7} H7lstel A% T =&
S48t

LSColl 4] optical crosswalks = 43}tsl7] $sle] # A 2] PAC(Pulse Amplitude
Comparison) level= A3 = Zo7} Ut} o] PAC level- 1e]XFE 255714

47

ek

T 9lom 17E AAste] Aget grox wASHA Yo By AdE
AHgste] S48t

Sr-specific resing AF&3to] Y5y ZFE AYoA A EAE Y= Yye
28kl resin o F&E USr& 0.05M HNOso 4S gelate] #=x1x oz 7}

tol &&atle o Ysre] 35 AFE gelsdlnh. O daks e Pk

ol
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Poly-Prep Columm( ¢ 8x40 mm, BIO-RAD)®]| 0.5 g Sr-specific resins 2 =T} resine
0.05 MZ} 6.0 M HNO3 25 mLZE Zt7} 1 8% At Psr &4 £9 1
mL(activity 1677.6 dpm)E A 7}&c}h 25 mL HNO; O = 4 3] AlZ str}(e] &=
Sr& ALt o o]&52 AAAIZIZ] flst #4). 0.05 M HNO; 2. 2 1.0, 2.0, 3.0,

3.0, 3.0 mLZ TAA o=z 7ietel AY U9 resinel ¥ Sre £F ¢

3|43ke), 349 go] Cocktail S 7}ete] LSCE =7 o).
52 AR 59 A 48472 58 U 20 dFs7] A ez Py
¥ A9YE sr-Specific resind]l FHAIA VY-S HElsta PSre]  quenching

correlations  Z7d3tth. ¢4 Al&d quenching correlations ©=3] LSC
ZN171AA 8] mEAAe]l HAolglon, & IS Srspecific resings ©] g8k
Tl Ao Ysrks E2lE A9 quenching correlationS 57 3kal
quenching correlation curves T-3to] &S TEOZN A FAHA R 4 &3]
913k @Alolt}. PSr quenching correlation =74 272 T Table 199 eI
H A 05Ny EFEAY £ 50 mL (27.96 Bg/mL)S F3to] 50 ml teflon B]o]# o]l
S A3 AR S A3 A7 PsYE 6.0 M HNO; £ 100 mLE
7}8ko] Qith 6.0 M HNOs &9 0 2 A e] 3t Sr-specific resino] So]Ql= Ao
o] FF AMRE FEAANTCVYL FHHA F). ©]F 6.0 MHNO; & 30mLE
Ads F23] APAE resinel FAE *Ysre 50 mL FHRFE 4 W 78]
2T 829 TFTE S A3 F 0.1M HCIE-<Y 10.0 mLel =<1t} 10.0
mLe] £S5 5 709 vialo]l 2.0 mL® YFo] Zo} quenching agent® 7173 o]
A2 %= nitromethaneS 094 600 xL7FA] =24 02 H7FA1Z] & scintillator

fMNe 7}t F 20 mL cocktail #|Z%3sle] LSCE =743t AFE o] &34

Q0
[
D
=}
(@]
=3
>

o
(@)
[
=
<
D
i

.
oX,
ro
au)
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Table 19. Measuing condition of *°Sr quenching correlation with Sr-specific resin

Sample Standard source Nitromethane Scintillator Total
No. vol. (ml) vol. (ml) vol. (ml) vol. (ml)
1 2.000 0.000 18.000 20.000
2 2.000 0.150 17.850 20.000
3 2.000 0.300 17.700 20.000
4 2.000 0.450 17.550 20.000
5 2.000 0.600 17.400 20.000

4. WAFs R 29 EH

A

%

LSCE Perkin Elmer Co.olA] #|l&¥ A EQS WinQ 1.15 ©| &3l 53t}
WinQ 1.1°14 protocol®] W-&5¢<1 PAC level, A=l ©]€= Channel %%, =4 A
=

eEL

°
e
>~l

¥ A= Registrydts 9 o
A o] o= 7]E 2 <l protocol Al BHE FE ARI} Lelglon
AZAIZE, S8E CPM 5ol 7I5H ) A% spectrum> EASY view 1.0 &AXE

o] = o] &slo] geld 4= 9t} TS EASY view 1.09]14+= LSCY & S9 F

AN
z

WE Gou v DPM, 5 WA GO® WA AL 4 gtk

ol
to
o
)
o

ARE etA Y sk Bl AR o] FoAX 1L £l Sre EEla WA
A7) Sl M= carrierd] 3FES SHTOEMN &l & F Uk o7]A AREH
+ carrier= Sro by FoHAE B TAZAPH A= 100 mgP EE 9M HCI
FZ A H7bstel=ot. 28y Srspecific resing AFE3HE WHOI A= resin]

capacity7} 2H7] wj&o] 4= mgoltje] ot Sr carrier® Y o]Fojol ), o]
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QH4 Sr carrier (Sr(NO3),; 10 mg/mL) &%= 0.01,0.1, 1,10, 10 mL & FH st 77}
0.1, 1.0, 10, 100 mge] <F4g Sr7} resinel|l & st=s st $ HA| F%E 10.0 ppm2
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1. AEZ4 234

Quenching correlation Z743F7] ¢t AFAZ 7PF Wo] Aol E5E
Nitrome-thaneS 3£74 21(PSr+°°Y)e]l 0.00, 0.02, 0.04, 0.06, 0.08, 0.10, 0.20, 0.30 mI=
A2t AHrkstel A% 9% JEE Lopmgith 1 Ad: ofdl Table 20°]

Uehgigleor =4 A3E o] &3] quenching correlation curvei:= T2 Fig. 12¢]

LHER ST

Table 20. Result of Sr + Y Quenching correlation

Nitromethane

0.00 0.02 0.04 0.06 0.08 0.10 0.20 0.30
vol. (ml)

SQP(E) 852.62 804.78 762.52 726.16 69346 669.13 560.87 485.50

DPM (Sr+Y) 111.84 111.84 111.84 11184 11184 111.84 111.84 11184

Average CPM

(Sr+Y) 70.88 72.80 77.86 77.46 77.96 77.76 64.71 51.67

Efficiency (%) 63.38 65.09 69.62 69.25 69.71 69.53 57.86 46.20

50}
o
]

~J
o
1

y = -0.0004%2 + 0.6132x% - 151.7
Rz = 0.987

Efficiency (%)
[=)]
o

u
o
1

40 T T T T T T T T 1
450 500 550 600 650 700 750 800 850 900

SQP(E)

Fig. 12. Quenching correlation curve of *Sr + Y.
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LSColl 4] optical crosswalks = A3}sl7] $ste] &2 2] PAC(Pulse Amplitude

Comparison) & A743st7] flato] 1o|AF¥ 2557k 2@t gtow WA staA

Vsr e AUE AFEsE S AdE the Table 217 Zow 7 Z7of
g AFEY ] ¥sh= Fig. 139 YER ST
Table 21. Result of measuring PAC(Pulse Amplitude Comparison)
PAC Level 1 20 40 60 80 100 150 200 250
Average
CPM 38288.75 | 38201.25 | 38286.36 | 38104.10 | 37919.76 | 37968.42 | 37494.01 | 36381.08 | 18120.16
(Sr+Y)
Eﬁ'(%”cy 6847 | 6831 | 6847 | 6814 | 6781 | 6789 | 67.05 | 6505 | 3240
* Sr standard source (activity) : 55,920 dpm
700
600 | —PAC:1
——PAC: 20
500 - —PAC: 40
—PAC: 60
——PAC: 80
400 ——PAC: 100
—PAC: 150
300 - PAC: 200
—PAC: 255
200 |
100 A
0 T T T T T
0 200 400 600 800 1000
Fig. 13. Spectra of *Sr and *°Y in the various PAC.
PACHL®] 1~2007FA1+= && Fhol 68.47~65.05%% & Foli x| E9kA|wh
200017 gtellAE A "o Feh PAC#e]l 1Y W 7HE S EE 68.47%°

Ueltom e #4 o pACEHS 1= A4l
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Fig. 14. Counting efficiency values for the **Sr and *Y in the various PAC.

Sr-specific resine AF&3te] Y5 TE MY A EAEL Y= VYS
w3l resin o FEE Ysr& 0.05M HNO:S ¥& st #xbAow 7t

spol ek o Usre) 4@ Ak obd) Table22olA B S Utk

Table 22. Result of *Sr recovery, 0.05M HNO; were added sequentially eluted *Sr

adsorbed Sr-specific resin

1st 2nd 3rd 4th 5th Total
(tm)  @m)  @m)  @m)  (@Em)
1168.33
CPM 6.37 586.30  543.61 2437 9.20 (69.64%)

* Sr standard source (activity) : 1677.6 dpm

Sr-specific resin &2 % %5y & {E3to] I 7] A= HA 9.0 ml o)
0.05M-HNO; 1} 5745 7FallfoF att}h. & Fig. 15, Fig. 16 o4 X Sr-specific
resin 8] & WlE LSC 2 FAg Aol Psr oo st AFEHR

2 ~HER o= Tsr o wEFQl Ty o AFEF0]

LHERSEA R,

01751

=

kY
o
1
4
1
d



35

w—(.05M HNO3 1%} 1mL 5|5

——0.05M HNO3 24} 2mL 2|+

30

——0.05M HNO3 3%t 3mL &4

——0.05M HNO3 44} 3mL 2|+

25

——0.05M HNO3 5%t 3mL 3|4

20

0 200

——8.0MHNO3 sr H2| L] g%

400 600

800 1000 1200

Fig. 15. Spectra of *°Sr in full spectrum DPM counting mode after column separation

(Oday).

35

——0.05M HNO3 1%} 1mL 8|2

30

——0.05M HNO3 2} 2mL |3 .

- ——0.05M HNO3 3% 3mL &2

25

20

——0.05M HNO3 4%} 3mlL 8|4

——0.05M HNO3 5 3mL 8|4

- ——80MHNO3 Sr H| Li{x] 22 -

200

400

600

800 1000 1200

Fig. 16. Spectra of *Sr in full spectrum DPM counting mode after column separation

17 o YER Sl

(2day).
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Table 23. Result of measuring *°Sr quenching correlation

Nitromethane 0.00 0.15 0.30 0.45 0.60
vol. (ml)
SQP(E) 87450 63167 51392 44181  400.23
DPM 1677.60  1677.60  1677.60  1677.60  1677.60
Average CPM 1022.76 94441  502.78  178.12 72.49
Efficiency (%) 60.97 56.29 29.97 11.29 4.32
180 -
160 - —0.00mLNM
—0.15mLNM
140 - —0.30mLNM
—0.45mLNM
120 Z —0.60mLNM
" 100 -
£ g0
(o]
Q
60
40 -
20 -
0 - T T i T T
0 200 400 600 800 1000
Channel

Fig. 17. Spectra of °Sr quenching correlation with Sr-spec resin column.

y = -0.0004%% + 0.6468x - 192,15
R? = 0.9887

Efficiency (%)
I
o

0 T T T T T T T T T 1
400 450 500 550 600 650 700 750 800 850 900

SQP(E)

Fig. 18. Quenching correlation curve of *Sr for LSC.

Fig. 17 °lA] £ 2 21%©°] Quenching agent ¢l nitromethane %o] Z7}8 =
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quenching level ©] Z7}sto] AlSa&0] FAES & F Aok & ASE5ES
SQP(E)el wl#Este] Z71E-S < 4 9t} Quenching agent & YA S AS =
quenching ©] dojupx] ¢k A9 Hd ASAEE 60.97%E YE S AL, quenching
agent 5 FHUlZ =, 600 L 2o AL M e 43R%E Kt o] AyE
7FA] 3L quenching correlation curve & 151 ©™ Fig. 18 o] YERY A th

Sr-specific resine AFE-3k= oA = resin®] capacity”} 217] wj &l 4= mgo]

i
i

el 8 Sr& carrier® golFrolof vt whEbA, eS] B mgel carriers 3
ZhalofF =2 daegs d& & AsAel thEt WS AAS] f18ke] Srspecific

resing ARESto] Sr& AT Wl HI7bs|ok Sk carrierd S EElste] I4E

(

B\

el B A

oot
o
rﬁ
O

ekl om, th Table 249} 2 AE Aouiglth

fo

Table 24. Recovery condition of stable Sr carrier determined using Sr-spec resin(0.5 g)

6.0 M HNO; fr. Water fr.

Amount of Stable Sr

(mQ) Concentration | Recovery ratio | Concentration | Recovery ratio

(Ppm) (%) (Ppm) (%)

0.1 0.506 5.57 8.578 94.21

1.0 0.361 3.96 8.448 92.78

10 2.120 23.28 4.822 52.96

100 6.238 6.85 0.542 5.95
Reference Solution
(non-passed in resin) 9.105

100 mg

A¥}A 07 resin 0.5g & stable Sr 0.1mg & 73t Zlo] 7b FFHo] =
vebgth ey 2 Aol Ui A k9 stable Sr 2 AFEE AF 35& 9
Qfell ks mE QLo 90% ©]4e] 3]Eo]l 7% resin 059 & 1.0 mg <]

stable Sr = carrier 2 3 7}sk= Ao] A vt dEE T

[o
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2. AFA A EF Por ¥4 A3

LSCE ol&stl 543 g AHAEHS 7hx

o
N
N
1o
|\t
o,
i
X
)
ftfo
=
e
oX

Z7 oA -3k quenching correlation curveell SQP(E)#k= tilsle] A2 a&S 7
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Table 25. *Sr activity measured with liquid scintillation counting in soil samples from

Jeju island
Site No. Sample name %05y activity (Bg/kg-dry) (IIE\BAq?kAg ) C;?eelrgig)zl)
s1 Sr(s)-I-1 215.9+1.28 0.41 80
S2 Sr(s)-1-2 - - -
S3 Sr(s)-1-3 - - -
S4 Sr(s)-1-4 272.1+£1.97 0.77 43
S5 Sr(s)-1-5 - - -
S6 Sr(s)-1-6 68.76+0.67 0.34 97
s7 Sr(s)-1-7 88.25+0.89 0.47 70
S8 Sr(s)-1-8 48.13+0.61 0.40 84
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Fig. 19. Liquid scintillation counting spectra of *Sr in the soil samples; a) S1, b) S2, c)

S3,d) S4, e) S5, f) S6, g) S7 and h)S8 sites
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Table 26. *°Sr activity measured with liquid scintillation counting in moss samples from

jeju island
Site No. Sample name %0gr activity (Bg/kg-dry) (I'E\S/Iq?kAg ) C;I?glrgig)zl)
s1 Sr(m)-I-1 325.5+2.43 0.98 85
S2 Sr(m)-1-2 87.52+0.91 0.50 88
s3 Sr(m)-1-3 82.31+0.64 0.26 01
S4 Sr(m)-1-4 71.31£0.71 0.37 89
S5 Sr(m)-1-5 201.9+1.55 0.64 87
S6 Sr(m)-1-6 62.06+0.63 0.34 99
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Fig. 20. Liquid scintillation counting spectra of **Sr and Y in the moss samples; a)
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