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Screening of tomato cultivars in cadmium-polluted areas and
study on their antioxidant capacity

Jiamin Yang', Hexigeduleng Bao’, Jiayue Wan, Yanfei Ding, Feijuan Wang, and Cheng Zhu

Key Laboratory of Marine Food Quality and Hazard Controlling Technology of Zhejiang Province, Zhejiang Provincial Key
Laboratory of Biometrology and Inspection & Quarantine, College of Life Sciences, China Jiliang University, Hangzhou 310018,
Zhejiang, China

Abstract: To screen the available tomato pollution-safe cultivar varieties and reduce the potential food safety risks in
Cd-polluted areas, the differences of Cd accumulation in different tomato (Solanum lycopersicum) varieties in southern China
were studied by soil culture and hydroponic experiments. Firstly, the high and low accumulation varieties were selected from
25 tomato varieties under 2.94 mg/kg Cd stress by soil culture test, and then the responses of high and low accumulation
tomato varieties to Cd stress were determined by hydroponic experiments. The results of soil culture test show that under 2.94 mg/kg
Cd stress, there were significant differences in plant height, total biomass and yield among 25 tomato cultivars, and the Cd
contents of fruits of all 25 tomato cultivars exceeded the highest limit value (0.05 mg/kg) of CAC (Codex alimentarius
commission). Through cluster analysis, 7, 4 and 14 varieties accumulating relatively high, medium, and low concentrations of
Cd in the fruits were screened, among which the highest, the lowest, and the average Cd contents in the fruits were 3.06 mg/kg DW,
1.47 mg/kg DW, and 2.21 mg/kg DW, respectively. The results of hydroponic experiment show that under the same
concentration of Cd stress, Qiantangxuri F1, a high Cd accumulating variety, absorbed Cd faster, accumulated more Cd, used
shorter oxidative stress response time and had stronger tolerance to Cd than Zhefen 3053, a low Cd accumulating variety. The
typical high and low Cd accumulating varieties can provide a reference for agricultural production in heavy metal polluted
areas and the development of molecular-assisted breeding methods of PSC. At present, cultivating low Cd accumulating PSC
varieties and dynamic monitoring of Cd contents in tomato fruits are feasible methods in medium and light Cd-polluted areas.

Keywords: cadmium, tomato, Cd-PSC, enzyme activity, pollution-safe varieties, anti-oxidation
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B 5 Y AR, Yang ZEL TR IF TN 4 [
b - 585 Y RS B BARAL , Ak 3SR (Cd) 1Y
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cultivar, PSC)%H&, B ¥ & K75 Y AL 2 i
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K& Oryza satival® | 3Z.0» Brassica campestris
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H I HHXS Cd ik e AL AN v AE
I, ASWFSEUCARE T R U5 DX 25 i L B9
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Cd MW A SRR 22 5, HF A e &t B AF5E T Cd
E AR R R SFNAE Cd Wil T A BRAE AR 2
5, AW Cd FUR M K B H Ak Cd AR
i o1 B A

1 MBE5FE

1.1 #MHE5EF

HE 48 RAT5YKRE L (Paddy soil), R
H WiV & M TG S Il (N28°52123.38",
E121°08'11.14"), -4 fb Mo 3% 1. H4E (M
HUZE Mgt . AR 50 Hf (0.3 mm) £ M. Jf
TR SRR, A CASO, AL T, ik b 23
HArk 3 mglkg. AbFRIE, HEARFE T30 £k 95,
R A 1 DO IE 2K (R B 4 ) A ] 4
oK 65% A0 AT), TR 1 R HEE L, DA
& Cd M%), HEREZR 60 d. R/
133 Cd &4 2.94 mg/kg.

eI Al . 25 A bl 3 5 A 2 L)
SR M A RA WA, S g5 245K
W 2,

K. BEREE (Ol 4l =99%), K5
TRENTE W (SrHral, 30%), MR (Phgkhal, shifis
=99%), 2B b A R A F
1.2 U&E5E&E

MARSX 240/50 T 1 i, 5 |5 CEM 2\l 5
AA-7000 JtFIRISAr 00T, HARRHYA A
CU-36L5 tHYEK A, £ PERCIVAL 22H];
Optima-max ## # 2 .> #L, Beckman Coulter ;
UV-1800 £4h73 006 BE T, H A B H A Al ;

F1 B TIEEAER

GZX-9240MBE HiL # X T 4G, il I sl
HIRAH,
1.3 RIWHE
1.3.1 HYHEEFR

WA T 2018 4F 9 H £ 2019 4 2 AfES
TR B2 B gk 2 KN AT . AR IS Al A
Ve, K 25 PV ERIEF T E M AN T, YO
K& 3-4 FEMBF TR, BEBHEMIE, BT
AALFRBE 3 ANEE . KMINIESR, B0 A AR
RATEEERGEUE . MR . B R E, 95d AL,
ek . B, R T i SR S
T+ Cd &

KIERIE T 2019 4F 4 H & 2019 4F 6 AH7EH
SN N a2a i B e e TR e Bl T )
i Cd R RFL R SRR, F 0.1%7 HNO3 2 i1 it
TELIH B AR 12 h, 51 5% U SRR Bl v W i
17IH B8 20 min, ZEIRKIEEGESS , 30 CRYREFRAER
Wai %, 7d B KB — RN B ERK
FarpREFE, REFRAME . IR 30 °C, 12h, JBJE
60%, Y8 2 000 Ix; B I~ 25 C, 12 h, {2 )& 60%,
JEHE 2 000 Ix. F i 72 % IR 1/2 Hoagland B 7
B ®, 879 pH £ 6.0, 3 d Wi—KEFR]. B
7% 15d JE A CACl, FW , i 25 i 97 W A vk B
#4410 pmol/L, 435+ 0. 1, 3. 5. 7d W&
AR E M R RS, BURERS EI S 29 d, BYEE
Je AL R R GE A, T80 °C VKA 1A T4k
FRAG AR AE o
132 BEEWE

AR Cd FEESH (Bihi el
FARHEL S PRI ) (GB 5009.15-2014)0 ¢
B B RSIRE S R BT oK Y
He, HEFS 105 ‘CA7 30 min, 90 CHET ZFi&
AR RS EER TR ORAE o PRI 0.3 g iX AT AL 3 7

Table 1 Physical and chemical properties of soil used in experiment

pH Organic matter (g/kg)  Total nitrogen (%)

Available K (mg/kg) Available P (mg/kg) Total Cd (mg/kg)

6.32 14.4 0.086

57.2 0.02
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Table 2 Name and IDs of the tested tomato varieties

No. Variety name
A-1 Zhefen 202
A-2 Zheza 203
A-3 Zhefen 702
A-4 Zheza 809
A-5 Jiamei
A-6 Hongxiu
A-7 Qiantanghongbao F1
A-8 Qiantangxuri F1
A-9 American Red Bull
A-10 Hezuo 903 dahong tomato
A-11 Hangyan No.8 Tomato
A-12 GBS-sterile 903 tomato
A-13 Napras
A-14 Fenbeiying
A-15 Zhefen 2023
A-16 Zhefen 3053
A-17 Zheza 503
A-18 Zhefen 701
A-19 Jinlingxiuyu
A-20 Jinlingmeiyu
A-21 Jinpeng No.3
A-22 Yingfen No.8
A-23 Xianke No.1
A-24 Xianke No.5
A-25 Jiahong No.4

B SEAE Aoy R ZIHAE . I 6 mL HNO;,
e 2 h e R 4L (CEM-MARS) i,
EETIKERZE 50 mL, M H IR E T
M5 (AA-7000, H A WlEFedh i Cd & ht.

& % Z 8 (Bioconcentration factor, BCFc¢g)
PSR T i RSz aixt Cd s sEae HPY 3t
FARKMT

& ZHU(BCFcg)=Cd s5:4/Cd 1san

&: 010-64807509

1.3.3 ABFIEHRME

Az B H 0 R R A R R AR
Ho0, & 2 I a2 >R i at 8 i 480 10 &0 i &
(A064-1-1, 43 00BRETL), APX S M E R FH re
IR LU I R i A AL P R & (A123-1-1,
SPORET), MDA B i I R e mt e N —
BER & (A003-1, TBA ¥5), CAT % I & 2%
A e E AL A A (A007-1-1, ALK
),
1.3.4 R4t

JEWRRITE A B3 R HON 1 2% 5 54
HEATERIE, MR XS G 2Z 18] (9 B 2 0 52 43 B[R]
N b AP RIEREIH S % Maimon 2
B T T R, F SPSS Statistics 20 #X
4% H Ward ¥, W ECHE 2 (Squared Euclidean
distance)#1 T AT/E .
1.35 HEAI 50N

H Excel 47 5t ih Ficdii ab 31, F#H I1BM SPSS
Statistics 20 {4 iE47 @ & 4 43 Hr (P<0.05), H
GraphPad Prism 8.0 /£ & .

2 HERSAM

21 ARFEFMEFEBRZMHR

1£ 2.94 mg/kg Cd AbHET, 25 A~ Ik K 7Y
ZIakkE S . AR R LR 3, R A e
fEERENZES ., b, A7, A-8. A-19 Tl it
Pl AR B, A-7 BRI B A e,
A-8 HLBRF I R s A-20, A-21, A-22 =4
A RPN A, B R, JF H kR
e oF Y 25 R R AR .
22 BEMREPCAEE

WE 1R, +1%(Cd=2.94 mg/kg) %14 F,
25 /Tt AP AR 52 Cd 5 1.47-3.06 mg/kg DW,
FHR 2.21mglkg, AR5 RECH 23.27%, bR
ZERBEKR,
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Table 3 Comparison of agronomic traits among tomato varieties

Number Per plant height (cm) Yield per plant FW (g) Total biomass per plant FW (g)
A-1 46.98+1.23 MKIm 275.00+68.74 " 393.75+13.15 !
A-2 41.25+5.87 XIm 247.50+95.46 " 340.00+17.68 '
A-3 44.60+7.84 TKIm 275.00+100.37 &7 395.00+21.79
A-4 40.05+9.87 KM 121.67+20.21 1 231.67+16.83"
A-5 39.25+5.64 KIm 312.50+67.18 9¢f¢ 455.83+27.54 9"
A-6 54.60+25.57 9Nk 410.00+63.64 560.00+8.66 %
A-7 111.63+13.80 ° 456.67+72.51 2 796.67+73.99 2
A-8 105.20+3.76 ¢ 520.00+32.79 2 728.75+19.74 °
A-9 43.63+4.79 KM 190.00+51.48 " 313.75+10.31
A-10 61.43+24.52 foniik 210.00+31.22 9N 330.00+31.62 X
A-11 68.80+7.35 &fon 373.33+58.59 Pede 563.33+39.37 %
A-12 67.43+5.02 foni 350.00+52.12 bedef 522.50+29.58 9¢f
A-13 119.13+2.78 * 377.50+31.82 Pede 657.50+28.28 ©
A-14 117.50+3.70 **° 440.00+46.37 ¢ 672.50+18.48 ¢
A-15 114.00+12.54 ¢ 378.33+50.33 P°® 575.00+25.66 ¢
A-16 110.20+19.93 20 327.50+24.75 d¢f 525.83+60.07 %
A-17 113.13+5.57 2 291.67+7.64 ¢ 522.92+32.50 9¢f
A-18 70.13+34.79 &9 373.33+28.43 bede 510.00+12.58 ©f¢
A-19 133.88+10.43% 283.75+46.79 ©fo" 470.42+23.63 "
A-20 25.75+2.78 ™ 81.25+30.92 122.5046.29 "
A-21 36.50+2.35 KM 105.75+82.56 1 185.75+8.16 '™
A-22 29.75+5.55 '™ 110.00+25.50 ! 168.75+11.09 ™
A-23 75.33+18.79 ¢ 303.33+57.95 %fon 426.67+7.64 "
A-24 92.88+9.31 ™ 301.67+57.74 %efon 538.33+43.68
A-25 86.33+16.65 257.50+45.96 1" 395.00+3.54 1
Note: different characters indicate significant differences at P<0.05 level.
4 —
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E defgl h gh fgh

g

S

R

£

<< << <<
Tomato species
B1 2540 EMGEMRECIEE
Fig. 1 Cd concentrations in the fruits of 25 tomato varieties. Different characters indicate significant differences at
P<0.05 level.
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Xt 25 A Feh fn AR Cd S b TR IS T
(Bl 2), Fiidk R Cd FEASME, FRE K
FRECERE A 7. 4 F1 14 ANEAl, HAEH Cd
SRR 2.89 mg/kg, 2.43 mg/kg. 1.80 mg/kg.
XTI AR SE Cd AR R Fl . AL A2,
A-8, A-13, A-17, A-21, A-22; 52 Cd H LR
mmAb. A-12. A-14, A-15, A-20; 52 Cd K
i A3, A4, A5, A6, A-7. A9, A-10,
A-11. A-16. A-18. A-19. A-23, A-24. A-25,

[ B L3000 5 AT T R A R S K R
Cd &5 DL Cd 1w 4 280, S5 RNk 4 P,
23 BRREZEMEM MDAFIHO, EEH

MRPETH e LE R, I Cd A R Fh A-8 (5%
JEIBH F1), LA CdAIRFHL R ihFl A-16 (#7#5 3053)
W BEATHE— 20 AR SR AR I . A E Cd B
BT, & A tE% (Reactive oxygen species,
ROS)P251 ij phy 6 - 4 S5 B 558 1) 361 48 400 K
H—E I HEIHLE, ROS AT = SR ik ik
19 AL R 3 PO o H,0,  ROS %4
RSy i 3A Fios, 7E Cd ¥R 1 d 5, A-8
MR ) H0, & i il T 76.5%, Z 5218 T

F; S22 M, A-16 A H0, St fE Cd g 1d

19 ——

23
7 ==
24 1
25
10 ——
16 —
3
11
15 =
20
14
12 =
2
17
8 |
13
1
22 H
21 =

2 BAEMERNEGMRLCAZERENR
Fig. 2 Cluster analysis of Cd concentrations in the fruits
of 25 tomato genotypes. Cluster analysis used system
clustering, Ward method, squared Euclidean distance.

x4 BEMRIEKE. HECIZEURM CdHNEERK
Table 4 Water contents, fresh weight Cd concentrations, and bioconcentration factors (BCF¢4) of tomato fruits

Fruit water Cd concentrations FW Fruit water Cd concentrations

Number o rtent (%) (mg/kg) BCFey  Number o rent (%) FW (mg/kg) BCFeq
A-1 87.18 0.37+0.01 2 099 A-14 89.33 0.27+0.01 0.85
A-2 92.29 0.21+0.02 ©f9 092 A-15 91.40 0.21+0.01 ©f9 0.82
A-3 93.07 0.11+0.01 4 0.54 A-16 90.15 0.16+0.01 " 0.55
A-4 91.78 0.15+0.01 Nk 0.63 A-17 90.87 0.25+0.02 % 0.94
A-5 92.80 0.14+0.02 I 0.67 A-18 94.01 0.12+0.04 0.67
A-6 92.70 0.15+0.04 Nk 0.71 A-19 90.00 0.19+0.01 fo 0.64
A-7 90.45 0.16+0.05 " 057  A-20 90.57 0.23+0.01 9 0.83
A-8 94.54 0.17+0.01 9" 1.04 A-21 88.69 0.32+0.02° 0.97
A-9 92.09 0.15+0.02 Nk 0.64  A-22 89.10 0.32+0.02 ° 0.99
A-10 95.01 0.08+0.03 ' 055  A-23 91.90 0.17+0.02 9" 0.73
A-11 91.84 0.12+0.03 I 050 A-24 90.27 0.17+0.00 9" 0.58
A-12 90.64 0.22+0.01 ¢ 0.80 A-25 91.45 0.15+0.01 Nk 0.61
A-13 90.00 0.30+0.01 °° 1.03

Note: different characters indicate significant differences at P<0.05 level.
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JE R BB TR, Z)Er 1-5 d A&
WA R, BRT Cd Wil 1d LASL, HAEE] S A
H,0, & & I A-8 LT A-16.

MDA J& 2 J B Ag 2of S Ak i 7= 1, MR 52
S R A F TR MDA S R, 4nf& 3B
Fii7s, A-8 it 7E Cd rif 5 MDA & i s 56
IR T RREE X 5H H0, & R i
FHL. A-16 7ERE M E T K (0-5d) H MDA 48
AR, (HIEANEE 5-7 d J5 Bl Cd A3 A] (1)
JEK, H MDA Faras Bt DL Eg5RE Cd
A e, A-8 77 A SRR N B N B ) B e, A2 B 1Y
EALIREFEEEAR T A-16, X Cd YT 32 Pt B

A

H,0, content (nmol/mg prot)
(3]

0 1 3 5 7

Processing time (d)
B
§ 1.5 .
- b o A-8 3
0 b
E
Z 1.0}
=)
R
205!
5]
2
<
a
= 0.0

Processing time (d)

3 CdETHIKRREMNMFH HO0, (A). MDA
(B) BEMT

Fig. 3 Changes in H,0, (A) and MDA (B) content in the
leaves of Cd high and low accumulating tomato varieties.
Tomato seedlings were treated with 10 pmol/L Cd from
seedling age of 22 d. After treatmentfor0d,1d,3d,5d
and 7 d, the leaves at the same position were measured.
The seedling age was 29 d at the time of sampling.
Different characters indicate significant differences at
P<0.05 level.
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24 SIRMBF @I CAT F#1 APX IE S

T i R AR Y B AL T, A A B R A A
FIE SIS P . CAT J&—Fh B85 A1k
FN BT A AL, RIS BRAEYIIA N H0, FERY
LIRS 22—, HILHEPIRN CAT SatY
PSR VIAOC . E 4A FoR, e T
PR A R R CAT 3 PR 7= A T I 1
A-8 TFF 9.1%, A-16 TFf 70.4%. CAT i&tEfE
PR F AP AL H0, S REMML, FE
CAT $3t . 3-5 d PiZE i CAT T £ 1y H B — 4>
MM EA, A8 EJt 153.9%, A-16 LIt
310.6%. 5-7d, A-16 ' F CAT &P b TH a4
1%, FF} 25.6%, ffii A-8 it CAT &M, T
K% 80.4%. %5 7 K, WZEFEM CAT GV T,
A-8 TP 15.9%, A-16 N4 25.3%, Ui Cd il
HXEY I E B, PUE Ll CAT & TR
., ki Cd LR, (KBLE A-16 CAT iGHEIt
I, Uil A-16 T Cd LR &k, A5
AT PE AN G 212 . Cd SR MAN A-8
i CAT EI e EFHE TR, £ 5 R
IS B e i (8, & AEINFE] IR T HL0, i 5E
FIHE RS, Cd IRFLR M A-16 1 CAT
B TREE BT, 725 3 RAIHxk
BARE, RARE] F IR T H0, 5T KA
T

APX VR Ry AT 2 it | bl 3% T i T U 1 4R
eyt EEpUA iz —, MR s, Al
YR N OF H iR, 78 Cd Mba T, PiFh& i
M5 H ) APX S PR BLUR B #, 7E 0-1 d,
A-8 TF% 41.1%, A-16 FF# 42.3%. 1-5d, A-16
N APX TEMEITG ETF, A-8 & 3-5d JFtE FTtH. 3-5d
AP AL APX &k BLORIE ETF, A-8 BT
92.9%, A-16 [T} 146.8%. #H%:T Cd Jiha T,
PR T APX T6 VLR T [, A-8 [ 55.7%, A-16
TR 36.2%.
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B4 CdiiETHEAREMAME$ CAT (A). APX
(B) AR

Fig.4 Changes in the activity of CAT and APX enzymes
in the leaves of high and low accumulating tomato
varieties. Tomato seedlings were treated with 10 pmol/L

Cd from seedling age of 22 d. After treatment for 0 d, 1 d,

3d, 5dand 7 d, the leaves at the same position were
measured. The seedling age was 29 d at the time of
sampling. Different characters indicate significant
differences at P<0.05 level.

3 i

W& Tl RA 5 N iE 8, Cd B8 IEAE
AR, BRI s A EERAL, B
ABEWHE . PRI AT, ARERA R, 70%LL L
F AP, HIL, M52 AU RIS
A BT R, LAV T A 1 el IR 500
HAMERE L Cd ISRMBARAMRE, HFERE
FAFEZ , ARIAIRBE . s Qe i TE KU | K
AL, 2SR P L 5% 4 St Y
) = B R FpHERR sl B R TS B RY fi E 2 Jm

&: 010-64807509

LMY BL R IS P K E B ER R . ERT5
Juny B AR, AT BB A R YL Ak
B DL 2l 0 Ahisk, SauslBiER
— PP TR I AR EY T Cd R
T A ) RO A R ER S, HEE . A
TS 28 S i i vk Cd 53y, ARG X R [
BT DR UL T R 25 2R AER]— Cd
TS ST A, B R A S % F) Cd
15YL . 3 Cd WRE N 2.94 mg/kg IMMA ST,
25 FP SR AE Cd 5 348 1 CAC FrifE iy i s FR
{1(0.05 mg/kg), W32 4, X 5y ki
M, VRS % Cd [5YRIfEYZsRl, 1
IR Cd SRS 74, RRLEMFN 44, %
FHE AR 14 4, Tk cd SR R AR A-8 &R IER
H F1. A-13 99354udlr, Cd & &435)4 3.06 mg/kg .
3.04 mg/kg; Cd fILFH & i A A-11 fiip fF 8 5 7 it
A-16 Wik} 3053, Cd & 4%k 1.47 mglkg.
1.61 mg/kg. iR R A s R iRz [a)
HHZE 52.0%. {HixX 28 5 Fliff Ry Cd-PSCs 7EH J& Cd
B, Cd MR KIA W&, DRI Cd 54
ML IXONIE G FAE . TEEE Cd 5 4Lt X 1%
W) AR BAAED AR AL . RRAVED) . BRIRAVED)
Ere iz Cd s egmi/h, 23R Cd ok
i AW EEIVEY) . Al T s EY Y Cd
MBI Cd YR, DL 3k
A ERAPE T (U0 13 pH (H%5) 5 R K% UM
XK, POz ST A5 AT AU B A 4 TS YL i IX
FEAIE G AR . b 138 0l 55 g £ A
SR i ) A S A B T YRGB S Cd R
2.OHI, ARRE Cd ISiiHX, NiZgsa
SEERTEOL, Rl ReFAE L Cd FLE PSC MR, 45
BFAMPE Cd SIS HEEAEENESE. 1
HABAEY W TR RS T — LE AR
il 4 “Wilwash” & 44 2 (Solanum tuberosum L.)E%
F1 “Strongfield” & i /N % (Triticum durum
Desf)*3, X i, 5 10k H ok Ay st 35041 5 11 25 4
B9 &L AR AT IR & PSC W4 TR B & Fl .
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Cd X A8 Y A 35 5% e AT 3 o B L AR 3 AR
IR bRREL, MR PNTE A (ROS) & Kbt
SEALEEE kB x5 Lopez-Millan 250
R RAE . AL Cd MR BN A-8
BB H F1 5 Cd IR 250 Al A-16 Wik 3053 7
Cd % 10 pmol/L P85 F 535, #EA7E b FR bRk
5o ARFR R AR AR AR S S RS Cd
B O A B s T LR AR (B 3A), AR
TR K PR i B A S TR B A A 2 S s B A o X
R B A= A 2 E AL A S AR Cd
FRRE S A3 P/ Re, Tl T MDA 240
JL R R 1t B AL B 77 ), CAT 21 PR Y H,0,
LM, KIS S S AT e s R
AN Cd 454 T ARFL R AP ) MDA % 2 F1 CAT
WPE (F 3B; K 4A). £ Cd iy 7d N, BES
FAEA Cd B P 25 5L 1E T A (ROS) 1Y
BRI, % A H 3L (OHs) R4 (f0,) F
HO %8, i AL i, S B Mo B g o s
AALMAEYrF stk R MER) AL
WOl DRI, A HEAL AR A ol R R
WZEA S N RS, DL AR,
APtk S-He ol (GST). W% LY (POD)
Ft E AL (CAT), 23#7 0-7 d P H,0,.
MDA &5 CAT. APX iGtER &3, A-8 H,0;
T BT REE R, R E A 4 AR i A A
174 MDA, 7E Cd JiHESE 1 K, & A L,
Tt 721.4%, {HYE 1-7d, A-8 H,0, & . MDA
T B TR, A-16 H0, i 7E 1-3d
A BT, MDA g Hi 5 RIYLREHaE, H 5-7d
Tt 77.0%., WiZEFA Cd A 7 d J5 MDA &
¥ EFF 50%, Wl Cd XS A i A AR
ez, {2 A-8 BREH R, 77 A S AL
N B[R] . PR AE 0-1 d N, CAT. APX
TEMEY T %, I A-8 CAT &M R4 15.9%, A-16
TR 25.3%; A-8 APX & % 55.7%, A-16 T
[% 36.2%., A-16 ¢ 5-7 dCAT i&HIFME ETF, 5
B E B MDA & EFHILHL. 3-5 d Pifh i

http://journals.im.ac.cn/cjbcn

APX TP BLRIE B TF, 28 5 RIG WA FF HL0,
RSB TR, APX 2 HFIN MR
TFHEARA H0, 75 BRFF, BBl APX W] A 34 b i B
PR A A T HoOpo PAIAELFI Y CAT Y
TEPEAR L H 1 5 H HL0, ARtk a2, 31 H.
BIng R T H0, AR fbi#a i, i8] CAT 7€ Cd 5%
) HoO, Bk R B P S E/E . M ELZ N, &
TR SRl A-8 7= A= S Ab N 3 s Iy i B TR TR A, 32
A EALHAFEER T A-16, A-8 Xt Cd i 32
PEE SR, AWFIE 25 R RH, Cd Mha T A ki i
FESEAL . TS24 SR ] BE A B T E A A R 2
Cd,

M P2 PR, AR o3 o I % B
P, 3EE R AL . 5 R K R A
R BAKIGHITE ZIFE A Cd AT, M. A&
Yy i ) A PR AR A DB B s, KRBT Cd B
FIHR, X4 T A S BN Cd 15 YUIRBOMELL
LLTE i AE 4 5 e i KUK B i g e 10
HaTFEMFR, 5% Cd-PSC Fili, J&—Fhfi
TR+ 25 YL 8T )7 . Cd-PSC AIFE Cd-PSC & Ff
A HERHIARIRE Cd Weii . i i@ g pL Y
SR, 3t i [ G AR 2R 43 AL 22 S5 i 0 52 477
SRAEG/D TN — 2 AR SR N5 3X T A 9T o

4 H

AW o AR, R IR [F] 7 i 3
B Cd Rk, 25 Fh &R cd o &Y
it CAC PRl e m FRIE . 55 Cd & i
“J 3.06 mg/kg DW, g f%l 1.47mg/kg DW, -3
A 2.21mg/kgDW, ik R SE Cd S mERE .
TR R AR Z A 7 A 4 14 AN
5 Cd IR i A-16 Wik 3053 AL, Cd &
HEhAD A-8 ERIEIE H FL A5k I 3 S Bisf [ B
B, ZEALIE R AL, WSz, R
FUEE LK Cd. FEfk Cd LR PSC iifl, 454
AR Cd A, BETRE Cdis)
X H TR AT
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