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FEE . LDIRE 3 A A e LD T Y X R TR X T AR B AR I KR AR T I T R L AT T
Herh R A & JER (Ag) . BH(Bi) | M (In) | B (Sn) & BTV AT R & 45 (ER) 093 1) 40 i -3 T 4GS Yexd 4 )8 &
TR, JF R S8 HAR UL T E P &R 12 TS 28 00 A FRAE |, F 4 T8 7T 28 0 285 R Bk TR 46 25 & B Z MR AE &
BT B EFRE. Ag, Bi, In, Sn 745 38 A Z P ESAN.(0.14 + 0.01), (0.49 = 0.09), (0.050 = 0.01), (2.8
£0.9) mgkg s EEXKZLE ERMEWEE L;EBWESHM N, Ag. RES(65.8 %) >H,0, MRIAINEEBL A
(25.9% ) >KEWEBEMYEGE (4.2%) >ANEBEBELGE ~ MR ALYEE S8 (2.0% ) ;Bi REL(29.2% ) >
H,0, WAL & BE G785 (27. 1% ) > 8588 MMEE 578 (22.7% ) > LR &R AL &5 (18.8% ) > AHl4& )8 4%
BR(1.0%) >R BT (0.9% ) > B E & BEAYE S (0.3% ) ;In. FRE R (67.8% ) > 4 ik E bW & &
(17.0% ) > TEE & IR EMWELE(6.8% ) >H,0, THRIAILEIELEEE(6.0% ) > KRR EE(1.4% ) > Gl 4& IR %
FE(1.0% ) ; Sn:RIEA(58.1% ) > BERGBEMMEE G (23.0% ) > & MKAMW S (15.6% ) >H,0, TRRA
MERBEEAEER(1.8%) >HIERBEEGE(1.1%) > B TXGEE ~ RREBLEE(0.2%). 3 LELE T &2 NGk
AR/ PR R R XN TR S R & S8 RBE P RR G & BE BT R . In > Bi > Sn > Ag.
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Chemical Speciation of Rare Metals in Three Natural Soils of China
WEN Fang, YAO Na, ZHOU You-ya, GU Qing-bao, LI Fa-sheng, HOU Hong

( Department of Soil Pollution Control, Chinese Research Academy of Environmental Science, Beijing 100012, China)

Abstract ; Soil profile samples of isohumosol, primosol, and ferrosol were obtained in relatively clean areas of China. Concentrations
and chemical speciation of rare metals [e.g. , Ag (Silver), Bi (Bismuth), In (Indium) and Sn (Tin) ] were determined, in which
sequential extraction was used to fraction metals. Vertical distributions of elemental enrichment ratios (ERs) were used to study the
anthropogenic influence. The mobility of metals was characterized by the sum of exchangeable form and carbonate-bound form. Average
concentrations of Ag, Bi, In and Sn in the A horizon were (0.14 = 0.01), (0.49 + 0.09), (0.050 + 0.01), and (2.8 + 0.9)
mg-kg ™", respectively. The ERs were close to 1. Average distributions of metal speciation were; Ag, residual (65.8% ) > H,0,-
extractable organically bound (H,0,-Org) (25.9% ) > Amorphous metal oxide-bound (am-MeO_ ) (4.2% ) > Metal-organic complex-
bound (Me-Org) = Crystalline Fe oxide-bound (cr-FeO,) (2.0% ); Bi, residual (29.2% ) > H,0,-Org (27.1% ) > cr-FeO,
(22.7% ) > am-MeO_(18.8% ) > Me-Org (1.0% ) > carbonate-bound (0.9% ) > easily reducible metal oxide-bound ( re-MeO, )
(0.3% ) ; In, residual (67.8% ) > cr-FeO, (17.0% ) > am-MeO, (6.8% ) > H,0,-Org (6.0% ) > carbonate-bound (1.4% ) > Me-
Org(1.0% ); Sn, residual (58.1% ) > am-MeO_ (23.0% ) > cr-FeO, (15.6% ) > H,0,-Org (1.8% ) > Me-Org(1.1% ) >
exchangeable = carbonate-bound (0.2% ). the results indicated that the exogenous elements enrichment was deficiency to minimal,
and the concentrations of the rare metals were close to background values of soil in studied areas. Rare metals were stable in soils. The
mobility of metals was in the order In > Bi > Sn > Ag.

Key words: natural soil; rare metals; chemical speciation; elemental enrichment ratio; mobility
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EHCHR [ 3 Fh i 7Y+ AR D iR AR, R L

(isohumosol) R B H [E B} 2 B 28 VL 0l A 75
B Uh (124°88'E, 42°40'N) , il £ ( primosol ) & H
O B2 e BT 6 55 (116°137E, 40°107
N) , £1 8 (ferrosol ) >R H H [ 4 b B} 2% B #8 w418 FH 21
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Table 1  Physico-chemical properties of the experimental soils

b S oH ??.‘EL“F_ A HLG CEC | Bk LR Wk
/g cm /% /cmol - kg /% /% /%

A(0 ~20 cm) 8.49 2.62 1.45 14.5 12.5 20.6 66. 9

4 B(20 ~50 cm) 8.41 2.86 1. 14 36.2 21.8 36.7 41.5
C(50 ~160 cm) 8.20 2.71 0.779 33.2 17.2 32.7 50.5

A(0 ~50 cm) 7.94 2.72 3.36 59.4 28.0 33.8 38.2

Bt B(50 ~110 cm) 8.14 2.81 1. 04 55.0 30.4 42.1 27.5
C(110 ~160 cm) 7.97 2.69 0. 622 47.4 32.2 44.5 23.3

A(0~30 cm) 5.73 2.74 0.713 14.6 49.2 30.5 20. 4

o1 158 B(30 ~50 cm) 5.20 2.78 0. 340 11.4 49.8 22.6 27.6
C(50 ~150 cm) 4.90 2.88 0.272 15.2 45.7 20.5 33.8

1.2 SEfiek
1.2.1 ZlEem5E8NE

4 )@ 4 I 5 B HE R FRERO. 1000 ¢ 0. 0005 ¢
T REE T MEE T, A S mL W R (65% , I 4
) ,2 mL AR (40% , i & 40 50) , 1 mL & AR
(60% , i it 3 %) , 1143 85 %7 (SCP Dig/PREP MS)
HME(170°C, 6 h) , I HL AR E R (140°C) 2 100 ~
200 wL, H 1% B IR E 25 2 50 mL, $22, 1] 0. 45
wm il B2 45 2 U8 400 U8, ¥ 9 ( <4°C) R, ] ICP-
MS (Agilent 7500¢) I %€ #F W Ag., Bi, In, Sn| Ti
B v B, ) ICP-AES ( DGS-TIT) il %2 % W& Al
Fe, Ca B 7k . & B A BOR A Hou % 1

BRI AR N 8 MBS HARSR B ¥k UL
722, H ICP-MS M & W Ag, Bi, In, Sn B T
JE . S5 T R R R A G2, 3500k BT 4
1.2.2

BRSNS LM 3 DT Ag,
Bi, In., Sn P AH XS A fE i 22 0 B .0 ~ 8% , B AL A
w2 AR A (R 2 S BRE AR (GBW 07309) , 43
Br 4545 o+ 4E 4 J8 & & (Ag: 0.090;Bi: 0.45;
In: 0.061;Sn: 2.2 mg-kg ') Shpifi + = %Ml
[Ag: (0.089 % 0.010);Bi: (0.42 + 0.04);1In:
(0.056 + 0.009);Sn: (2.6 + 0.4) mg-kg '] #H
5 B A LR 3 A EE %5 2 TR A bR v
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Table 2 Eight-step sequential extraction procedure for the partitioning of metals

R £ B

1 BT acHds 10 mL 1 mol-L~" NH,NO, (pH7) 25%C #&% 4 h

2 fﬁi@ﬁ'xéﬁ%ﬁ 25 mL 1 mol-L~' CH,CO,NH, (pH 5) 25°C #£% 6 h

3 L& w4 A 30 mL 0.1 mol-L ™" Na,P,0,(pH 10) 25C #&% 20 h

4 J;'J@T\%E%m%gggis 20 mL 0.1 mol-L~" NH,OH(pH 2) 25C #¥ 30 min

s H,0, ATHEA HLA R 44 & 5 mL.30% H,0,(pH2) 85°C #% 2 h; 3 mL0.02 mol-L."" HNO, + 3 mL30% H,0,(pH?2)
N 85°C ¥ 2 h; 10 mL 2 mol-L ™" NH,NO,(20% HNO,) 25°C &% 30 min

6 PV AR R R RS 10 mL 0.2 mol-L~'(NH,),C,0,(pH 3) 25°C  #&¥% 4 h

7 MR AIEE S 25 mL 0.2 mol-L™"(NH,),C,0, + 0.1 mol-L~" C4Hg04 (pH 3) 95°C % 30 min

8 it A HF-HCIO,-HNO;170°C #H4f# 6 h

1) #EFRFRHEL 1.000 g + 0.005 g HESEFTIZ G4 L, 2 BUR Y

VA R TR, AR A Y 00T O Tk 5 A i A A T A R

1.2.3  Hdlaib B

ARG R4 B £ 2R B Microsoft Excel 2003
M SPSS13. 0 for Windows 4t it 2> #1844, 2 E %
Origin 7. 5 Bk

2 BRSITR

IR FEA &R 0 K
RIHMTHEARSE R, REHE TR
BRAET . SOk 18,26 ] 4 R A L 3 Fh 4]
Ag  Bi B EERB/N HAESZE(CVHIKT 20% ,
Sn, In FHZERHK(CV>30%).3 3 Ag &
AL, M Bi, In, Sn S ERIN L0 > B+ >
+ 208 Bi, In, Sn SRS LM 1.5, 2.1,
2.0 5. Wi+ 5B AR In IANK &8 & R A —
OMAEP W EE T ER Ag S BT R KT
FAh2 A X 5 RGN ETE S SE
SR B 3 Fp R Ag By SUEARARL, 21
HBi, In, Sn BT RAEE Tl £ AE A Xl fig

2.1

+ 2280 HL(HITACHT CR21G 1T) &0 (25°C ,10 000 r-min = 10 min)
W, 10 mL B 2K TR 1K, 2 IR BE A IR, H 0,45 wm BER LT 4 JE 485

J& W gk
UE (< 4°C) TIN5 3 B SO S Bk 2 U (AT 2 IR

P F SN S UR N %f“#%&i%ﬁ%ﬁ i
R PprEc 3 Fh e 4 IR E
%ﬁﬁﬁﬂ,ﬁ%mkﬂﬂ %—ﬁAgSn‘*
Y Hou %’;Vm T 9% 45 B — ﬁl Bi5In &85 Tyler

ER e
SIEAETTER ST -2 R
- AL T R S mAﬁﬁEﬁgﬁi%ﬂwﬁ
FEHY Pearson MHEME A4S R LR 4, 3% 4 vT o0,
e R Z AR A 25 Ag T 5k
ﬁﬁﬁ%ﬁﬁﬁ%ﬂ& R T AN R (R AN R A
.pH, M CEC BEMG;In F & 5Fk, &
ﬂﬁ%&pHﬁ%m%;%ﬁiﬁﬁﬂ\%@ﬂ\
Wbk A LR & &L pH K CEC B 3F M %, 541,
In, Sn =JCE [ FH M, 1M Ag 5 ENTAH
Mk, BT AR G PR B A 0T & AT AR A K S0 W)
Mok PE > B Bi. In, Sn 5 Ag A AER I F A
)5 50, mT 3 o 4 A7 - B8 0 W 4 4 B B ) 45 R
Yk — A W 5%
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2

#£3 LHEd Ag, Bi, In, Sn §E/mg-kg ™!

Table 3 Concentrations of Ag, Bi, In and Sn in soils/mg-kg ™'

+H(AR) Ag Bi In Sn
ot 0.14 0. 02 0.40 0. 02 0. 030 +0. 00 2.0+0.01
D 0.13 £0.01 0.45 +0.01 0.056 0. 01 2.3 +0.08

o1 5D 0.15 £0.02 0.61 0. 06 0. 060 =0. 01 4.120.4
REFER 0. 14 0. 01 0.49 +0.09 0.050 £0. 01 2.8+0.9

+ B B 0.13 (0.001 ~0.84) 0.37(0.06 ~12.1) 0.068(0.001 ~0.25) 2.6(0.10 ~27.6)
Hou %1181 1) 0.17 £0.08 0.32 0. 12 0.081 £0.019 2.20.5

Tyler ZE[201 D) 0.88 0. 02 0.44 +0.01 0. 060 +0. 00

1) BERPIE + FRififi 22 52) SEARF I (42
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Table 4  Correlation coefficients between concentrations of rare metals and soil properties
Ag Bi In Sn BhRL bR L A A EERiIN pH CEC
Ag 1. 00
Bi 0. 167 1. 00
In 0.191 0.619** 1.00
Sn 0.274 0.820°* 0.625** 1.00
Fhikr 0.0840 -0.678** -0.595*" -0.699" 1.00
R A -0.100 0.420** 0.183 0.372°* 0.139 1. 00
[ -0.0160 0.360°°  0.422° "  0.408" 0.811°* 0.465"" 1.00
EERiIN 0. 0840 0.135 0. 082 0.371° 0.355* 0.110 0.249 1.00
pH 0. 0470 0. 859 0.682*" 0.858" 0.736** 0.588*" 0.312° 0.262 1.00
CEC 0. 124 0.538** 0.111 0.594* 0.288 0.729**  0.175 0.545* "  0.604" " 1. 00
1)« R p < 0.05 BEHEAF; + « £mp < 0.0l RBFEKF;n = 41

2.2 WA 4 JE A 8 B A ) 2 A RRE

3Fh 3% Ag, Bi, In, Sn AYIEM 4340 LI 1,
ot LRy - E B W N A o = R S
JEEEIAE T B0 Ag, In & EAEW bk g
K(CV=19.0% ) , 165+ AL 5 vh i sh 3/ (CV <
13.9% ) ; Bi, Sn & 7E 3 i+ 58 v I sl # AR 45 /N
(CV<I12.1%). T3 Bi LIANS 48 T2 (10
em) 5 W AIG, 0T BB T % X AR B R & K
(1250 mm) , H #h &b 3% [ & KB 48 ih R R X, K 1)
TR, TR SRR ZEBN TRETE.

&8 & HE T (ER) &R M & i A2 1 PR <F
IVE B Sl ol wk L 6l G o L R = O 1 il o
HEJE BAFAESMNIR 42 8 15 Y A AR AR AL, Ti W A
NI ER 2% 0 R T RN

Al TSI SR kB TifE WS H e K, Hit
BAXN.
ER(X) = (X/Ti),/(X/Ti),,

KX ER(X) EREE X MEER, (X/Ti), £rt
BRmE  ZeE XSRS TS ENLME, (X/
Ti) o "R HEHTEZEE X SRS Ti SR
{H. Sutherland " KI5 & E R EHER > H 5 DX
SLAREE(ER < 2), PEE(2<ER<S), B
B (5 <ER<20) . H 4 (20 <ER <40) | thiEHE
£ (ER >40).3 Ff -1 & & & 4L R ) o0 A6 WKL 2,
M RT3 Fh 4 Ag Bi, In, Sn 1 F R
I EACE S, R L Ag, Bi, In, Sn
ARG e

A~ EL 5,
R

M AR /I | BIVAIE 5 IX 3 4 3 52 N 2645 3+

db B AL Bl

M +- 438 rh AR/ R B X ITRE =& .
0
(a) Ag % OB L, ©In_ o @Sn o
ol A i | A S
e % 4 Ry = b
40 2] | P(}X\ @
. i Tl il
P S S
] »—1— (@] 0@ L om 'Y
uf ST B
# [ @ W\ m [AY]
® 100 | \}? bs \A IS » /
()/—@*H \E‘ED €!> I%l S I):}D A
120 | é«% ot || b AL & o0 &
}{ —o—mt g A B A
—N— 41 1 1/ i
. SE IR A
O G- ) i J 0o
ol & N '
0 0.2 0 0.4 08 0 0.04 008 0 2 4
W /mgkg™! WS /mg-kg™! WS /mg-kg™! WS /mg-kg™!
1 L Ag, Bi, In, Sn EBEQSH

Fig. |

Vertical distribution profiles of Ag, Bi, In and Sn
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5 Aﬁgf ’ ’*g\;%m\ - s Ag I £ RS R AL Fe ik 40
x %D’D | *\v\\f\n | \ X(F£6),5 Hou Z&"" Fl Jones 25" By BIF 5% 45 . —
200 e - L HANERAEE Ag SHIUR, BB & i %
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Fig.2  Vertical distribution profiles of enrichment

ratio of Ag, Bi, In and Sn in soils

2.3 HHOPRA SRR B 0 AR AL
ﬁKFH 8 WL B R AL HOL AT F 3 Ff R Ag,

. Sn L IE

oA  HRWES, KD E)E

é\ijﬂ%i):ﬁ/j‘/\gﬂﬁﬁﬂislzi@ﬁ % 6 7
EHT%}%' A5 Fe,
15 ] ) Pearson *H?é‘@ﬁ’fﬁ%%.

o R EAUR A R, R S

T ML X RESHEANSEEAE A
X SRS EEER. AIEREGE Ag 5 Al
SEBFEMHK TREH THESTEE TS E
R, AR, Fe, Al K HA MY E A IKILGFN
UANE RS AE Ag 5 R R,
Y5 Hou %" W78 45 R — 30, nI e R M LB &S P a
T UEBHAALY AR Ag™ . 85 ek AL 4
B Ag HRKL, Fe, Al & H B EML, ZEL Ag
M RE S KBRPA T W &K Fes Al EALY A7
5 Ag ML, Bi WIES R 2+, FEIRAF T
RIS A BRE A AN TR SR Ay
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Table 5 Relative distribution of eight chemical fractions of the rare metals in the soils/%
Py g wA " i\}%éﬁl
1 2 3 4 5 6 7 8 1+2 /mg-kg
W+ — — 0.9 — 28.5 3.2 1.3 66.0 — 0.17
B+ — — 4.0 — 23.9 4.6 1.6 65.9 — 0.14
Ag 21 4% — — 0.3 — 26.9 6.0 3.9 62.9 — 0.12
0] — — 2.0 — 25.9 4.2 2.0 65.8 — 0.16
SD — — 2.0 — 7.2 4.5 1.4 6.8 — 0.03
W+ — 1.1 1.2 0.2 30.4 20. 4 26.3 20.3 1.1 0.51
B+ — 0.9 1.3 0.3 30.6 21.2 16.7 29.1 0.9 0.46
Bi 21 4 — 0.5 — 0.5 14.9 12.1 26.9 45.1 0.5 0. 47
¥i{E — 0.9 1.0 0.3 27.1 18.8 22.7 29.2 0.9 0.55
SD — 0.6 0.6 0.2 8.1 5.4 6.8 10.3 0.6 0.15
W+ — 1.3 1.2 — 7.5 9.7 20.7 59.6 1.3 0. 047
B — 1.0 1.0 — 4.0 5.2 12.1 76. 8 1.0 0. 052
In A%: 4 — 1.7 0.7 — 6.4 4.3 18.8 68. 1 1.7 0. 043
¥iE — 1.4 1.0 — 6.0 6.8 17.0 67.8 1.4 0. 054
SD — 1.1 0.7 — 2.3 3.2 5.1 9.2 1.1 0.01
W+ 0.1 0.3 1.0 — 2.9 33.5 18.4 43.7 0.4 4.0
Bt 0.1 — 1.1 0.1 1.8 24.8 12.5 59.6 0.1 2.6
Sn fag: 4 0.2 — 0.9 — 0.3 9.6 17.7 71.2 0.2 2.2
¥iH 0.2 0.2 1.1 — 1.8 23.0 15.6 58.1 0.4 3.1
SD 0.1 0.2 0.7 — 1.3 13.1 4.0 15.8 0.3 0.98

D 1A 304 2 R 3h 45 ’5, 3 ANEBKEE; 4. RS BEMYEEE;5: Hy0, MTHRICAILGBE 64 ;6. T IE &R Ak

MEEE T HMRA S

[

8 ARIE 1 + 2. NI AT + IRIR R4

GRE—FOR AR
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®6 HAEEBEESE Fe, Al, TBYMAR, RESREABEXRH"

Table 6  Correlation coefficients between chemical fractions of the rare metals and Fe, Al, soil texture and weight in the same fractions

&8 B Fe Al E A AL bRy A B i A I hE
A& Rsads 0.461"* 0.725"* 0.654"* 0.471"*
Ag MR A A A 0.644 " " 0.497" " 0.677" "
Bt 7S 0.517* 0.603 * 0.323"
H,0, MMERAHEREES 0.313* 0.320"
Bi HimP A A 0.577* " 0.707 * * 0.449 " *
Bt 7S 0.474" " 0.346 " 0.756 " * 0.615**
EER IR T 0.374"
In H,0, MERAIEREEES  0.346" 0.607 " *
SRR &S 0.669 * * 0.772" "
b3 0.316" 0.693"* 0.383*
Sn 25 MR AL A A S 0.339"

1) « £Rp <0.05 BEKF; « » Fmp < 0.01 RRFEKF;n = 41

HEBMAENEES S, HEES S EZ AR T
5% . WM EMB LT AEINEREGSHER (>
30% ), LTIEHRBRIEDS AL (45.6% ). 5 Ag ANTA],
A Bi BBRIR IR 45 A S Y i R 4 8 Bk 45 A
A RES TR LR R > Bt
> W b R S AL 20.3% . FRIE S Bi 55k
WA Bk, Fe, Al & WA, Bk & &
ERLLIER RS Bi A G E R AV EEES S
A B HAVL, mbk &R EMEE, L5 pH I
FHK(r =0.424,p < 0.01) , ZLEPAHEGBES
A& B IBALT 54 2 B4 RTRE R i T A
HUT & e AIG J98 R ME oik r 3. &5 Ak B AR 45 A
B Bi HEK, Fe, Al TR EMX, ZEETRES
ARG Wb F K Fes/Al B ALY A7) B 1R 25
AAEB 5P Ca BB HEME(r = 0.609,p
< 0.01), EHERREE N S B M ILEE S &,

HAg M, RES W BRSSP EES
(67.8% ) ,5 Bi ML, BkBREEEE G In i —E I
B, HAE 4 Fh &8 AW S i e (1.4% ) . i
B In IR AL, BRI FRES > 45
REMYERDS > KEREBENMYERDS > AW
SRR AP AN S BE GBS T LTI
SREMMYEE ST FRIES In SRESFR, Fe,
Al i W AOC. R A 678 In 5 Fe | Al
THEBEHX,AVEEEGEAE In 5 Fe, Al 8T
FHE, MBS In AT RE S KB ELGT WP F K
Fe/AVEAL L ARG RS In 5 1A
BLTE 5 ARG UL HLAS In 72 B3R e S
A UL K Fe/ Al HHLE AW IAE" .

5 Bi ML, Sn WIE A 40 A B Z4E 8 MR &

WA, EEURES, SRKALYEES

.

KEREREMYWEGEFE, HEEBVE A&
ZHIET 5% . 5 Ag. Bi. In A, B FA30H74 Sn
—E B, BARE ERAK(0.2% ). FRIES Sn 5

BRI S i, Fe, Al & & [0 ¥ JCAH X, 5 Hou
IR R — B, TR R TR M AR E A Sn
55 Sn LA 5 . &5 A S5 A Sn
5 AL & 8B EMG, TR FHIEA Sn 5K
PfT B WA K FesAl AL 7Y
2.4 SmiTRMRHIE

&R A A SE MGE RS OB A% VIM
KRR ER T W25 5 KA R R O L& 7E pH A%
RN T, &R HE MR RILSE S EHLER
A5 W R, A K T A B Pk AN 2 mT R
P FEIE, A TR T S S SRR R 4 A A Z A
FIEE BT R, M2 & BT B ENY 4. In
(1.4% ) >Bi(0.9% ) >Sn(0.3% ) > Ag(0) (W%
5), %W In BYIEFS P A 0H: AR X R bk XU
XK, 5 Hou %073 1 + AR AL 5L 5615 21 19 4
JEERB SR B & BT SRS SRR A
B Z A A P AL B AT AH G A AT, 25 SRR
In SRS 1k 52 Ky 00 7 & & Al CEC B2 W ; Bi 52 Bhkr
R i S pH 20 Sn SZ Bk, B AP R i pH
M CEC ##0m.

3 Fi

(1)3 Fh#LARI G4k +3% A JZ Ag. Bi, In, Sn /Y
PR e R R E T SUEVSE N 0% Bi, In,
Sn SR TH EMEB L wTRERERFE. Rt
T AU R B A a8 B Ak oA S e T B ; 21 HE TR
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B

2 32 &

JZ Ag. In., Sn & E ST NI 42, 7] BE B2 Rk

e

(2)3 P LIEAE PR &R EERYMMT 2,8
TARE 4R RPN s s &
Jai 4z M Jm I 25 A5 A O F 5T IX Y 0 3R
L.

(3)Ag. In, Sn ¥ FEWRMAETHRIES , H B

S RANZEN, Ag ANLERE S In (945

gAY AE B Sn R E L &R S Wi &
ASEEE PR A 5 S AR S B RGBT
PlEmaia s, RS, HRkArYaaE. X
ST B A AL W) 4 A S S 0 A N R AR, 3 B
[ Ag, In TEEDHER/N,Bi, Sn JEEDHA—E
225 L5 Bi, Sn E’Jﬁ%(é,uﬁﬁﬁ/ﬁ?i[%?ﬁﬁi%ﬂ
Bt AN ERES S S ER &R AW E S
BART 7350 2 B3 & G TR AE R R LA E
AT Wb B, AR B A T B IR %f%‘JxL
/]

(HEBRTBERM N In >Bi >Sn > Ag,In 1
I B8 P AT RO AR RS it IR KBS AR R 85 2
TR P A2 4 3 B A M S i, 8 PR I % 1 A ek
A B AT R T AR AL
SE
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