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Effects of selenium on the uptake and transport of trace elements by cadmium—stressed flowering Chinese cab—
bage

LIU Shuai'*, WU Zhi—chao'*, ZHAO Ya-rong'*, ZHANG Wei—jie'**, WANG Fu-hua'*"

(1.Public Monitoring Center for Agro—product of Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China; 2.Key Laboratory
of Testing and Evaluation for Agro—product Safety and Quality, Ministry of Agriculture, Guangzhou 510460, China; 3.Laboratory of Quality &
Safety Risk Assessment for Agro—products( Guangzhou ), Ministry of Agriculture, Guangzhou 510460, China )

Abstract: The present study evaluated the effects of selenium(Se; 1 pmol - L™ or 5 pmol-L™) on the uptake and transport of trace elements
(Fe, Mn, Cu, and Zn) by cadmium(Cd; 1 pmol-L™" or 5 wmol - L™")—stressed flowering Chinese cabbage ( Brassica campestris L. ssp.
chinensis var. Utilis ) plants by monitoring the concentrations of trace elements in the apoplast, symplast, cell walls, xylem, and plant tis—
sues(shoots and roots ). Se application significantly increased the shoot and root biomass of Cd-stressed plants. High Cd stress(5 pmol-L™")
reduced the concentrations of Fe, Mn, and Zn in root tissues and increased the concentration of Cu, whereas the high Se treatment (5 wmol «
L™) markedly elevated the concentrations of Fe, Cu, and Zn to 19.8%, 46.7%, and 26.2% in shoot tissues, respectively, although not in root
tissues. High Cd stress reduced the concentrations of Fe, Mn, and Zn to 20.4%, 23.8%, and 16.4% in root apoplasts, and 20.7%, 11.7%,

W HEE:2017-07-31  FRFIAH:2017-11-22

PEZ R X I(1992—), 55 WILABE . WL o0 Ak Ao R 3 R 5 0 S BT . E-mail :939777504@qq.com

*BEEE . FEE E-mail: whwqs@163.com

EEWR ) RAE ARP IS H (2016A030310323 ) 5 |7 ANE & FBHE T H AR B U5 (2014A020208067 )5 |7 A0 AR AL Be Be < 2k 4
TH (2017028 ) 5 7R AR 7 i o fik 2 x5 v L A2 80T H (2013B040200043)

Project supported : Natural Science Foundation of Guangdong Province(2016A030310323); Science and Technology Planning on Rural-field of Guangdong
Province (2014A020208067 ) ; Presidential Foundation of Guangdong Academy of Agricultural Sciences (2017028 ); Construction of Research
Center for Agro—product Safety and Quality of Guangdong Province(2013B040200043 )



432

RAIMERF 2R IR .

and 27.2% in root symplasts, while increased the concentration of Cu. The high Se treatment significantly increased the concentrations of

Fe, Cu, and Zn in the apoplasts of high Cd—stressed plants by 16.9%, 34.9%, and 26.0%, respectively, and increased the concentrations of

Fe, Mn, Cu, and Zn in the symplasts of high Cd-stressed plants by 13.3%, 13.6%, 41.9%, and 28.3%, respectively. The application of Se to

high Cd-stressed plants significantly increased the concentrations of Cu and Zn in the xylem sap to 44.2% and 16.9%, respectively, but had

no significant effect on either Fe or Mn. Therefore, the findings of the present study indicate that exogenous Se alleviates Cd stress by en—

hancing both the uptake of the trace elements in root symplasts and apoplasts and the translocation of absorbed trace elements in the xylem

of flowering Chinese cabbage, thereby regulating the supply of trace elements to aboveground tissues and maintaining their balance.

Keywords: cadmium; selenium; flowering cabbage; trace element; absorption; transport
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B WESE 10 d )5, PRI Cd(1.5 wmol - L)
A Se(1.5 wmol - L), Hir Cd LA CACL HIEIMA,
Se A Na,SeOs BB AMMA o X5t 7 b3, 5390
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MRS 4R B S d OB SRR R EEE R,
B pH ] HCL #1 NaOH 75 & 6.5~7.0; 4 & T
JEFWIA 16 h/8 h R 20~25 CIE T A4 Fris i
KA 3 T R WA R IR &
1.2 $5FRE
1.2.1 AEPRTEE A0 E
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Z: B8 Wu S5 7 3 vERR AR U R A [R) R AL T
F 0.2 g 24T 50 mL BEARHT, FILA 10 mL R R [ AR
AR (VIV)=4:1], 7€ 180 CIFfif I, HZEIBKE
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Mass Spectrometry , Agilent 7900 )il & &l im LR & &
(mg-kg™),

e ZH(TF )=, & iR & i (mg-kg ™)/
MR TR & i (mg-kg™) .
1.2.3 MRERBAMA . ST R 4 i B vh il i oo R 5
B

2 BRI A S5 v BRI E DD AR 2~3 mm 1Y
BTEEARTRFES: 1.0 g 224, A 10 mL 5 mmol - L™ fi%
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R BTAMA T BRI 3 IR, 19 B3 ARSI . 5K AR
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B . F) A 1CP-MS (Agilent 7900 )M 5 # 35 Jiit #1
A LB S A e rp & TR & B (mg kg ™) o
1.2.4 KRBT i T 3= Wk

Z MR B PRk 6 RS — S0
FEPR, 7E B 2 em A0 JT Fr U0 3800 1l 13, W7 =%
W 10 em ZEAIR R RIS C B I —dm 5 i 2
10 mL ZIFEE 2 ah 1~2 pL ZFLR AR T, R
SERFE] N 11:00—14:00. HERHIRK 0.5 mL KRBT
FEZS, ] 1ICP-MS(Agilent 7900 ) 7 A J57 78 b i it
JURUHE (mg- L),
1.3 #EFEIT o0

2B R Excel 2013 BEATECHEAR I, SR SPSS
19.0 #4715 20 H1(ANOVA ), i F Duncan #7 &% 2=
BT B E T, LU/ ING SRR 2 U RSS
R

2 ER59Hm
2.1 Se XF Cd BB Ot EEB . REEH=(DW)

Z 1 [T Cd AR, Se AbFHXFSE.OoH FER
AP . R AT, B —IK Cd JWae nT 48
FESR O AL A Y & T Cd BbE T WA,
o b FHRIAR 3T B AH e CK 4 30 /0 T 23.9% A
16.7% . Cd 38 T mAoMErE Se KBRS , X 520 AE 4

AR, HAE Cd Bkl i 1 pmol - L
Se Ff i IR e K, Hb B3, AREBEEWGIN T 29.5%F
41.1% ; R A s it Se J7HiL F350 MRS A 1 A 4
g, Hrr s pmol - L™ Se B 55— i fR B8 AH HE
i EE T 21.6%F1 56.3%.

F 1 Foi EE REBEME(DW)

Table 1 Tissue(shoots and roots ) biomass of flowering cabbage

4bRE b 1B/ bk HLER/g -
CK 0.194+0.009b 0.016+0.002b
Cdl 0.202+0.031b 0.016+0.002b
Cd1Sel 0.261+0.042a 0.023+0.002a
Cd1Se5 0.237+0.017a 0.021+0.002a
Cd5 0.147+0.003¢ 0.013+0.001b
Cd5Sel 0.149+0.002bc 0.015+0.002b
Cd5Se5 0.179+0.022b 0.021+0.002a

T [ Rl B R A Rl 4 B A] 22 5 2.3 (P<0.05) ,n=4 TIA]o
Note: Different lowercase letters indicate significant differences at the

5% level ,n=4. The same below.

2.2 Se Xf Cd BB FHRAOZHR(REBFAH EF)RHE
JtE(Fe Mn . Cu.Zn)EEREFERZHHIF N

2 Ayt Se KRR AN m AR R IA TR S0 R
MBI TC R & i S R . R 2 AT,
TR TG R AEMRER B S 28 T Hb B30, 45 R AT S A Ykt
W ROCE R EHE, K Cd AR, # B3 M F1 Zn
(o it B N 38.8%F1 22.1% ; i &5 Cd Jhifi B, b
8 Fe Mn Cu.Zn & &5 CK A H 0 43 FBEAC T
7.4% 16.2% 20.2%F1 24.3% ., Y Ah ALHREE Cd WA
B, SRS Fe A1 Cu & L, 10 Mn Al Zn 19 & &=
FEA S BE Y Cd i i AR R AP Mn A Zn i i
SRR 36.2%F1 17.3% ,{H Cu & 5 Z 10 69.7% .,
TIFh SR IR W REEAR Cd i aa i 55 K
TFraEg , R Mn A1 Zn B9FEFE RS CK M EL
Ay BRI T 59.6%F1 23.9% ; i = e B Cd X Cu
BB (I INEIE S B, (LA RS R B IR T
53.9%.

[FIE AR 2 FTAT, Cd 3B, Jifi Se AbFRMAE T
S TG IR s, K Cd Mba R, i 5
pmol- L™ Se B 58—k Cd MrEAHE, Hi EF Fe Cu
SR 18.7%H1 8.9%, THAREE Fe F1 Cu M|
3 > 29.5% 1 20.4% ; [R]E, #1 F R Mn  Zn 7 Jiti
1 pmol - L™ Se I} i@ &A% 20.1% . 14.0% , (HAR B & &
AR . & Cd AT i 5 pmol - L™ Se Hif 1
3 Fe Cu.Zn & &40 9 2 25 140 19.8% .46.7% Fi
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Se Ji W HPEAK T 17.2%. 5340, Pt nl & M Se &b
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B TR Mn (R REOCCH B,
2.3 Se ¥t Cd BB TR RBRIME L R{E  HAnE:
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MR Cd W B ARRT , 20 2R 77 A i A
FH, %3 B 6 7 Cd A T, i Se 4bBEXTAR 22
T TR AL A BT A MACRI A B rh 5 B LA e
FL B . IFHRT AL, SR Cd it A MA
i Fe Mn Zn & &5 CK # o 4 B FEAR T 20.4% |
23.8%F1 16.4% , & M43 FRET 20.7% .
11.79%F 27.2% AB UL HR R BT AMAFIAL BT ik Cu (1)
IR E T 48.2%F1 154.9%, YA, dRMERE o
HOCREFEAFR R 2ZRAE, & Cd i T,
FO UL EE H Fe Mn Zn 75 535 30 PR AR, Cu B H)

Ham. [FEF AR Cd B3R T RCE R 3 BTA R
e, MmBgin 1AL B A & TR 1Y 5 H B 5
ifi 5 Cd P By, TR Fe Mn Zn 53 FC LIRS
T CK A FEAL, {5 Cu BY53FC LB A 3.4%48 = 3|
7.4% . UL SRIRE IR T R TR TR M RE v -
iy, L HJETE R Cd AT o

M3 ZB=E 6 Al fE ik Cd i T, AR R A
WHOCR O LS E i Se ¥k B2 A3 i AN [A]
JAMAH Mn Cu Zn DAL Cu F Zn & 82 7E
Jiti Se JEYEIN2E ORI, A0 EEH Mn F ] 5
ERER . B 5 wmol - L Se B, 5 5 —1Ik Cd JipBAHLL,
HFRF CuZn SHEAHIEEE T 21.2%F110.3% , 41
JfBEF Mn SR T 19.1%. & Cd At Fiah
1K Fe Cu.Zn DA S L FifAH Fe Mn Cu.Zn &
Jiti Se W FE RS8N A AN R FE B A4 &, BRIt Se 42
P 35 1 5 T I G R AR R BT A MACR 3 B A R
B3zt i 5 wmol - L Se I, 3.0 AR R S MA

F 2 i EE MREB Fe Mn.Cu.Zn B8 (mg ke ) R EEB R

Table 2 Concentration(mg-kg™) and translocation factor of Fe,Mn, Cu,and Zn in shoots and roots

g Fe Mn Cu 7Zn

b 3R R TF b |3 R TF b 1R R TF b |3 ikl TF
15065+ 0.044+ 2147+ 46973+  0.046+ 0112+ 715+  2673= 0268+
CK o 663x54cd o) 7ah 0008d  Slded  2240a 001 O 2E00P A0S Ab o SShed  234a 0.14be
16577+ 0045+ 2980+ 41042+ 0073x 576+ 0.130+ 2637+ 0332+
Cdl 74.0=24be =) 50 0002d 2252 1179 0008a  00dab o2 goy,  8T3la 60 0.034a
8.1+ 14258+ 0057+  2380: 4001.8 0.060+ 0.155+ 2423+ 0310+
CdISel 1 0ab  385bc  0009bc  19.0bc  3332b  0009ap 000668 4L1x02b gy 0 T516.6bch o 0.015ab
11683 0075+ 2664+ 42087+ 0.064+ 0.164+ 2288+ 0350+
CdSeS 879952 sl 0007a  119ab  4257b  001a 0270202 3339b g 799£20ab e 0.023a
12906+ 0047+ 1799+ 29961+ 0.061+ 0.052+ 0.245+
IS 6L4s38d T ol osgoe oolap H09:04lc 79.0:37a O S41s37e 221.0s78
, 10684+  0.056+ 31472+ 0059+ 0.075+ 2350+ 0272+
CdsSel  599:2.9d 0 PR 1840:02d 75T BOR 6080480 808470 ST 63.0s15d 00 el
11767+ 0062+  193.0:+ 3 063.5t 0.063+ 0.074+ 2465+ 0278+
CdSSe3 73522b¢ 5y 31 0.001b  17.8cd  832¢  0007ap O000¥010a820£122a g0, 1 683x3ded 0 0.02m

R 3 WEFRIME L REFMAREED Fe S 2R 5B LL B
Table 3 Concentration and distribution of Fe in the root apoplast, symplast, and cell walls
e JRUAMA BIIN il aks

) i iE/mg kg L L /% Erit/mg kg A HE L f/% Erit/mg - kg SrHC L f/%

CK 11.50.9a 7.040.9ab 12.2+1.0bed 75+1.1b 140.7+14.3a 85.5+2.0ab

cdl 10.821.1ab 7.120.7ab 14.9+2.0a 9.8+0.8a 127.9+19.2ab 83.2+0.9h

Cd1Sel 9.5+0.6b 6.2+0.5h 13.342.2abc 8.6+1.1ab 131.4+5.6ab 85.3+1.3ab

Cd1Ses 10.7:1.6ab 6.6+0.3ab 14.0+1.1ab 8.6+0.7ab 137.6+12.8a 84.8+0.3ab

cds 9.1+1.0b 6.7+0.3ab 9.7+0.3d 7.1£0.6b 117.7+7.4ab 86.2+0.3a

Cd5Sel 9.7+0.9ab 7.5+1.6ab 9.9+0.4d 7.7+1.3b 111.6£17.0b 84.8+3.0ab

Cd5Se5 10.720.7ab 8.2+0.8a 11.0+1.6¢d 8.5+0.6ab 113.846.8b 83.3+0.8ab
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Table 4 Concentration and distribution of Mn in the root apoplast, symplast, and cell walls

e FEINEN F i 4 1 B
Frit/mg kg ST LL A1/ % i /mg kgt SYTCLLA1/% i /mg- kg SICLLf1/%
CK 31.1+2.4a 6.4+0.2ab 24.9+1.3a 5.1+0.1¢ 433.1+19.8a 88.6+0.3ab
Cd1 26.3+3.8ab 6.3+0.7ab 23.7£2.5a 5.7£0.6bc 366.5+34.8b 88.0x1.3abe
Cd1Sel 29.8+3.5ab 8.0+0.7a 21.9+1.0a 5.9+0.6bc 319.9+£21.2¢ 86.1+0.6bcd
Cd1Se5 28.7+3.6ab 8.2+0.6a 23.1+2.2a 6.7£1.0b 296.6+£19.6¢ 85.1£0.8cd
Cd5 23.7+2.9bc 5.2+0.8b 22.0+2.7a 4.8+0.8¢ 411.1£20.7a 90.0+1.5a
Cd5Sel 17.0+1.4c¢d 6.2+0.9ab 24.7+2.4a 8.9+1.0a 236.1+23.3d 84.9+1.4cd
Cd5Se5 19.0+£6.2d 7.0+2.8ab 24.9+2.4a 9.1+1.2a 231.4+27.4d 83.9+3.7d
5 RREFRIME K REMMAMEETR Cu FERFELLFI
Table 5 Concentration and distribution of Cu in the root apoplast, symplast, and cell walls
s JETAMA PAOGIEES AN e
T i/mg-kg SrBe HL /% B /mg kg™ S L /% B /mg kg™ S L /%
CK 0.68+0.19bc 10.5£3.2bc 0.22+0.02¢ 3.4+0.2e 5.61+0.47b 86.1+3.1a
Cdl 0.47+0.06¢ 7.6x1.7¢ 0.27+0.05¢ 4.5+1.3de 5.47+0.62ab 87.9+2.9a
Cdl1Sel 0.49+0.03¢ 7.8+0.1¢ 0.37+0.02¢ 5.9+0.6¢d 5.42+0.35ab 86.4+0.6a
Cd1Se5 0.50+0.08¢ 8.1+0.8¢ 0.33+0.02¢ 5.3£0.2d 5.36+0.33ab 86.6+0.8a
Cd5 1.01+0.29ab 13.1£3.1ab 0.57+0.12b 7.4x1.1¢ 6.14+0.58ab 79.6+2.1b
Cd5Sel 1.09+0.08b 13.1+1.1ab 0.92+0.14a 11.1+1.6a 6.32+0.22ab 75.8+0.7b
Cd5Se5 1.36+0.41b 15.5+5.0a 0.81+0.08a 9.1+0.3b 6.69+0.85a 75.3+4.7b
6 MARBIME HREMMAMEED Zn EERFE LG
Table 6 Concentration and distribution of Zn in the root apoplast, symplast, and cell walls
e GEININ F i 4 1 B
Frit/mg kg S LL A1/ % fri/mg kg STCLLf1/% i /mg- kg SIECLLA1/%
CK 2.4+0.2a 8.2+0.7a 2.6+0.1bc 8.7£0.3bc 24.6+0.7bc 83.1+0.5ab
Cd1 2.3+0.3a 8.8+0.9a 2.7+0.2abce 10.3+1.1ab 21.4+1.2¢ 80.9+0.8b
Cd1Sel 2.3+0.6a 8.8+2.5a 2.8+0.2ab 10.9+1.4a 21.2+2.8¢ 80.3+3.8b
Cd1Se5 2.6+0.6a 8.9+2.5a 3.0+0.3a 10.3+0.4ab 23.4+1.8¢ 80.8+2.4b
Cd5 2.0+0.1a 8.0+0.7a 1.9+0.1d 7.3+0.6¢d 21.8+1.8¢ 84.7x1.2a
Cd5Sel 2.4+0.2a 7.4+0.2a 2.0+0.2d 6.4+1.3d 27.4+2.7ab 86.2+1.4a
Cd5Se5 2.4+0.4a 7.2+1.1a 2.4+0.3¢ 6.7+0.7d 31.0+2.8a 86.2+1.7a
Fe Cu.Zn & 58— Cd Bhaa A He 20 32 1 .
16.9% .34.9%F1 26.0% , 2 Fi{&H Fe Mn . Cu 1 Zn & 2.4 Se 3F Cd BB TR DA EREFEIE Fe Mn.Cu.Zn
RS T 13.3%.13.6% 41.9%F1 28.3%; 7 4b, 4 sbAl

HBEH Fe A1 Cu 7L Se J5 T AL, {HIfE 5
pmol - L™ Se fif, ZHfIBE R Mn 5 i FEAK 43.7%,
H Zn SH3ER T 42.3%. [R), AERATHL AR Cd A
HE K Se WeERT , AL R A MUBEH Mn H Cu #Y73T
FA T B ka s, BT AMATFI L BT iR b 18 43 A9 D) AR
NN 7 Cd B R il Se Ab3HAE i 1 KT RS MA
FIFEFA T Fe Mn  Cu 523 FC HE 9], AR 1 4 g BE v
X 3 FOCERAYLLH], Aghn T A0EE R Zn A9 C LE

7 BoR T AN Se AbFHDS A iR TR
WRE R . PR AL B Cd i inas , AR BTR
W Fe, Mn il Zn ¥ & R B H “ o T 5 7 a3 i Cu
RIS pmol - L™ Cd JPrif B A R i H Fe .
Cu.Zn YRS MR T 6.19% .26.0% .22.4% . ik Cd iy
BT Se J&, ABUE AR R W EE AR LB AT
JIiARTR] AHER AR R B2 5. & Cd I8 T Se
AEPRJE , R BTIEH Fe \Cu Zn ¥k FE A 3G inka #, Hit
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Table 7 Concentration of trace elements in the xylem

Qb p Fe/mg-L™ Mn/mg- L Cu/mg-1." Zn/mg- L
CK 0.92+0.06ab 2.05+0.53a 0.10+0.01a 1.51+0.09ab
Cdl 0.96x0.11ab 3.2120.39h 0.09+0.02ab 1.58+0.17a
Cd1Sel 1.09+0.23ab 2.52+0.21ab 0.110.00a 1.560.06a
Cd1Se5 1.14+0.11a 3.19+0.60a 0.11+0.02a 1.58+0.10a

Cd5 0.86+0.04b 2.52+0.13ab 0.08+0.01¢ 1.17+0.06d
Cd5Sel 1.02+0.19ab 2.50+0.33ab 0.10£0.01ab 1.310.10cd
Cd5Ses 0.95+0.10ab 2.55+0.20ab 0.11+0.02a 1.37+0.04bc

HI'S pimol - 17" Se I 15 L — &y Cd 38 AH EL A8 I 17
9.8% 44.2%701 16.9% , Hrh Cu Fl Zn 355 8K F,
EXF Mn JGH 520

3 g

3.1 Se Xf Cd BB T3 &M E IR

HAJE Cd AT, 55 A i 2 S WO PR I 52
SR A8 bR . A IR R LAY Cd X ER 3R
A RA —E BRIEAET, 40 1 wmol - L Cd REfRE {2
NS AR RS AR R SR, SR Cd &
HEIRHVEFR TR TR, THALY A BHLRE , S2 a4
BRACH , S A Y, SiAh, B A O SR
FW, Se AT GE i B 2R /NSRS Cd B2, 3
IEYIAEY R AR, B Cd 2RS0T b B
BB AR IR AR B R S PR B A, BiEH S
pmol - L™ 1) Cd 2 XJ 3. B s HEM . 734k, Cd i
1B T Se ACFRJ , M b AR H A AN [ R R 1
Jine wTUL i Se XHEMESE LK R iR E HA —
FE AR
3.2 Se 3t Cd BB FEOALAMETE N BTN

Bt SRR FR R i oG 2 B EE R A, T b 3
(AT BT )t 2 W B IR M (B = IR A B 2248 A, T
G R P B AN H A B AR A R R E
Ko HLJF ST R T R G A S O AR R AN e o
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(Fe Mn ,Cu Zn )73 0y LA ) o3 AT R A A, S
AR BRI U 2 B b IR RE Y, V2 SCkER
e, FRIbA BERZ AR P R TR IR S s, £
BRSSO TG R AR RN 1 B VR B . sk e TS
XE/INFISRE B H A BRAE 5 umol - L Cd 38 B, 3
B Mn Zn ,Cu FARTS Fe Zn & &2 F0H], HAFAE
a2 5 o Dong S8 & B 10 wmol - L™ Cd {2 2 F#AIK
TEMAEM AT Fe Mn Cu Zn i, MR Fe,

Mn Zn FEARED B Cd T HE R0 1 AR R A A A5 Y
PR, AR R XL U LR AR R b . A
WHRARR, S0 EAFRXS Fe Mn Cu Zn LAKAR
XS Fe Mn BUUITE Cd 0 TR R4
MTARBAR WIAAKE F A A 1 ol - L7 Cd ¥
AR S0 AR 52 BIME, B e R AR AE K 2K
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Fers ZBOU R . BN S pmol - L7 Cd i, 4107 1
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WACIBE ST o RIS, Cd W56 A% 2= 0 A A, 2R
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Jith, Se X AERAAAR A TR JL IR WS, S AERR
M it PP LA R PR B 25 A 0% VRS
TR Se 5 Mn Hl Zn WBERBUMIEFE, T Fe
RINGAARP, PRFEP R R4 1R, Se AL BE
A LU S0 Cd B8 R KA A Fe Mn Zn %
o XIFHFEER DT FEHUK R B IAS it Se S5,
M H Zn SRR Fe SIEIN; RAR Zn Cu
W, T Fe Mn &30, 28 B SEPWFEd R W, it
Se ACFRIEIN T FISEH FAR Mn F Zn S, APREAR T
MR Fe Mn Zn JEER WM. HIEATIL, Se XA )14
W ILRAE IR R LA A A RIFTE AR R B
Tk AWFELRS RS R WA AR Z 4k A% Cd
it Se 2 E T Fe A1 Cu pr AR 1) M S0 AY 54 RS
Cd XFe A FEMIG, it Se X4& M &L Fe,
Cu Zn FIFEARMR R Fe & HA—@ERCER, (HUARES
Mn Cu Zn FHERAK . ATREE NN Se J5145 Cd
TR YER G Y, AR T s SR A S0 A i AR
SRAN IR T LA, SR 10 AL A 54 L 3R T BT
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SR GEARDC BT E™; [R] i Se SN 1.0
R e AAE S e AR AR PR R 1K
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