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This study developed a dimethylglyoxime (DMG)-based precipitation method for the chemical
separation and liquid scintillation counting (LSC) analysis of nickel-63 (®*Ni) in seawater. Using 1 L seawater
samples, the procedure involved acidification, preconcentration, ammonia complexation, and selective
precipitation of Ni(DMG). to achieve efficient nickel isolation. After optimization, triplicate experiments
yielded a stable chemical recovery of 88.6 = 2.0%, demonstrating good reproducibility. Decontamination
factor (DF) evaluation indicated effective removal of interfering elements, with most elements (Co, Mn, Pb,
Re, Ru, Sb, Sr) exhibiting DF values >10° and Fe >10%. The LSC quench curve showed a detection efficiency
of approximately 45-73%, and the minimum detectable activity (MDA) was determined to be 0.0311 Bq/L,
meeting typical environmental monitoring requirements. Compared to conventional nickel-resin methods, the
DMG approach offers advantages in cost-effectiveness and operational simplicity while maintaining reliable
recovery in high-salinity matrices. Although ®Ni was not detected in the seawater samples due to ultra-trace
levels, the developed method provides a robust analytical framework for environmental and low-level
radioactive waste applications. This study demonstrates the feasibility of the DMG method for *Ni analysis
and provides a practical basis for further methodological refinement and future applications in radiochemical
environmental monitoring.

Keywords: ®Ni; liquid scintillation counter; radwaste; environmental radiation monitoring; seawater;
Dimethylgloxime
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Bl o B R AT R C R 6 4 A R T TP - A
2 Rk 0 S AE-63 i AR ik (LSC), 3Rl B~ F 40k (Co) 4 (Mn) -~ & (Pb) -~
4 (Fe)~4% (Re)~ 4 (Ru)~4% (Sb)~ 4L (Sr) ERIME BT 7 h+ 3 8+ 3~ 47 & (ICP-AES)
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Dimethylgloxime (DMG) Ni-DMG complex (Ni(DMG),)

B 1 : 432 DMG (Dimethylgloxime) i & 4352 Ni-DMG 4% & # (Ni-DMG complex (Ni(DMG)2) ) 7+
2% - (A) DMG f £ 4 ; (B) Ni-DMG 4 & 4 -
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ekl Pt ik (Perkin-ElmerTM Tri-Carb® 2910 LSC 2t Hidex 300SL Super Low Level automatic
TDCR liquid scintillation counter )>HPGe “c & it 3% 4 47 i%( GC3020, Canberra Meriden, Connecticut, USA )
N ),’@,—%&7; £ jfi Ja & itk (ICP-AES; Inductively Coupled Plasma with Atomic Emission Spectroscopy ) ~
efa AR RART R R F > B3 e B E ~ flir R ik ~ Acrylic Column Rack - *LEE?E? .
Z%t%“*?? o R R4 g (500 2 21000 A ) s Py (20 4 ) o B S
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2.3.% 53|

Nickel-63 standard solution (NIST SRM 4226C) (Gaithersburg, MD 20899, USA), mixed gamma
standard source with a geometric filter for efficiency correction of the gamma spectrum (Eckert & Ziegler Inc.,
Atlanta, GA30318, USA), cocktail of Ultima Gold LLT (PerkinElmerTM, MA 02451, USA), nitromethane
(SigmaAldrich, MO, USA), chloroform (SigmaAldrich, MO, USA), Ni-resin (100-150 pm particle size resin)
(Eichrom Technologies Inc, IL 60561, USA), varying ICP standard (AccuStandard Inc, CT 06513, USA),

7



Environmental Express Column w/ Frit, 5.5mL Bed Area Capacity, 250pk (Environmental Express Inc, SC
29492, USA). Ni(NO3)2 - 6H20 (Nickel carrier; Nickel(II) nitrate hexahydrate; 99.999% trace metals basis;

203874 Aldrich® ). (NH4)2C6H607 (ammonium citrate dibasic; puriss. P.a., ACS reagent, > 99% (T); MW =
226.18; 09831 Fluka® ) NH40OH (ammonium hydroxide solution, concentrated; ACS reagent, 28-30%;
320145 Sigma-Aldrich® ) . HCI (hydrochloric acid, concentrated; ACS reagent, 37%; 258148
Sigma-Aldrich®). HNO3 ( nitric acid, concentrated; ACS reagent, 70%; 438073 Sigma-Aldrich® ) .

Thymolblau, 0.1 mg/20% EtOH (831 L560976; C27H3005S; pH 1.2-pH2.8 violettrot-gelb, pH 8.0-pH 9.6
gelb-blau). All other chemicals and reagents used were of the analytical grade and obtained from
Sigma-Aldrich® Inc. (MO, USA).
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;I‘Z"I{r'c"/é/li’ 4‘"—’&/& 1".1. ¥ 100 mL ; 3% Lﬁ’g“%ﬁ_m_& = 320 °C» * ﬁpw/p ni’% -4 HREET 90 °C- &
F o EFA :I&"I‘?\rr/émi’/ FFIRE o BF LI ER Y ABFRAE KRR GC-50 (342 0.5 pm
Eu4hmwADWNﬂm®)E&’ui%%ﬁﬁﬂﬂiﬁxﬁ%# By oV frEpegl o b
> 45 mL % -k (NHsOH) > #37%° 43 pH 9.0 > & 451248 2_e [Ni(NHs)a]?>" fe 22558 5 A o 4
% 4er DMG 24|t 4ex 16mL 2. 1% (w/v) = @ k2 =35 (DMG) %3 50% ¢ f§ia % o &% >
Wik A A D3R T 30 A4 iR DMG 22 F B A3k 2 d Ni(DMG): ik ©
B¥F > wkBpesd 2 1 RpBRaRA GC-50 (4% 045 pm~ 2 /& 25 mm » ADVANTEC® )
B s BiR R A3 Ni(DMG). itk T 4 Kﬁt‘f AR e B F o piRdF I 100mL 2 02M ®¥F
4% (ammonium citrate ) ;3 ;% e iFig A 0 L2 ",% RTRE o BF o IUKRIBE R B Ni(DMG)z TR
AR~ 12mLz2 3M Ed’ﬁ?fi (HNOs) # » & 20 mL #I# FFL N3 3 0 @ Ni(DMG): # 5 5
B4 o £ T (T SNi B0 PI37A 8% » £ LEPS B RLANY o ©Ni /SR - £ #5232 3M
HNOs ® o5 2474 1B~ 2mL 53 RE 7 T4 kR (ICP-OES) » 7 ¥ B 2mL i&{7 ©Ni
2 7% i PP (LSC) 4 47 -

1L KAk &
¥
18 P S35 4 4K GC-50 3808 (KRR AR )
¥

g BEk (HCl) #5728 mkakibE pH 1.5 (pyak i 730 M 48 o)
¥

Ao ©Ni #2455 & Ni (Spike)
v

AR GEEREN 100mL > EAPEEIR
v
ARBIEE R (PR )
¥

Ja A DMG i3k (1% w/w » 24 100 mL 78k 4 4 8 )
¥
w30 48 O Ak 4o & Ni(DMG)2 L5 )
¥

@ik R AR (9 Ni(DMG): 7U# )
¥

0.2 M AE#RER SRR (Eh R Y)
¥

#& % Ni(DMG): sU# 2 BB & 7 3 M w8k ¥ 5 7%
¥
Fx BRIk B AR 4 (485 Ni : ICP-OES ; ©Ni : LSC)

I I
I |
I |
I |
| |
I |
[ sk (NHOH) 4% pH 9.0 |
| ’ ]
I |
I |
I !
I |
I |

B2 48-63 1 B A a2t plfe B9 i A2 B o
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2.5.1. FplRE
"‘FT' Ao Bgrig * LSCiEfTd kG HTE L 178F (B4e: 3 DPM %% ) - —FT Lo ph R AE

TP R F R E Y % d M (Quench-Standard ; &R T &L = HFMR S ) o R F 0 AR
Quench-Standard 2£ = {4 >** QuantaSmart( TM )7 " & & © 4% 14 T BT % = 44-63 324k Assay Protocol |
% #_! File—New Assay—DPM (single) Type—Radionuclide Name ® - i = 3# 4% if 2 —3 Save As bl
ﬁia?J » File Name (®Ni-Jimmy ) - £ 7F&z%0* " Assay Protocol ; i % + %% 2% %2 Quench-set ° #-/f & 4
¥ E DB R GvEiRSE (4o Flag4 ) 37 4 4£8:E Associate Assay—iE # & 4 37 0 File Name
( lilHiL" : ONi- Jlmmy) c BLE ST 4 o = it T Assay Protocol | Ap B 3k T & i B8 0 kB {F
BI4-63 4R+ 4 ¥ X B r ST BB AR ( pl4c:Flag4): @ g 2c B 0B n 2 41 G
FT %I IEERE ﬁéi@ﬁﬁf‘%-63 ARIER o B fs 0 FIBIRE 0 A TIER D P A ﬁ&;ﬂg”ﬁgj a1 e

2.5.2. 44-63 {£& 5tk
i T E RN R ] PR s P A48 -03 ST PR o

253, HE kY RS

BA OB 10 B 20 2 P g > TONFLE RELO0 D 9o B i 10 BB A WA~ 1.9 F
2 ol e (HNO; ) o 45 % > & w4 » 0.1 F 2 44-63 SR o 324 0 A B £ 4 » 18 ¥ 2 Ultima GoldTM LLT
% o B fs o e % 4 A (nitromethan ) ; ,f”» av Oﬂi b KR lﬁii % O FL IR A 4o » % 44 10, 20,
30, 40, 50, 60, 70, 80,90 #z= (% 9) e | R H F F14  dEdEd 3 ¥ BN LSC ¥ 12 ] P> K %
T30 A hE o E 2 kW R T B E KRB NT SR %gv* o

2091 45-63 ) kW MR 24 1T Sk

M Nitromethan

No Ni-63 standard 3M Nitric acid Ultima Go}dT (quench

(1,051 Bq/g) (HNO») LLT (cocktail) agent)
0 0.1 mL 1.8 mL 18 mL 0 puL
1 0.1 mL 1.8 mL 18 mL 10 uL
2 0.1 mL 1.8 mL 18 mL 20 uL
3 0.1 mL 1.8 mL 18 mL 30 uL
4 0.1 mL 1.8 mL 18 mL 40 uL
5 0.1 mL 1.8 mL 18 mL 50 pL
6 0.1 mL 1.8 mL 18 mL 60 pL
7 0.1 mL 1.8 mL 18mL 70 pL
8 0.1 mL 1.8 mL 18 mL 80 puL
9 0.1 mL 1.8 mL 18 mL 90 uL
SR (BAD) 2 4 0t 10, i e i imid LA o] 5 f



254, 2 kW R AR

i£ = Quench-Standard 7} & »ci ¥ 5 PF > A& QuantaSmart 7 *oF o ¢ 0 F 0T RS R 2 43-63 ik
¥ &% 7 File—New Assay—»Quench-Standard—»ﬁi;I IS S I S e —>Save As-~ lﬂi%] » B¢ % ¢ File
Name ( 54r : ONi-S) o ¥ > #-F AB &I ¥ F 2B * vEESm (bde: Flagl) > &7 L4235
i Associate Assay—#5 | Quench-Standard 4% & (Ni-S) BEE {5278 2 - = & } i Quench-Standard
A B 2K RS 0 1k B2k~ fe 47 2 Quench-Standard (10 5y ) & &30+ & 7 > T 4E ~ #1id irtm%{l,%fyfﬂ (&)
do i Flag 1) B R T 01 L P o 8T 56 A RE NIE (7463 3 & d SR 52t

26 Fw ey~ FRFEE KRB TREFERTE

2.6.1. 8wk

BiCE R AT R B E R A 14863 R K22 i Ni-DMG 440 § 1A 415 S5 d IR f Pt
HoR P F4L-63 0 H oIS 4-63 R BEE B4 7 LB A 63 ER B2 BT ltﬁ@ﬂ(ﬂ o

495 HL A LIS AL — 63 AR
B o (o) = o A A S F e 100%
At 2 R EL 63 FAE

262, FRF E{;J.Er
HRERT E AT

DPM = A; —A, = =t A(H) =200 o

Eqg L 60

BH#L (o) 3540

R R
o(cpm) = [T+

<BQ) o(cpm)
[0) _—
L Eg X 60 v

it A LR EEAT DPM I F A SFRF A ERESSF (dm) A F B E%F (dpm) SRy
Fﬁiﬁﬁt—f (cpm) Ro: # B3t 8 (cpm)~Epi 32 B oaF ~A 3 iE R (Bg/L) Vi #5k4p (L)~
ts D FERGERIFER (min) sty 0 F B 3RIFF (min) -

2.6.3. ’i Bl VRRIERE
YA RE PP R R R RIS AL R ERES)VREER (MDA) B E 40T

4.65x VB + 3
T B60XEXRXVXT
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HE =3 ER WA & ERFE (BoL)

EEWRRIT T L L RGP PR (A ) B ERIP B foed RV
ViR E o AR ?ﬂéﬁW$f~B PRz @FHhotikiE frry FRE QS TER
FOSFRP T P RAIEALR ~ 5RID 2 3R 2 B ey kbl e 2 kAl o

B=

Ry x tp

ue

27 FEE REE AR

270, REPRIEERTERE G R AT

AEF ARG %‘r%ﬁi A B % iR PP %t Bic ik (Hidex 300SL Super Low Level automatic TDCR LSC )
T 548-63 AT RE o MA B E R AP R I BRI S BB HE ST RCE 6 30EE R TR P E L7
(W 3A) % @57 85 P2 ik (Perkin-ElmerTM Tri-Carb® 2910 LSC) (B 3B)

d 3P B BAR 2 R S SR IRGE 0 & E ok 3§ 5 (Xeray 2 4\:,%15,&1')”’3'_&#%’?’151)\@%&5?1&
FIiEHd o Tt > §F AP i %?‘k%";fé:é; T R ik (LSC) ) 27 B 8 g 543hip] o I E-4 3
Bl B PR RE G WP BB R (F L Cocktail) 78 & > LLEI%“f"vfé“r“i*mE fe B4R 5y 158
R R g@wvmwa YN ﬁfﬁiéﬁ@ﬁ%;ﬁ%u’éﬁw | 2 &
PRl ok FRT T E PN (ABH) A PERT BB F (PMT) 2 %ihim » JrpFi
At 2 kT oaf TP ETF o KT F L EE- @ DR R BRI > B ¥ PMT ¥ &2 F 5L
T 2102 410 B EmFSTAMPIE A AT OT IS IR ERUEL L b 500 TE M B gt TR
LSC & * 22 PMT %3 7 i 2 198 m%gﬁmﬁ3¥WMTﬁﬂ“’*ﬁ@mﬁﬁﬁ*ﬁg
( Coincidence ) & B~ ’\‘i/?l v iEF dﬁf% Moo BABEITREZRY o FUHRAESME TR
6 ¥R F Ak e %ﬁ‘bﬁilﬂgfﬁ’ﬁ » B fs ¥ xf*'.—ﬂ”'iﬁfé’ Boie dF & e 2¥ o

W

B 3: %A P8k - B (A) %5 Hidex 300SL Super Low Level automatic TDCR LSC % §] (B) 3
Perkin-ElmerTM Tri-Carb® 2910 LSC -

3. B #HE
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3.1.44-63 i 5 A dpiz A

Ni-DMG /K2 (74563 " E 2 A K2R 2 2k v /7 LW (W 4) -kiEk? 4-63 ~ 4
RBEFHRARLT D F A PRI LA KRS BT > B4 Hilg 0 @ AR aigA GC-50
(3“£ 0.5 pm > 2 /= 47 mm > ADVANTEC®) g4 -k » 14 Rl - #F > @G Rsg
der X 33mL EAAE (HCL) # Sarfpmt 2 pHIS M@ B S h T & BT K- 2%
oo~ T ik {41 (Spike): » R %-# 4e» ImL 23 Ni~Fe-Co>Mn-~Sr~Ru~Pb-Sb~Re 2
REEBAR (> Img/ 1L kR) - &% S Bkd #HRERRBERFL Y 100mL 5 K T
SBPFIER L 320°C FAEIRAR T SEAET 90°C e BE - REFLI BETRRLIFT R o
B¥LER B RBERAKN GC-50 (342 0.5 um ~ E 45 47 mm > ADVANTEC® ) &g >
3 % e fEARY A A2 RS o BF P e B > 4~ K 45mL £ ok (NH4OH) » #-37% ¢
fex pH9.0 » i 451248 e [Ni(NHs)a]?* e =558 % 2o 2% » 4c » DMG 34 @ 4> 16 mL 2 1%
(wiv) = ® ke =35 (DMG) i3>t 50% ¢ fRipik o 3% g ymk 4 2 120 30 7 4L 30 448
FEW42 DMG % 2F B> 52 H ¢ Ni(DMG): /Tlk « 2% > KRB A # % 1 Epg g ah
M GC-50 (344= 0.45 pm ~ /< 25 mm > ADVANTEC®) 5 F &% % > 1A 3 Ni(DMG): 7t &
3 “,ﬁ% B p o 2 o pikis s 100mL 2 0.2 M 1§ 754 4% (ammonium citrate ) 7% i %1% iR ¥
PR GRG0 ¥ 0 UKD R BF & Ni(DMG): K2 i E » 12mL 2 3 M Ak (HNOs)
¢ A 20mL IR EHELN AR 0 @ Ni(DMG): 8 5 5aii sl - 2257 “Ni BR 0 RIPY3 25 o
£ LEPS @ RlgA ™ 1 PNi F & o £ #jg a3 f#> 3IMHNOs ¥ o #i8 > 44784k © B~ 2mL %
bkt T4 kAR (ICP-OES) A45 5 ¥ B 2mL &7 ®Ni 2% fi P43 8 (LSC) A 45 «

‘ N‘t«av/ 4 .er‘:\ B
Bl 4 : Ni-DMG 2 2 (744-63 1“8 A g # a2 % 2 A 4tk (v42 5 7 3, B) o
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32 E RS

4863 FEE R PR 2P E AT iRt LSA B FRETEHITEL R (Gldc
3 DPM %% ) 5 £ > ,‘Ei’-" NiE 2 P2 g plE 2 ) kW A& (Quench- Standard SR
g2z HAR S ) ¥ % > F¥i3 Quench-Standard £ = {4 » >* QuantaSmart (TM) % F & 7 » #H LT
BT % = 44-63 34 T Assay Protocol | % %_: File—New Assay—DPM (single ) Type—Radionuclide Name
Py gk 2 2RI 2 3% Save As T ﬂi;] ~ File Name (63Ni-Jimmy ) ° 3% ¥ > f& 2t " Assay Protocol | i
B AW T2 Quench-sete #%F » HF EAHB &I F F =@ * dvEEsg (bl4e : Flag 4) 0 &7
+ 4 8EE Associate Assay—iZ % & 4 17 1 File Narne ( &]4c : 63Ni-Jimmy ) 3‘1\!’»335 s o BE
% & it T Assay Protocol | 4p B3k %% 1@ 5518 » 2 B 2% » FipI4-63 >+ ¢ » ¥R~ ”'L'r;?i%ﬁ”%{
FEEYW (blde i Flag4) Fi&EITE P T 1B > &7 % JFER ﬁpi‘lﬁﬁ—ér 63 ;E R
BFE GRS A FrER 4 d 7’J§\’b§7’JEF$&J:h °

3.3.45-63 A g2 iV B v ek R

2105 254 * Ni-DMG 287 1 22 3R P o2 v e FRRETHd B 57 7 %K MBIL2
4567 %% 2. R¥ 1V 4-63 158w g s wigi 8.5 1076 ~99.6 ~ 1052 ~ 115.4% » H #icig #& 5
B R L AZE 100% T i 2 S BB R ARG Y o R EEARE BGRE LA - F =
TEHFEH T FHfE 2w e S E & 89.4~90.2 ~ 86.3% F! T 3aE w T F B 88.6£2.0% 0 ot i = in
[ AR -9 ol é%ﬁ{; LB w g ¥ g TAEIT 90% o

3010 0 44-63 1 F A v o TR K

Trial CPM CPM EFF EFF DPM DPM RY(%)- RY(%)-
(Name) (Mean) (SD) (Mean) (SD) (Mean) (SD) ONi stable Ni
#1 (blank) 27.0 1.7 0.64 0.03 42.2 4.2 — —
#2 (spiked) 629.4 8.4 0.58 0.01 1090.8 11.1 87.4 89.47
#3 (STD) 5293.1 13.1 0.73 0.00 7241.8 19.3 — —
#4 (spiked) 522.7 13.5 0.43 0.01 1212.1 14.5 94.3 107.64
#5 (spiked) 427.3 16.7 0.39 0.01 1097.1 10.9 87.4 99.55
#6 (spiked) 348.3 14.8 0.31 0.01 1121.2 21.0 86.9 105.18
#7 (spiked) 224.7 47.5 0.23 0.03 950.0 103.1 73.2 115.38
#8 (STD) 5478.8 16.3 0.73 0.00 7488.1 22.1 — —

$-63 - 4 pprs FRPEH GRS R BB Rded IR o A Bz EAFARERY o S
:’v’véﬁ (Co)~ 4 (Mn)~ & (Pb) -4 (Fe)~ 4t (Re)~ 4 (Ru)~ 4% (Sb)~ 46 (Sr) A4 ehfskin 4 o
TAB AR 4 DF Gt 10740 0 H e A 2 DF i 0 107« BT 044463 1 B A dpde A
§ oA LA 5% 4 R R - RPHCE TS 463 B L g
13
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Decontamination factors

Fraction

Co Mn Pb Fe Re Ru Sb Sr
N=1 >10° >10° >10° >10? >10° >10° >10° >10°
N= >10° >10° >10° >10° >10° >10° >10° >10°
N=3 >10° >10° >10° >10? >10° >10° >10° >10°

ir 1 DF= (#w&;;ﬁ:ﬁﬁva%:}é}i [ B AMERRY cha I ER)

350350 RE BT REE
FI% 5 LA 2 4463 I SHRE (7o) kW sz g (FhoW] 5 9T 0 B AT T 44-63 ¢h LSC e B g
JEA5-T3% 2+ o 1% MDA 23835 5 e fi P Bo ik A 4700 % 502 44-63 endo [ v Rl £ 5 & © 2 MDA
¥ {8 0.0311 Bq/L (407 58 #75] ) H ¢ 4863 e LSC Pl A 0.732~ % uenit B w oz ¥ 5 0.886 ~ e
TSR S 1 22 VLSC 3 RIapE I L 7 [ BF o Bt - 2 Sulh e Y ikl PR
£-63 0 BT P ET @ P8E-63 A T2 d | ORI HEART LY b LSC T L 2 kT IO 0

465 x VB + 3 4.65 x /28.08 x 420 + 3

MDA (LSC) = = = 0.0311 Bq/L
(LSC) 60 x EX R X VX T 60x0.732 x 0.886 x 1 x 420 a/
Quench curve of ©3Ni
75
70 A+ s
R 65 - —
3 60 - —
§ 55 + ‘,-
£ 50 - «*
wl
45 H
40 T T T T T
100 150 200 250 300 350 400
tSIE

Bl SR i P ok 2 45-63 i L sz = o

3.6.1. Ni-DMG £-63 A 4t i% 27 47 A HLi% 214 BF 34

14



BIPp PPIR745-63 2. A 47 F L2 JE L AL-RPai2 0 Aol 0 A B 1 Ni- DMG SURRE TR R R
P63 BT A hR o H A R IRELATDMG P2 2 AR FRITD I o r Sk g 0 &
B3 v pAp b Ni-DMG 2 2 757 i PHT 90% B2 it B wfed o A8 > P AR LA
E R o T AR F S R R B AR PR RACKY PR
PR R A R NIRB P R 45-63 e 47 BT AL o

B 6 : 12 Ni-DMG #7518 {744-63 1* & 2 37 B -

3.62. kR A 4863 1 E A2 B
pF g ¢ o 1% Ni-DMG is -k f e i;f?:%i 63 eha AR Bak 2 oo B IATF EiE RAL 95%4H 3
{ % v 5 BT {zklﬁi it 7 Ni-DMG 4 & F & » I %»‘Uzﬁ—ﬂ’lw‘ e o A %%’”f‘ﬁ%‘f °
AR i Lz m o WA s F L4 (FC(OH)3) T 5@ > BB endk o Btan 4 ¥ i it e pH
ﬁ%ﬂ%ﬁkﬁﬁwﬁmﬁmmﬁﬁ%’ﬂéﬁmuk i%% RS 4863 A AR X R
FRTVERARRE LM HBIETHRT LRD R A I A 95% o R LA HRLIAAZ E
BIEFER T R o

3.63. FLH M FRBRATE B T RIER

PR R R LY Mg T A ﬂ%ﬁﬂknéﬁﬂ‘lﬁﬁﬁsk&?ﬁ’%*ﬁﬁﬂﬂ
FLBEAERS B KA 0 ALY 0 R 3742 TDCRLSC $himie 7247 » 4 Ry * =
LT BREEAFR S R STE 2 TDCR EF ARG WRPRS > VR o T B R o KT S
AT SRR 0 FIS BT R RRIPIEE-63 cBtiRiE R 0 & T B b iR 4063 SR i
FHRZ W T ERIE o AT TDCR LSC H &) 7 @RIEARH > - 2 ek kivhdr v @4
MDA #~0.6 Bg/L> }* B3 RANHNUBLERBETRDTE > L7 4 JiFa b FHERAIT 2%

+ o

4. B
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*FT T 2 A Ni-DMG T i T44-63 AR FB 8 7 ¢ 1% 1 22 5 kiv i AFeE A4
BAAE R DA KT 463 5B (FlEmME ) R s ERIE-63 B AR AT B e b
F31790% o LSC e ¥ P15 &R 2 0.03Bg/L> £ 3= Lﬁ’% LSC & $744-63 z_ -k T o R &k » pr k 5L3p
NS S T EREITY T EET TS SN L) LS SRS FY WL
540 R
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