55 28 4555 9 1)) 7N 1% gl 2% Vol.28,No.9
2007 9 /] ENVIRONMENTAL SCIENCE Sep. » 2007

In.Cd E—REETENEZTER D W) LIRFR Zn-
Cd X751 2 i

tRDA, FRAE, XU, BBIE EE, Balwant Singh'

(1. IR R RUR IR B 22 B, B 4007165 2. PHRT R 2AEPRY 2B, IR 400716; 3. slBUK 2% 3 HA BE B, i
430079; 4. WAFIR B KRN AR THE R, & JE NSW 2006)

FEE KR 56, T T B R — R AT RN S R w R Y B AR BRI R R W) BARBE ZnsCd TERS
B RENA . 25 BB, BERS 3 AE T (8 mmol/kg Zn + 2 mmol/kg CdD » 58 22 BEXTEF 44 (10 WOC A B ) 2080 125 AN 48 75 24 1 (2 mmol/kg CdD s
R AE AR WOSCEE S PRI SON, | E2 SC  i E EE AR A L T, DR VR TG v G i R AR LGB VR AR R
53 ML F3 108.72+73.97 me/kg, BAAE N 1 & 8 B VTS AEDE S AORHWE T AR PR IR 455 S B VIR O34 IR TR b
OB YHEG GO TENTHAEREMIA G GRE R E . CAVT A Zn.Cd 475 R MR BRFI R By L 3B L
LR > IR LA G > PG > TRIES > ANGEE  Zn V5 R K Zn. Cd B4 15 FARBR AR R Br 1 498 % 58 B 25 LA AR
GEE > KRR GE > BRIEE > AU GE > WA, T Cd V5 R MR A AER bR A E SN DURE L > S 65 > A
MUEER > IR A GRS > WA 2o Cd V5 R AR RE T B 22 B R S 2L MR 10 0 W4, BRI T AR B 381 pH H, LA Zn Cd A5
YR B T R o i B, 43 B A K R Zn A Cd V5 I 1.9541.54 AT 1.40 i, iR Bx 3 pH (5K (5.18) AR BR & HE R &
SETE R Al T W, W] R R B N 4 R W 18 AT 0GR B pH B S T AR B R AR BR Zns Cd AR R T AR B i
KR VR — R ATEYR: BEVRENL MWy, s meas, BN

PESES X173 XEIFIRTE: A XEHS:0250-3301(2007)09-2089-07

J

Effects of Individual and Combined Pollution of Cd and Zn on Root Exudates and

Rhizosphere Zn and Cd Fractions in Ryegrass ( Loliurn perenne L.)

XU Wei-hong"*, WANG Hong-xin'; LIU Huai’» XIONG Zhi-ting’, Balwant Singh*

(1. College of Resources and Environmental Sciencess Southwest University, Chongqing 400716, China; 2. College of Plant Protection,
Southwest University; Chongqing 400716, China; 3. College of Resources and Environmental Sciences, Wuhan University> Wuhan 430079,
China; 4. Faculty of Agriculture; Food and Natural Resources, The University of Sydney, Sydney NSW 2006, Australia)

Abstract: Pot experiments (oot rag method) were carried out to investigate the influence of individual and combined pollution of cadmium
(Cd) and zinc (Zn) on plant growth, Zn and Cd accumulation in ryegrass ( Loliurn perenne L. ) thizosphere Zn and Cd fractions. The results
showed that the synergistic effect on uptake between Zn and Cd was observed in the Zn and Cd existing concurrently treatment(8 mmol/kg Zn
and 2 mmol/kg Cd) while Zn uptake by ryegrass deceased in the Cd alone treatment(2 mmol/kg Cd). Zn and Cd were distributed mainly in
shoot. The highest Zn and Cd concentrations (3 108.72, 73.97 mg/kg, respectively) were found with the combined Zn and Cd treatment and
this trait could be beneficial in the selection of high Zn accumulator for soil Zn phytoremediation. The results show that ryegrass has a high
potential for soil Zn phytoremediation. The concentrations of Zn fractions (EXC, CAB and FeMn) in rhizosphere were higher than that of bulk
soil. Rhizosphere and bulk soil Cd fractions were in the order of EXC > CAB > FeMn > RES > OM in Cd alone and Cd and Zn combined
treatments. Rhizosphere and bulk soil Zn fractions were in the order of FeMn > CAB > RES > OM > EXC in Zn alone and Cd and Zn
combined treatments, while the order was RES > FeMn > OM > CAB > EXC in Cd only treatment. The concentrations of amino acids
increased and soil rhizosphere pH decreased with alone Cd> Zn and combined Cd and Zn treatments. The maximum amino acids concentration
was found in the combined Cd-Zn treatment which was approximately 1.95, 1.54 and 1.40 times compared to concentration in the control, Zn
and Cd individual treatments, respectively. The minimum of soil pH (5.18) in rhizosphere was found in the combined Cd and Zn treatment.
Key words: individual and combined pollution of Cd and Zn; accumulation of Zn and Cd; root exudates; rhizosphere Zn and Cd fractions;

ryegrass
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(R)BR 5E A 25 200 R0 A 4 A 1 1 A8 AR T
Wallace if 7T T Cu~ Zn Cd~ Mn+ Co 5 4 J& 55 97 W
IICE SN N B R R AL S iy =R (B
FA3 oW [0 5 4 s RS B i 435 P25 4 ) g s
LB RAT HAR AR AR, e B A
KVHGURAL R 5 B BT 5 AR R AR
KB IR 21 A BB TBOR B o W e AT A
FEX B4 J AT ™ AERROR R S, B o 4%
VAR 52 0 B < s A v W e B P R AR AE B A
Mench 25 (5228 W37, B HEC Nicotiana spp. )5 EK
( Zea mays LR R 73UV RESE = Mn. Cu HIEfF,
1M NivZn AN 32 5400 Mench 55 11 41 18 i 32 A & 75 W
YreT DL Rk 8 AL ) N T B4 0 Zin s Cu A1 N7 HORE )
RS TR R IR A AR R ) B U,
H AT SR W) T 9 22 R R R B (EL , A
[F = 33 2 A AR B A2 22 AN AL 22 R A S ARl B2
%%, Cieslinski 55 A 4, WIFFUAR -+ FE 11 CHPAR By + 338D
PR 7 AT LR S BRI 2H R B S L R
WU EE 4 R 1) 5 R B N D) B R Lolium perenne
LN T SEARAR 7 A1), A A RE o, 5
TR, AR OR, U HUF BE ) 0 A RS R
ME RN EEE B AR, B EEEA Y
SEAE IO A O M S ek T 4 iR (1) B SR AR R
Serh e R S B o 7 L g T, B H T k)
PR HERE AR AR S AR W ) B 5 R R DA SCHR R
AR R HIAREE LRI TR VR SV g R
G BN W) B 27 B Lolium perenne L. 5 73 W
PIRFAE B 2 B AR, PRI BE AR A8 AR ) S g o
BEVERUC L B 5 3R SRR B 3B AR B AR R, R
WHUEE & Jm W AR R ) PR 2 B AR R O W ) 5 A B
e RRR R, U IR R G e
FRBERLIR AR .

1 M5

1.1 fEAR

PR A ) K B L AR AR B A R C Lolium
perenne L. ), fFlA 2818 (Tede ), 458 0 VIR 4 5 4
BEFR B W bR 2008, it 438 R A v oK%
Ky AN AR 22.9 F10.41 g/kg, Bl
figb B AT BB TR L AT SURE R A 4 Sl D 72,5
8.8.158.8.2.5 Fll 78.5 mg/kg, P &5 ¥ 22 #it & (CEC)
4 18.7 emol/kg, pH6. 5, BEAAT I H
1.2 %Wt

A R T 2004-03-12 ~ 2004-05-22 1E

VY T K 27 0 U5 PR 58 2 Bt B3 s R AT ke Lk 4
ANKEHE, B CKCO mmol/kg Zn + 0 mmol/kg Cd)» B3 4
(8 mmol/kg Zn + 0 mmol/kg Cd), 5475 4(0 mmol/kg Zn
+2 mmol/kg Cd), B¢ #2575 44 (8 mmol/kg Zn + 2
mmol/kg Cd).Zn F1 Cd LA Zn(NO,), F Cd(NO,), i
AR A HIARESE, BT 500 H 168 e M A% = x
Ji =12 em x 16 em AR EE, 200 g i 40 H 7 (1) 4
T2 R AE IR BR £, 2.30 kg 13N R
W, BT ARAS AN, DLESHRAS 2 em AR N AR B
4 B PVK 43004 100 #1150 me/kg, LA KH, PO, F
KCl in A, N 2 150 mg/kg, BAIR ZE B X m A . H
NH,NO, % Kl jiti F Zn(NO, ), F1 Cd(NO, ), & % [¥)
Ak P ) 3% 1) 22 e R P FH AR 24 R H ) SR H 4
Mol AR AR AS b FE N O 2 1 B B R T 20
B, R A 15 SRR R AR L 3 IEX,
B AL HE 21 . 15 % 09 1R) 38 K O B B A R K
60% . K537 70 d W3k AHARAE 105°C F 5B 15 min, 76
60°C Mt R EE
1.3 Mo-udcse

R g A R R, AR R R A R A A
TG, SR RHRE R AR By L4, A A AR AR 2
em HMA A AERR B A 39820 43 DR B R B A EAR
FRFER (10 ¢ IO AKIBEWIG  E 05, b
THUE 0.45 pom (19 G0CFL U8 R 8980 30728 e % 28 K
AAE 40°C AR, SE AR A 25 mL, 2T - 20°C A T,
Mo A HUIR B S 3 1% o 8 5 1 TR o
1.4 7k

AT A T T VA T T
RELRRAE B LE BB TR iR, £ HNO,-HCLO, 1231 &, H
J 7 W 43 6 96 TF (Perkin Elmer SIMMA 60005
Norwalk, USA) & AN 7] 35 A7 £ FHG% 75 12 K o 4
5 Tessier M 77 15 %5 4 B Al 4% i3k 47 4 9
el ) b A SRR 4 IS ) PICO-TAG i 2
18 19 801 43 B e 02 (3 T waters 2 5 7= ) . 1
3 pH ] pHS-4C 5718 BEvH e

SCHBT B B 3 Ik S IR S A B R
SPSS12.0 e vt AV AT JT 22 r A M 2 FE LR

2 FER5SH

2.1 BERE AT B AR KA

BEyG YR, AR IR AR RS 0
SR R Y R AT Y B R T
PSR F AR AR T b LT T B ) ek
1 26.3% M 42.19%; R Z T 3 73 i bo X o 2>
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32.3%M43.7%) .
2.2 BEVRE AT YO ARG VR BN R

PSR B R R R A 2 A AR 1 Ak
FrR A A HHTS) SRR (1 R DA A L
BV et i BER B GV et ERRAR B B A 73,97
mg/kg, BT B IN 29.8% (64.46 me/kg) . FEH
BV G RAR R AT N 23.39 mg/kg, BTG G4
HN8.4%(21.76 mg/kg) . 1L HE 22 FEREAR P 1) 40 A1 hy
Hhy B3BORTFAR R, B2 RO IR 5 18 R A CH F
TRSRABTEZ, SR, W5 L MEEmE A1
Beor 5l 2.59 F13.10.

PRSI B R AR B DU R R G P
(o A 3108.72 F11413.72 mg/kg)s B V5 B2 Ik
2 H0) B B S RORRR PR 40 A — R, SR RO
WO B = SR A AR L B35, S/IR A 1.36 ~ 2.43.
PERS LA YR R b bR SRR RS G oy il 1Y
T0.4%F1 24.6% . iAE TG e, B2 RO MR HE |
HORIAR 28 B B ABON B il 92> 2929 F11 12.8% .
2.3 BEVRE AT Y B LR VRIS L
g Al
2.3.1 BRI ATTYNT B IR A L
(1) 5% 1

Wi 1 Jiow, X BRI Zn ¥5 G AR B 5 FEAR B 1

B BB . RKRE, Cd VG R Zn Cd B
SRR R UNCE | F et Yo v S bt T
KA, H 2 AR BEAR PR 30 s T AR BR . ed
VFRARBR AR PR RS BN T Znvcd B AV
P AE CAd V5 G MR BR T4 b SRR A B R
HRBa 1 HE 45 5 & 1 L) Ol A8 e A& (65.64 mg/kgs
38.10% ) > kIR 2h 45 45 4 (53.88 mg/kg, 31.24%) >
BRELSE A A5 (44.20 mg/kg, 25.64%) > TR (6.27
mg/kg;0.37% ) > FHHLE 5 45(2.23 mg/kg, 0.13%).
FEAR B - R B AS I SR AT AR B R R
LA A AC e 45 (48 .17 mg/kg, 25.06% ) > Tk Th 45 &
A(60.42 mg/kg, 31.43%) > Bk L 45 & 4 (45.99
mg/kg> 23.92% ) > TR 25 (36.07 mg/kg, 18.76% ) >
AHLEE A (1.59 mg/kg, 0.08% ).

{E ZnCd &V 5, AR Pr 3B S MR LA
A AR PR R B L AR A (77.65
mg/kg, 41.50%) > Bk B2 #h 45 & & (51.27 mg/kg
27.40% ) > BRER 455 A (45.05 mg/kg, 24.08% ) > ¥k
# A& (10.6 mgkg 5.67%) > A P45 G & (2.54
mg/kg> 1.36% ) . AEHR B 38 h A L& & B A EAR
B 3 S LA D AS A (71,38 mg/kg, 34.42% )
> TRIR R 4545 25(55.34 mg/kg, 26.68% ) > B 45 &
A(50.54 mg/kg, 24.37%) > ¥ 4 (27.81 mg/kg,

%1 HPEASENEEE R CARSREEOEM/me ke

Table 1 Influence of Cd> Zn and their combined pollution on soil Cd fractions and concentrations /mg*kg ™!
bR S[Fi0n N GESE 2 R S AGKED)
LAY

CK Zn Cd Zn+ Cd CK Zn Cd Zn+ Cd Cd Zn+Cd
EXC ndC” ndC 65.64+0.25BY 77.65+£2.30A ndC ndC 60.42+0.56B 71.38+1.28A 9.42" 10.67" "
CAB ndB  ndB 53.88+0.20A 51.27+2.15A ndC ndC 48.17+1.79B 55.34+1.30A 7.53"% -8.37
FeMn ndB  ndB 44.20+0.66A 45.05+1.71A ndC ndC 45.99+0.11B 50.54+2.33A -8.51" -14.447 "
OM ndC ndC 2.23+0.20B 2.54+0.21A ndC ndC 1.59+0.13B  2.33+0.27A 15.87" " 7.28"
RES ndC ndC  6.27+0.19B  10.6+1.91A ndC ndC 36.07+0.19A 27.81+2.21B -28.45"" -32.40"
Total ndC  ndC 172.42+6.68B 187.11+4.19A ndC ndC 192.24+4.49B 207.40+4.12A -15.06"" -17.75" "

DEXC RN A A, CAB N TRIR EE 45 5 4%, FeMn N ERERSS G A, OM A WLE G A, RES NARE A, T 2)nd RoARAKEM H; 308 M+ SE, K
B A REAN ) 3 7R AH [F) H AR AR B (AR B ) #50 Ab B W) 22 R0k 190 1) B35 7K (p < 0.0D)

13.41%) > AN E4(2.33 mg/kg, 1.12%). PR Zn Cd HA TG R LIRS N R 455

2.3.2 FEVRE AT RN B R IR A i
¥ 52

W3 2 PR, & Ak PR B 15 AR AR s be £ 338 5L B
T ) 2 R DR Ps LA RN TR
WRBr AL CA TG HAT Zn 75 5% 2 AL P, AR B AR AR
brbEE SN T InnCd REWGHR I, Zn

> TRIRERE B8 > REBEA > AL HE > THhE.
Zn V5 R R AT e A B AR B R R 1.80%
IR b 45 A A58 AR B - B L 1 22.18% 5 Bk
BRASGAEE TR LA R R 47.50%; A HLSE
BrARE TR B R R 8.37% s BRI AR AR
br L3RR B 1) 16.44% . Zn Cd 15 G AR s 1 35
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A AR LR R 4.86% : BRIR R 4
ARG B TR SR 25.46% ; BREL S5 A A
AT AR PR S R R 50.38% s LGS B AR AR
b F 3B EE SRR 7.95% ; BRI A AR B - ERE
H1 11.36% . Cd V5 5 T IR & 5 RS 034 &
SR AR B b AR R 0 L O R A (2457
mg/kg, 37.72%) > Bk A 45 & A& (21.66 mg/kg,
33.26% ) > WKIR #h 45 & A (12.08 mg/kg, 18.55% ) >
AP A A (4.93 mg/kg, 7.57%) > L4245 (1.89
mg/kgr2.90% ) .

IniG YR Zn. Cd AT RARM br TR B B &
NP B > WIREBAEE > S > A&
A > A, o Zn V5 4 T IEAEMR BR A M AR

HE B R S 1) 0.49% , BRIR 25 45 & A B T IR
br T HERE B B 22.26% , Bk 45 A A AR B
TR R 44.60% , FHLES G AR AR PR L
HERE R 12.05% » R A8 AR AR By - R R
1 20.49% . Zn Cd 5575 5 IR ARN b As e A 5
dTARRR PR F R R R 0.05% , BRIR SR 45 & A BN
AL B - B EE SR 22.06% , B AR S G AR AR
MR T BB R B 46.40% , A HLEE & & B AR
Br TS EE D 11.06% , B A FF by AR B 1 438
PEREN 19.97% . Cd V5 G AL PR AR bR TR S 0
BRI A (33.21 mg/kg, 45.98% ) > PREL 45 G A& (22.22
mg/kg, 30.77%) > H WL 45 & & (11.01 mg/kg,
15.25%) > W R 45 G 4 (5.11 mg/kg, 7.08% ) > &
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Table 2 Influence of Cd> Zn and their combined pollution on soil Zn fractions and concentrations/mg*kg

BR:1 Tz E 20 LHGREE & /1R it o OR i D)

&Y K Tn Cd Tn+(d K n o Tn+(d K n o Tn+(d
EXC  1.61£0.15C° 15.61:1.37B  1.89£0.07C 20.05+1.424 0.%4:0.02C 1.65:0.258 0.68:0.4C 2340.074 [7.54"* 24197 69.86"* 272"
CAB 12.21£1.17C  68.97+2.04B 12.08+0.44C 105.08+3.77A 5.89+0.82C 74.78+1.5B  5.11£0.05C 102.62+0.25A 12.03** -11.37"" 31.%*" 1.2
FeMn 20.11£0.09C 149.20£0.55B 21.66+0.44C 207.93+4.65A 21.8£0.33C 149.84:0.238 22.22+0.8C 215.85¢2.3A -8.60° -3.8  -2.51  -5.67°
OM 4595040 26.01:1.038 4.93+0.11C 32.82+0.8A 11.17+1.18C 40.8:1.188 11.01£0.74C S1.47+1.24A 168" -61.76*" -15.4"" -T8.79

RES 21.6+0.43C SLIL+1.37A 24.57£0.17C  46.88+1.06B 30.86+0.11C 68.84+2.28B 33.21+0.51C 92.89+1.88A -45.79"" -52.67"" -44.01"" -97.19""

Total  60.12+2.80C  310.90£7.74B  65.13£2.25C 412.76+6.53A 70.12+1.57C 335.%+2.67B 72.22+4.28C 465.17+1.65A -29.48"" -131.37"" -6.05" -18.60""

1) A M= SE, FH KRG T A AR 75 AR 7] 38 TE MR Br CEARAR R ) 5 b B ) 22 520K 19 B9 2 2 7KF (p < 0.0D)

#45(0.68 mg/kg,0.94% ).
2.4 BEVRE T RN B A BN R 4 WA IR S SR R
IR T B IR R

M 3 W LA H, Zns Cd M2 A v e e ik T AR
ROWMEILRR R UL Zn. Cd A 75 P2 LR B i
T AP AT AE LB 23 501 4 364.0 AT 146.1 1g/10 ¢
AT ab), & XTI 1,74 F01.95 £, J2& Zn V5 %%
) 1.37 A1 1.54 £, & CAd V534 1.28 F1 1.40 5. 8
FRE AR R DR bR KT M bR, 4 4 B 1
2.25.2.64.2.27.2.49 % & T 2 B AU HUH 2R
MBI AR T AR B Ah, LB R AR
B i KT AEARBR . Zns Cd M B G159 3 N AL HAR
Prafj i AR Br Z K 2 T 4 P LR, BN &R 5%
AR ARNARR TR .

Xf R bR 32 B R D I 2R 1 2
TR & =20 pg/10 o), MR > AR >
R . Zn V5 G F0 Cd 5 Fm bR 22 SL IR 0 il 24 1R
HIRBHIR e al IR, AR > 23R > B A
> Fse @R . Zn Cd B 4575 R b 2 ZA KR N
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&b

BB B AR E R 25 R Roe AR, AR >
BRIR > BB > 27K > e 2R . I Cd &
T YRR B R AR o o 2 R 5 A A0 L Zn ¥ e AN
Cd V55 W] w18 T
2.5 BRI GG A RO B AR B L e
pH {EL ¥ 52 1)
Wi 1 s, 5 AR bR pH {EAH EE, Zn. Cd &

Hrv5 G W] S BEAR, LA Zn. Cd A5 B AR, Cd
gk K2 £, BAERAENES pH {H 2R, Zn.
Cd J 52475 Gl B B B Ak T AR R bR pH B, 43 B
ZnCd EA75 R A%, Cd V5 4 b B 2 5 AERR B
pH EAHLE, Zn. Cd A2 575 G Br pH B& B, LA Zn.
Cd AT HAMPR pH H 5 JEMR bR AR 2 5K (0.16) .

>

3 Wi

JEIR A A A AR OB S B 5 THT Cd-Zn
ZIA) IR AS T AR F R o 2 i 55 A KR S,
Cd-Zn Z R A AT AW 5 i 2K EFF 5
Cd-Zn Z T3 By 4 IO b L, B 2 TR0
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Table 3 Effect of Cds Zn and their combined pollution on the concentrations of amino acids in rhizosphere and bulk soil of ryegrass/jug* (10 g)~!

LR CK _ Zn 7 7 cd zn+ Cd

AR bR LiEL%) AEAR By Lid7 e Br bR A bR iy
PNRESN 3 8.1 10.6 14.5 15.0 13.1 13.9 14.3 21.6
IR 10.8 11.7 10.3 11.6 10.9 13.2 11.7 15.0
25 IR 10 12.8 28.8 29.3 29.1 29.5 29.7 30.5
BAR nd” 27.6 nd 29 nd 29.2 nd 50.0
H =R 5.6 5.3 6.1 6.3 6.3 6.9 7.8 8.8
AR R 5.7 9.4 8.3 10.9 15.8 16.0 17 18.9
AR 11.5 13.1 8.4 9.4 8.0 8.6 10.3 14.1
SR 20.4 22.6 18.5 20 19.2 20.5 20.0 22.9
SRR nd 7.4 nd 9.1 nd 10.3 nd 11.6
KA nd 4.9 nd 6.8 nd 9.1 nd 10.4
M R 12.2 7.5 12.2 12 12.2 11 35.5 35.5
fili 22 R nd 53.8 nd 77.5 nd 91.6 nd 124.9
iy 84.2 186.4 107 236.8 114.6 259.7 146.1 364.0

.0
1) nd RRRAM H : 1SDC0.05) = 12,156, bR T3 E R S5 1) 1SD(p < 0.05)
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Fig.1 pH in rhizosphere of ryegrass
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Fig.2 pH in bulk soil of ryegrass

YER B BT e AT BE A LA, -3 v Zn/Cd fo
WA AR, B B R G5 Y e 8k 7 B S v
FRAHEE R RO . s 3 Tk AR S AR ), B

2 BN BE AR I R B R RSO, AH 2 AN A G
IS, B AR AR RO - B A A R ) — T,
S IBIERYAAEN K30 K2 BRI R ESE 5
T F S, 1 4 A B ) B G R AR
R DA K 30 o 4 Je % B K TR, X PR T
B A v YR8 T BT R T AR
GEACKE AL Zn Cd V5 RKF 0 8 Fl 2 mmol/kg 45 A
N, A RRR IR Y AR AR A B,
i H & S m . DVEE R A5 e R AR b
W EECR, 70043 108,721 73.97 mg/kg, Zn 15 G
AR AR AR B A3 093.3 mg/kg, Cd V5 AT
(R IR M L3085 5 50 64.46 mg/kg. I WL, R A B
HAES R S SN EEARE .
KRIEERIT Zns Cd AW I LR AT R,
i HH s AR BE SRR () Zins Cd 76 L33 b L AE I )0 PR d
F T A A Zns CA™ AR 56 45 1B B OR,
Zn.Cd BET5 MBI 554 Zn CACZ e s VIR IR
B GEMRRA GROTERT ZnCd P—T5 4.
XFPEAS A 0 S DR ) e FE A AR K R A o e T
R 2R PR 328 6 P MR AT T AR A T AR B L 33 1K) pH M, 2K
{45 G K Zn Cd BETB LA R 43 @ i 38 N 1R
PERR 28 20 ¥ K SR i T LB i A
WUES G 700 ) i, SO 288 20 A0 P10 ) 55 14 5 1) 7%
8l AR IEKIN, Cd V54 F Zns Cd K575 J AR Brfa
SENWEEN T AR R XM AR AT e 5 A
i : MR Pr 13 pH 07210 @R R W1t H 5
We FH A A 03 20 PR 5% 1, e ] R (1 H LB O G AR
B 3 AR S A AR AR AL L BB A, Cd Vg G B
AR B AL BRI EETE S MRS > BREL 45 5 > AL
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B 86

Cd AT RMBR AR BRI A B S W RS 5 & >
IR R G55 > FRIEA > AL G > s v
W, I BRI Zn 76 TP RAR A S I B S5 &
AR E DAL

ARG FOUE B -2, R 3R 3 WA
REI I I 5 AR B pH L 28 AF L DUTE B e &5 ik
PESCAR L < g AR 0 A RO iy L, AR 23 R AL
122 2 e 1 S5 AT WL AR B Sl A= P R T 5 AR AR s 4 43
(AR SRS T AR AR B -, AT SR AR B - 3 b 3
SEIEE LA ARR S R PR, HER Zn.
Cd V5 Rt TR 3 W 2 2L 1R . Horh, DUAR o 2 2k
TR Zns Cd 575 %2 (364.0 pg/10 g) > Cd V5 4
(259.7 pg/10 g) > 7Zn V5 %:(236.8 1g/10 g). M4 R
SR b T B I O, AR R 40 WA T AR R B IR
.5 Kb B B 2 R R A R3S B 2 T ARAR B BR T
IR B AR BRI AK T AR AR B b, FLE 2 R R 34 B
RRBR S KT HEME B . 53 A6, AR B rho I 380 1) 4 21
TR e R AR R i 2 R 7 =B v, (HLE 4 Fif
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