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ABSTRACT

A study of the rapid analysis of Radioactive strontium
in marine samples

fon Seon Jeong

Advisor @ Prof. Lee, Kyung-Jin
Depar tment of Nuclear Engineer ing
Graduate School of Chosun University

The Fukushima Daiichi Nuclear Power Plant produces an average of 104 tons
of contaminated water per day, and the contaminated water contains
high-concentration radioactivity such as strontium (%Sr), cobalt (%Co),
cesium ('¥Cs, ™4Cs), and tritium (°*H). Japan has announced that it will
release contaminated water into the ocean, and as a result of modeling, it
is feared that the contaminated water will reach the Korean territorial
waters within 4-5 years and affect it. Therefore, the demand for radioactive
analysis of seawater and marine organisms is expected to increase, and
interest in radioactive strontium analysis, which requires complicated
analysis and long analysis time, is expected to increase. Existing rapid
analytical methods for radioactive strontium have been studied exclusively
for soil < seawater * milk samples. Therefore, in this study, we studied a
rapid analysis method for marine samples with reference to previous studies.

The rapid analysis method of this study was carried out by three methods:
carbonate precipitation method, extraction chromatography method, and
post—carbonate precipitation extraction chromatography method. All assays
were measured on a liquid scintillation counter (LSC) after the separation
step.

As a result of measuring the recovery rate using ®Sr, a relatively high
recovery rate was obtained in carbonate precipitation (98.8+3.6)%,
extraction chromatography (85.3+3.1)%, and extraction chromatography after
carbonate precipitation (95.0£3.1)%. Finally, ®Sr was used to verify each
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method. As a result, both extraction chromatography and extraction
chromatography after carbonate precipitation were within £5%. However, the
carbonate precipitation method did not show accurate results due to the
large error between the data due to the influence of unseparated Ca.

This study takes about 2-3 days to analyze, which is much shorter than the
existing fuming nitric acid method, so it is easy to analyze a large amount

of samples and will be used in the rapid analysis of radioactive strontium
in marine samples.
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H 2 Z 0IEA ti3

1. AEES S4

[

Jim

AEE2S(Strontium)2 XS 38 AKX 87.62°9 FAO0ICH FAIIS=

Sr2 HJIGIN, 2Z0 el £33 =0 =6

2t = = JA01C+H. a-Sr, B-Sr,
B’ =Sr(Sr=11)2 3Kl SAMI LAM U2, HO 2= 22 235T2F 54
0COICH. Z2A¥E2 CHAMUBAZX(fcc)E sl ==& 777C0IH, R=E2
1382 COICH. AEZ2E2 240 322 X AMHEHUAME SEES20t =6t

[l

X120l ZEXHHl= 2 370ppm(0.037%) fh, 1582 ZEL86 AA

ZMbl= Z(S),Bt&S(Ba)dl==5tCt. & A (celestite, SrSos) 1t AEZEIOILIO]
E(strontianite, SrCo3)It =& AEZEE Z=2Z0lMl, == M0 &2 MM
A BHAAEZSS SEIR2 MASICH [12]

AEZES MAEAMANE U i oHEE SARA ¥Sr(0.56%), *Sr(9.86%),
§7Sr (7.0%), %Sr(82.58%)2 Z=MotH 16JHKICl SotASH (12 SAI =Xst
Ct.[Table. 1][13] ¥Sr2 W sHAIB0| o8 HAIE 2522 HRZ20ICH XA
HOUAE Hel EMBHR LOLt, MY Rtz N2 oo 2 A201 =M

SHCH. #PUDF 2SS0 dl g

o

~

o] 282 5.75 %2 U2 #Z( HIs [

Ngre Br2D|0F 28.8H0|0H, 2 MAS SHLIOICH. HIEIUXIE o
BE2ID1DF 64.4A12t01 yo2 250 OY2 CHAl HIEH 26HH AESRAQ
N7ro@ BB [Fig. 1]1[15] M2t 2Y2 gD, 9srot EMote ARNT & 15
20| AWotHE OYIF MHEO LAHSO0l PSr ZHOFRICH. PSro
Wro2PH LECE HEKS =HGIM, HEIZ2UZLEH == HIEtA2 of

HXIDOF ¢15X010] W20, 012 22 A0l ¥Sro YAls

0
0z
[

0
>
or
AL

z
ro
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Table 1. AEEE HAIESAI} A E4 L NAME SWE
Natural
Beta energies, Activity,
[sotope abundance Half-Life
MeV Ci/gram
(by weight%)
&gy 0.5 No data Stable No data
&gy No data 1.065° 64.84d 35.400
8y 9.8 No data Stable No data
N 7.00 No data Stable No data
&Sy 8.58 No data Stable No data
&gy No data 1.495 50.52d 27,800
agr No data 0.546 28.8y 143
9ISy No data 2.707 950h 3.4x10°
%gr No data 1.911 271h 1.1x10°

8ecay mechanism by electron capture with gamma emission
(ATSDR - Toxicological Profile: Strontium)

20s5r 28.79y

N B 100 %

546 keV
i . %Y  64h
“\_B 100 %
. 2280 keV
N 90Zr (stable)

=g,

Figure 1. Decay scheme of 90Sr to 90Y and 90Zr

(ZX : Bojanowski R and Knapinska-Skiba D. 1990. Determination of low level 90Sr in environmental

samples: a novel approach to the classical method. J. Radioanal. Nucl. Chem. 138(2):207-218)
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AEES SHECOZE LHEMY, Ol2uE=XE 088 248, =320t
EJHIE 0lEe 248 S0 UL, LHINHE2 D= SIA=0 HEE =
UCH =24 MZAEIH e =2 B0t HESZ2E EXIt S&otl Sr 242
DHE d=9] 21 AI2H0] A2& 0, 2L XHel Al OlatatEAd 2dst2z A

o
TT

Ol2ns+Xg 0|88 2A&AYE Calt Sre =2l & = AT, [Table. 2] & &
il =

-

otJl =clst B0l AL

Table 2. Ca and Sr contents in samples

Sample Name Amount of Sample Ca(g/sample) Sr(mg/sample)

Pisces (body) 1kg raw 2-19 7-100

Sea water 40L 17 140-330
Powdered mi Ik kg raw 4-13 2-5
Sediments 100g 5 3-400
Pisces (muscle) 1kg raw 0.05-4 0.7-17

Seaweed 1kg raw 0.6-1.6 40-130
Milk 1L 0.9-1.3 <0.1

Soi l 100g (0-1) 0.1-40

S0 2loi SrOl ===otH =2cltl= ZE-O0IC.

XL 2HBSID WEN PSr2 FE E £ Us BHHE J1A0| HIMCE SEO0I U
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3. AEEE =4 &l

3.1 Low background o/ B counter

NER LIOHE H=dle MEH a €A £ B UXE LEct= HEUH Uist
NER SAs BEIIEN 2XECz YAls 28 HREE IYdt=0 AtZctes
BtAlsS HISEBI0ICH. BSEEAIES 2O HENEE2 2010182 A ArA
o HHEYAISH 28 =X0| HHECH. WetA XHBIAISSl BHZFBIAISS & X0l
SECZM HZEO0| JtsotEE EHSAHJULE.

a A B LXIF JIMZEEDIC MHE(P-10 Gas)S SUE M AsEEE2 L2
H EHE 0l2¥sS A9 ooz 22|AIHA M20 £=&&HCH 01218 &)
M NS HE = 0|24 20 Hldictes #E2 Ha22 =Fol kBg/m: &<
2 LIEHHCH [Fig. 2][17]

P-10 Gas ]
Automatic low _ Sample carrier]
background '
alpha/beta
counter
Figure 2. Decay scheme of 90Sr to 90Y and 90Zr
(&X : http://www.canberra.com/products/radiochemistry_lab/alpha-beta—counters.asp)

Collection @ chosun
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3.2 Al H=II(LSC

: Liquid Scintillation Couter)

HAAZH =T Quantulus 1220= = MES 2o, HEEAN ZHagst Aoz
LM UCH. 40HSl PMTE 0180t SAIN HaEe AS8H 2Xdte SAHHY
£ 0/80t0 &S2 MAHAAH HWOtREE EF=0 HEESE JUHJYD, LIt/
HIEH LXE SAN 24 & £+ Js LI EA (Pulse Shape Analysis, PSA)IIsS
O MHl2 Lo Atet HIEFZ X2l S Al HIS01 Jts6tCt. [18]

2 HE S, L (20tH, X-&)0AH Ltee X0 28 &2 L HE
DX (Cerenkov) &2 == ZLEZ A0 28t BASE RYSHCH LMATL S
AX2 20l RH2 YNES XL N2 2ol NAE BAE LS.
PSAEH =L g2 HA 2242 HWHH MERE RE6te Jlss ZL&t
Ct. CHAl 25l PSADISS AFRGI0 %=l =XEXH AXEH0 et LoD HIE
& ATEZOl 22|Jt IS5t PSA E2IJF =0tXIH 20 ABEZH0| HE AW
EYOZ H=EE £ UL PSA =IF LOIXH HIEF ABEQ| O ABEZO
2 Hs € = I W20 HES EJALF0l ER6tCH.[19],[20] Fig. 32 Xl
AZA 20| Quantulus 12202 A S LIEHHRACH. [21]

LEAD(passive shield)
—A'<I~ PMT ["‘_;T Zh| emT A |
&
*
ALY axatos IRIGGER
S Lo .
= | ==

(ZX :Wallac Company (1995),

Collection @ chosun

Figure 3. Quantulus 1220 &4

‘1220 Quantulus Liquid Scintilltaion Counter instrument Manual’ )



H2&E s € A4

H1Z2 £8 Mg € ANz =l

LAl 88

HEAlEE OB (50H)=2 SLEHSIR2O0 AMoH(35" N, 126" E)UHIA  THHGHA
Ct.[Fig. 4] THFE AlR2S JIAIR 1000 AFE = 22 24X A2l & X2l Al

SZ AMEGHALH

o) R x|

01 5(01) A X1

Figure 4. dlZAIE TH XIE
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g2 MAGHI fIch 95% =AMSUES(ME=ASE

M0 U2 resindt

S o)
=0 340t ASotACH.  1c2l1) 0l= Eichom

b2l Qo %Ssr EEM2(Eckert & Ziegler,

o
O HPGe(BSI, 60Co 1.33MeVOil CHEF Nal(Tl) &AHESE 30%)2
O 2 ISr(Epx: 0.546 MeV, Yield: 100%)S OIS5H0 =24



=AUES Y BMUEES A0l EItoto CHES
Ta

. 3[22],

Zoli&ttt. Sr—Carrie 10mg
= MEBIHIIE
SE 2M HNOs 10ml,
WSt fltering &t

]
Qo
2
=]
12
2
=
QO

N

D
(@)
w

20= Jtg

= i
22 =226, AHSS oM HN,22 Ealst

100g of Fish.

- Dry 2day

Asging for removal of organic matter 2day

-

Elemental atomization.
*Add HNOs 10ml, strontium carrier 10mg
* Evaporate to dryness

= After solutionzing with 2M HNQO3 10ml DIW 90ml,

add 0.5g of NaOH and stir for 5 minutes to filter.

-

Carbonate precipitation.
* Add 1.5g of Naz2COs3, heat and stir for 20 minutes and leave for 2 hours.
* Separate the supernatant from the precipitate using a centrifuge.
* After drying the precipitate, dissolve 10ml of 8M HNOz and measure it.
* Mix 10ml UltimaGold AB cocktail

Figure 5. Carbonate precipitation.

_10_

Collection @ chosun

(o2 =2

= KM
Table. 4.[22]



0

Table 3. #=4ISILIES S0 OE 3l+8 2
NaoH=! J} ¢ ICP =& Z 2t (mg)
(mg) KA Sr Ca Na Mg
=D 13.2 113.3 263.8 10.7
500 Aot Xel: 13 113 264 11
HAE (%) 0.1 0.1 0.1 0.1
=D 9.0 98.5 238.4 9.4
600 =4AgtE XHel&: 9 98 238 9
HAE (%) 0.2 0.3 0.1 0.1
=D 10.1 9.4 264.5 9.6
700 =4AgtE XHel&: 8 70 261
HAE (%) 25.9 27 .1 1.4 24 .1
=D 8.5 89.1 226.2 8.5
800 =4AgtE XHel&: 0 1 218 0
HAE (%) 98.4 98.9 3.7 96.0
=D 9.0 9%.0 515.3 8.9
900 =4AgtE XHel&: 0 0 505 0
HAE (%) 100 99.9 2.1 99.1
=D 9.8 101.6 582.4 9.4
1000 Aot XMel: 0 0 572 0
HAE (%) 100 9.9 1.8 99.9
EX: AEEE-00 ABSHS B AJ2lY PY Y, (2020) AAIES=2 . F0IA
-1 -
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Table 4. EHMALIES S0 OHE 22 2

NasC0s ICP =& & (mg)
&Itk (mg) A4 Sr Ca Na K
=] 86.8 9.9 179.9 88.9
500 o Xel=: 0.05 0.6 1.2 0.6
HIAE (%) 99.9 9.4 99.3 99.4
=] 9.7 104.0 274.6 108.8
750 o Xel=: 0.05 0.6 4.6 0.7
HAE (%) 99.5 9.4 98.5 99.4
=] 8.6 2.1 291.4 109.6
1000 o Xel=: 2.60 31.7 9.4 4.5
HAE (%) 69.6 65.6 9.6 95.9
=] 105.6 115.3 362.6 126.9
1250 o Xel=: 105.0 110.3 21.6 7.4
HIAE (%) 0.5 4.4 94.0 94.2
=] 10.4 171 458.7 126.5
1500 o Xel=: 10.4 114.0 30.5 9.5
HIAE (%) 0.0 2.6 93.4 92.5

EX  AEEE-0 MHEANZS s ATeld &Y JHY,(2020) SAE =2, oA
- 12 -
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2. =£dJ20t&cH1l

F&£JZ20t&E0cil= 0= Echrom AtOIM JHESH Sr-specific resing 0|Z6t
= UHOZ W2D 2GS FSre 2218 4 UL

HAEE AEE 500C 3St20 48A12F 3lsk AIZICH. 3stEl AIZE HNOs(70%)
10ml2 ol AIZIH, Sr-Carrie 10mg §& = ZY 241 SHL. AIZE 8M HNOs
10ml2 ZoiAlZ2ICEH.

Sr spect resin 1g2 Z'TE (AC-145-AL 2.5mL BV)Ol === 5ml 2t &M SIS,
8M HNO; 5mIE ZE0 S0t didS 43t AIZICH. SolE AIRE & 6tH,
M35 ANZIZE A2 E Z-0 SStCh. ol Sr E=0| OIRU&ECH E=0| 0IF
HXIH 8M HNO; 10mI S &6t MEStCH, & Ch2  0.05M HNOz 15ml3t =&
SmlE TSN Sr& SEEIC. EES SrEUS TL AHNE = 2M HNOs 5mi2t =

+ bmlE Edllote H=E Ale2 HMASHCH [Fig. 6][23]

| 100z of Fish. |

.- Oy Zday

Asging for remowval of organic matter Z2Zday

-

Elemental atomization.

=HMNO= 10Nl

= Evaporate to dryness
.-

separation of Sr by Sr-resin.
= Fill the colurmnmn with 1g of Sr spect resin
= Fill the colurmmn with DIwvv Sl
= Condition with &r1 HNO2 Smil
= Load Sample{a)
=wWwash wwith ha HMNOZ 20mil
= 1 Elution with O.05Mk HMNOZ 15l

=2 Elution with Diwvw Sml

-

Sample Preparation for counting.
= Dissolve(b) with 2 HMNO= Sl
= M= with Sl DWW and 10mil

witimasGold AB cocktail

Figure 6. Flow Chart for rapid ®Sr screening analysis

_13_
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Disschme precipitate with 8ha HMNOCa Smia)

Evaporate slution solution todryness{b]
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- Dy Zday

Asging for removal of organic matter 2day

-

Elemental atomization.
=fdd HMNO= 10ml, strontium carrier 10mg
= Evaporate to dryness

= after solutionzing with 28 HNO= 10mi DIW 90ml,

add 0.5g of NaOH and stir for 5 minutes to filter.

.-

Carbonate precipitation.
=Add 1.5z of NazCOs, heat and stir for 20 minutes and leave for 2 hours.

= 5eparate the supernatant from the precipitate using a centrifuge.

- Diszobee pracipitate with 8 HN O Smila)

separation of Sr by Sr-resin.
= Fill the colummn with 1g of 5r spect resin
= Fill the column with DWW Sml
= Condition with M HNO3 Sml
= Load Sample(a)
=Wash with 8N HNOG3 10ml
= 1 Elution with 0.05M HNO3 15ml

= 2 Eluticn with DIW Smil

R Evaparate elution salution tadrgnessi b}

Sample Preparation for counting.
= Dissolve(b) with 2 HMO= Smil
= Mix with 5ml DIV and 10mil

UltimaGold AB cocktail

Figure 7. carbonate precipitation and extraction chromatography

_15_
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2]
|

H 3 & 2

KIr

jild

-

Al
Al

ol
RO

KD

KJ
KD

o1

<

0l
RO
K
O
<+
o}
fill
K]
KD

80

_

wl

KD

ot 98.8 £ 3.6 RULH.

fll
RO
KIr
ok

i0J
1o

010

ol
KJ
KO
ok

KJ

Ct.[Table. 5]

U

=
IT

+=E0

o=z §r 2401 HA 3

A AT (%)

Et

98.7 £ 3.6

99.2 £ 3.7

98.4 £ 3.6

98.9 £ 3.6

98.8 £ 3.6

4 LhBHE T (%)

99.8+ 3.5

9.7 £ 3.6

99.2 £ 3.5

99.3 £ 3.5

9.5 £ 3.5

Sample

A1

A.2

A.3

A.4

Avg £ SD

_']6_
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Table 6. ERQMEEAY |CP SE
ICPZ 0t (mg/L)
Sample
A Fe Ca Na K Mg Sr
=J| 170 3670 14100 30500 3410 23.9
A M HE = 24.7 2900 3490 1480 1220 23.4
HIHE (%) 85.5 21 75.2 951 64.2 2.1
=J| 147 4400 13000 29000 3030 20.4
A.2 EMEHE = 42 .5 3220 4640 2020 1290 19.9
HIHE (%) 71.1 26.8 64.3 93.0 57.4 2.5
=J| 135 3210 10700 24500 2630 18.3
A.3 EMEHE = 47 .5 2860 4820 2160 1410 18.2
HIHE (%) 64.8 10.9 55.0 91.2 46.4 0.5
=J| 107 2850 10200 28900 3290 22.2
A.4 EMEHE = 37.6 2040 2800 1260 729 21.9
HIHE (%) 64.9 28.4 73.5 95.6 77.8 1.4
Average (%) 71.6 21.8 67 93.7 61.5 1.6
EAE EAY P SEZ M= DIt A HIIE 016t ol =&tstx el
Y EAEXel = ICPE =AHGIRLCH. Sr HMH=ES ZEZ 1.6% 0lH, Fe2 EZH
71.6%, Ca2 21.8%, Na2 67%, K& 93.7%, Mg 61.5% = UEIGCH.
EMAEENEHUHA LZSA2 Mg, Fe2 & 60-90% IHAl HIA &1 Sre
22 H0IULCH. &2F Ca2 &3l =Moot Ca HAHUEO g2 2g A

Collection @ chosun
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H 2 2 F£3d=20tE041

FEIJZ2NEDNI 28 SEH2 RIISY
UE IOl Sr-Resin Hel & F=FEHo=Z 382 =T ofUL. =FZ0 TR
85.3 £ 3.1 QUCH. HIWE = LIEHST

Table 7. =320t 00 ¥Sr 3|48 =

Sample ==
B.1 85.1 £ 3.1
B.2 84.5 £ 3.1
B.3 86.1 £ 3.2
B.4 85.6 £ 3.1
Avg £ SD 85.3 £ 3.1
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Z1

f

Table 8. =2 Z20tEeHDl ICP =F
ICP Z 1t (mg/L)
Sample
AN Fe Ca Na K Mg Sr
Ep) 66.4 3640 7710 23100 2450 18.8
B.1 dididel = 0.4 81.3 176 341 13.7 15.9
HHE (%) 99.4 97.8 97.7 98.5 99.4 15.4
Ep) 9.9 3340 7890 23400 2490 16.5
B.2 dididel = 0.57 73.2 164 344 17.5 14.2
HHE (%) 99.4 97.8 97.9 98.5 99.3 13.9
Ep) 72.1 2670 6660 19800 2070 14.0
B.3 dididel = 0.31 13.4 102 200 6.5 12.1
HHE (%) 99.6 99.5 98.5 99.9 99.7 13.5
Ep) 85.8 5720 12300 35200 3920 20.3
B.4 dididel = 0.8 82.3 181 364 21.5 17.3
HHE (%) 99.1 98.6 98.5 99.0 99.5 14.7
Average(%) 99.4 98.4 98.2 99.0 99.5 14.3
FEJZ0tE0cHI ICP 2= B3 Fex2 99.4%, Ca2 98.4%, Na= 98.2%, K
2 9%, Mg=2 99.5%=2 MAE0l =UALH. FEIAZ20IEDAII= HR22 YolFA
S 90% Olah MA=E A= &ol & & UACH. O, O LS Fe, Mg S
Of MAHDEOl S0 all& Xel AI2H0l Cha 20 [/
- 19 -
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H 3 2 BMEEN =2 320101
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80

_

wl
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&3r 2

tACEH.

110

lo-

VNS

S
il

1
it

il
KJ
KD
80

_

<J

i0J

I20FE T %Sy

==
1}

lo-
KJ

Table 9.

JZ20tE0cH Tl

_
il
K-

lo-

KD

95.2 = 3.1

9.8 £ 3.1

93.4 + 3.2

94.7 £ 3.1

95.0 £ 3.1

Sample

C.1

C.2

C.3

C.4

Avg + SD
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Table 10.

rz
0Q

o

pal

ol
gl

E3Z0IE0ehT
ICP

Ca

Z 0 (mg/L)

P éJc-l

Na

247}

Mg

24500 | 2550

Sr

18.
17.7

7

8170

2.9

5.3

Sample

90.4
12

3590

i

15.9
99.9

99.8

17.6

C.1

0.18

99.8

2420

E_VLF%

3=

99.8

99.6

8580

28500

2.9

16.8

HIAE (%)

=]

77.6

3410

86

1083

B | N3

99.8

2800

4.5
17.4

.2

0.2

E_VLF%

ol &
99.7

99.6

9460 | 30200

2.5

16.3

A

(%)
81.4

=]

3770
9.6

115

9.2
99.1

99.9

6.3
18.2

.3

0.15

98.9

2610

Et

[u)

At

3=

9.

8 | 97

8620

27500

2.7 | i

HIAE (%)

=]

9.7

3510

81.2

98.6
99.6

99.9 o

5.5

0.16

99.1

99.8

C.4

gerg dld

99.6

99.8

98.9

99.5

HIAE (%)

99.8

99.6

2O
ESR=

H Fe2 99.8%, Ca2
EE

0,
0
ol 5t

Average (%)

ol

grgio
o=

< AT

i

=

A

=
-

AZ20tE ¢

Hmer =S 0
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S22 MA 258 A
MI&GHACH 2 2AggEE HEst AlI&2 LSC S
1, AHEH S0l & 2AMA &
2 MDA(Minimum Detectable Activity)S &E0ELCH.
K + 2k /2N,
MDA (Bg/L) = V2N,

Collection @ chosun

t,(s) » e s m(L)

k :reliablity(1.645)
N, :BKG Counts
t,:Count time

e:%Sr Efficiency

m.Sample volume

ns;n I hbk:
€ng,. (%) - #X 100
s Agos,,
Nymy :3aMple count rate(cps)
ny, ‘BKG count rate(cps)

Awg, 190Sr Activity(Ba)
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BRI AN 2 N5rote =45t 221 HMGHK
Ny oF 1520| XILIY LAIESEAEHN 0122 ZAts
0l Y2IE 0|25 SUS BEHR & YASS 2
HEAZS 201510 ¥Sr, ¥yl ROI A0 UEt S22

JefLh, AX HS 2 A20M X5 MAE
O (EE 58 2 PHAGHK R5tAU DD, CI0IEHIt

= 2AZ0| EIHs6HRAC

Collection @ chosun
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windowOil A

ZCt.

61-620 channel OI04(fig 8),
S22 B4 8.1 £ 2.4°=2

o &

LIEHSE 2O, MDAE AlE SEAIZtE 100222 ofAS [ 0.150Ba/kgOICt.

Table 11. == 0IE0HI &2 &8 Z213F 2 MDA
" A2 (k) 0gr window 61-620 WDA(Ba/Ka)
=ei & 124(8q) s2(%) area
R_EFF1 80.8 £ 2.4 0.152
R_EFF2 0.1 46 .6 82.8 £ 2.4 0.149
R_EFF3 82.9 £ 2.4 0.148
Avg = SD - 82.1 £ 3.4 0.150
tERCE Mo 2co SHERCO BARHCOICH (k2)
100
600
R_EFF1
4 R_EFF2
+ R_EFF3

Figure 8. =32 0tE1Hl

Collection @ chosun
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O
e
12

Z2E ANE S Z21 AHEY QA2 52 28 A2 AHEH DA
CH(fig 9). 2= 21 4£5% 22X Ol 2 24A-o| AAHs &S2oIHLCH
Table 12. ==3JZ0tE10cHI] S 210
QOSI, QOSI,
D Al 2 2k (kg) _ _ AHCH @ XH(%)
& 0gt(Ba/kg) =& 8H(Ba/kg)
R_T1 465 + 1.4 445 £ 3.0 -4.29
R_T2 0.1 46.4 + 1.4 47.5 £ 3.0 2.40
R_T3 465 £ 1.4 446 £ 3.0 4.13
TESCE MU0 ERCO EREHTO BASSTOICH (k2)

150

ERT1
R_T2
+R_T3

Collection @ chosun
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3. BRtE

— O

1]
0l

&

-~ ==3=20tE eIl

ROl windows ==3A20tEcHUIQt S2otH(fig 10), oHE windowllAl S8
2 MDA Z 1= Table 122 2L, @82 E& 87.3 £ 1.02&2 UEIS2SH, MDA
AlZt2 100222 Gt S M 0.1398q/kgOlCt.

=
il
I
0

Table 13. F=IAZ2MEDNI &8 &8 20 & MOA

" NZ22H(ka) ] %Sy wind_ow 61-620 VDA(Ba/ka)
& 124(Bag) =2(%)
CR_EFF1 87.3 £ 2.6 0.139
CR_EFF2 0.1 46.6 86.8 + 2.6 0.140
CR_EFF3 87.9 £+ 2.6 0.138
Avg £ SD - 87.3 + 2.8 0.139

Pl

(A

tesc

rr
0

o SECY SHSEHTO FHEEHTOICH (k2)

CR_EFF1
4 CR_EFF2

+ CR_EFF3

Figure 10. EHMIYEIMS ZE2J20EDHI &8 BHE YSr AHEZ

_26_

Collection @ chosun



O
e
12

2AZ ANZ 5T ZW ABEY YL 58 B NS AHEY 2D
CH(fig 11). 2= Z2 45% 22X O|HZ 2 2489 AL sS &S2oALCH
Table 14. ==3JZ20tE0cHI] 2 210
QOSI, QOSI,
D Al 2 2k (kg) _ _ AHCH @ XH(%)
& 0gt(Ba/kg) =& 8H(Ba/kg)

CR_T1 46.7 £ 1.4 47.1 £ 2.8 0.699

CR_T2 0.1 465 £ 1.4 47.4 £+ 2.8 1.93

CR_T3 46.7 £ 1.4 46.4 + 2.8 -0.590

TESCE MU0 ERCO EREHTO BASSTOICH (k2)

150

ECR_T1
CR_T2
+ CR_T3
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