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B OE. REZHEN B SSE TR (MC-ICP-MS) % 18 5748 25 JEL 3 T 2T AR 80 BT 04 7Kk % L 3= 57 ik
PRI WA — S A e v BRI AL B AT T, IR B /N T 0.11%0(2SD) o S53R BoR, LMKk 5 H %
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Zinc isotope characteristics in the biogeochemical process of karst plateau lakes

LIANG Li-li"%3, LIU Cong-qiang', WANG Zhong-liang', ZHU Xiang-kun®, SONG Liu-ting"*? and LI Jin®

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang

550002, China; 2. Graduate School of Chinese Academy of Sciences, Beijing 100049, China; 3. Key Laboratory of Isotopic Geolo-
gy, MLR; Institute of Geology, CAGS, Beijing 100037, China)

Abstract: The Zn isotopic compositions of SPM (suspended particulate materials) and biological samples from the Hongfeng Lake and
the Aha Lake as well as their main branches were analyzed with multiple collector inductively coupled plasma-mass spectrometry. The
results show that the variations in Zn isotopic composition of SPM in the Aha Lake and in its main branches are —0.18%0 ~0.27%o
and —0.17%0~0.46%0 respectively, while the variations in the Hongfeng Lake and in its main branches are —0.29%0~0.26%o and
—0.04%0 ~0.48%0 respectively, indicating that the heavy zinc isotopes are enriched in the SPM in their branches. The zinc isotope
compositions in biological material show a larger variation from —0.35%0 to 0.57%0, suggesting that different materials from the la-
custrine ecosystem have their respective unique isotopic signatures. [t is shown that the zinc isotope composition in the Aha Lake is
mainly controlled by the water inputs from the catchment, and hence the zinc isotope composition can be used as a good tracer of
source materials. It is also found that 8°®Zn variation versus chlorophyll contents shows positive correlation (R = 0.97)"in the
Hongfeng Lake in summer, which can be probably ascribed to the process of adsorption or absorption of zinc onto algae. In addition,
the zinc isotope ratio of SPM in the Hongfeng and Aha Lakes in summer is lower than that in winter, implying that the atmospheric

deposition might have served as another significant source of lighter zinc isotopes. Moreover, the variation of §°Zn values in biological
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material is wider than that in SPM, indicating that inorganic processes controlling zinc isotope fractionation should be of subordinate

importance compared with biological factors.

Key words: zinc isotope; SPM (suspended particulate materials)

BERAMEI COIN.O.S # Sr % 225 AR AR B
R THEYHT SRR ST MR, 10 S RMERTE
P2E ¥+ HTUR (Liu et al. , 1994) .C R 2 T iy 5048 (Muzuka
etal., 2004) N [ % F T #8170 4 Yy 3R AL 2= 08 35 ( Teranes
and Bernasconi, 2000)%8F5 ., #R1f1 i1 Tk BE RO PRI, 1 1
LA S sth SR AR5 v Bk R R R AR ASRE R IR A, UL
BT RE S ER S BRI BRI 23 78 (Walker ef ol .,
1958; Shields et al., 1965), HTAFK, A S EWHBHREE
B TS (MC-ICP-MS) Wy S 3, 3 IR & I8 IR &, 40 Cu.
Fe.Zn.Cd.Ti FF R 8 W AW H AR FFE b BR L E R T E
RFABRAE T KM% B (Maréchal e al., 2000; Zhu et al . ,
2000, 2002a, 2002b; Johnson et al., 2004; Asael et al., 2007;
John et al. , 2007; Ripperger et al., 2007),

BIERATRR S OAH Y sk Bl
VEEMBEFRTEZ —, MY E R ABREE K EHE
#FHE 2 45 A (Hutchinson, 1967; Matthys, 1975; Alloway,
2004), EBS5ENMEYIER, AMURRASEABRHEE
F, T LR RRER BT R A 4 B B8, ®T AR % CO, 17 HCO; #Y
¥4t (Lippard and Berg, 1994; Nimer et al., 1995), {H24%¢
B BRI — i B AN EE ARG el . B
MRS RER R EFAEY ST EAY IR TEHRES
BTIZRRE,

FAE 1999 47, Luck FX R K 1 8% Zn #5497 T2, K
WK 8% Zn B BARF A NS 315 Yo IR A BR BR 25 1 A B R
fIF LA, . 0%Zn 5 8F0R BEAAAE LT BUAE 2 P (Luck ez al .,
1999) . Dolgopolova % (2006 ) X} 5 X J& B i $h 4 F1 HE b ep
S ZnfY I E K I , X LEFES Y 8% Zn (5 4305 XK 8%Zn
HELREZESR ARSI MRE KB R FE AR,
fATIA 3 SH I b A B £ EOR IR T A IS SIS 1Y
S . Weiss % (2007) %F 25 T H X Y8 % P A4 RIS, E B 5T
B, BRREREZH SZn HERE T 29 XI5 4 X 3%
Znfl, Ti% 54 R Y8R S e R 0 AW 5 S 1Y
MAEA PR RIN R BT, HAZ 5 YR Yy 0%
ZIn SRR ER BENAAML, AN YRR P EZ S
AW KBTS, At UG ReRMEREE A
KX FEHROLERKERIT, Maréchal % (2000) 8 535 % A [F]
FAEBHEIFY D O Zn WBIR E M, FEE B LY B M
ft 8%67n 22 A4 B B ARAK , BRI AT LUKE 8% Zn FH TGP AR 4008
BIFIZRET ; Gélabert 25 (2006 ) B 98 & 3R, 5 8 0 89 4% I I B 5
BEREN RENSZn SAEBEREE £, Wess % (2005)
T I E RSB, KA AR R R
HAYSZn, LAY N B ERBZ AN Zn, WA EYIRZER
SR 7 A U5 72 o It 56 W i 2 B9 Zns Borrok %5 (2008 ) 38

; biological sample; tracer

A XHEKBEZY BRI BRIt R I T UM A

E4 B N BHASRE PSRRI, I BA
3% Zn XTI A Py b IRALEAE I P W R R B SR AN R2E H
BHEEYR—TETIL A VA YRR Ry 4
HFI BB BEREH 0.22 pm 8% 0.45 pm SEEEL B TSR0 BRI
ARG, BB EY B K TR & 4 2 M i
FAFEAL , B— R XY 5415 (Odman et al ., 19995
Turner and Millward, 2002), B HLAHFSY 43 5l 15 B0 W% 1T 45 5
JEh— B AT (PR 8 ) #1878 SR AL BAIA (L030)
XA, TS A RN KRRy AW RET
Wy KB B oK A A W BB RIS 2 DU S, AR I R AE WA A
BREME W AH G PR ER MR EFEN ZHRERDN
ERIER , B FRALRTE B0 A4 Y b R A 2 R BT b B i
FARALEe A

1 HREERSHFMIRE

1.1 HAREES

B e 5 T AR 43 B R A T B BT 538 4Y 8 km # 31.5
km 2L B9 N LS A= BUKE (B 1), 98 IR E NS
R, FEAF R TR, AR BRERRA, ERER /N,
TR BEEAR ; R0 s i, T K 8 i, 10 3 B 4 K
PR REEAKESEIE 1. FRBRREES A
BURRERBERBE LA BRI EE, T84
5 AT, 47 AR W AR BE v el i R AE
W, ME—H OA/NER, EERKERESEINSBRERE,
BAAREFEEANKEEERL, MW RS T &
BEAHPE, BBEBE U BL ZBLK AR AW
FiRE et SN = RGN AT IN=PAN I I 2 R I S YAV RCIE 10 Kl d
A4 ok — B R AT 5 SRR AT K R I B At B
KERE, 5IEMHEBE R,
1.2 HRHFRE

BRI RE S FZUREE T AL AR RSN B K 1 B L B2
AW 1) AELIHW, WKW 7 M, e mde 49 F g
HIRY A FL (HFHW ) F14L# 9 K3 (HFDB) &% 8 1 - RPE 4
oo 389 A2 S Y O (AHLIK) FK 31 (AHDB) #I R & . &R
R ARK R4 2R  SREE I BEAE & RS A A 1A, —
K 3~5 mo LI S RTIA R E B MRS, IR AT X
PO A HL i 4 — D R HE . RAEEETIE] R 2006 4 8 A 1
2007 4F 2 B o KBRS EE0R B 200 B RRER T, ¥ VR TE
KRR K BERE SR AR, AARENRAERE
CTAN I -5 T R 8 ) T A R 2

SRAE i P A5 T 3k B 24 ) 26 B8 F Millpore /K A 38 e f5
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Fig. 1 Sampling locations in Aha and Hongfeng lakes
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Table 1 Hydrochemical characteristics of water bodies in Aha and Hongfeng lakes
pH t/C BKEFIERE /2 HCO; cr NO3 SO%” K* Na* Ca®* Mg?t Chla(M4%% ) /pg- L™}
A 8.19  16.95 0.325 311.08 7.77 6.48  97.23  3.59 6.10  54.41  16.23 42.16
P& 7.87 15.59 0.44 363.51 11.10 5.31 221.12 4.60 9.94 105.61  21.43 8.58

. BERRE)T, B E KR  pH 8 . DO i (7 S i
WE) ., BIPWERL RS RESSLIEA 10 LRI
hER BREYHSRAMSFIHSREREGREA LS LHE
I 3 B E(Chla) PR EE A 1.5 LEZ
BT EHMAGR HeCl, AW, FAER Y XERELIE
JERYGTE

2 FESHIACES i

AR AL
B Y EHR AL R AR R B T B A BLAR

2.1

4 10 em A1 47 mm, FLIZBIH 0.45 pm HIBERRET 4EUB S 18
AR AR AL U8 )5 T, AN B A B S e B AT I RE
JKEERES I Millpore 7K e T v, SEURE &l 72 1K 56 P 8 R 258
J5 BT TR TR AR T4, K T ARG RK SR AR AL BT I 2
200 HTEH, AFEG S i A A AR
BB SR G B T KM HF i, Bl
2% [ HNO; 4t o $FME B R, £ B S M Tessier %
(1979) 5RI6 P45 (2006) M E & RIE SR, P8 &4
WE5E H AT T8 Sl . K RBIFYREGR I A 3 B AT
BELLPRE, U5 AEC A (R A - R Bs- RS a5 .
AU EMRELS, FRERUT &R HCl(pH=2)
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HERTES 12 h FE L, BRI AEC &6 4 30% H,0,
(pH=2)H R TR RhigB 0, BRAVNEES:BEHTE
KA HE HRRES . BIUGHENYEREHRBRETLA
G, BJRER LY 2% B HNO; /i Bra B E R E
SLEIE L RS F B TR (ICP-MS) Rk T, &8
B RS S EE T, R E/NT 10%. BT EE N
ALOs Fe,O5 Fi1 CaO %) 7 1 B B} 2 B i BR A 235 BF 50 BT 1Y B
ARG BE TR (ICP-OES) LitiT. BRPer i &ExE
& K BRI KM HF 78 150C Filii. HHfsse
J& , il HCU¥ HF F1 HNO; 38#-F3, F1 0.5 mL 7mol HCl +
0.001% IO, ¥ HEMHE.o, B OoENESBRESH.

I AT K 2 MillQ 2 & 4lifh, s BH 3 18.2 MQ; T
HCILHNO; it HF &5 — k&, LHrAEOHA
Teflon #1744},

2.2 SHEUEESHNSBESRENE

BHZn 970 % Zn B Zn F170Zn 5 AR E, ENTHF
KIFEE 51N 48.63% .27.90% .4.10% .18.75% 1 0.62% -
R F I A TR B S AT A B sl , RIR BRI F R
RUET . SEaifbid 2 EER A Maréchal %5 (1999) %t
BARNGETE IR SRR X AT TG, R
B 4 B T3 # k¥ (Bio-Rad ) 1 AG MP-1(100~200 H,
HCl # , Bio-Rad) %# S T4 8, 4 BB EE A BB R 5
F#EE L, HEH 7 mL 7mol/L HCL + 0.001% H,O, ¥ei ik,
SRJGH 25 mL 7 mol/L HCL + 0.001% H,O, #UtH , 5 H
20 mL 2 mol/L HCI + 0.001% H,O, # ¥4k, & /5 H 10 mL
0.5 mol/L HNO; Wik #¥. M FHEFMELEE THETR D
A PE A Bk B9 4318 ( Maréchal and Albaréde, 2002) , B it B —
EFRBRTEGHERR, &8 FELE, MBCEYER
100% . RH SSB ¥, Bl MC-ICP-MS(Nu Plasma HR) #ll =&
HE50BWRAMERENER, UBBENDT 0.11%
(2SD)o X 5 A~ A7 FE B BI{E #5: 8% Zn = 0.015% +
0.061%o, YLHAZERE S 2 B A A = R B 518

FRINRA B E L ER RN B RSB EN
MC-ICP-MS(Nu Plasma HR)#47. JEERS , ARdE S5 S M AT
VWA 0.1 mol/L HCL(ZEH %, 2008) , BB F#iAk 2 Ar, B
DSN100 B L IR R R G HEA BB 2 50~ 100 pl/min, 3
EREFTHIM 10% HCL F 1% HCl BB EYE 3 min, HE
FEET 5X107° V TEERB T T —FER0NE,
Eikg S b B B4 9 200 pg/L, 5 Zn IS S AR 4~6 V,
AXE5 B i 518 SR F SSB 5 AT IE (21248 ,2008) , B 1
AREE L ARAEEAT, BRI AL R AR SR ) IMC3-0749 L i
VAL, BUR S R LA TAREN T HMRER RN

2X (%ZnAZn) s
(%0ZnA7n) e + (% Zn/Zn) 1
o (% ZnAZn)gp HHE R M Zn R 2 & W R A,
(%Zn/Zn) e B R SL F b IMC3-0749 1) Zn [G]457 2 0 3K
B, AUERMRREE R I EIMER I, 0% Zn MANRE R T

86621’1_]MC:[ ‘1]X1000

£0.11%(2SD) (ZE it %,2008) .

3 4R

ML R (B 2) VR 8, #190 RO K RB K B R
BEHSEREGH I 8%Zn AF 4L R — 0.35%0 ~ 0.57%o , e P B
19 9~10 . {H 8%Zn MZAEALIE BN T #H 3 /KIRE R R4
FA A Y T R AL B E AL TS - 0.91% ~
0.75%0( Viers et al. , 2007),

3.1 #ARARSEFHHNERAEE

Fana K KR PR B 056 Zn AE AL TE R — 0.18%0 ~
0.27% (B 2. & 3), HERTFY P 6%Zn WAL H N
—0.18%0~ 0.19%0, X F B VE Y Y 8% Zn WAL RN
0.03%0~0.27%0, H 7 8%7Zn FELTERE R TAE HESE
HIE M R 4 R B BARES . LI KRR 8% Zn A8
AL — 0.29%0 ~0.26% (& 2.8 3) , H =& F Y §%7Zn
AL B2 — 0.29%0 ~0.20%0, X TR 1Yk 8%2Zn B 1L
T A 0.10%0 ~0.26%0 , S FIHE 1 — 3, i B~ ) 5 2 8% 7Zn
AL BB R T4 % AR B RN R A RN B E R,

—— —004.»—00».»—0— o p- sty
.- —I—l-_—l——- ARk :p = 3E %)
VS R B —A— -—A————A—A—A——-—A—-—A—— —A—

LTI R Salakommacy %
i & 3 : —a— ~—HB—
i -—e—e—— —o—|
g —a :
-O.I4O -OI.IO ' OAIZO 0.150
5% Zn/%

B2 RIERE S 856 Zn ZE4LTE

Fig.-2 The variation range of 8%Zn in different samples

ME 3 WTLIE H, MRS K31 ( AHDB) 31 i b & ¥ 7K IR
FIBE NN, 78 2B I K 2B 8% Zn 38 G A (B i A8 AL B , TG AT s 189
P O #E (AHLIK) E H 2R EK G EEEZ MM Zn, 211
JEFH (HFHW) fL 2040 K 31 (HFDB) 3 i £ & 22, B E Y HY
8% Zndk A R /K TR AE AL T 284k, (B LT RS F (HFHW) &)
HEE T, KRR WY 6% Zn B B B /K B 1 5 i 2 B
AN R (B 3), X5 RERTF Y 6%7n REETREE ALK
Fa—B (Maréchal et al., 2000),

ANTE] S AR 8% Zn 2 R AR, WL AR A Yy 8% Zn
= 0.04%o , i BRERTAT (19 8% Zn {H K 0. 48%o ; [F]— T H 18%Zn
EAZEMEEUABRARH, MEETMEFH 72 K
0.40%0, 2R 0.04%0, {H.EME A, TR 3 2 K
RETEY I 8% Zn AL FEIR — 0.17%0 ~ 0.46%. , L1 #f
FEIHRKESERY PRI ERE N -0.04%
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5t = 3t HPpH
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Fig. 3 Vertical distribution of 8%Znpyc in suspended particulate material in Aha (a, b) and Hongfeng (c, d) lakes

~0.48% (B 2) , FA-BIAY BAH EEZ R PSRN E
20 R WA IE o
3.2 EMHRPHNERMAEIE

MWL 1 8% Zn AEALTE R - 0.35%0 ~0.57%, KF
WO RMBERY PR LA RTEE(E 2), &K
{E LT 1 e AR A B/IMEDR | T E AR,
T Ath 8 PIRE S 3 8% Zn fHB/DN, 8 - 0.01% ~0.07%0. 14
EAE R R HE M 0.21%0, 7K S5 &4 (9 8% Zn fH 43 51
37 0.41%F1 0. 40%o.

4 HE

TTE K AR 9 B ) 07 38 £ R A 32 B X 38R 3R o 2 1 5
BB , T EL AT RE 3 2 G R A2 A IO A e P S
RAmg, T EEMEREA EYE RS GRR R L
AN TR BT S 80 A 2L AR K 1B i b B L R AUR
EREE,

4.1 BEEFEYRNEAITHE §%Zn BRI

BT B S U 5 4 I R S Y AR B R K A
HEEENFERE, B iE K& i 8°Zn 77 8832 3
TR M REIRYI IR P AR R AR B . NE 2 JTLE
i, Bof BE T 5 AT AN B K AR B R T 8% Zn (TR B4 A
~0.29%0~0.26%0H1 — 0.18%0 ~ 0.27%0, M H; 7 T 3 37 Y4
A ZAECTE B 3 A — 0.04% ~ 0.48%0 Fl — 0.17% ~
0.46% (B 2), BABIKERFEYH 0Zn B4 LATFH
FE L RPN R A, BRI AR E
LA/ B3R B & R P s R A R A AT R
Z MR A L,

BEYPHRES In TERRBEMNYR, Bk %70
SRR Zn FAOCHETT LA R Ll R 4 S IR B AR |
WRRE, AR RI, IR RABARE S, 4
B K A B R v B R R AL S B YR B I B
FHAE B PTGKINAE H %, KRB TEYIRY 70 SHRIERE Zn
(% )H—EBIMFEPE(R = 0.59), T BT B O HIE 8%7Zn 5
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RS InEEEE/RAME(R=—0.61), iLENE/RIE
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Fig.4 8%Zny versus residual Zn in SPM of Aha (a, b) and Hongfeng (c, d) lakes

RAUBRSIFH — 0.17%F1 0.29%o , BT A E T i) 5% 7n Hy —
0.05%0~0.19%0, WEEET SN MAm ABRET LM, a8
V5 VR S 38 4 T B A T (BT Ra A B4 ) T B TR R JE 4
PR 4.5 mg/L F1 79.3 mg/L, 5 385 0 B 04 A 3003 T ) 3 B
$85 NTAT ST YT YO TR X6 R A R A RN TE R B R AL
R, H S 2B 57n SRIBE Zn BIFMEKER. FEH
T 31 B AR R B A T A W A Tl L ) 5 e T (L
1), {F e 8 o] FH) 575 8 U8 K 3L b 18 2% T 3 (BT A A LA ) , B
BT AT 7L 3 T A R AT R R IR A, BEATE RN
O Zn {E( —0.09%0) iz /] T4 Z2 [y 88 ZnfH (0. 46%0) , Ut A U7
B ERF LR AR ER, TEFRE— N HEIE
MR, B %70 (H 5 FRIES Zn EEF R HAME, A
ZETEML CWMERAHEE S &Zn EHH - 0.29% —~
0.20%o , H = B AT R 3E B8] 5 7S 5 BRER ] , 3 26Tl 3
TEEFE Zn 5514 0.40%0.0.03%F 0.30%0 , 41X T3
HRE— N IER RN R IR, Bl 8% Zn (5 RBES In EEHE
AR, SRR AR AR B 55, UL IR R A T RE R 2
ML Y 0 7Zn T B K, WiEEFAL R 4R N T fg 3%
AP Z BRI , ANACKREAR 7R B B AR 0 B L BB
R UTIE % B & (Tumer and Millward, 2002; Pokrovery et
al., 2005a; Gélabert et al., 2006),

KZERAA KN LG FAZIAR K I 1 , 6% Zn (G35 570
PR RE LR —B P E5RES Zn XHEHM
%, AT RBER A R ZEREN B AR/ T O A S AR B R Y
INFEZE,

4.2 THEXHARIZH P §%Zn B

WREZO7n Bl WK IR MZE T LURBL, BR T 7R E F4IR
Joi T TE B B 0, A IR R LB R AR R4, HoA )
E TG4 R 2, SR FN R A R WK BREE R 3
HRE MR (E 3). EEBAL T4 B, 8K MR
-5 pH (B3 B 7K BB 185 0 0 T8 7 AR, (E BTy K3l 5
e Ay T YT 1 30 1 ) 856 Zn B /K TR (9 18 i 28 G RR  mT 47 ,
T £TARU G F3%)  20 B6 25 W9 7K B8 B i 3 0 8% Zn B8 /DN,
SR EATZ B RS A BT R IR, B RE R BT R R VL S 41
WG F3X 3 A~HE 59,0020 5 pHAE JEEE .CaO FHER
B IEA L, 3X 3 M ERERNE 2 e A — B, 3099 pH (. R
EH COFHETRAEEWERMRINERELD N THE
B # , Maréchal il Sheppard (2002 ) B 55t A BLIE ¥ LR 451
TR R T PR

ME 5o URE, R B S I R B ELFTEY
BR/PRT, 70 (HARIE, T B 24 P12 8 K8t , 8 7n (HNEX
i, H—HMELI, FRLNE FHIE , & £ YR A I, B
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R R4 SE BT, & M REOXE] R=0.97, T FTe
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) XWRILIHE . Zn BEWIKIRE AL FTRE S
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AL, FEEFE NN TTREMALEIE 1 OB YL
AERZwEE RN RA R EAE T, LG REHEF, ABCZn
T 5 BRI 65.4% , REFYT BN FTERAEE,
FE B 09 18] 60 R 4 8% 7T RE £ 232 B ARG Zn IR M
Polrovsky % (2005a) B 5% &3, 78 TCAL B TR FFHAR RS A8 o, 7 1)
PEEMB AL 0.2%0, [E L2105 T3 18 8% Zn i 25 4k 31 82 3T
0.5%o , X WA E T FCAL I B A et A2 2 B R 4 R A K 41
FERE., mEALEIHEERE R R, ff A R E
5318 (Gélabert ez al ., 2006) . HAEEKEBE T 6 NMRAFT
BlEr, TE RS R A ] 5 50 5L U slRh BE T o DY WK Az,
In—O 8L AE , S B 1 K (Pokrovsky et af., 2005b), T % &
WEN R — B T EEERELE M PF P (Chiss, 1999;
Young and Ruiz, 2003) , Fltb <y SRR E A= B 88 i, A HLR
M S A B3 i, s R BB A E, XUWRIET
Gélabert %5 (2006 )35 162 456 , i TR 78 45 10 W W 1 72 m] 7=
EBRWBERMEME, AEEROERENTRME. O%
KE KRG R R B H R, BIARERY
FIN RA RSB AENR R AR ETIHR, Bl THEES
B BRI 1~5 pg/L), R B2 i A4 R
rEtE. Wi Luck %5 (1999)F) Pichat % (2003 ) B F 45 R
AT AR IR, BRER A 0 A B TR AL A R, Tl T IR
TLAE A, BRAR A A0 I = B USRS A Fiha S, 1
AR A R AR AL R 4 B T BB LR IR S M B R 7 4 B
B, B Zhu %(2002a) . Weiss %5 (2005)5 Viers % (2007) AR
¥R, AT B E R R S R BB R S Zn, AT AR AE Y
P SRR R AR R B S BIATES A I R E LR A AR L
BRI ER, FEE TR B, RSP T R
i, R4 B S R R R A R B W R

BTRA b T AR/, BRI RA R S L LY &

BN R 56 3R N B 5 VT AE LA o, R 0 R ALR 5 B A
HEHRERIEMK, RVIRE B R4y BB E R, &iF
VI BRI R A OB R T, BRSSO B A AU B
SO R o
4.3 XSWTFRIBE A 8Zn HRNG

A b e T SR BT WK R B S n i E
BRER FELROHA , T 2L KRB IR Zn M FE

RBRMAGTEREHEN RN, iSRRI 24

P, B2k AR B I R R R R LR HE A B RIR YN B
G B4 (B 3), M4 FAYRE N, BIFW N SR
FANUWE ; Y4 E R YR KR, 2P M 8E R A1 4
P (P 4) , X TSI B 0] L B BCER Y R Ar Rl B AR
AT , B U8R A 5 sh AN R il e K A B R B IRl
FYURAEE B BRI N Xt 5B 1A 1 e R A R 4L
AL Z BN S W B E SR B IR, T B S2 B — 4N b
BRHKK RN, h TEZZ 2 EmRERN WM,
BT ERTER R TAE, WL E K OZn B/ FAZE,

BHRA AP BA WS S T Y 8% Zn, (8 T
BUTHE AT AR, KR TIB TR AT RE 2 — I R R B R
IR, XML S ARTIRS R —B Luck % (1999) X I M
7k ) 8%7Zn K — 0.2%0 ~0.2%0, 7 51 B BE 7 B I ; Weiss &
(2007)BHFE th B, KU I — MR A M R ETR. K<
FRETERETRFENRE EH RS F SR, T Mattelli
(2005) @133t 18 4 X A P Fp R 1A v i B R O R U A, B
ERENBRNIT, RNERMEZEEE, M RBNEER
S R AR A AR R BB B A S M P B (Budd e
al., 1999; Marcus and Zevenbergen, 1999), RE AKX #9£EIR
PREMEEN, Hibr A RN ZEARMAE RIS 48
s AR,
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B 2 ATLAE L, R A BRI R RN — 0.35%0
~0.57%0, K F B F = 7 P R & b 09 B R A7 4 R 18
(=0.29%0 ~0.48% ) , BLEHA WLA L Wyl B 7= A e RIS B 43
IBAF AR EYER, X5 Viers % (2007) 5HEH 1 Sten-
berg % (2004) %% LIRS A L I F R 45 R — 3. kR fa
B 5ERNPH 7n 550 — 0.35%F — 0.01%, aFHE
BEBRRNFERNE , XMER—4YHER RS E P 48R A
RER, MULBAEYESI RS S A RS R, LR
SHERB 1, X 5 AP i B4R ) A7 S EPL L (Zha
etal., 2002a), ARTAEMS BT AT EEKRNME A7
He W RERIS R B Sk 2R AR — BB

5 &g

(1) P& A H £ UK ARIRY PR 8 Zn 21k
FEREI 514 — 0.18%0 ~0.27%H — 0.17%0 ~ 0.46%0 , LLABI K
SR EFE R AR R Y 5 Zn B FE 55k -
0.29%0~0.26%F1 — 0.04% ~0.48%0 , ¥ 32 B 1 32 7 (4% [
PIRHRBE MRS ARG h it 8 Zn ZSLTEFE K,
H—0.35%~0.57% , BBITHA B R G D B 5 R A HERIMLE
HRFHEHBER,

(2) WA FEEAM SR BRI, B E K e
MEERIR, BRSBTS B /K AR b R R 4
B BT BEXS 0 B MM (KRR 85 7n BRI Zn
LERE L S5 PRI RE TR YL I 2478 — e ARG b e A G
WEAM, BT, EFUEFRIA T (PTG , 0 Zn {ERESL
YFHRERIR X, THAE B B IR b (LT, 0% Zn B T2 314
W R R R AT A SRR B X

(3) LIHBIE = 5%7Zn BEE WK IEERI L, 5 Chla(H
FE)VEDEMEMRE(R=0.97), HBAGR M EHM S ¥
R R BN CR , EE BRI IR 2
TR O AR 7= A B8 T R R4 28 45 6, DRI AT LA PR A R o
R YE S,

(4) KRB TIRUTHE T R & — A LB M A R 0 F IR,
LTI AT IE BIER R TR A SBEX, S h THREM
MR TTREE B K T4, H ik, BTH/K IR &R Y b a4
[l B RAE A B4, M E 408, I AT M R R
HBAEBE RSN PSR R

(5) YRS iy 856 Zn L BB K, H —0.35% ~
0.57%0, YL TAYMERA IR SR E HE AT
Y, magitaRE EEKRASRME, LAY
EEd R P R R ME, EX MR ES
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