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BRARESHRERRREEFSE

RAE, B, T ER, HH R

0. $ERIASRRSFHEEERBBEETER 5106422 FEBEEERBEHATNELALRE, BT RFFEWEELR M 310029)

WE:RAABAERTFEFREARAESERERRBRBEONMLE, FAREFET, 1 pmol- L7 Zn 258 M K Zn S RAE L
PR () 0 I T AR A R Zn SR 2d BRI AE RF SR ER, K EBE T, 500 gmol* L™ Zn
HEAET HAMEZn FEMELEBN FHENGHM AEIdEEE EEEE,BE In TREO~ 16d BNEE , B
BI6dS AR T, MEEW Za WE N 1~ 500 pmol- L', 0 A FIZE Zn & BREE $5 0D Zn VBRI NI 0, AR R Zn & L1
B ; S Zn=> 1000pmol L B I A Zn SR BBITHE KA Zn SEREM . AREFMHT S LM Zn & BREMA
B, Zn EHRERRAMAER, 5A 13 M7 A 21 B4R py bkt b 36T B R &5 7 400 mg-kg™' (0.71 g &7 ) F 800
mgrkg™' (1.45 g & " VLHEXP R KA, BYLH ZIn BINE =1600mg-kg ' B EYMAKZRIME . BEFLTD Zn MR MW
WM ABRRL LM I RE M EA KA L SHAMBOEL—R. 5 A 13 BRI, 5 38 Zn MR < 1600 mg kg ™', #1
E3 Zn A RGEE £ Zn WRE K0T 0, 7 1600 me: kg™ 4b B BB AME , #9247 17000 mg- kg (DW). 7 A 21 B KM%
RER, 570 FIME <800 mg-kg™' £ FF Zo & HEBEE 1 Zn Yk B 938 A0 T3 00, 8 Kl 29000 mgekg ' (DW) ;B2 +
B Zo BME 1200 mg-kg™ ' B M LW Zo S BETHESE 5 Zn T E MM INT B E MK,
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The characteristic of Zn uptake by the hyperaccumulating ecotype of Sedum alfredii

Hance

LONG Xin-Xian', NI Wu-Zhong’, YE Zheng-Qian’, YANG Xiao-E* (1. College of Resources and Environment , South Chin Agricultural
University, Guangzhou 510642, China; 2. MOE Key Lab Environ Remediation and Ecosystem Health, College of Environ. and Resource Sciences, Zhejiang
University , Hangzhou 310029, China) . Acta Ecologica Sinica ,2006,26(2) :334 ~ 340.

Abstract; Solution culture and pot experiments were conducted to study the characteristic of Zn uptake in Sedum alfredii Hance.
At Zn level of 1 pmol* L™ " in nutrient solution, Zn concentrations in leaves and stems increased slightly with treatment time and
reached maximum at day 2 of the treatment, then slightly decreased, where as minimal changes in root Zn concentrations were
noted. At Zn level of 500 pmol+I.”', Zn concentrations in leaves and stems increased sharply with time, and peaked at day 16 d,
where as root Zn concentrations increased slowly with the time up te 16 d, and then sharply increased. The concentration-
dependent of Zn uptake showed a fast increase compenent at Zn levels from 1 to 500 pmol-1.7", followed by a sharp decrease in
leaf and stem Zn concentration when grown at Zn levels = 1000pmol * L~'. In contrast, Zn concentration in the roots increased
slightly when Zn supply level was increased from 1 to 500 pmol* L™', and raising solution Zn above 1000 pmol* L™ rapidly
increased Zn concentration in roots. Our results from pot experiment showed that shoot Zn concentration increased with Zn levels in

the soil, and reached the maximum of approximately 17000 mg- kg™ ' (DW) harvesied on May 13 at soil Zn levels of 1600
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mg*kg™', and around 29000 mg* kg =1 harvested on July 21 at soil Zn levels of 800 mg- kg !. However, higher Zn concentration
(added Zn = 1200 mg kg~ 1Y in soil resulted in decrease of Zn concentration in the shoots.

Key words: Sedum alfredii Hance; Zn

SREYMEKHVEBRTE EEFARFEAT, MY Zn BRI EE R TR BHEH 8 LR oL
B, MR Zo WEERUSHEEE(MAERN TS 20 BE BE pHES WER, MESHEYER
BERAGIATY, EHRE ABERES) VML, SLEEEZAMXRESER MR- BN RS
H AR Zn BT PR RN

BREEASHAERXHTFRYEREES 2T BANEFE L, A AARIBHME Zo HHBRES,
EEERE B ANEH Zn (98N, KM L3 Zn SRATRA, REBREHYHEHE"Y . BHYE—
FaEEEMENAFE R ENEYBENREME ., B ENARERXEEFL TR EERZA, A
VEFBREHARNEF I RESHERKERNEYEN 2 HBEZAM LR, FHRARAEFBRIEFN
BRAR, R TSR Zn S KERLET BRBESHUAERRREMIEN Zn HERE, #iE KR KX
BT Zn KERENBR Zn MBR; URER Zn MIFE In N EE T, BREESHAH R XKW Zn
MEER, NMIASEFRAHZEYEER Zn TR LRBEBIBIRE
1 #RS5HE
1.1 RERRXBUWERE I FR

RAEABEFWIEFR, BERBEHHB N Ca(NO,), -4H,0 2,00 mmol- L™, KH,PO, 0.10 mmol-L"", MgSO, *
7H,0 0.50 mmol- L™, KCl 0.10 mmol* L', K,80, 0.70 mmol+L™", H,BO, 10.00 gmol-L™', MnSO, - H,0 0.50
pmol*L™", ZnSO,-7H,0 1.00 pmol*L™', CuSO, -5H,0 0.20 pmol-L™", (NH,)¢Mo,0, 0.01 pmol-L™', Fe-EDTA
100 pmol- L', #HiXAH Y MBI B4 SRR F X (Sedum alfredii Hance) , B H#T1LH — N EEET, Bk
KW, BT RK D — B &, BB 3R 1Sd(K W L RSER AR RS ), T 04T Zn 263, R EFK Zn(1 pmol
L™")FIE Zn(500 pmol- L™ ") BN LEE, LA ZnSO, - TH,O EAMA ,EE 3K, B 2d B | REFR., ARG
0.1.2.48,16.2d B, BRHEER 6 ik, HYHEL A EXARE ME SV E. AEE
OC T 2EE, NETYRE BREMAFEWEEILEMN, o 60 HE M, HaHeER. MPHR
HZn S EWERM T KA, BISEFRIR 0.100g FE& A SSOC LB KL, A 1:1 HO BMR, S, €52
50 ml, IR For e FeFE i ek (S5 A R & 7= ) AA-6800 B TIE Zn & .
1.2 RERRRE RSN HFT

YRR AMEMEFROAMRA 1.1, i 104 Zn B KF, B 1.10,50,250 ,500 1000 ,5000 , 10000,
15000 F1 20000 pmol-L™" Zn, LA ZnSO, - 7TH,O TERMA ,EHE 3K, G 2d B | (REFW, A F 21d FBEESH.
YR ME W AR ER 1.1, RO ERREPHRETEMRERE L4 METENE
BERFFAZ, AP ILTER Zn A BK TP P4V, BEEFRBE P 2o B FHEE BB T RBIRF, REH
BIRWP H I .
1.3 FRERRRU LR

RAZMRAL MR LRI RBY +, RAW A B AT ARE L3, KRR E R . pH( LK =
1:2.5)6.13 FHYLF 21.4 gokg™" AR FICHE 6.864 mmol-kg™' .25 N 890 mg-kg ' BhfE N70.22 mgrkg ' .44 P
560 mg-kg™ FHH P 9.53 mg-kg' M Zn 165.1mg-kg™'s LMARK TG, 1T Smm 5, + A WBH{E
(60cm x 40em x 15em) 1, EFEE % + 10kg, Zn FRANE K 0, 100, 200, 400, 600, 800, 1200, 1600, 2000 mg-kg ' +
(EA ZoS0,-TH,O BB MA) , REMA LB FK EAHS #IT LT F. EREIBRPRAKREERR
THREKBNBEBRKFKBE 0% ~75%, LBEF 125, T 2002448 9 HHBERRD, EHEH
THAETERANEL D, BERL: 0.4 k(BT +iH), BREFH0.08 g REM0.16 g KH, PO, , 15 +HE 7 4 4
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SL,BEVH B ABHIKAERR  BEE SR, A48 M AR IBTRAKREERFLES KEIHERL
FFKBHT0% ~75%. S A 13 B(AEK3SAE)SE 1 RIRKEDAH EW, E L HER 2 ~ 3em JARERY
TNETHER AEEERNOFNRR  BEOBEERK, FT7 A2 BEAKT 68dJ5)5 2 WIKER K
H-FR ., BRI EH F R A E T EM Zn SR WE H KR 1.1,
2 AR5Hie
2.1 FmRRXRE RSB shS

AREEREN Zn RERKZHEBRF In WEKZW(E 1), £ 1 pmol-L™' Zn AL FAKET , it A MZEd Zn
FREERTRA LAE2dE,HRAHZESD Zn FRBBBKME, 451K 9177 (300 mg-kg ') F 9202 (1661 mg-
kg™') MG BEF LA B H R, A ME P Zn SEXKRIAATHREE HEHMEREDEEMOER
RN, RERFAERMEE, MHEHE BB BR Zn & 5 B A0 TR 18] 4018 i T 3 28 158 I , 2 BURE Y 1]
ZHHNERFEE, 500 pmol-L ™' Zn AB/KFET 2 0 ~ 16d AL FRET 8] B, ot - FI2E Zn & B BB A0 B AT 1A) B9
BTN, S ERANBZENEREEE KT HAEIdE, N In SEEA T XBBRE. SN
20000 mg-kg™', 2% Zn S BRI EEAE, AL B 16 A 324, H A B9 H1 16573 (712) mg kg™ ' F1 18668 (460)
mgekg ' R, IBE Zn FERALIE O~ 16d MBS HAH 16d 5, HEERE L A28 32d R R Zn
SRARKLE 16d 2%, HERT G T L3 Zo WH B RBBEMN, B ERKMY Zn R BEER R, AT
BERE zn TEAZB M,

—— 1,0umol/L Zn -+ 500umol/L Zn
25000 M A Leaf 25000 3 Stem

1

- 12000

7 Root

=

*‘:'§§ 20000 20000 10000

£ § 15000 15000 5000

B 2 10000 10000 4000

# 8 5000 %{ 5000 ‘42::17{ 2000

[5 '-5 o 1 1 1 —l ] o L L 1 ! i I - o 1 1 +—0 |
0 1 2 4 8 16 32 0 1 2 4 8 16 32 0 1 2 4 8 16 3

4 226t Treatment time (d)

B KERREHTD In FHH Zn 40 B0 E]H A
Fig.1 Zn concentrations in organs of hyperaccumulating ecotype Sedum alfredii Hance exposed to two levels of Zn after different treatment time

RELKAFIERWRAEE Error line indicated £ SE, n =3

2.2 FRERRMEBREAERRIY

W H Zn WEAE K T 5000 pmol - L7 'A AL ¥E 3d 5 , AR R KB T R e P a4k, AR R B R, 0t
Kok 22 HArRBE Zn &b B8 7K 3 A0 4 BB AT 18] 49 38 I im on gl . Blkcdket, R A& 2 £ R, B 10000 ~ 20000
pmol+ L™ AL B8 A 4 2 FRFE T, 5000 pmol - L' A BRI IR R R 2L B HM FIBHIET . 7E 1 ~ 1000 pmol -
L 'Zn b FRSEEI P AR AERIEH ., AR RERMN In PHEERSHMAZEBREYHRAY B 2n BHREK
ALY — 18 B3 ( Thlaspi caerulescens) H) Zn FREREA AT KGEEESTAEE, HRIFE, ERZ
e,

B 1AM, % Zn=5000 pmol-L "B, BARK MK AR ATYRFBEZF MWD, 5 lymol - L' A HZ 18]
MLBAREEKT HEAY Zn> 10000 pmol - L™ B, A XM H MIZ M T Y IE =& bk & 7 £ W 8 K 7K
R LB AR R A K LM R XA KA B R VR BE G Zn T RS, BUE, BB Zn A B P AN, 3t ES/AR
BB LN, T Thlaspi caerulescens B 31 B LR 2 AT R B 0B O Uk JHM AR AR LLEREE Zn b
YR BE 03 N T A
2.3 FERR-HEENE KRN

B2 B MK In(KER) R A T AR R R0 4 B 2 A3 4 Zn B BEERAH ML K, BIBEE L
B Zn INB AR, KRR NS E B0 TYR=REM,ES A BRGE 1XOMTA20HER2 QLY

e e AT
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B, M F e T8 R B BITE Zo B0 E K 400 mgekg ' 1 800 mg- kg ' Ab 35 Bl B K AE ((0.71 =
0.14)g 5 7 F1(1.45£0.33)g 4 '), BRI IBA 135 4.0 45, HEEE L Zn BMBEHE-— SN (=
1600mg kg™ 1), FEREIMEKNREZAMHM, L LHMTYHBRBEFTHE,LEAE7 A 20 BlERE
HE LR R, MTE Zn HIME RN 2000 mge kg ' LA T HFEFZE((0.25£0.12)g & ') 53 51 HL 800 mg-kg™'
HALFEAIRG B ((0.36 £ 0.12)g % "W T 31%H 83%,
2.4 FERERRBUHERSFRISE

B3 BAR,E1~500pmol L' Zn WHEA BEEFRWEP InRENH LA RR Zn EZEE N, BN
0.348 grkg ' (DW) %] 4.554 g-kg ' (DW) s WH0F A ML Zn R b I, H 4R Z B B9 2 A 8 & K¥,
7E 500 pmol L™ Zn AbFRAKF T, M FIZE Zn WRIE BB BIB A, 45120 25.32 g-kg ' (DW)F1 29.79 g-kg™’
(DW), 1000 pmol* L' Zn 2 HELj 500 pmol+ L™’ Zn L FREE: M A ME Zn SRR AR ERER MATERA
In EHARBHEW 256 5. WF Zn BIKFHHE —LHM, FhME I SBOBTHEBE Zn 58
F T 48 Mt o

2] FHRERMNERInNERRER
Table 1 Growth response of Sedum alfredii Hance to Zn level in nutrient solution

mamE TR grlan) Dry weigh S 13/ R RICH K (o) B (om)
(pamol L 1) 0 M Leaf 2£ Stem B & Root Shoot/root ratio Length of root Shoot height
1 0.41 0.22 0.080 8.0 16.5 9.4
10 0.35 0.19 0.074 7.3 4.1 17.6
50 0.42 0.16 0.075 7.8 16 6.5
250 0.30 0.12 0.072 5.8 16.7 16.0
500 0.31 0.14 0.078 5.8 16.1 15.7
1000 0.33 0.20 0.079 6.9 12.7 16.8
5000 0.30 0.21 0.032 16.5 6.0 16.5
10000 0,24 0.19 0.018 24.0 5.6 (7.0
15000 0.20 0.18 0.014 26.7 6.1 15.7
20000 0.15 0.17 0.012 27.8 5.2 15.5
ANOVA F ratie 12,0077 7.0" %" 24,07 279" 43.8" " 9.6"""
LSDg s 0.073 0.035 0.018 5.136 2.28 [.10
18Dg o 0.09% 0.048 0.025 6.999 3.1 1.49
#£1~1000 gmol- L' Zn VEEN, &% H Zn S B 200 [ y5 5 134k May 13

E>HHE > >BE, MY Zn AL B KT 25000 gmol - L' o o [ 072 R duly 21

Zn BE UMRE > > H > 004, B ¥ Zo pBA f 50

TR0 Kz ARARE 20 ARAE 20 ARABE 88100

Zn B HAERD BN 18.2 #1374 WP H 0.16 jﬁ;gzg

#0.20, JURATHETE T 5000 pmol L™ Zn W L4k ¥ 0w

BMHEY A THEEER, REMRE HRHMAKHE

ck 100 200 400 600 800 1200 1600 2000

BROEA RARATERAERMN A WEBIERSET L3 Zn MR Zn added to soil (mgkg-!)

FE(R 15,5000 pmol* L™ 'Zn A LM BN RER R B2 B L Zn 04 R
MREKEB B AWM B ER, REFF, HRKKE Fig.2 Shoot dry matter yields of Sedum alfredii Hance growing on the
B)RARKK Zn AREEZH M EIREEIE , Zn W E Zn-enriched soils

ERE, EMEBRERBEEA LTI IT, Zn B8 BERNRRTERFEE Error line indicated + SE, n = 5

S AR A R R e R E AT S BRE Zn A BAR LA WMHANZE 1n SBREL,
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338 £ & ¥ M 26 %
30 5
S M Leaf 30 % Stem 40 | #% Root
=9
B’E 20 25 30
) 20
vg 15
- 15 20
%8 10 1
|48 5 5
0 o A1 f ] 0 1 i i I A L i
1 50 500 5000 15000 1 50 500 5000 15000 1 50 500 5000 15000
10 250 1000 10000 20000 10 250 1000 10000 20000 10 250 1000 10000 20000

Zn 4 ¥ Zn treatment (umol-L1)

B3 FERAUR EARESTERBRM I KFHEL
Fig.3 Zinc concentration in leaf, stem and root of hyperaccumulating ecotype Sedum alfredii Hance exposed to different levels of Zn in nutrient solution

REZFIERITHEZE Error line indicated + SE, n = 3

FERMRERE LKA Zn ¥ (1 ~ 1000 pmol- L™ ) FEEA , KB R KHI Zn MU E R (LK E Zn RRE/
BETE) M BE@RO0EHE I HERBMBATE)  WRERB P Zn RESXEEM(E 1), FE
RARTAHEFTR ¥ =242.57 In(X) +921.97(r* =0.9116) F1 ¥ =223.12 In( X) +942.07( r* = 0.9246) K&,
H Yy RBRBCGER S5 2 BE#((mol Zn/g root DW), X RFRME W Zn W (pmol- 17 1),

: :
g 5 & 3500
Ep B 3000 |
5’?—, 5’\% 2500
-a% = 8 2000
éaé §§ 1500
@5 j&f:‘é 1000
& M e 500
& e ;
g g

1 10 50 250 500 1000 1 10 50 250 500 1000

HHRW InkE

Zn concentration in nurtriest solution (umoi-L-7)

B4 REHRI Zn B0 AR5 B E
Fig.4 Zinc uptake efficiency and translocation efficiency of Sedum alfredii Hance

REL A FIERARHEZ Enor line indicated + SE, n = 3

2.5 RERRXBW TR REHE

ESABARKN AERERM LR 2 KERELTER Zn BB MMM (E 2), REAE k-~
400mg-kg ' b ZA) M EAB o IRFPEE P o MBI ARE EF, S4BT HAERRBE K
¥ (p <0.05);7E 400 ~ 1600 mg-kg ' U PY, b L3 Zn YR EE XG0 0E BE 0B > AHARBI ML B2 B B R A B F
L3 Zn INEEF] 2000 mg-kg BT, TFELBEPUEN In XN FAERREATEFER, AR ERZSR
ME O 2), H b WELEE FE, 5 1600 mg-kg™' F1 1200 mg- kg™ M EZ B #2 B HKE 8 F KPP,

78 21 AN, 7E Zn W B HARAT, BEE + B P Zn BANR 0K IN, 3 Zn WAL BLEB N (p <0.05);
B2+ % eh Zn FANE =800 mg-kg 'BF , # FFF Zn W FEE P Zn BINR AT INTTREAR, LR H L8] Zn
TEIE = 1600 mg kg AT, # EFB Zn M F SR T (£ 2), XTHHE 2 /T, LA Zn IERNEY BB
R,

mE2AAE,7 B 21 BB 2®)WENM LI Zn EHWEFRTF 5 A 13 B (5 1 %) (GRS, W
FYRBEN 1.5~ 24, HIRE TR TH 2 DOl AR BRI 4 1 BT 1 (68d) HLHS 1 IR (35d) 1, 34 Ho k3 il
FRER(ELL,EINE), ZHR3RRBREF RN 2o § BB AEEEYA X VN 2 WK,
HETR Zn SREA FEREME,TE L WBREA A R 1S, FRMOIRET , R R K L Zn %

T
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B MM Ze A RZ MM 2 KT BATBE MRRBEERBERT
%2 EEHKUETHRAREN LS Zn & ROARKH

Table 2 Shoot Zn concentration and Zn accumulation coefficients ( AF) of Sedum alfredii Hance at various soil Zn levels

1 Zn BINE 5 A 13 HigAK May 13 7 A 21 B IR July 21

(mg-kg™') B Zn B (mgekg™ ') B E M Accumulation o+ Zn AR (mgkg™") B 4% A% Accumulation

Soil Zn added Shoot Zn concentration coefficients Shoot Zn concentration coefficients
Ck 2922 f 17.71 2499 e 15.14
100 9222 e 34.80 13864 d 52.25
200 11214 d 30.72 22010 ¢ 60.30
400 14318 ¢ 25.34 26835 b 47.50
600 15050 be 19.71 29098 a 38.04
800 15537 be 16.10 28361 ab 29.39
1200 16225 ab 11.89 27553 ab 20.18
1600 17114 a 9.70 23359 ¢ 13.23
2000 14408 ¢ 6.65 21611 ¢ 9.98

ERFRE

) Y= -0.0074x2 +21.077x +2901.6 (R=0.809"", n=45); Y= -0.0169s" +43.4195+3233.2 (R=0.850"", n=45)
Regression equation

«EHFBPMN s R W I DS R (ngrkg ),y RERFERERMB L Zn TR (mg-kg™')  In the regression equation, x refers to soil total Zn

concentration(mg-kg™ '), ¥ refers to shoot Zn concentration in Sedum alfredii {mg kg™')
3 itig

BEEEYWARERKESRE, S EEBMEREM L5, X BP a2 Wi OLe, BiER
PRI 4 A 05 Ak, B AR 40 TR B IE AR B R I P B ) B2 L IR Ry AL B R R R BIAR R R E, R
SR AP R 5 S, A R T R S0 B o 4 I (B P RS ) L B AR B VLIRS L R R A T R B IR s
WRE-MREEENREIE , EERERALAGT AN RPEROEER AFESRNE LR,
BHEMENSBNHENE S ES B ER MM BE R, B @ T4 8 PR 40 B8 PR (influx) RS0
Fi(effux) ZRWHETEH, MNBREESRERE R XN ZIn BWRHEH ¥R KE (B 1), 5 Zn(500 pmol-
L D&M RE Zn & B G 5 75 0 A) 69 38 0 16 0, TAER Zn(1 pmol L) RAF T IR AR Zn SR RFFHEX
fa. XWITER Zn &1F T, Zn PSR AN 00 P U 8 6 K F MR, S BUR R Zn & B AWM ; 7 7E 45
Zn &4 F B B FE, Zn B R AR P A AN S E R RIS T4, NTIAR R Zn & B AP REES 7 0T H) Y
MERKTHEM. RERXEN I RBEME RN R 2o RETATNEANERE - LRAE2) RA I FE
W3 AR Y Zn R KT B BN T A A, X5 A 2 3B A — B(** . Santa-Maria I Cogliani'"™ B % i
BB, Zn RKFE NERER Zn B Zo GRBGER RN, R E EEE T Zn HEARBHIE TN
P Cinflux) B A M. Clarkson F1 Liittge'"" A 7 , 4 LB % ( membrane potential ) & 4% Hl A 7 LR A Zn®* WIE 1Y
ERERZ - M—RRROBREEFT 20" 5 A (net inward flux) o ARG R WA KERRBER
Zn Wy EBBEFE Zn L5 K930 R 800, 120 A BB X RO IR B ROR BB S RO e i, B
FAEH SR,

BREBEVANAFRENBRESBROES,  CFRBNME FREZESBNES. AR AN,
TEEE M Zn BLRKF 2600, B BESBARH R RA 0 MZE Zn § BIFARFEF 5537 09 18] /9 2 4 i T FR 1
n, mREHA N RREE D, B, ERERREFERONE 2o WEEEA,HHMZE Z2n SETHE
ENTRE Zn WE BTN, B E —ANF B 5 B FHREE R P Zn W E K938 0T 0 (B 2,3 2), TR
RAFEXM @M AR, XXEARERLXBERAWN Zn M L WO BZAERN R Zo WERIKN Zn
ROCKNELEH], TR R Zo WEREEZARNFED o KPR, BEXN In BRENELHEYEE
% (Thiaspi caerulescens) BFIR Zn WABRATHHHERR, n BEEZHZTHEHEANELE, 88 2M
PR ABMM LI INT(Zn BB EEN RS EELEBREMYE AR S EEZERKAMMF Zn &
ERAMARN Zn REARE Y, FERKGEARTUEER —REMN n ZHEA  BRXFERD
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FEZAERANET Zn WEMEWHAN Zn REEW,F R TH—5HEH,
FABRRAESEEM R RN E Zn P8 0 R T EME R R0 E, THARFMBARBSE Zn 55 8K
h, HYBENREIERRTH EENEDENERSE. AMRERARN  BRELSEREE RN A
KB Zn MBERBE —ERRE, BERATP Zn @it — EEH, (B Znz 5000 pmol- 17" ; 3 Znz
1600 mg-kg '), MM AERZRIHR (R 1,EH2) EABHNRRETAMEZn AR (F3) B EH zn TR (E :
DBAB TR, EAAZEYEEFREES KA, BRI ENERTREHIFM TR L EEKiEP
In SEBEFESFHARIEEEKER. WA MNFERRX Zn RKW S HERERE KM XS E
WIH AR E SRR ERTLREM, MEE —MHRRE, FRARH R RN EHEME TAE 5,
WUEEENARERNER, —FRNERRZEEY 0 L 3ILE NN/ S5 - HOME,
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