PO AR Y244 2015, 23(1): 81~ 88
Journal of Tropical and Subtropical Botany

SEMIES BHE SRR
T WEL, TAE", RAL, 245 257, BER

(1 PPl G pa A Y e, of R 2 AR A oI P S TR A S 000 %, T 5106505 2. rp ERR2EBE R, dEaT 1000495 3. T R pgis
[E G A RAFAP IXFLBHAS BIAL , 174K 8196 5127275 4. RN FE R4 0%, T4 Bl 518060)

BE. NS B[ Cibotium baromerz (L.) J. Sm. X & 48 A= 4ERE N 7E) RA L 6 NS BRI . Azl kg
Ly R L PE A LR A A B By i R ARR ZE AR PR 138, >R A ICP-MS W2 9 A fi &) 0 & (Cr. Mn. Ni., Cu. Zn. As,
Cd. Hg. PoRY i, S5REW SO 28 A RBRENES RIS, 3 Cd il Hg 20T RE £ 55 E, o
BT S 1.61~4.82 f5F1 4.74~11.79 f%. PUMELL -+ Cd Eitipok, ml 8 He &k, 6 9 FionEh, &M%t
Hg (%518 ZBR i , 1k 4.8, % Cd WY S R8s L 15 2.2, Cu Ml Cd JCE R iE RN R E RO R T 1. XUl 4B A%
HEJE TR E LR M e 08 .

KEER: ST BRENY; EAELR; MR, B

doi: 10.11926/j.issn.1005-3395.2015.01.012

Characteristics of Heavy Metal Accumulation of Cibotium barometz (L.)
J. Sm.

YU Hai-ling"?, XIE Guo-guang’, WANG Fa-guo'’, ZHANG Yong-xia®, LI Shi-yu'’, GONG Yue-ning’,
XING Fu-wu'

(1. Key Laboratory of Plant Resources Conservation and Sustainable Utilization, South China Botanical Garden, Chinese Academy of Sciences,
Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Ruyang Management Office of Guangdong
Nanling National Nature Reserve, Shaoguan 512727, China; 4. College of Life Science, Shenzhen University, Shenzhen 518060, China)

Abstract: In order to understand the heavy metal accumulation ability of Cibotium barometz (L.) J. Sm., the
fronds, roots and rhizosphere soil of C. barometz were collected from six woodlands of nature reserves in
Guangdong Province, including Nanling, Nankunshan, Baiyunshan, Dalingshan, Wutongshan and Xiqiaoshan. The
contents of nine heavy metal elements, such as Cr, Mn, Ni, Cu, Zn, As, Cd, Hg and Pb, were measured by ICP-
MS. The results showed that the sampling soils in six woodlands were contaminated by heavy metals at different
degree. The contents of Cd and Hg in soil were higher than the background values in Guangdong Province about
1.61-4.82 and 4.74—11.79 times, respectively. Among six sampling woodlands, Cd content in soil was the highest
in Xiqiaoshan and Hg content was the highest in Nanling. Among nine heavy metals, translocation factor (TF) of
Hg by C. barometz was the highest up to 4.8, and bioconcentration factor (BCF) of Cd was the highest for 2.2, TF
and BCF of Cu and Cd were all above one. It was suggested that C. barometz had high transportation capability
and low accumulation capability of heavy metals.
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AR, A A7 4w T e ) IR TR AN T
B, 2R KOG R IREE M1, M A
Je X R VT = A U Ml DX 4 i T G 0 i o A 4
R LI X A SE PR o e () @R, A
&R IR TG Y SR 8 3, X AR R AT AR T
PR s T ARAEES 7% B4R T EE 4 TS YLt i ™
)N B LT i b DX A7 8 v el R R ) T3S Bl
i), +3EAER SR E 4R (Cu, Zn, Cd. Hg. As %)
FBBRAE ST T 70% F1 50%° 7,

3y 4 AT LUK AR, JFE S B )
HEAG S NS f B, DRI, B 4 TR TS e ) - BB 2
IHH AR H &S e 2 BOR IE AT A
TR RFGE MY B E R TR A S
& FEFH Y (Hyperaccumulator) , 244 1k, #8 & FE4H
Yy 22 4 TR B AERL Y 0 IR N T SRR
TR 4 1 s R R D, EE R ] s A
4R BBk 25 Y 32 A RUR 3% BH(Pteridaceae),
Wk W 5 (Preris vittata)™ . K M 0 1 EO(P.
cretica)” \ A=GRJBBR(P. insignis)*' %5, ILAMNEFH Tk
Bl(Pteridiaceae)tt % T Bk(Preridium revolutum)® .
B % B% FBH(Athyriaceae) 7K ¥ B &5 BR(Athyrium
yokoscense)'" "V, 4 B[ Cibotium barometz (L.)
J. Sm. 25 R BH(Dicksoniaceae) 22 4F- A4 15y KR
BRISHED , T 4 B0 JE e —Fp R 5 T R
A, T2 oA TG O G HL X, H AR ) o
Kt E—FE 22 R, EZDMRZEA
250 ELAT R AN SR IR A5 Th sk, F XL
MRS MR AR, T BCOE T AR R IR . HRUIRZE Y
WO EA L MAER . A, HARRZEDE &3
M, T EHAERE . HEX 4 BRI 2 e
3 N (T S 1)@ o ol = N Y 2 2
FEPEN BETE SR 2R LA RS R85 IR 1 (AR B
FREO AT 1 i 4 B I 4R SRR
fif WLARIE . ARSI S B EE BRI E £
FRPE, R BEMTEAE G B 5 B T RR LA ] Dy i
MBS B e S

RS IDFRrS

1.1 HMmRE

VEMCRIT = AN 5 AH s B T Rg Rl
EPRFMA T NKS) M EH = IHBYS) AR 5ET
FU 1148 KR (DLS) R T AB AR L (WTS)

B LT PEMELLI(XQS), DL R4 dLEBER S T R I8
K BRI IX(NL) A TAE iR B . M IR K |
SRR 3P X (NL) fi7 T 24°52'~25°11' N, 112°59'~
113°04' E, 9K 329~1232 m, DL RIRSR N 3, BEAK
358 98% LA I, FBR Py SRR AR
MRS MAF . B R L E R PR FRI(NKS) (T
23°38'~23°39' N, 113°48'~113°52' E, i 4k 551~
1087 m, DARIRM R 3=, BRI 55 5 05 AR AL 2
FE, DRE SRR MO £ Az IR R X (BYS)
fii T 23°10'~23°11' N, 113°17'~113°19' E, ¥ 4k 97~
340 m, AUKAEMCH 3, DR 55 % 95% L) |, &
PR RIRIR AL R ARIER 535 FE b S L5 A IR AE
o RIE LA ZARAR AT (DLS) 117 22°52'~22°53' N,
113°45'~113°47" E, ¥4 63~236 m, ARAM N =,
MY () b 7 PR AE ) S5O Ry i S AT 2 X o ] 1
MR AR A R e O R SR e RN TR A A L
(WTS)(i T 22°34'~22°36" N, 114°11'~114°12" E, ¥
% 122~236 m, A/ R, IKAEMA FE, F
BN WA B SR A AR PEAE L R AR AR B
(XQS) T 22°55'~22°58' N, 112°58'~112°59' E,
 47~207 m, AN TEGEMR 3, FEM A
LRI AR 2 Bt R AR SOUAR AR SR

B S REPLIE R ZE > 6 A RAEE R, AR 4R
LB R ARRZE RAR P 88 45384 384
RETE—, & RHESCRERN ST N
i, SRS 7 AR ZE 70 F LAk SR 55 0 I 4
& A i

1.2 H&BOHT

TP b I R 7K 78531 Uk , 15 FH 47K (Elix/
Rios Zi /K #/E R F)VERE L 3 WK, T )5 T3
Wit ek o AT N T WEES , oF 60 H s 1 HERE S A
SRR #5336 A0F 5 A (Retsch MM400)#E T
IR o A R - S A 12 2R iR T A% {1 (Anton
Paar multiwave 3000)3E 17 Ji5 i, 14 ff F2 7 WL 3% 1.
TR RS AUS AT R AN B . AR AR
F ICP-MS (Agilent 7700x)%3 5 % Cr. Mn, Ni,
Cu. Zn, As, Cd, Hg Fl Pb %5 9 FhoC K i % &,
BRI E 3 W, BCFE, A H L BEALE S
FE S AR ) B AT 2 5 B 4 bR vE ) AL g
Zr 2 M (GBW10052) , 3 5 H(GBW10015) 1 81 21 1€
(GBW07405). %d&H Excel 2003, SPSS 16.0 #£47
Gertordr, 255 W E S HT R LSD £k
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Table 1 Digestion procedures for plant and soil samples

F i Sample &7 Procedure R Power (W) iz 47 ] Run time (min) {RF5IF[E] Retention time (min)
FHYIFE Plant 1 700 10 5

2 1400 10 40
A IHE Soil 1 300 10 5

2 700 5 10

3 1400 5 25

1.3 5T E
K H#% iz Z %1 (Translocation factor, TF)Fll & 4

2 ZERH M

% ¥ (Bioconcentration factors, BCF)k fifi 1A #i ¥ X
IR E RS HiE R E(T)=HY) b
Sy B G R A T AR A W R R
(BCF)=Ha Y1 ¥ 70 1 4 Ja 2 i/ I s 5 f
iz FRBCRIEAE Y 546 i MR AR 1] 1 7 1 3
Az GE ™. 24 TF>1 i), R 320k B4
J& A Ay, RIS AR i s L R i g
71, R Z, T30 Hh A it 1) T o 4 Y e
s ZRBUBK , RIEYI L LI AR 0 e L E
BRI, AT ) F A A SR BRI ™ S R BUR
e 7 A A R TPOUR TR R, R
VEAR A K o 43 WS A% A AR N B E D R
AN R B > 1 B, RN A B IT R
Tf PR 0, ) LIS AT [, 26 L LR o 1 s B

Y=
He JJ o

2.1 FRAEY FRRIE

Xof FEL O R s o 0 5 AR - SBERE A v 4y B AT
FE, 45 KR 2), BT GBWI10015 H Ni fil Cd
TR (25 1% FT 145%) 8 = A, FoAt T & (1
HY 5PRESHEIA L, 1 Ni (145 SRR
A BE & GBW10015 H Ni & ARG ™, +
SEREARMEY) T rh Mn A1 Pb A4 7] CRARAR, 23 51 2
51% F1 41%, % 5 Hjortenkrans" 4R & ¥ #E ¥ 5
NCS ZC7300 H' Pb Ay [EISCR Ky 55% AHBL

22 IRBRTEVHNESESE

MR 3 TAUL, 6 M R Cr & &2 PAIK
FIAAELEETRES, AR B E. KBl
(1) Cr & FE Ak, 12 5.88 mg kg ', 1M PG Ak 111 119 F¢ 5
(26.05 mg kg ), 2 RIS 1LY 4.43 £i5; HAy 4 i

%% 2 MY RE bR R IR bR 0 b 1 7 42 8 dk(mg ke )

Table 2 Heavy metal contents (mg kg') in plant and soil standard materials

FREY) T Standard material

GBW10052 GBW10015 GBW07405
briE(E ME e FriE(E M s FriE(E D5 fE i
Certified Measured Recovery Certified Measured Recovery Certified Measured Recovery
value value (%) value value (%) value value (%)

Cr  0.92+0.20 0.97+0.316 105 1.4£0.2 1.6£0.5 114 118+10 87712 74
Mn  1170+60 1011+44 86 41+3 39+2 95 1360+120 691+12 51
Ni 5.4+0.4 6.3£1.1 117 0.92+0.12 2.31%1.45 251 40+£5 331 83
Cu 24+1 23+1 95 8.9+0.4 8.8+1.3 99 166+9 113+4 68
Zn 35+2 32+2 92 35315 33.4+3.1 95 494+39 355+4 72
As  0.27£0.05 0.25+0.02 94 0.23£0.03 0.24+0.01 103 412+24 362+13 88
Cd 0.076+£0.004  0.082+0.012 108 0.15+0.025 0.22+0.052 145 0.45+0.09 0.38+0.02 85
Hg 0.0081+0.0015 0.0075+0.009 93 0.020£0.003  0.022+0.003 109 0.290+0.040  0.271x0.022 94
Pb 1.6+0.2 1.8+0.4 111 11.1+£0.9 12.3+0.9 110 552+44 224+9 41
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Table 3 Contents (mg kg ') of heavy metals in rhizosphere soils of Cibotium barometz

NL NKS BYS DLS WTS XQS A
Cr 7.30+1.77" 10.4043.38" 17.00+4.75" 5.88+2.72" 15.67+4.66" 26.05+1.22" 50.5+53.36
Mn 176+33 68+6 55422 133442 548+70 585465 279+369.6
Ni 3.11%0.76 4.1120.39 6.07%1.50 2.13+0.60 6.760.77 13.47£1.22 14.4+16.94
Cu 2.56+0.55" 2.46+0.59" 17.34+5.24 13.46+3.46 24.37+13.11 24.86+2.57 17+£19.09
Zn 35.33+7.32 35.22+6.73 31.615.23 27.58+6.41 71.77£14.03 163.49£35.91" 47.3£39.49
As 6.84%1.18 4.18+0.82 78.61+48.78" 1.92+0.56 46.44+5.53 41.71£3.99 8.9+7.68
cd 0.11=0.04 0.09+0.03 0.11£0.02 0.11£0.05 0.11%0.08 0.27+0.05" 0.056+0.0507
Hg 0.92+0.12" 0.74+0.16" 0.87+0.117 0.76+0.16" 0.49+0.117 0.37+0.08" 0.078+0.0845
Pb 97.53+11.89"  67.91%11.04 58.27+12.24 37.67+11.24 60.16+8.25" 22.22+4.73 36+23.39

NL: B4 ; NKS: mE1; BYS: Fizs1li; DLS: K&l WTS: #BHT1; XQS: PitELl; A: |44 HHER SH{E; *: P<0.05; **: P<0.01,
NL: Nanling; NKS: Nankunshan; BYS: Baiyunshan; DLS: Dalingshan; WTS: Wutongshan; XQS: Xiqiaoshan; A: Elemental background values of

soils in Guangdong Province; *: P<0.05; **: P<0.01.

SUON IS <pg B II<#E AR i< =, B ol 7.30~
17.00 mg kg,

FERA L AP AL 1809 Mn & &) ARA
T HEET SOE, PEAE LAY B (585 me kg ), AN
{ELAY 2.1 A5 Hoth 4 A HLS RIS Al S5k
55~176 mg kg ',

6 b S M NI S BT AR
B, R B AK(2.13 mg kg '), PEHELL # 5
(13.47 mg kg ), 2N K1Y 6.32 % Hdx 4 -
AN 3.11~6.76 mg kg '

Pzl KRR PR 3 Cu & R T
IR T A, PO MELL 1 5 (24.86 mg kg ),
LR SAE M 1.45 £ Hax 3 4 s R 7 5t
{8, SR ARAYSErg R 1L(2.46 mg kg ) ; A FIRg
LY Cu & 5T AN B B2 5

FEA LU AT PG ME L 3 A Zn &5 it i S,
VAR LI 55 155(163.49 mg kg ™), 29 K75 5L 1 3.46
T, E R A 4 M R T R, R
SR RIEIL(27.58 mg kg ) A 111(31.61 mgkg ).
MR I(35.22 mg kg ") B4 (35.33 mgkg ).

FI3E As F AR, B RS R LR RIS
IARAG, 9K T Al L35 o fH, 7 R Ll A K
(4.18 mg kg ') s {H 2 L B LLUFT PG A L A8 328
IS, BT S 8.8, 5.2 Fl 4.7 i,

6 i A Cd G T R,
i R TEAELLN(0.27 mg kg, 20 SH{A Y 4.82

¥, 285 0 B R R 111(0.09 mg kg ), 20K

TSERY 1.61 155 HiAy 4 M S A S RAHZE A K,
25 0.11 mg kg ',

6 /™ i T E He & X8 1 S H,
H2e5 W B BB (0.92 mg kg '), A1 =
(4 11.79 £i5; PEARELL A AR (0.37 mg kg ), £ 0 5 55
{H1% 4.74 1%

FUA P ME L 4 58 Y P B o R O R o
B, oAy S A M A 34 T SO(E, B IS I 0
(97.53 mg kg ), A SAEM 2.71 5, 27 B F,
Hoax 4 A M 00 o RIB 11(37.67 mg kg ).
Fz111(58.27 mg kg ) M 111(60.16 mg kg ') B
111(67.91 mgkg ).

6 ™ H S ) IEI A AE RN R R B 4 )R R

L, RSk, T3 Mn S, HOOE Pb
Zn, HIEFE4E S E S E Mn>Pb, Zn>As>Cu,
Cr>Hg>Cd M #s . R ARA LA 5E
95% B A5 FERVEAN 45 TR FE A T5 YR B, 45 R I,
6 b HE A Cr. Mn, Ni, Cu., Pb & IF
BT SH 95% EAF N, 0 Hg & 3
Y SE 95% A EEVE I, U A I T 2
Hg V544, J& F He @15 5t B Pk L 3
Zn.As.Cd Ff il T 50H 95% &5 B,
VLA ME LD 3 E 2 %) Zn, As, CAdBYT5 . Itk
S, B BRI As &St T As 755
95% B {5 BEJE R, DA+ E 23 As V54, )R T
As R
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AFE 4 A UL, A Cr 5 039~221 mgkg
FEUA R BN, POAE LAY B s AR Y Cr 5k 1,65~
3.27 mg kg, F/IMARR KA BRI A =
Ly MR A B BE B s T

A Mn &8 204~315 mg kg ', B T H
T ER , B KAE A/ IME 23 518 2 LR I 1
HREE Mn &8 A = 10 H/IM40 mg kg ), PUAELL
(e (117 mg kg ) IR H Min &5 52 0 4 i AR

A NSl 1.58~4.06 mg kg s R AY A
1.78~4.47 mg kg s BILL R I IR, 11 25 Ll A ey

M H H Cu &N 7.98~14.96 mg kg ', MY
H 6.34~12.94 mg kg5 ¥ LARE B Ll R AIG, PEAE LD
(R Fr B f i, 2 L AR B i

it A Zn R DURE IS 9 5 /N39.81 mg kg),
1 2 19 5 15(74.56 mg kg '); AR FB 9 21.73~
32.98 mg kg ', 5 = {E AR ARAEL 43501 Ry i 2 1L A g
MELL ;v Zn B B s AR

K 4 ST AR D 4R & it (mg kg )

R As S AR R 2/0M0.36 mg kg ).,
PUHMELL 5% 5 (0.98 mg kg ) ; M LA CIA 11 i1 B /)
(0.39 mg kg'), B U4 4 5 K(1.41 mg kg '); BR K%
Ll PEAELLAT, s 441 SARTS As B Tt Ao

M A Cd &4 0.14~0.62 mg kg ', g U4 Y
AR, R L J 8 s AR R 0.11~0.35 mg kg ', B
WA PR AR, T L L P e s o

v He & LRI A 7 41(0.03 mg kg ),
AR E(0.13 mg kg ) ARFM 0.01~0.03 mg kg
KU LLUFAE A L Y eI, R0 L 2 Ll P M L o
e MR Y He & i W s AR

R Pb &l 2.20~7.44 mg ke R EL 1LY
A%, = A S s BN 4.97~23.09 mg kg ', K
WA L SR I, P 0 P e

AU, & B A 5 AR X T AR L R A
[f], A9 Mn, Cu., Zn, Cd Fl Hg % & TR,
MARFBAY Cr. Ni, As fIPb S EEHTHH., &5
Forh Mn e, O Zn, Cd. Heg 5K,

Table 4 Contents (mg kg ') of heavy metal in fronds and roots of Cibotium barometz

Cr Mn Ni Cu Zn As Cd Hg Pb
Fg 0% Nanling
A Frond 0.39£0.12  252+44  1.58+0.66 8.91x1.57  39.81+13.83  0.42+0.16 0.62£0.33  0.03+0.01 2.40+1.79
R Root 2.46=1.18 7026 1.78+0.97 8.16£1.07  23.54+6.01 1.41£0.66 0.35£0.13  0.03+0.01  23.09+10.19
#5211 Nankunshan
i Frond 0.82+0.12 250451 1.86+0.62 7.98£1.18  40.18+10.07  0.36+0.14 0.14£0.06  0.05+0.01 2.20£0.97
i Root 1.65£0.31  117+43  3.24=1.16 6.34£0.74  21.73£7.04 0.79£0.54 0.11£0.02  0.02+0.01  19.22+17.84
12 1L1 Baiyunshan
i J Frond 1.97+0.38  204+49 4.06+1.23  14.00+2.05 74.56+11.22  0.76+0.30 0.54+0.16 0.13+£0.07 7.44+4.12
i Root 3.27+£1.35 40+18 4.47+1.82  12.94+4.22 27.79+6.67 1.58+0.54 0.28+0.15 0.03+0.01 9.33+£5.90
K 11) Dalingshan
i+ F- Frond 1.2840.27  315+141 2.98+1.48 11.06£1.11 52.89£17.49  0.52+0.30 0.28+0.13 0.09+0.01 3.82+2.01
i Root 2.32+0.51 59+12 4.67£2.15 10.16£2.17  22.02+4.49 0.39+0.17 0.18+0.13 0.01+£0.005  4.97+1.80
K& L Wutongshan
It/ Frond 0.81+0.21 234465  2.53£1.10  11.35+2.05  47.56+8.07 0.57+0.45 0.31+0.12  0.05+0.01 4.37+1.68
& Root 1.93+0.84 87+26 3.67+1.69 9.59+3.12 24.40+6.67 0.67+£0.24 0.21+0.07 0.01+£0.005  5.52+3.53
PEMELL Xigiaoshan
i} Frond 221021  295+146 3.84%1.14  14.96x1.65  72.21£12.89  0.98+0.23 0.33+0.10  0.08+0.01 7.1241.59
¥ Root 2.83+1.97 117437  3.43+0.18  11.00+3.66  32.98+7.79 0.82+0.73 0.21£0.10  0.03+0.02 5.11£4.09
rifE Standard’ - - - 20 - 2.0 0.3 0.2 5.0

24 PR I FRIE  E s ATl bt
*: Green Trade Standards of Importing & Exporting Medicinal Plants & Preparation.
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Fig. 1 Translocation factors (TF) and bioconcentration factors (BCF) of heavy metals in Cibotium barometz

I A Mn>Zn>Cu>Pb>Ni>Cr, As., Cd, Hg.

& B IARRZE T A2 AR 38 (25 AR I
R TSR ATl bR o ) PR R, T 4 R R
W <200mgkg', Cu<200mgkg’', As<20mgkg’,
Cd<03 mgkg', Hg<02mgkg', Pb<50mgkg’,
TE 6 > Hb i 1 4 B AR AR 25 Cu. As, Hg. Cd
FABILZPRUEFRVAHELL As & AEGIS Cd i
BRAM), 1 Po AR ™ H, 3X 1T fE -5 AR H 20 i RE &) Wt
Bt S0

Bl 1 A4 BN E A JE TR Wit is RECNE
ERB T, & BN He M8 280 s,
Y& Mn, Zn;fX Ni, Cr fil Pb %52 REUNT 1.
& BMXTE SR WL a e ) 22 AR, L He>
Mn>Zn>Cd>Cu>As>Ni>Cr>Pb #4344 T Ji X}
Cd )& 5 F B oK, k& Cu, fe/MJ& Hg; {2
X Cd 1 Cu W EERBRT 1, K3 Cd>Cu>Ni>
Zn>Mn>Cr>Pb>As>Hg Fita#,

318

4 Ja A 7 R Y R DA A i
FAEZE S PR ES R S BB AF . AT
FEHf, RAEHL IO AR A LB A B Y X
E SRR R P o L Y R g ERU K S AN [E
WFFEAE /R, 5T R A LR FEML, % 6
DXIRATS A7 AN [R) AR A B 4 Jm R R, U2
Cd. Hg. Pb R &I T FeAd. A LA
M P ZREGEIR SRS T AET
Sl BRI G)Z JEm TR DU
Yy, i H 4B AR RARR 7R 4 s &

T b DX AR AR L P A L )t oA DA 4 32 0 il ) A
L T R ¥ (BT VA 1 B2 0 s e g B = P e ¢ ]
i

SEMAENESF TR T BN LGRS+
e ) B AR —B, XU 4 B E 4R T
RIS s A — . & BIAS A
x4 R R B A 25 5, i M, Cu,
Zn, Cd Ml Hg & & AR &, 1 Cr. Niy As Al
Pb 7EARTRAY & it o 3X T BB S5 AH Y T 4 S Y i
PEHL A 0, A 4 AR 3 %) — B 285 4y il A B
BRI T Cr. Ni, As #l Pb [ F56R% (AR S & AE
AR g, 55— T, e T R R A R K T
I(Mn, Cu. Zn)sk# FFHE8A(Cd Al He), 0K
Hom R, Br—3 50 1T B B A=A liG sh A, HiAl
(143 3k 7% P 4 HE R R AR LI R E A Y B
%:[32—33]O

B RECR i RECR M Y N AR
LN I T BLRRAE, Oy T R R B AR B
SR AN R N 1 T 4 i e T R Y
OIS B S U R ER o e R = e A O
fh, 0 B B 4 RO #5328 R B R T 1P AR
WFFT 25 R, 4 BRI K 0 | 48 T K i
1B ZBFY KT 1, UL 4 B 4 8 Ju R A HE L
A, i A9 5 4 JE JC R R B P )
Elizabeth®F 57 T 12 Pk K MY, Mn (55iE R
KT 1, XGRS R—8 ST ES
J& Cu 1 Cd &£ RECK T 1, U 4 B RHX 2
P 4Rt R B — @ s 4R R T s X 4R
TLEMNEERBYVNT L ALRAEVREE. &F
Fyxt Cd 1 Cu W%z R E LR BIIRT 1,8
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TR 5 AR A B B e Y S 2 —,
A4 B R RELE BRI Cd A Cu 8040 FIEH 4=
A m it — R, B0 E 1 aTUER, &3
HXF Mn Fll Hg 195532 2 5008 & 1M & 48 R BURAK,
{5 Mn A9 &5 R 50 B 1 Heg 25, WA Hg o &
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