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ABSTRACT

Inductively coupled plasma-mass spectrometry (ICP-MS), one of the most commonly used instruments for metal analysis,
was used to determine total uranium in soil. The method was named as “Modified ASTM C1345-96”. When comparing
with ASTM C1345-96, digestion time (2~3 days) was shorten to 7 hours and the treatment in furnace was eliminated. In
analyses of 26 field soil samples, there was a significant difference in the average concentration of total uranium between
modified ASTM C1345-96 and ASTM C1345-96 (F:6.22>Fc :4.03, significance level : 0.05, n=26). The average
concentration of modified ASTM C1345-96 was 1.8 times larger than that of ASTM C1345-96. In addition, modified
ASTM C1345-96 was compared with other acid digestion methods for soil including ISO 11466, Modified ISO 11466,
US EPA-3051, US EPA-3051A and US EPA-3052 using a certificated reference material (SRM 2711a, NIST) and field
soil samples with different level of organic matter content (1.6%, 5.8%, 10.6%). Modified ASTM C1345-96 showed the
best accuracy of 93.01% for SRM 2711a. Also, modified ASTM C1345-96 showed the higher extraction rates than other

digestion methods by 11~45%.
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(SO EF) Avky), E3Kw), MIEKP) spectrometry
o] A= glal ICP-MSE |43 WHe 7t

=
=4 4 &  y-spectrometry, Neutron activation
analysis(NAA) *Hol Slov F S2hg9 99.284%%
AAshE Ue] B9 g WANTIA gok ARA
ALl A7F Ak 2 2] Xeray fluorescence(XRF),
ICP-MS, Thermal ionization mass spectrometry(TIMS)
o A%l 2k Aag WA B4 Falod & §-

e A% & 4 SrkSaleh and Abdel-Halim, 2016;
Bartova et al., 2017; Landsbergeret and Kapsimalis,
2013; Barrett et al., 2017; Rodriguez et al., 2001;
Mccormick, 1992). 53] ¥Rk oz E¢fol} &5 diid
o2 1948 A AR WeHoR A18H
= ICP-MS= =77 & fehas ekt M2

4 QITHASTM, 2001). ICP-MSS 283l & $e}FS
A Afolle kol ek vkl 2ol el g &
< FAAY7} vieA] aEY BEY ] S 22
235, 13A, g, 14 5] mulge] Eigst
A A=l s 75 3o A2 skl Ealisk=
o] FQsith. wHEAE EAL Al AL
© o5 EF AF To] o] &EHAR o|FA| Hihs AME
slo] Zeffeles A-rols dElFEAIYES s #ale
A FeEval BAEI glom ICP-MSE o83l B
9] & fhae BNk AT AR vk HAg
HPHS- #8353 thi(Favas and Pratas, 2014; Frances
et al., 2018; Bigalke et al., 2018). W&} oJE} E&=X]
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Act. 2 DA FEA 1 AP £ AFelA] AR
Modified ASTM C1345-96 ¥He] f84dS 7150z
elslaal B QASHTFEZ(SRM 2711a, NIST) tf
o FUIETE @S Ueile EY 33E oo
Aol ARSEE 2ke] F5, B3R, w8l AR T
2yolgt 5714 HPH(ISO 11466, Modified 1SO 11466,
US EPA-3051, US EPA-3051A, US EPA-3052)¥} Hlal
ARE Fgste] dxje] W Pl AUssE Wrt

a3t

o R

21 A8 EY

1 ©A F84 8RRl Al AR8E EY 2682 FEvt
g EGERE okbedl sk Edoln sPdvet
2 SEAGT FASE B ZAFA 711g #7F
oA AjFsl AFAZ REE ESS 71Z7](Dry oven,
40°C)ONlA LAl 10 mesh EFAGEEZHE 2 mm)E A
& gk %, 100 mesh FTAGEEZHE 0.15 mm)E THA
AAE 3lo] AFESIAT) 2 B FEA 1 Aol AL
£ EYS RUIEEEl 24 1.6%, 5.8%, 10.6%=
Jolgt R EY 35S AdHsle] AREsIGE e 1 T
a4 gR1 Al ARSE B sl dxstal A
715 3lod ARS8IItH(Table 1). XA2] WY Hoi= v]
o H7FE YA 200 mesh EFA(EF7HE 0.075

Table 1. Physicochemical characteristics of soil used in validation test (level 2)

Sample pH EC (ds/m) OM. (%) Sand Silt Clay Soil texture
Soil-a 7.0 0.27 1.6 93.60 1.36 5.00 Sand

Soil-b 5.1 0.66 5.8 76.48 16.40 7.12 Sandy loam
Soil-c 6.7 0.69 10.6 91.00 1.52 7.48 Sandy loam
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mm)E AAE o] e EY ASFEFEZ(SRM 27114,
NIST)S Fuliale] ARE-3HT.

22. M H 7|7

Algell AREE A9k 70% HNOs(Dongwoo Fine-
Chem), 35% HCIl(Dongwoo Fine-Chem), 50% HF(.T.
Baker), 70% HCIO4(Daejung), 35% H,0,(Samchun)E
AREBIG o HAISE Milli-QAIZE (18 MQ-em)S o1&
slod ZAlE BATE ARSSIATE. HFS ARSSl] Als
£ sk Eellslr] 93k Ao Es Hu 250°C
7HA] 718 4= = Hot plate(OD-lab, GF-sample diges-
tion system, korea)?} 260°C7}A| &3l 7}1&3t A TH|
IZZ(PTFE) {38715 AMESIT. S2leel W 5 2
MRS o} G FAETISO 11466 HH(ISO,
1995, w2t vEe-871, Sz, 58715 st
AFgshs 3Nyl (reflux  condenser digestion) 3]
£ Z83IaL US EPA WPHolA 8= mlo]a=23}
E3UES Microwave(CEM, Mark6, USAYS A8-3153T).

23.7|17|2M=A

F 2 Aol A" 717]1& ICP-MS(Analytik-
jena, 820MS, Germany)ZA J*g] & A58 EF &
A3t A S8l om & A ARgE SAx
2 Table 20 YERRITE A4 A4S 918k 13743
F8N(working standard solution) ZAIE £l 9.994
+0.016 mg/ge] USTHS Zte= ETEA(SRM 3164,
NIST)S AAFE 348t 10 mg/Le] AFEZEY
(stock standard solutionys FAISH & TA] A= o
ARo= At 0pg/L, 0.5pg/L, 1.0 ug/L, 5.0 ug/L,
10.0 pg/L, 20.0 pug/L, 50.0 pg/Lo] APEFENE ZAst

HoA

:

Table 2. Analytical conditions of ICP-MS measurement

Descriptions Conditions
R.F. Power 1.4 kW
Plasma gas flow 16.5 L/min
Auxiliary gas flow 1.80 L/min
Nebulizer gas flow 0.90 L/min
Sheath gas flow 0.10 L/min
Stabilization delay (s) 30
HF kit Es-2240-4350-27
Sampling depth (mm) 5.5
Scan time 138 ms
Replicates time 2.76s
Replicates 3
Internal standard 1Th

Act. ole} Zo] 2AE AHETENS o83l Lojxl
A=A ARASEYE 0.999 oPFo] HEE 3t
Aol FxRE FAJSEFEZ(SRM 1640, NIST)S
gg3le] wiHEE A0 digh #15S Y
TS EATAA BT = Jde BAAE HAis)e)
7] 130 1 Z200M 5 A3 (drifoel] o

ATHISO, 2005b).

2.4. Hx{2| 2y

ASTM C1345-96 WHS AREssld & ks 59
Y 22 2 F EFS ICP-MSS AM8ske] Haksl=
WHOITHASTM, 2001). ©] Wil A9 f715S 13H]
o=z Falelr] At 35} #go] Haslar 10go] EY
NEE AREglo g Qlsle] Xl AR EsiAzt
(2~3%Y), ThFe] AleF AMS T U] EY ARE 45}
= 73 gt ARaexe] A8 wA7F o 1E 4
ol olFE & AFolMT E2ie] ASTM C1345-
96 WA 7158 Eallsh] 218t 38} HgS Akst
Al (test portion)®] ¥ 109X 0502 =Y
o2 Alke] AL 9 HIATE TS 53 R (]
3} “Modified ASTM C1345-967¢]2} S A|eks}ar o]
Wl FrEAS ERIs] st F e SAIR o
84 ER1 AIES TSk

£
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24.1. 1 2§84 20 AIS

2.1 mEpA AR dF AH BEY 2698 A3
B Agea] Ak Modified ASTM C1345-96 %% <]
EY T F 9ok AEel g fad 281 A8 |,
AR o] sk 1 9l f84 81 Algel
AFRE ASTM C1345-96 "4, Park C. S. method,
Modified ASTM C1345-96 ] A8 ZA-E Table
3o UERd nlel 2TH ASTM C1345-96 WH 2
Modified ASTM C1345-96 2] 739-= HF, HNO;,
H,0,& AFS3te] ERS E3l8I Park C. S. method
o] 749+= HF, HNO;, HCIOZ AF&3130t) AMS-E AR
ZFe ASTM C1345-96 ¥, Park C. S. method,
Modified ASTM C1345-96 W2 Z+z} 10g, 0.1g,
0.5g2% Park C. S. method W'Ho| 74 A4de] A&
5 ARSI on, BalAIRES 712t 2~3Y, 24413, TAIRE
o7 B AFor Ao+3F Modified ASTM C1345-96
o] 71 a2 Eall AR sk it 9 E F
sl FaeE Bej g8 Aoz 23 & HFd 9%
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Table 3. Summary of each digestion method for the determination of total uranium in soil (validation test level 1)

Testing method

ASTM C1345-96 Park C. S. method

Modified ASTM C1345-96

Heating apparatus

Digestion reagents

Hot plate
HF, HNO;, H,0,
Less than 0.15

Hot plate
HF, HNO;, HCIO,
Less than 0.15

Hot plate

HF, HNO;, H,0,
Less than 0.15

Particle size (mm) of soil sample

Mass of sample 10g 01g 05¢g
Temperature and heating time in the furnace 650+50°C, 4h Not used Not used
Material of reaction vessel PTFEV PTFE PTFE
Reaction temperature 180 £20°C 190°C 180 £ 20°C
Reaction time 2~3d 24 h 7h
Final volume of extracts (mL) 100 50 50
YPTFE: polytetrafluoroethylene
ASTM C1345-96 (Park C. S. method) Modified ASTM C1345-96
| 10 mg of dried sample | l
f‘fofr:’ft‘rgffot v First digestion in PTFE vessel 180 + 20, 3 hours
g (HF 15 ml, HNO; 25 ml mixed acid) | at hot plate
l First digestion in PTFE vessel Each digestion l
First digestion in PTFE vessel 180 £ 20C, 4 hours Wi
(HF 30 ml, HNO; 50 ml mixed acid) |  at hot plate l ;;fg Swergltn?l;jd +HF 15 i o 55 i mied acid) 180 £ 20T, 2 hours
| hours, hot plate - AT e
| :‘;;r::"éz":;h:n;a:ﬁgs ‘ Second digestion in PTFE vessel l
l Second digestion in PTFE vessel
Second digestion in PTFE vessel Repeat for second addition (Add 15 ml H;0,)
(Add 20 ml H,0,) Hz0; 1 ml HCIO
‘ Third digestion in PTFE vessel dr;:1ess hétr‘;zrte l
M 20 < 10 g l Third digestion in PTFE vessel 120 £ 10T, near dryness,
‘ Third digestion in PTFE vessel ‘ 120i10, nest ciyness (6M HNO; 25 ml) 1 hours at hot plate
60 HNO, 50 mi) ours at hot plate

!

Dilution to 200 ml with 1% v/v HNO, l

100 ml PMP flask up to volume Whatman(=40) filer
paper

Dilute 5 ml of each sample to 100 ml PMP flask with water

Whatman(#40) filer

‘ 50 ml PMP flask up to volume
paper

v
Dilute 5 g to sample 5 g with (1:1 w/w) water

Fig. 1. Schematical diagram of digestion methods for the determination of uranium content in soil (validation test level 1).
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AlE 38(1.6%, 5.8%, 10.6%)°l thale] 2 Al A
oFsl W2l Modified ASTM C1345-96 WP 1 @4
frag 21 A HE HA] 2 o5} okt 2hes)
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Table 4. Summary of each digestion method for the determination of total uranium in soil (validation test level 2)

Testing Modified ISO Modified ASTM

method 11466 ISO 11466 C1345-96 EPA-3051 EPA-3051A EPA-3052
Devices for digestion Reflux condenser Reflux condenser Hot plate Micro-wave Micro-wave Micro-wave
Digestion reagents HNO; Aqua regia  HF, HNOs, H,0, HNO; Aqua regia  HF, HNO;, H,0,
mass of sample(g) 0.5 0.5 0.5 0.5 0.5 0.5
L HF (30 HF (3
](?r‘lie;“o“ reagents HNO; (10) ?{T\CI?BU(O})?)) HNOg( (5)0) HNO; (10) IITINC(I)}I((?‘SS)) HNO3( ()9)
‘ H,0, (15) ' H0, (1)
Material of reaction Glass Glass PTFE" PTFE PTFE PTFE
vessel
Reaction temperature 90 £ 10°C 90+ 10°C 180 £20°C 170 £ 10°C 175 +£5°C 180+ 5°C
Reaction time 2h 2h 7h 10 min 10 min 15 min
(F rfs; volume of extracts 50 50 50 50 50 50
DPTFE: Polytetrafluoroethylene
3lom 1 A= Table 5ol VERA Hie} Ak EF ASTM C1345-96 ol we} 4% etk ofF .84l

T T Tehas ARl sl 7 Aee] Hus Hlashke =7 YEPSTH Modified ASTM C1345-96 Wi o] -9
AReA F Jae] /MAETTHERE] o 48 = 712 ASTM C1345-96 ¥Hol| A= = 1L 33
Al F At 7ke] Hito] YgEXE Hrlshke Atolle F(650°C £50°C) StollXe] 4x17F H2] o] AR
-39S 283, 2] FHeo] 37| oPdold oj5e] ¥ I 8 AR 2-3YollA] TARReE TS FlolH,
Tro] FYSHA tist TAREA WhHoE s 7ol Park C. S. method®} HIWEFA 24x]7tolA 7A7ke 2 B
FEAHEA (ANOVA)C|tHPark and Oh, 2010). 3709 Mt afA)7to] GEE YL E Bl 8-S ASTM C1345-96
oA Sgetarx} ke REEHT)S 7 Ulolal d%F HBH HTh 9953813l Park C. S. method®} 53 55

< PXE 8A&EHHT)e] Y 739 Al (one-
way ANOVA)S Ag3it), A7 ghse] o] ARSH
W el FUA| oFE ZRIsh] flste] YA
S g3l Wrisigon 1 A= Table 60 YERIS
o} ICP-MSZ #43t & k9] o §5= ASTM
C1345-96"H, Park C. S. method, Modified ASTM
C1345-96 "ol Z+zh 2.00 mg/kg, 3.53 mgkg, 3.79
mg/kgelH ol ALHIAHS A-83le] Frigt A, 3
71 AR FollA AHol= g 7EA] AlEHHE frelat
7} JE AoE HAFEACKHE 1 432 <Fe:3.11, F)4=
0.05, n=26). o]e} 7] 37)9] ok 7t Zpol7} US A
TAFoR o= ek 7k Hiro] 23t Aort UYEAE
A7) Y3t dsrins Fdsgen 1 A
ASTM C1345-96 W3} Park C. S. method Ztoll -2
3 2Jol7} = AoZ YERITHE : 6.22 > Fe : 4.03, 72
<= 1 0.05, n=26). §FA°| Modified ASTM C1345-96
W Park C. S. method ol f-2J3F Zlo)7) gle=
RO 2 YEPHTHF : 0.13 <Fc:4.03, F5= @ 0.05,
n=26). WefA B Ao A AQte Modified ASTM
C1345-96 WPH7} Park C. S. methodoll W} B9 E
& T FT TohE TS Y Aot qlom 7|9

|

< vERG
3.2.2 B REY =l AME

]
2711a, NIST)} F71E3=Fe] 0] A3 & ES
AE 380 thste] B Aol A|okek WHSl Modified
ASTM C1345-96 W 2 1 ©A a4 2Rl Aol
AE A &2 o} kgt tHEs) HPHISO 11466,
Modified 1SO 11466, US EPA-3051, US EPA-3051A,
US EPA-3052)S &3l & Sehs ARsIder 1
A= Table 70 JeRd vRe} Ao} ERISETER
(SRM 2711a, NIST)®] ¥ $2hy A¥g= 7} 29,
Modified ASTM  C1345-96(93.01%) > EPA-3052(52.46%)
>1SO 11466(35.40%) > Modified 1SO 11466(34.54%) >
EPA-3051A(33.11%) > EPA-3051(28.24%) &0 & A%
7} UeRth(Fig. 2). HE3F 23l ol wE AREal Wy
B et 23S vlwsl] Bodth HNOsS A3 ol
M= EUA|F (Soil-a, Soil-b, Soil-c) ARkl 23] Modified
ISO 11466 " @7 d2-Eal)e]l US EPA-3051 "
(microwave 3l) BU} Hi %] oF 5.22~15.50%
= Vet 9 (HNOsHCL, 1:3)3 ARE3SH HPgollA
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Table 5. Analytical results of total uranium content in soil according to the various pre-treatment methods

ASTM Park C. S. Modified ASTM Park C. S. Modified
Sample C1345-96 method ASTM C1345-96 C1345-96 method ASTM C1345-96
U (mg/kg) U (mg/kg) U (mg/kg) z-value z-value z-value

Soil-1 0.80 2.28 2.70 0.66 0.49 041
Soil-2 0.49 0.79 1.03 0.82 1.09 1.04
Soil-3 0.55 3.79 3.55 0.79 0.11 0.09
Soil-4 0.78 1.43 1.67 0.67 0.83 0.80
Soil-5 3.09 6.62 5.95 0.59 1.23 0.82
Soil-6 0.85 1.57 1.75 0.63 0.77 0.76
Soil-7 0.78 1.14 2.00 0.66 0.95 0.67
Soil-8 0.46 0.71 0.75 0.84 1.12 1.14
Soil-9 3.76 5.29 3.77 0.96 0.70 0.01
Soil-10 1.27 1.47 1.92 0.40 0.81 0.70
Soil-11 0.62 1.43 1.86 0.75 0.83 0.72
Soil-12 0.15 0.28 0.26 1.01 1.29 1.33
Soil-13 1.48 5.39 5.86 0.28 0.74 0.78
Soil-14 3.67 6.36 7.64 0.91 1.12 1.45
Soil-15 1.22 2.16 227 0.42 0.54 0.57
Soil-16 1.02 2.02 2.35 0.53 0.60 0.54
Soil-17 1.67 3.90 4.08 0.18 0.15 0.11
Soil-18 0.80 2.55 2.75 0.66 0.39 0.39
Soil-19 1.43 2.39 2.74 0.31 0.45 0.39
Soil-20 1.30 2.89 223 0.38 0.25 0.58
Soil-21 438 6.19 7.83 1.30 1.05 1.52
Soil-22 6.99 7.86 9.48 2.72 1.72 2.14
Soil-23 2.65 5.54 6.59 0.35 0.80 1.05
Soil-24 3.73 6.56 6.82 0.94 1.20 1.14
Soil-25 1.54 1.62 1.82 0.25 0.76 0.74
Soil-26 6.52 9.45 8.76 2.46 2.35 1.87
Average 2.00 3.53 3.79

Standard deviation 1.84 2.52 2.66

Dispersion 3.37 6.36 7.07
Significance level: 0.05 Z critical: 2.84
Table 6. Statistical results of one-way ANOVA test
Case of change SS* Df* MS* F-ratio P-value F critical
Treatment 48.41 2 24.20 4322 0.017 3.119
Error (within diet) 420.01 75 5.60
Total 468.42 77

Sum of square ®Degree of freedom “Mean square

L

= I1SO 11466 WH(EFWZEaH)°] US EPA-3051A
(microwave E3j) Xt} oF 447~14.93%7} E3kom, &
FHAHHF, HNOs, H,0,)S AFS3HE WHHolA = Modified
ASTM C1345-96 W (hot plate #-3f)°] US EPA-3052
HPH (microwave %3) X} oF 29.92~42.81%7} =2 A
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52 YeERJT) Modified ASTM C1345-96 ®F

HlaL o e e vl 2,
10.98~44.47% B+ ZA7RS JeERIL) o=
EFe] ofEw 74]@‘ EAE0] HFl oJ3x a7t 3
Hlokar idE 4 9low, FU3 2al §A-ES ARESH

HE o

kA o

SLAu)

dT =0
__1_3—_\__



Foll a7l 278 Ahesl A2 W A 79

7. Modified 1SO 11466

I EPA-3051

=150 11466

\ EPA-3051A

= Modified ASTM C1345-96
» EPA-3052

ARSI AR 7|(ICP-MS)E ]88 B¢ & 2hg 4
Extraction method
8.00 | ? '
Z
g 7
: %
500 | %
7
4.00 Certificate 3.01 + 0.12 mg/kg Z
Z
200 | N Z R
NN\ IR EN
s A EN i ZIEN
ol LR B
- E MENEE | 7| B\

r =

SRM 2711a -a

Soil-c

Fig. 2. Comparison of analytical results of total uranium in soil according to the various digestion method using SRM 2711a and field soil
having different organic content (soil-a: 1.6%, soil-b: 5.8%, soil-c: 10.6%).

Table 7. Comparison of total uranium content and precision according to the various digestion methods

Extracti Sample SRM 2711a Soil-a Soil-b Soil-c

xtraction

me?}?og Digestion =~ Average Accuracy Precision Average Precision Average Precision Average Precision
solutions  (mg/kg) (%) (%) (mg/kg) (%) (mg/kg) (%) (mg/kg) (%)

Modified

1SO 11466 HNO, 1.04 34.54 7.02 2.71 5.02 8.43 4.75 2.06 1.99

EPA-3051 0.85 28.24 7.90 2.29 4.56 7.99 2.99 1.94 4.10

ISO 11466 Aqua regia 1.07 35.40 5.99 2.88 2.56 8.63 2.35 1.79 7.03
HNO;,:HCI,

EPA-3051A( 1.33) 1.00 33.11 6.85 245 3.57 7.97 3.31 1.71 1.77

Modified 2.80 93.01 2.65 4.88 2.69 9.47 3.32 3.06 2.55

ASTM HF, HNO;,

C1345-96 H,0, 1.58 5246 4.23 3.42 5.67 5.79 10.25 1.75 621

EPA-3052

£ US EPA-3052 WPg¥ Hlweke ZA-$-olE microwave 2ol £o G845 YehiA| °‘9kt‘r(Tab1e 8). ESF &

3l Aol A WS mliEs] AFORE 15k (Juretic 71 wolM W R8s WUk B

et al., 2014) hot plate W29] E3l &8o] R} =4 1&g 0] 1.6%, 5.5%21 EoFe] A9 EdelEZasziEa

et A= siME 4 ok B AlESE ol viEo] (SRM 2711a, NIST)®] 3|5&7 SU3IA Modified

A AJ§2 HF 2 HNO; 5 EFXRS 0] 835} ASTM C1345-96 > EPA-3052>1ISO 11466 > Modified ISO

microwave WFHO 2 A BalEl7] YeiFe Alesk
0.5g H¥HO 2 3}al HF 845 H4& 3mL ol 7
T FHA 80 3l AR A8slol Ao R E
F AL T Je Ao HaEal JrkKim et al,
2012). 22} B A0l 4 EPA-3052 HIHO 2 EQRIS
ETEZ(SRM 2711a, NIST)S 80% &<t wallstd]
RS ke 158 Zob Hajsle] =33 3k B} 34

KX
=
6’

=
=
5 o

‘6

“

11466 > EPA-3051A > EPA-3051 WY 02 £& F=
BES HYoH, frIESEO] 10.6% EXY Bi=
Modified ASTM C1345-96 > Modified ISO 11466 >
EPA-3051 >1SO 11466 > EPA-3052 > EPA-3051A
o=z od Ao} I AolsiAl YEldTh 1Lt oA
AT3E vl o] B 718 asle] 3534
92 Modified ASTM C1345-96 ¥WHo] & a0

2~
ELuS

&
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Table 8. Comparison of total uranium content according to microwave digestion time

EPA-3052 (Microwave)

Sample

15 min digestion (mg/kg)

80 min digestion (mg/kg)

NIST 2711a-1
NIST 2711a-2
NIST 2711a-3
NIST 2711a-4
NIST 2711a-5
NIST 2711a-6
NIST 2711a-7
NIST 2711a-8
Average (mg/kg)
Precision (%)
Accuracy (%)

1.48 1.46
1.63 1.52
1.50 1.44
1.58 1.56
1.53 1.38
1.62 1.53
1.65 1.40
1.64 1.52
1.58 1.48
423 437
52.46 49.04

9 M B FEELS Uehid

4. &4

2 A7 B EY F fehwel tig ASH 2
U gl 84 715310 dake] B9k A|gE BAg))
o] B} E:%Z%_i 24" F Je Y RS A
Aok Aol Atk EY U s SHske WHe=
= vy o=z nlg SAHE 4= = y- spectro-
metry, Neutron activation analysis(NAA) o] 1o
F FEHEY] 99.284%F AASh= U] ¢ A
ARZNA] ol A3 A1 ALl SHAZE ot wEbA] 2
Aol A= Yt FrEA Ao HEHoE AMEE
© ICP-MSE ol&3le Bl & fehrs H4ske
HE ARSI 7hate] @ WL ml=e] WA EES]
ANEAIFES](ASTM) C1345-96 HHolT}, B Afor=
ASTM C1345-96 WHolA 83l e 1-23)3t=
(650°C £50°C, 4~I3F A7) 71 85 Aekslal wsiA]
b 2398 AR 9EH B (“Modified ASTM
C1345-96 "ol 3he Aljkslar ol tigh &4
R AIFEE 1, 290 AA 3t 1 9 frad
el AP B Aol AFE Modified ASTM
C1345-96 W3 71F ASTM C1345-96 WHH 18]1
AR &5 AHEal #2191 Park C. S. methodol] wh
g 249 EY T T b 3RS vlaske 3o,
71 A3} Modified ASTM C1345-96 '3} Park C. S.
method= 267 B Al59] gk 1hol frofgh zjo)7}
ANOL}E ASTM C1345-96 Zh= o3t Zo)7) Q=
Aoz VRt B3 71E ASTM C1345-96 WPl o}

(¢4
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g BAE @R oF 1.88] =A UERTh Modified
ASTM Cl1345-96 9] A9 7]Z& ASTM C1345-96
el sl e a2 SslE A AYS e
a1 FEAIRES 1] dEeolE w8l &5 ASTM
C1345-96 W R} $53}aL Park C. S. method(3H
AIZE 247300 5% S eI 2 9 frEA
ol NP EURIFHFEA(SRM 2711a, NIST)F
713 0] a8 e EY AR 33 tiste]
Modified ASTM C1345-96 ¥ 2 1 @A F&4 &
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