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Accumulation of heavy metals copper, zinc, and cadmium in cassava varieties and the associated human health
risk

ZENG Lu-ping"?, QIN Jun—hao'*, DONG Shu-yu'*, ZHANG Run-han'?®, LI Hua-shou'**"

(1.Institute of Tropical and Subtropical Ecology, South China Agricultural University, Guangzhou 510642, China; 2.Ministry of Agriculture
Key Laboratory of Agro—Environment in the Tropics, South China Agricultural University, Guangzhou 510642, China; 3.Key Laboratory of A—
groecology and Rural Environment of Guangdong Regular Higher Education Institutions, South China Agricultural University, Guangzhou
510642, China)

Abstract: Cassava( Manihot esculenta) has great potential for bioremediation of contaminated soil and utilization as an energy plant. Three
cassava varieties( SC5, SC205, and SC8 ) were selected to investigate the differences in their accumulation of heavy metals copper(Cu), zinc
(Zn), and cadmium(Cd) and to perform human health risk assessments through field plot experiments. The results showed that SC8 had the
highest yield among the three cassava cultivars, at up to 53 125 kg -hm™ at the sample site Ningxi. The concentrations of Cu, Zn, and Cd in
the three cassava varieties were all ranked in the order stem > leaf > root. The total enrichment coefficient of SC8 was much higher than that
of the other two cassava cultivars, with Cu of 4.30, Zn of 2.86, and Cd of 2.80. It may be important to promote planting of cassava variety
SC8 in moderately polluted soil. Furthermore, the result of target hazard quotient( THQ ) analyses showed that adults and children who
consume cassava tubers and roots from the Ningxi plots had potential health risks due to heavy metal contamination.
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B Tl A AT A SRR A et 58, + TR 45
JETEG H 2352 B OGTE o 2T, LTS S8R BIAERE K, R
FHHR & SEAR ) 42 B 4 J& i AR AN AR T LR T
HAROM A= 77 S AR AT 2, I 70t e S A W HfE L
B AMBALRIAE, AR M) i IR F A, s b v
FEME SR MY b I G, S tE e
TAERY IR, N RSB A 7 R RE TR A M1 52
WOR— A EE R, Hil, —S AR C &
B TR B E A | P TS e iy I iR B E SR TS
Y1 [F] I X LR Wy i) FHAE A= MR, Al ok T A Y
W7, RS R BRAN B SR B ST HOR S (1 AN R 4y
(Sauropus androgynus (L.)Merr. ) AR 2 (Manihot es—
culenta Crantz) AN BEE1E 514 Ja HFE 15 Y i) 3% |
ARG AT LAY A= i, [ INF e RE X HE o 1) B 42
AR AT R I, MR (Panicum virgatum 1..) 72 2
AR CA RRIFAEY), X Cd A — & BT 32 1 Fi
W BE J710 2515 B (A ndropogon yunnanensis Hack. ) X}
Al A AR 58 A i 32 Y, IE A, G2 B (Pennisetum pur—
pureum Schum ) .\ FHEH (Vetiveria zizanioides 1.) .7 7
( Phragmites communis Trin.)Y%F Cu HAG 855 A4 i 32
PEM X SRR ERUERT T REIRAR ) A 1B T G
JET5 RV T

ARG AR R AT TS 15 2R IE 6 )R
(YA Wi REISAR ) , TEAR P8 S AN RIS AR ) 1) FH 7
TV I LRI, R HAVEN 2 E R T R 128
E TEFE Rty il DX, AR AT 2 H
FE RS TRAEY , T AR RN JERTTIE AEY)
At JRy e Ul vy FH A8 5 TS A B S /R A e AR
Yy BTREIE T & 48 D BRAR Y BRSAR S I AR
A A XS 45 R AT P AR R A O — L
AR50 {H AR AN [R] i A 84 e 1143 Ny R g B
W SRR RE ) i 22 ik i D IESE . St A S T
Hu/INX H [E] R I, A5 AR DX H R A Y
SASREE SR IR BE R IOICE 4R S RIS RE
12255, LU PP RO e ey SR AR 4 ) AR A b
PRI S

1 #REFE

1.1 ket

RIGAET MM T A AR (239167, 113°37") FI T 7
FEHE(23°24" ,113°64 ) HEA T, 1 S8 LA BRAL A o L3R
1, 4B4 it (GB 15618—1995) - 34 i i —
HhrUE(CA<0.6 mg-kg™), MH | 5F 45 2 R H R
(Cu<100 mg-kg!',Zn<250 mg-kg™), P FEHLIY R
TH A8 iR TS e D AR R T P A b A
RE BB A8 WAREM, 55 h%erE 55
(SC5) MR/ 205 5(SC205) R 8 5(SC8),
1.2 R5&igit

AR RE L R T P RE RN X AR 20 m?
(5mx4 m), FA/NXFIE 25 BRARZERN BRI THE N
0.8 mx1 m, B~ AR E 3 ANER (B 3 A~/NX)IF
PEFTREMLA B 0 X R B3 B AR T, R/
XIS AR EFIZE 2015 4F 3 H 6 HAPHE, 4K 9 4~
AJaF 12 71 25 BR300 a0 45/ i B A AR
500 kg+hm™ JJEHE, NP5 60 d #1756 —UGR AR, it
FHEANE 120 kg-hm>(N:P:K=15:15:15) , H-45 4 ot
BRE R+ UGB RS 60 d HEATES —UGE IR, i
A HE 200 kg hm?, Ff25 A PBERR E S 1
1.3 HRLES55H
1.3.1 AR AE Yy o™ il e

WOR A F A/ NX BEPLIZEL 5 AR JEF T B PR
(R fE S Bl e, TR R, #7 1.25 T Bk -hm?
Proa s AR i, [R5 25 i HRAR = 3 o X Al ik
At it B TRREE SRS BUR A FE il 4 s
SRR
1.3.2 ARZEA A3 48 I

P LR AL S S B R i, PR ZE IR K Uk
U B RE i R THI BN A A 2T, A3 BIAR 28 i =y
BT 105 CR 60 CHET R, FREIFT
BB R T BRSO R A o IR A
BEBURAFEE 2 X T IE5T 100 H )5 45 o K T i
DAL FERFEIRE, MERIFRI 0.2 ¢ FEIREER 1

* 1 At timp R

Table 1 Physical-chemical properties of the experimental soil

HURE H B HLF Organic matter/ 4% Total N/ 4> Total P/ 44 Total K/ 44 Total Cu/ 4>%¥% Total Zn/ 455 Total Cd/
Sample Site P g kg™ g kg g kg™ g kg mg- kg™ mg-kg™! mg- kg™
TG 6.7 16.30 1.92 0.27 13.21 2522 50.89 1.31
AR H 6.5 14.70 1.89 0.28 9.8 23.58 70.33 0.82
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350 d-a™s ED I N T U R 72 22 Fy R AR
YRR g A7 d, B 2004 45 H [ il 5 25
IR 5L, LA IRUEL S 5 223.4.355.0 -
d NGO B TP E AR R, mg kg5 F, AT

THQ= x107

N, e 285 T 3R Hovk BE R Y L, o)
FH ] B R A2 , BRI R 1280 F, Sl 28 S R 1, 24
LY AR SRR R R E B AL B
1P RD K2 Wi (mg kg™ - A7), # 4l USEPA
(2000) 47, Zn .Cd .Cu 43514 0.3.0.001 ,0.04 mg-
kg™ ed™ s Wy S AMCE IR BT i (kg - A7), SR A E BR
i FARE, AR 559 ke, JLEE N 32.7 kg; AT, V-4
TCIEERE SN R T] AR -4 JCRRE B VL B ] 2y 72 ax
365d-a” , UE K 26 280 d,

THAZE S THQ<1 A g A A4 fur (1) FE 4 J& X A
AR i ) S M AN B 4
L4 BIBRFZIT A

K Microsoft Excel #4175t 4b 2], A SPSS18.0
14 B [K 2 7 25501 (One—way ANOV A ) Xef 45/ 52 33
EENIESE SUZRRTE LB =0 I

2 FER5HMH

2.1 AEAARERMHFTEREWE N

OYMTER 2 5 TTAL, T PERE R AN B RE IS Ry
SC8 AZE b Ml ) B die iy , 093] 53 125,31 500 kg
hm™, TPHFEHLH AR SRl SC8 5 SC5 Y™ 25 R ik
K (P<0.05) 5 T4 R FEHE R SC8 5 53 1> i
(L 22 Al TR 3] B B 7K P (P<0.05)

H1 2% 3 G55 mT 0, 7 PUAE RN A A A L SC8
(25 SR A e = AN A S R R 38 o e
43535 3.79.1.14 .4.25 kg F12.25.0.41.2.52 kg, H#
5SC5 ik I 25 Bk (P<0.05), F— 545 5L
N, A RTREHLH SC8 HLAil 5 SC205 LA i AE 4 i 22

®2 M KERMTE

Table 2 Yield analysis of experimental cassava varieties

WE Brke BB e b
Sampling site  Varieties Yield per plant Yield per hectare

TR SCs 3.190.54b 39 875
SC205 3.54+0.55ab 44 250

SC8 4.25+0.28a 53 125

AR SCs 1.010.11¢ 12 625
SC205 1.66x0.12b 20 750

SC8 2.52+0.29a 31 500

TE TR ER I I AR (n=3) , 22 AL 0BT 4 AN RE L = A
AN Z B LR, RS AR NG FREROR 28 57 35 (P<0.05) . Rl

Note : All values are presented as mean + standard error(n=3), differ—
ence analysis are compared between different cultivars in each plot, differ—
ent small letters in the same column meant significant difference at 0.05

level. The same below.
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R3 FRIMHAESBLAEDE (kg #k)

Table 3 The biomass of different parts in different cassava varieties

(kg-plant™)

HURE b A £ - Bt
Sampling Site  Varieties Shoots Leaves Root tubers
TPIRE scs 2.18+0.18b  0.38+0.05b  3.19+0.54b
SC205 3.37+031a  1.0320.14a  3.5420.55ab
SC8 3.79+0.18a  1.14x0.12a  4.25+0.28a
ARHED SC5 1.50£0.09b  0.284#0.01b  1.0120.11c
$C205 1.94+0.13ab  0.33+0.02ab  1.66+0.12b
SC8 225+024a 0.41x0.05a  2.5220.29a

ik R K- (P<0.05) .
22 AEAXRERMEHMMNNEEESE

SRR B T PR Ml A A A 6 B 4
J& Cu.Zn .Cd W& L3 4, TR, SC8 MERNY
Cu FEfE =R H i &, 15 8.64 mg-kg™, 5 HiAl
P i R A AE B 25 22 57E (P<0.05) 5 SC8 MY Cd
ik 0.60 mg-ke™, 5 SC205 M Cd & 0.24 mg-
kg TERLD %25 5 (P<0.05) . Ak FEd T, SC8 ZE3B 1Y
Cd & ik 033 mg-kg™, 5 SC205 2535 Cd 4 0.18
me ke TEAE B2 5 (P<0.05) . BRILZ AN, i/ MREHb
KBS - E AR R 2RI R E

(P>0.05),
23 AEAKRERMELEEEERBIHKZERY
2.3.1 ARSI ES RS E R

5 WL, PSRRI SC8 = ANERNA 1Y
Cu.Zn.Cd &5 8 R AR YR 7277
FEHL A, SC8 M) Cu Zn .Cd & = R B0 5l ik
0.55.0.44.,0.52, 55 HA A SRR3R R 14 54 R
AR R B 2 25 57 (P<0.05) ,SC855 SC5 #H
Fbag, MEBAY CuZn Cd & E | RIS T
293% .238% 247% . AP, SC8 HEERIY Cu Zn,
Cd B ZE 9 Eik 0.46.0.21.0.17, 5H A p A
At AR R Y 4l AR i RO A E R E R
(P<0.05),SC8 5 SC5 A H.4& , AR FF Y Cu Zn .Cd & %
RS T 207% .200% . 143%,

TPOREHL SC8 25319 Cu . Zn .Cd B & R 54
BRIk 2.01,1.77 178, J&MEXT I 4 8 W A i R
Y 3.65.4.02.3.42 1%, AR BN 4R W AR R
9 1.15.2.72.3.56 15 . A FHHEHEL SC8 253 1Y Cu,
Zn Cd &5 RZE0 5 E ik 0.86.0.78 .0.91, J&M
X E 4y R R R 7.17 195 .8.27 5, RARER
X0 4 i A R A 1.86.3.71.5.35 4. I
M, HEAJEAEY)E R RO NI Sy 25>

R4 FRAAERMEBALPEEETERE (ng-kg)

Table 4 The heavy metal contents of different parts in different cassava varieties(mg-kg™)

FEREER A Portion of HURE HY SRh T4 JBRICE i+ Concentration of heavy metal/mg-kg™
cassava plants Site Varieties Cu 7n cd
EY TG SC5 13.78+0.82a 26.35+0.68a 0.53+0.06a
Shoots SC205 12.66+0.33a 25.21+4.92a 0.57+0.05a
SC8 12.51+1.53a 25.83+4.84a 0.62+0.15a
A FFE SCs 8.68+1.88a 18.26+0.66a 0.24+0.05ab
SC205 7.87+0.71a 17.45£3.74a 0.18+0.03b
SC8 9.63+1.90a 19.36+4.14a 0.33+0.01a
s TPOHEH SC5 8.40+0.76a 17.28+1.95a 0.52+0.04a
Leaves SC205 9.75+0.51a 16.44£2.14a 0.24+0.05b
SC8 10.04£1.22a 18.77£2.44a 0.60+0.06a
AR scs 5.30+0.56a 6.23+1.70a 0.18+0.03a
SC205 5.20£0.99a 7.85:091a 0.17+0.01a
SC8 6.83+0.36a 8.47+0.86a 0.18+0.02a
Uit TG SC5 6.69+0.86h 7.46+1.63a 0.1420.03a
Roots SC205 6.310.12b 6.130.15a 0.15+0.02a
SC8 8.64+0.26a 7.74+0.60a 0.15+0.07a
A FFE SCs 3.71x0.21a 4.12+1.82a 0.06+0.01a
SC205 3.4620.33a 3.55+1.26a 0.05+0.01a
SC8 4.57+0.68a 5.96+0.98a 0.06+0.01a
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Table 5 The coefficient of heavy metal accumulation of different parts in different cassava varieties
ik Ep TR Hb o o 4B LY E % & AR5 The coefficient of heavy metal accumulation
Parts of plant Site h ! Varieties Cu 7n cd
EY TG SC5 1.27+0.08b 1.13+0.03b 0.88+0.10a
Shoots SC205 1.81+0.05a 1.47+0.29ab 0.94+0.12a
SC8 2.0120.25a 1.77+0.07a 1.78+0.43a
AR SCs 0.52+0.11a 0.39+0.01b 0.44+0.09b
SC205 0.61+0.05a 0.57+0.10ab 0.4220.01h
SC8 0.86+0.26a 0.78+0.13a 0.91+0.03a
nt TG b SC5 0.14+0.01¢ 0.13+0.01b 0.15+0.01b
Leaves SC205 0.43+0.02b 0.21+0.06b 0.190.04b
SC8 0.55+0.04a 0.44+0.04a 0.52+0.05a
AR scs 0.06+0.01b 0.02+0.01a 0.06+0.01b
SC205 0.08+0.01b 0.03+0.01a 0.060.00b
SC8 0.12+0.01a 0.040.02a 0.11+0.01a
U TG Scs 0.91x0.12a 0.47+0.04b 0.32+0.06a
Roots SC205 1.70+0.85a 0.29+0.04¢ 0.45+0.0%a
SC8 1.74+0.05a 0.65+0.04a 0.50+0.06a
AR SCs 0.150.01b 0.07+0.02b 0.07+0.01¢
SC205 0.23+0.02b 0.08+0.03b 0.100.00b
SC8 0.46+0.07a 0.21£0.01a 0.17+0.01a
HRESIH- Doy A A AR R A 1.97 214 .2.08 5. b4,

2.3.2 ANEIARZELFVE SRS S E R

2 6 TTLIEH, T VIR RN A R A SC8 11
Cu.Zn .Cd B fEa 250902 M flb e, 85
AP S A7 B 22 57 (P<0.05) . T PO,
SC8 1Y Cu.Zn.Cd W& &= 2B 5 ik 4.30.2.86,
2.80, J& SC205 XL 8 4 J@ &b A i AR5 1.09,
1.45 . 1.78 {5, J& SC5 X1 & 4 J@ A & 8 RN
1.85.1.65.2.07 fi5, AR FEHLH,SC8 (1) Cu . Zn ,Cd i
AR Rk 1.44.1.03.1.19, & SC205 X I
LR R 2R 1.56.1.51 .2.05 £%, & SC5 %t

Ro6 FRAAZERMEKEEREERERY
Table 6 Total enrichment coefficient of heavy metals in different

cassava varieties

IO i Total ennciﬁljﬁcigiiiﬁavy metals
Site Varieties
Cu Zn Cd
TR SCs 2.32+0.21b 1.73+0.08b 1.3520.17b
SC205  3.94x0.92b 1.9720.39b 1.580.25h
Scs 4.30+0.34a 2.86+0.15a 2.80+0.54a
AR FE scs 0.73+0.13b 0.48+0.04b 0.57+0.11b
SC205  0.92+0.08b 0.68+0.14b 0.58+0.01b
SC8 1.4420.34a 1.0320.16a 1.1920.05a

P FEHL T 2SR AP Cu BV s R i R
Eirmo
2.3.3 AN[EARZ SRR 0 E 4R s i R

R 7 BN, AL SC205 25 M = ANE 4
J& 8 i BB A RE AR B s . T AR
i, SC205 2511 Cu.Zn.Cd %51z 5 25043 50 1.91,
2.64.3.48,8C205 £ Cu %1z 8 250 SC8 [R# 7
[ R E 4 R i in i R ARG 1.64 1%, M fiqe g 2
5(P<0.05), SC205 M Cu.Zn Cd #5355 28045
4 0.45.0.82,1.00,SC205 I Cu.Cd ¥z 2805
SC8 SC5 [l [ b H 4 J& s iz i REII A /e B 3%
Z£5(P<0.05), 55 SC8 A b4, 3 Cu . Cd $iz it R
B HIRE T 41% .108%, 5 SC5 #HEHL#, H35B Cu,

Cd iz 2 BUY IR E T 200% .96% ., AN, =4
HALRhZE A Zn Bis B A BE AN B E (P>
0.05).

24 BRERBRBANESENANEBEERXEIEN
AR AR SRR AR 4 B il THQ
mE 8 iR, TV = ARZE A EAR Cu iy
THQ .SC205 Hei Cd 9 THQ S0 KT 1, DB 7 Ph AL
by = AN R S S Ao AR R A R R i 4 )8 Cu
SC205 i@ 2T PR i A0 B FE i 4 8 Cd XA FIIL



W F A AR FA G E AR Cu Zn Cd BBIER BAERAK ST 1049

R AARERMEBULESERHREERY

Table 7 The coefficient of heavy metal transport in different parts of different cassava cultivars

ik s (VA HUREHb, A B4 B 155 25 The coefficient of heavy metal transport
Parts of plant Site Varieties Cu 7n cd

e TG SC5 1.47+0.25ab 2.45+0.20a 3.00+0.67a
Shoots SC205 1.91+0.08a 2.64+0.28a 3.48+0.32a
SC8 1.160.14b 2.07+0.3% 2.150.16a
AR scs 2.42+0.62a 6.73+2.23a 6.13+1.91a
SC205 2.76+0.53a 8.76+2.14a 6.73+0.08a
sc8 2.10+0.92a 6.75+0.88a 5.23+0.28a
i TR scs 0.15+0.02¢ 0.57+0.01a 0.510.10b
Leaves SC205 0.45+0.03a 0.82+0.30a 1.00+0.06a
SC8 0.32+0.03b 0.65+0.01a 0.48+0.15b
AR Scs 0.37+0.07a 0.39+0.25a 0.62+0.22a
SC205 0.39£0.06a 0.48+0.12a 0.94£0.03a
SC8 0.27+0.03a 0.13+0.03a 0.62+0.08a

* 8 BEAFRIREEHENAGESERFZMA THQ
Table 8 THQ for metals caused by consuming tuber

roots of cassava

Bl Varieties BUREHD Site ABHE Crowd  Cu Zn cd
SC5 TR A 1.02 0.15 0.79
JL#E 1.10 0.16 0.85

AR A 0.56 0.08 0.35

JLiE 0.61 0.09 0.37

SC205 TR A 0.96 0.08 1.01
JL#E 1.03 0.09 1.09

AR A 0.53 0.07 0.35

JLiE 0.57 0.08 0.33

scs TR N 1.32 0.16 0.93
L3 1.42 0.17 1.00

AR A 0.70 0.16 0.30

JL#E 0.75 0.17 0.33

FIEWEAERE . AL = AR AP Cu Zn Cd
(9 THQ (EXI/NT 1, UilJE R PR iR A % 77 12 i
X 4 B R XU AR N HAh , 3R 7 FTR
LB B PR PR AR R 4 = 2 J 19 THQ 34975
TR, P L 22 % T DL AL

3 g

3.0 AT HMAEFERECRERIMILE
AR R Rl PR A R A )
Je TSR F R DIAR G o A IR AR i R T DU A ™
T AR AR, RO T R AL
B AR R R R T AR, TR Y
IR AT AR R . AE R 3 X, AR B =

FE 5~20 t-hm™ Z [A]2 [ N (9 AR 2™ 5 — ol 19.5
tehm 2 B T PR AN AR A O H RS K B
HHREE RGP 13 E 3 AR AT = R
7 t-hm? DL E UHSE TV AR, KT E gk
22 t-hm?, BF T EN— K. XX TR b X 4
Je& V5 Y A T 7 TCEEAR A T R A HAME.

TG [ — AR SR AE Y R R T A
FEREHB A A TR I 7 P R AR 0 7 4 s A i A
o ELGRFARTRE L AR, DL SC8 HeAR Ry o], 7 Pa A
M SC8 B Cu.Zn Cd & 4 it 50531 0 4 R b
SC8 HeAR 1) 3.78.3.09.2.94 1% , E— 5 W KA 9
X AR S A A I A SR O T
32 EANMAESMENMNESESEREERIE
BENERO

ARG A EBAL CuZn Cd KN
R ZEEBS IS YR, 5 5 B PH SE PR S 45 e A — 3
WX — A R A S 4 ) SRR A P i i
SYBEALIAG O, 2530 = Rh 4 s AT RE 7 B 5k
Tk, WA R E 4R O R AR A4 TR K
-, (I HRAR 1 A S A A A 1 3o ) M R AL RS
TR E AR G a R R E AR U T S B K
JE A A A B, A S A X 4 S R ORI
KA FEYIA—FE, 0] GEIA PR T A ZHR N A TE R AT
(R32 B AL, R E AR S HAR AR P K, 7E—
FERE FRHR TS E AR A s & i, S EURE T
(O Ry g = A = 5 w8

KRB KAE YRR, % 8k s Hfkia
AT R AN RE Z AL — AR R S AR A



1050

RAIMERF 2R EIRIET ]

FEHL ) SC8 & TR A4 Cu.Zn Cd B & RECF A E
R REE AR RS, B i R Cu
k1 4.30 . Zn > 2.86.Cd 2 2.80, X EZLREHF SC8 K
PR T ILAPA SRR, 5074 P T A A
Fofr, T A5 0 A 1 R 22 5 0T BB S R B e G R |
Ty m R TR BB E AR O3
MeGPSI MeGBSSI MeSBE2.2 3 ik 45 2658 M i &
0 SC8 X - 4 Jm P U ERUR EE— % . A
I, SC8 & AN EE ity il v S5l P A 15 e X Sk
X+ & R T 1 A . SC205 ARZE i FP A5
B = 4 i i is 1 RECE A AR SR R
1= 14, BB SC205 %) 2 42 & 1 i 12 Bk ) 25 F At
PSR RD . ZESEPRI F R, SC8 X 43 4 J o SE Ak
15, AT T E ARG Y R 0 T AR 22
5+ ,SC8 A PN 4 J 10 15 128 55 R H1 I R i SC205, 7
JERBTSE FR AT L SC205 S AR, E— AR
4 B AERIYIR DI 032 T AL, AT A A e 5T
AL .
3.3 BARZEHRRBN NIRRT

THQ #UbR &% R BT —Fh A FIEAh A4
i BB ECE 4 R AR ik, A T EE R
THQ 7535453 Bt & BU T A 28 6% S8 2 R i AR P A
AV T f B XU A ™, Ping 5543 #T 17 RS2 L B K
KBRS THQ, ZBLICKRATH) THQ>1, 8R K H
THQ<0.5"1, A4 Ao N RN ] B 28 4 DA AR
FrUERRAE Cd 2~ 0.10 mg-kg'(GB 2762—2012) .Cu Jy
10.00 mg-kg™ (GB15199—1994),Zn 7 20.00 mg-kg
(GB13106—1991) . A5, B T VAR b = A K 2
fn PR Cd 5 A R 4 4 AR RRIE(0.10
mg-kg™)Ah, ISR = AN AR S A EUR Cu Zn &
DL AR RE Il — AN AR S AR Cd & AR AR,
538 3 AR AR 1 44 7 i P i 4 )R THQ TR 2518
— 2, B TR A AR TR /> FE 4 )R THQ B KT
1, Ui LR R YRS AR 3 A 4R HA W EX
Bx , 1T 4 AR R 2 — Fh L 43 J@ 19 THQ {34/ T 1,
Vi B ] o R R R M i A 45 4 R 114 fedt B JXURG AR
X, WL, JLEE T AR EIAR R R il
&R THQ ¥ F A, 5 2 A58 45—k, an
fRER X T AR LI K R P E 4R THQ
3P R IR, B PR R R 65 52 L 407 LA fedt e JXUISS: A %o A
K, B NEAK; Nesta Bortey—Sam 543 & L, i 44
Al R P AR B AR XS A, LB
TR, i, X 4w 15 e X LB AR 1 4%

SVEROZ T AT M 1EAh , R THQ ikt &
FEAEA iy e XU Bt 10 25 FE AR A A AR SIS o A
R TPIFEHAIR 2 ELEF S 2N 1.31 mg kg™,
T E 5 A RS T i (GB 15618—1995) ] — 2% br:
HEBRHIME (Cd<0.3 mg-kg™)4 5, il H— e o 4=
KB B = FArE(Cd<1.0 mg-kg™), FECT PUFHb
KRB AR THQ MR T 1, e, XF & FA
SEN Rl A, D20 B T A SR T AR TS YAt
KFEZT .
34 RERTESEENFITHE

FIRREIR MG E L E R R TS S
ZETE I T A B it . AR LA KA M= Ve
PRI R AR R REIRAR Y , R R TE
By i, 2 S HIN YR ARG 1 R4 SRk
BN TG Al 7= AR TE R (L BLRE FrG IR e
LGl KR H TR AR R OB T 1 e RE A A
77 160 L Z P AT 7 PG AL SC8 Jir Ak 7= i A
Y 2 RIS AT IA 8500 Lehm™, HA R ENL
Veskas o RIS AR A Wi A R i ol LT -39 1
R EEMRRY. RIS A, SHEE
YA s RAR LR, RS4RI+ 5 42 )@ 1) BCF
I ARSI G R S A ™ 5 B AR A A T
RO B ENARE MBS TG Y, AR
R E, B RN A 16 2 - 5805 Y 1 %
DR R AR T AR AR ) (R AR A )
RESBBEIRMEENZM, MR RK
LT & JE 15 Y SRR IUE &, [R5 B
XPIHNCARI o fil e XU AN E 42 | THQ /N T
1 AR GE 5 YK PRI IR0 w2 s A Wl e
4 I8 Z2 1 T BB AT A VIR A0 Tl S 4 sk, BT
AARZ L AR w25 Tk R s A=
IGigy S (1B W2 AN =9 v N IR AT = INE L 7 N
FRRL S, B2 FIAAREIR B E S R 15 Y e
AT, B AR m pE A A e & SR

4 ZEig

AZEAEAR R A AE T P i) B 4 AN 23 3 A
AT Y R AT ARAS ROV BE PR B R Tl i
R, AR AE YR AR w5 e %
PATHPMB S RAEAT H IR ML e = B @i 2 — .
AR SCE I P L1, % = 1 DX LA AR
E AR BER TS LRI, R B 8 5 A B Y
AW AR R 5 SRR 205 5, HAS R Cu,
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