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Composition and source apportionment of volatile organic sulfur compounds in
both flotation wastewater and Tailing Reservoir effluent of Pb-Zn sulfide mine
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Abstract: Both wastewater from various unit operations of flotation plant and effluent from Pb-Zn sulfide mine tailing reservoir were treated by ozone
oxidation. The sulfate ion increment after the ozone treatment was measured and used to calculate the concentration of low-valent sulfur (<+6) in the
wastewater and effluent. Using purge-trap gas chromatography and mass spectrometry (PTC-GC/MS) , volatile organic sulfur compounds ( VOSCs) in the
effluent and influent of reservoir were detected. And the natural degradation products of common flotation reagents in aqueous solution, including butyl
xanthate (n-BX) , ethyl thiocarbamate( DDTC) , sodium humate (SH) and pine oil, will also measured through PTC-GC/MS. The results showed that the
concentration of low-valent sulfur (<+6) in the influent of tailing reservoir was 112 mg-L™". Carbon disulphide (CS,) was detected as the main VOSCs
of influent and the relative ratio of CS, was 35.60%. The flotation reagents were added largely in each floatation unit operation. CS, could be detected in
the aqueous solutions of three flotation reagents and is the primary natural degradation products. Because the relative ratio of CS, in the n-BX solution was
the highest (80.33%) and the n-BX dosage was the largest in the unit operations, the n-BX is the main source of VOSCs in the wastewaters of floatation
unit operations. The concentration of low-valent sulfur (<+6) in the effluent of tailing reservoir was 22 mg-+L™'. The main contributions to VOSCs
included 3,6-dimethyl-1,2,4,5-tetrathiane ( C,H,S, ) , Formamide, N-methylthio( CH,SNO) and 2-Methyl-2-thiazoline ( C, H; NS ), among which the

relative ratio of C,H,S, was the highest (22.59%). CS, can be metabolized to C,H,S, by microorganism in the mine tailing reservoir. The results of this
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study provide a reference for the flotation process improvement and safe discharge.

Keywords: Pb-Zn sulfide ore flotation; tailing reservoir effluent; flotation wastewater; VOSCs; butyl xanthate

1

5|5 (Introduction)

h T AT A T, BRI T IR A
JHES IR BE A T — & s A PLai L2
FHACHRI 33X A AL JE 2 AR 5 1l e ™ 1 Al K
WA 2% A A LS £, AR X S K OK i
YRR VRl B 7K LA HE TR, A Xof ] 30 B 455 3 ™
G FE (B, 2007 ; 5K HE 55, 2007 ; 5 #45 5F
2012) Ak, AR B K — e HE AR 7R
A PR A AR B A S T A1 HE 2R 2 KA (R g
4,2013) SRE R PESME KB R bR A B T
CHY BE T TS B W HE PR 1) ( GB25466—2010) 1Y
HEBCELR  (H AR e A 12 56 TR FE A HE /K
% LA WL ALY (VOSCs ) HEROR S (B3R | T
Y2 95 AT MUAR AL 490 2 5o 7K AR J) 3 3 5 s i ™ T 52
M) ( EIGHESE 2009 ; 5 FIARAE 1 2006) . VOSCs #E A K
SRR R B R AL B SO, T R IR L, %o X I iR
DUREA B GE M, 51 5h, 2805 0 A DL PR AR
5, e E AR (AR, 2004 ; Jaakkola et al.
1999; Jardine et al.,1999) . % WL K VOSCs ¥ 5 i —
TALRsk (CS,) . F 3 Bk (C,H,S,) F1 3,6-—
1,24, 5-DUBRIA O %8 (C,H,S, ) 25 K ELA )3 bk
FA) 0 L SR TR AR AV P ML 8 1 1T 2 B AT 32 6
¥ (Krafft et al.,2007 ; Ras et al. ,2008 ; Bravo-Linares
et al. ,2009 ;4 45 2010 2 15 8145 2004) H H

RIS A LB A B BEB AL 0 LI R /K Hf VOSCs 4
BRFIE SRR A 5T

NGB A 0 N R, an b A #008H A
e AT B A P HER kT s KA BT B
By B A I AT L 4 VOSCs
FERIE (Watts, 2000 ; 25 55 48,2009 ) . —#43 VOSCs
e AT M IR A HE (Zou et al.
2003) , — R 73 I A 7K Hh R d SR ) IR AR A WA
HATH BRI R T A (La et al. ,2012) B N
AR ILAT ML R R B K 1 VOSCs 21 B MK U5 11
AHRARAE AR 7D, Simpson 45 (2010) & B il /b 75 58 K
TR RE 2 F VOSCs HERCAH X SEHIF 58 AU B
AFFR ISR VOSCs #4750 Hr , A 53 VOSCs
TEIE KR AL BURR AR, 8 X e IR K Fn R T 3
SMHEZK R VOSCs #EAT IR IR It , ASHBF 5T LA Py
HYEFBRAL VA58 % G2, X VR e 7R R T
HMEK T VOSCs 1 41 B #E 1T R 48 i 5%, 76 3K 15
VOSCs ZHRUFFAE Y FERE I, 7B &5 SR oe AR % K K
B FEAMEK H VOSCs B IE , LU R Y R AL
TEIE T A BGHE AR RSN K % e 52

2 ##5 7% ( Materials and methods)

A AT
L] PR R A A A 007 25 A Ml A 7K % R A
PESNHEAR A BT FERS B SRAE R0 A A AL 1 P 3

2.1

Y
WBoke T s mimmlke T 453 mik LR Ko
""""" 7 S B S
wEk L T EIFA 5
B v T .
T BER fiigaatsys R BT
ZUNEN & < B ol i TRk el
® @ ®

OMNE K — 23 " HAREIET BRI T3 “HARIRER SN FEERR AN

OMNGRERE AABHM 5K T2 B
ONMNBRER AR T 3 HARBRER )

R

&1

v
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¢
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SRR ET LR RAE A B REE (& o SREKH M)

Fig.1 Flowsheet of Pb-Zn sulfide processing and wastewater of various unit operation
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35 %

R AN BERE VR VR 7K ; d45 m HZEHILIS 7K
FIFIRVEIR G K s 53 m M HLGR WK N B vk
AEFEAL 7K 5 b 30 m WML T K MRS AE L 5 B
B e oK R R AT FEHE KK IR X 13 4 i
AP IK B AT FEAMNHE K 34T R A | FH R K 28 R 4R
FESKFE 25T 25 L3R M 7K 15 (] 52 56 2. T
B WS ER R A b ek i e B ) Tk FH TR s 24 )
T3 % A 1 SE 0 % FH T 5 B SRR AR I
22 MEAEEHN

KA QI-8001Y RAE KA (S5 g-h™") X EHE
HMNHEZK 5 25 BT el R K T R R A AR B, R
WEER 40 mg- L™ K FETCE AE B 38 00 (B0 AT: i 1
AT 3.5 L A RORIARRTR 3 L), SR N
AR A DL sy Gl A K RE T R AT RO, R
NS FRAERELE 25 CAEAT , BRI B IR FFAE K AR IR
FL10% LI YK S LA (TOC) pH A PR AR
BT (SO7 ) e e my e 458 1k B, X 7K R R
AAAALHERT S TOC pH Al SOF MR HEAT WS AR
PR A AL BT S SO vk BEHE I | 38 i B /R i 8 5
K PR S (AN T +6) YR, [R5 JEHL
T A 200 1 T 7 (A 7 6T

WA AN HE K JF K 5 45 BT ARl 2 7K TR K
i Stratum PTC WAL HE i e 4 2 ( 35 AR A
PR H ) HEAT RE SR 46, SRR E A GCT890A/
5975CMSD S AH 3% B B FH AN ( 98 2R 2 |
BT oM LR P2 K 5 AN K % R A L
TRk .

Phalivde 7K SR 390, 4 o) I ) 25 390 5T e v B Oy
100 mg- L™/ T HE AU FR4M (n-BX) \ =R
AR IE AN (DDTC) | JE 5 R 5 ( SH) FIFA st il
VTR, 25500 W B T AR 75% R 307 34 1R
28 °C \HMUT S G IEIAEE N AT B AR PR ARG 2 4

T 356 245 7K 5 T 1F SR B8 il 23R 35 3] 100% B, UK
FEEF Stratum PTC W -4 524 5 TR 4 7 ( 36 [ 4%
FIPEA |]) S AT #E i W4, SR J5 1 A GC7890A/
5975CMSD SAH 5 BT ig Ik AL ( SEE ZHER A A )
HEAT T

b pH ME J7 S BOK T pH A A9 R 3%
B HIE (GB/T6920—1986) ) 5 K it 1 JCHLE AL 4
W B2 28 T3 1222 IR OK B Ak 49 1 DN o 2 2 (HD/
T60—2000) ) ; HE AR AR B T (SOT ) 4 0.45 um JEAE
T U85 882 HUEY T AN (F T T A F] ) M E
MAPK(TOC) 4 0.45 wm JEREILIEJS FH TOC-V
CPH S LKA HTAL ( HASHE A ] ) W 5 H SRR
i 3o R v T 24 ) A VA B SR 58 A1 43 O 't B 1k
7E;GC A 3%HE 430 mx250 pmx0.25 wm HP-5MS
PG RN HEERTR 40 °C L5 Comin T THE
100 °C, L 15 Cemin'FH & 280 C , L 30 °Cemin"!
TEE 330 C; ZAMAS, W K 2.20 mLemin™'.MS
HLFH R (ED ; B fRERE 70 eV, B F IR
230 °C, LR E 4 300 °C, F R AT 20 ~
550 amu.

3 R 51718 (Results and discussion)

3.1 Wk E At VOSCs 4 ik K& 3k I8 oA

3.1 ABRTELEXKFRNARNFEL R
S ITTAE M 7K 28 LA S AR AL 3 30 min J5, pH,
TOC .SOT WAL IH B L3 1. & AE M /K Zead B
AR B E 2 BAAENL K pH 2R & 2.20
LA VR TR K p45 m MR E ML /K L p53 m WK
ML TEK ($30 m WML /K TOC B8 7 Bl 2
8.83% .10.55% .10.79% .2.96% , 13 W 5 & S Ak ab B
J5 25 BRI B K ATy 5 A R A XMERE A L)

*1 BFBTELEKESSELLERF pH. TOC.SOF RETK

Table 1  Change in pH.TOC SO concentration of operation water after ozone treatment
ke pH ACyoc/ ACs2-/ AC ks /
b HR Ab S (mg-L7") (mg-L7") (mg-L7")
R % 10.63 2.13 -2.94 +15 -1.59
G45m WHHLAG TAK 10.07 2.31 -2.73 +332 -0.66
&53m W NG TAK 10.98 2.29 -5.8 +447 -0.75
$30m VAL Ttk 7.00 2.17 -1.22 +335 -0.60

H:AC= Cromz —C ooy 3 7 R WE IR BR e B R0 5 < = FoR

B TRk B K 28 AR B AL AL RS SOT R
RN e e B R o v R s T R A A K

UL/ ER T

KPR ZSHR ( 2S/N T +6) e FE 23 e TR 1K
5 mg-L7", 45 m WHEHLE /K 107 mg-L™", 53 m
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W B FiK 149 mg- L7, 630 m ¥ % ML 3% Wi /K
112 mg - L™ £ BRITAE ML 7K rh e LA AL 4 7 ik 1
JE R 0.60~1.59 mg- L™, 4 RA A LAL B oL
TRALIVR BE R ARAG I s, PR e, TEHLAR AP ™ 48
RAAEALE A SOT X 4% BoT/E bR /K SOT
JEE G i TTERARAIR, v LAHERR TS HLAR A 4 % K fA
AL P TR,

e P UEE L T B ™= AR U IOk & A K
FIPR VDRI | 3 A b R 7K 1) 322215 Y )02 5 i
KA VLG, A A IS R R = 1A
HLIR FHUL pH R R BB 1R ML T BRI AR e VRl
TBAEAE ML 7 o A K B A BILS L2 4l Wi
W IRN IR /K 26 52 B RE 77 18 I 0F A B R Yk 4 AR T
B BRI AR T B ™= A ARV 7K (53 m W%
Bl 7K ) AR A& TC R & it i . FE R W A ARl
Je AT SRR 312 K 2 i AR VR BEAE L T B, il 2k

F SRS B R VA 15 0 S AR K pH, S8k e
() 30 m MBI T /K 2 kAR i AR AT PE Y
FEIKIRN 30 m M2 ML 3 7K 2 3 GV ok T Bt
FEARRIRE K , XA R K HEA R H I AL AL
YrH FEARMG , 2R 30 m e S ML T /K 2803 LR
ARG SOT e 2 335 mg- L', P iX 2K %
IKIBAEAE R B R WA A G AL 4, PRI Ok, 4 g
AN B 0 K R S 6 A e X T e A
DIRTRER Y/

3.1.2 ¥R EAKF VOSCs AT 45 R 45
BATCHENL R K B PTC-GC/MS Waill 45 5 W36 2.
B HTTAE E K T p45 m MR B LG K . $53 m M
BN LK P30 m e B /K A4l i CS,.CS,
TEK TP BV SRR N 0.2019% (20 C) , Ghis THEE  #5
IR AR R BE R A LY, AR 4l AH BLRE 75 R 2 e
HIFIKR T CS, 10 5 & (7K EESE,2011).

F2 FBETIELEKAEEPTC-GC/MS KR

Table 2 Results of PTC-GC/MS in various unit operations wastewater

AR LA
P HERIEADLY)
VT EIK G45 m WHEHLE K 53 m B ML K 30 m HFAL K

1 bk nd 22.48% 48.29% 35.60%
2 T 26.35% 9.46% 26.35% 15.83%
3 pRUIE SR nd nd nd 3.94%
4 E Sl nd nd nd 9.28%
5 S 19.81% 7.58% 5.91% 1.46%
6 A-FIE-2-BRIEHK nd nd nd 2.41%
7 6-1T—H 12.72% 9.22% nd nd

TE :nd FORAME H 5 T35 LA > 190 B #E R AEAT L) It

A E K 2 v LA N, &R ERE i
PRAE ML ™ A B e B K Fh AR A I Y VOSCs #H 56
Yo, BRI, 0 A 2 45 BT ML I K VOSCs F %
b 3N (S IR AR = S (8 NN R K e
FFUR , B 5 FERE IR AR AE L = A 1 653 m R %
ML T A AS 00 1 A X6 EE 1) 452 8 B9 €S, ME M IR &
YEMVIE 7K 1 p45 m W B ML K, M & A CS,
¢53 m WENLE LK G AT CS, M E KRG
FEJG R B CS, AT L AT BT B 17 e L
T BRI K s 1945 HIL 30 256 28 Jf A9 20 1 7 6 77
BE, Bl 223 630 m VB AILUTRE IS (1436 3 7K H AU
WA EE VOSCs P i f& €S, .C,H, NS, Hrf1, CS, 7
AP RS TR BT A AR X ) B i (35.60% ) ; [ R
&30 m VRE AL AR AT IE AR ) FEKIE, A
A PEKARME A KR CS,.$53 m W HLU K
G45 m B HLES FAKFN 630 m W HBHLES K8 T

H

TEIEAEME T B ™A ARV B K, 387 VR b o R 7= A=
) VOSCs & ZR R F IRk /E ok T B, Horp, 2%
VOSCs P2 CS,. I, ik & 7K VOSCs X
7 1005 77 BE AR b T BN A8 R A ML 35 2 4l i
ISP
3.2 BB TAE L EAKH VOSCs 2 7| 5k IR o4
23t 12 d ASRFEAR IS, 100 mg- L' 4 FhiFikzy
TR A SR B i 218 3] 100% , PTC-GC/MS
S5 3 PR BRASEEN (C H, O) [ SR AR 17 ™
Yy R CS, 48,3 FFRE 25 R K S W F SR R i
FEY PRSI CS,.n-BX ( C4 Hy NaOS, ) 2451 /K %
W E R B G 72 A2 1y CS, & B fie i, A X E )
80.33%. H:¥k DDTC ( CH,,NNaS, ) 25 5 /K %% A 28
RSt I 7= 2 1 CS, AT LB 58.35% , [A]A 7= A=
C,H,NSH 30 m e # ML it /K BTHk VOSCs, 535 2
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% 35 %

40 5 235 S AR 4. SH ( Co Hy Na, O, ) 25 5 7K W [ 9%
Ra g = W v A7 A T AR X L 9 A i Y S, L T B
(C,H,OH) . % (C, H,) fIa 3 H iR £ Bk (C, H,

NO,) , #EWBT SH BRIGFARRER SN I IR A T &R 2 & B Al
HRNAPLED.

®3 MHFEATKEREBARMEBREEE PTC-GC/MS BEAER
Table 3 Results of PTC-GC/MS in four flotation reagents after natural degradation

AR LA

M5 ERUAIY

n-BX Zi K DDTC Z5 KB SH 255K R FA TSI 24 390 7K P R
1 ki 80.33% 58.35% 27.57% nd
2 TR 10.65% nd 23.10% nd
3 2-FY 5E-3-WE I B nd 30.95% nd nd
4 ES nd nd 18.90% 7.18%
5 S nd nd 3.18% 1.99%
6 HEWR LR nd nd 5.05% nd
7 [ nd nd nd 12.61%
8 2-50 54, 6-— F HmE g nd nd nd 1.86%

TE nd IR 3 2 AP0 L] > 19 B VA HLA .

O e v (R SN NN o S 0] B - SR e v
2557 (40 n-BX .DDTC F1 SH) , B 65% ~ 80% ¥ A 4F
FET- NG RGN LA 43 5% B8 AE 41 /N
RIS R K i GRS, 2003) |, ZE AL 452
KB IR] () [ SR A I 7o Ak CS, , B b % K
oS A RS H I Y CS, Y n-BX 7ETF kit AR
Hh 24550 FE R AL 3 245500 FH £ S RN 2.80 £,
HAREMLE D4 T KER CS,, Wik, n-BX
& $53 m W LI I K L p45 m Wk B BT It K A
630 m HRFEHLERIF K VOSCs 1Y 2 Z 255K .
3.3 RH ESHEAKF Y VOSCs 41 /R Fr 3k JE 47
331 R ENFEAFRERNMESRNGEELR B

i_

JFEAMEK 2 R A AALALBE 15 min 5, pH  TOC , TGHL
ALY A SOT W B H AR A1 0L UL 3R 4. B0 A1 HE
KT R AR S B S, B PEANEK pH % &
3.16,TOC /0> 3.21 mg-L™", TOC & F 2 45.5%.
B MK 2 R A EAL AL B G SO W B 251
i, 24 54 AR A IR BT B SO Tk BE Y iR 66
mg- L™ 3 A B IR O o v B AT AR R T R A HE
KR ASHR (/N T +6) WE R 22 mg- L7 7
AR R AR Y SOT B TommR IR, e K ik rh
A A R4 8 B A AE R IGO0, R o
PR AR U /K A4 S R E

x4 RETEMNMKRSSENLIEHE pH. TOC, SO REZK

Table 4 Change in pH,TOC,S0% concentration of tailing reservoir effluent after ozone treatment

. TOC/ S0/ TehLe i/
. [$ H ¢
IKHRE Jb 35 P (mg-11) (mg-1) (mg-L")
. JEK 6.47 7.06 566.34 0.48
B JESMEK N
R )5 3.16 3.85 632.34 nd

T :nd FORARAE .

B VBRI R B T ST AR UA B
<107 A ULIEY) , RIS TR (S) A Tk, R
B KA 2 R B B TR AL B, R AR AL 5
BIREL(S) NG AFAET R ESMEK . B 5
HEAR T HLARAL P B WD B2 J2: 0.48 mg- L7, JEHIL
wAkh 8 2 AR ERY SO XA
HEZK SOT e 3 8 i (% STRRAR ARG, 7T LAk R 52 BT
(S) AL AL P %t 7K A v 5 B A 5 4 B BT R

I A AT PEAMHE K FP IR 25 50 R B A7 AR TR 2K
Al RE A LR ALY

332 R ESNHKE VOSCs b 2 6y B il 4 &
A ESMEK PTC-GC/MS Waill 45 5 L3 5. B9 ¢
HMHEK I H #5 K P ML (VOCs) IR 2545 783
i, SR 40 €, H,, 0, (0.18%) . C s H,, (0.25%) .
C3Hy,0(0.15%) . C s Hy (0.29% ) 25 K43 K6 4y
FE AR il < 19%. R AT EAMEZK VOSCs Hh A D
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HCS,, EEAI A VOSCs Wi 3,6- - HI -1,
2,4, 5-0U B 3R 2 ke (C,H,S, ) . N-3ii JE-HT Bt i
(CH,SNO ) 1 2-H F£-3-BE W Bk ( C, H, NS) , Hirpr,
C,H,S, 7 25 B0 1 4 v Fr o7 19 A0 X He ) B =
(22.59%) .5 i, 75 5 U A AL 38R 07 122 A1 HE K 1)
R, G H,S, 1B T 2 B 48 Ak AR B SO%, BTk T
Qb B S KR () —3B 43 SO5 #e . CH,SNO FIC,H,NS
T T R [FIRE RE B A Ak 2B B SO3, /1 CH,SNO #1
C,H, NS 768 T 23 v BT o 00 R X b 81 AS 8, X L
SAALBE AT EANEK SO2 e B T BRAR A [H 1,
B PEAMIEAK T VOSCs 19 2 T 42C,H,S, .

$30 m VLI WK AE R h 2 DUk 45
K R i R A WA A 2 RO U BR T R A
TOC. A" FEHE/K TOC Bl (B2 41.21 mg-L™' &
W ESMIEZK TOC HMIE fE /2 7.06 mg- L™, LBRFA
F 82.9%. K It , B RERS L bRk w™ B K h G 4

Mk et el At

TG Y. R AT R K AR 5 Y Wy e i ok 8 Fn Jr =X
K 2 Fios.

®5 R ESMEK PTC-GC/MS TR
Table 5 Results of PTC-GC/MS in tailing reservoir water

KEE S5 RN wrk
EE S ;
;Ehg;i ! :ﬁ;a; LRSI s, 59
2 1-(2-WREIESEE) -2- N CiHsNO - 6.18%
3 N-idE-HIEEE CH,SNO  5.94%
4 ERRRIRE CoH,CINO  5.78%
5 R H W C,H;5NO, 4.05%
6 2- 13- W C4H;NS 2.02%
7 RIS CisHyy 1.99%
8 IR C4HgO 1.35%
0 TBE C4H,,0 1.09%

TE R AT L] > 19 48 R AR AL B

Yok

R R R ik
T | | s
\ b ml‘% --------------- .r ----- -
N : ik etk SR A A P T FE A !
Hettk 3R 2 T FERRL, ! 3
iy i JRECE FEA AT R B

BB i

Yk

BME [

B2 B EKESREERT RN REE

Fig.2 A schematic diagram for degradation process of pollutant in tailing reservoir

$30 m WREHLUE KA RBT R, S — B B
DATTRE RN & o0 3, B A BL A v B A 0 358 L 7K
Rk FERAE W KR G G ARAL, RtL, O
Kot i A FH 22 BB ) Bt /K i P40, R 3 ™
TEUURAE B B,

55 B B S SR A W 0 RE K AR TR 5 B i
1) A ALY, R B SHetE B 3R UE B RE & b &
Y. Jordan % (1997 ) BFFER W], F 40 Ferk B SR ED)
TEUFE IS B REAE AR €S, 42 1 H, S, 33X A Bt
FHetE SR W R e A SRR W AE HEAT AR
ST AEA B 07 S th R EK AR R, 1 AUK
AR T AR/ IN TS 250K I AR, K AR o
1B BEAS T KR S 2 SR A, RSl TSP A
P s A K A,

5= BOKZ IR, KR s g A AR,

SRR A RS A 0 T AR L T A R BR B A%
1. S BE AR FH A BILB G 73 L BT #E , 9%
TAEDITE S ARTEER , DR B 75 0 Y 193 shire 115
F)FI. Cox %5 (2013) IR R, LEIR AKX T HIE
A= Wy B f CS, BT P7 A W R PR ) 2 — & |, S,
Witter A1 Jones (1999) iff 5% & B, C,H,S, B HT {4 A
H,S, A F# i Y e R AU B Rl i i 7 H,S Hhot
i EC,H,S, % — RN R AW, T R
R I A LAY

n-BX & AR KA IFRE 257, IR BF n-BX /4 [
IRFEST =W CS, 2 30 m W B L% Ji /K ' VOSCs
(1 EZYI . 630 m V& B HL T K AR Ry ik AR PR
(1 EZKIR, F &/ CS, MR KR T 78 2
R IR R ek S R A IR AR 3R A ot
T .
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4 58 (Conclusions)

1) BRALERER PRI R = AR VOSCs [T
T PR PR TBE AL T BB B B A HL
FRAEIIF RS R (T HACBR RN (n-BX) . =2
BT E LT W24 ( DDTC) FIIE 5 R 4M (SH) ) 78
B ML 2 KB R Y [ SRR =2 S, , IFRIRT CS,
IR TFREVEL T B £ 21 VOSCs 9.

2) AEXITF I A0 3 FhE TR R LG, T HE Za At
TR EN (n-BX) 7E V7 BEAE ML T Bt (4 24 5 de Kk, []
i n-BX A9 F SRBEAR 2 19 CS, i %, I, n-BX J&7F
VEAEL R K FE 2 FIRIE, R n-BX FH SRBE M=)
Wk B A R MR R B T 51 CS,.

3) B# EAMEKF VOSCs A% CS,, HF
VOSCs # 5= C,H,S,. B A A S e 5 Stk oKk vp
F I CS, KR i A P T A R A8
HPERFAEY KA A FR MY S ALY
fRIHERE €S, 4G, H,S,.

5 REEE(Prospects)

AHFFE R PR KA g et R R UE Y R
A H TR ITE B BB BRI 0 2 B U AE CS,
A C,H, S, , AR AL K 5 o % 5 RN BE AT SR 75
BRIV R AR IS BB A R 1R R K S R
W EAMIEK T VOSCs 4L BLREAE A1 K U8 A AT, 1%t
YRR 17 28 T 2 eCE B DU LA i

1) MR A5 S BR AR 0ok 20 I 43 i) Tk ARk R
B (n-BX) \ =R RRACEIEH IR (DDTC) | i 78
R (SH) P 2550 F it , sk BT Y T 16 24 351 /7 28
TEEE T2, DI 2 358 25 301 [ R B A 7 ) %o V7
%7K VOSCs Y 5Tk

2) EEBCR FHRE SR iy AL 3R 18 T2 Y
BIUFHZK R CS, S 4% A P A 7o il ke s B - 4 7
AP k> VOSCs X735 12 7K 11 FH 2 4 ) Ao

3) IR K AEE A R R T A T B SRR, ik
DHEA R EEE K CS, e FE LR A I 4R S R
WK A S o i, B R e K AR
XA BTG e sk .

REEEREN DAL (1965—), B AR HLERH, £
BN BRI T R A e RUR AT S S Tk
EIRAERAAMFESL BXREARERALA ) RE
EABREREMNAIE , AR ZARIIRFR XSS 2B,
FRRR Yk E Z A — %K (2001).
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