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o E. NENES BT YL, PRUEEE SR A =2 4, PR T T R 4015 Yl b DX S P b 1= 18 5 2%
18 Flrighi 52 07 2 4 i 2 ik, JEXTgR SR E A R IS YUIRBLHEAT T IEANY, RIS F A R TR R TS
[F]#E=E%F Cd. Cr, Pb. Zn, Cu, Ni, Hg. As (B LS . 45RRN: I X Bl 13 Cd FE@indik 31.91%,
Cd 2 F 259, KRR ERE . A e8] &30 222 HE 48 Cr. Hg, Cd 154, Biis L
AT o v AT S, R V5 YL I TSR 3; iB A W A R BRI, 18 FhighiSien) 8 FiE & J@ o & MY 4 R AT
BB ES B K N Cd>Zn>Hg>Cu>Ni>As>Cr>Pb, H A Rk 320 [/l — Mot % 10 5 4 R R R B 5 2025
o Mk b, MESEKE SN Cd, Hg, Pb, Cr. Ni, Zn, Cu FI3£3% Cd. Hg. Zn., Pb, Cu LA K £T i1t
As. Pb & ERE S AR, FEANTIE XIS A& S AEAE Cd, Hg. Pb. Cr., Ni\ Zn. Cu {57« 3 FakEE, &
CLIMSEANEAE As. Pb {55 -3 bk Es, 1 H SRR 40038 %t Cd. Hg. Cr. Pb. As. Ni, Cu FI[1% b
%} Cd. Cr. Zn, Cu, Ni, Hg X1 % X} Zn, Cr, Cu & fE88 I WA XS 855, W VEMAFFE X3 Cd. Hg. Cr. Pb,
As., Ni, Cu, Zn {54« B3P BEM B A
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W5 KT AR, LA RO T IE R 2 it 5o 4RI, AR SRR A X B 6 )i AN R A9 5

F, 3 A T A 4 b G R A MR R Y
Jnt A, g ST DL ki AR A s T
J& B R4y, H 4 s B T B Y e A
S ORISR T R S X A 5 3
ISR i S0 8 T 4 Jm i AR BE D B, MR 22
S M R BAR XS5 . MOR B A5 TEAR 38 23
15 Y b XTS5 L B 1Y A RE

S5 R B SRR 0 AR RE A B o LA
SR FFE T N B S 7 b B SR, R WA ] S
XA R B 4 J Y SR A AR AR K 22 7, MR £
fie JIMKE|/N A Cd > Hg > As > Pb > Cr, 12234
HE— 2B FEUESE T AA [R] i 53 0 H 433 s 19
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AV 0T i 45 i 1 ek B A AR A S ARIE % 3 AR
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St PR, I A BT RGE , JATT B l Hh X
fH O ZRAFBRENE SRR Y, £
HAE ST S T 38 EE 4w V5 Y XA, BRI
FRAE K | 3 S A 22 41 1Y) T S A b R 24 1 DL
B A ARRAIER 18 Fgh S i b (GRS S F 20
RmSee RE AR MRZEE L HilER S K
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ANTR) & B BB ST R BRSNS, DA i s DX AR i i Aof
R SRR S AA ) TR B SR AL Al

1 MR5EE

1.1 RIS XS 5 X7 O] AR S
ARAGHER, For Ot B B AR 107°50°E, 31°21'N,
AR 17.3°C, TR IR 300 d, AR R
1 185.2 mm, {40 X + 3 pH ¥I{H 6.48, fmfR 1k, +
B PLBAME N 32.30 gkg '
12 HRHRESLE T 20174107 %
2019 4 5 ATEWFIE DR AT AR AR 0 0 5 AE 7 ik
PR — AU R A 7 R . 4T
LA [ i S ) o 4 Je W e SR AR Y 22 Sk it
B/ BRI i S S SN 7 T
H W2 5 KEEY |, B A1 3% (Brassica rapa var.
glabra Regel) . 1% N (Raphanus sativus) . %7
i 2% (Brassia campestris L.) 1A FK F1 032 . 3% =%
(Spinacia oleracea L.). 3% [ 5 11 0> 3¢ (Brassica
oleracea var. capitata Linnaeus) . /) [13% (Brassica
campestrisL.ssp.chinensis Makino var. communis Tsen
et Lee) . 1% B (Daucus carota var. sativa Hoffin.) .
INAI(Allium fistulosuml.) . 213 | (Salvia bowleyana
Dunn)., 2LiM3¢ (Brassica campestris L. ssp. chinen-
sis var. utilis), & % [Brassica rapa var. chinensis
(Linnaeus) Kitamura). 5518 (Allium sativum). 83
2 (Pisum sativum L.) . 5 F M (Lactuca sativa L.) .
% 3¢ (Coriandrum sativum L.). /)7 3¢ (Brassica
chinensis L.). M 3¢ (Brassica rapa var. oleifera
DC.)75 18 T i Wy £ BG5S Ab o R
vt AR S 3 ) AR R A (] B 3 /N DX, /N X T
R 20 m*(5 mx4 m), J& Fl s &R 3717 (30 em),
A S BRI RIS M P A ST 1 . 7RI 2
AU 2 HE L N B0 B 171 T R AR B S
i S AR B N = i1 B N A I SRR N =
LD HER . BT, B R NE
K TSR AR S BRI s b B D
ZL8 D oRAEINE AL AR /INALL R B R AR S
(S E

FEASSRAE /N3 ~ 5 MRS, SR IEIRG 1Y
57, B R BRI R SRS g, HAR G4 1 kg 22
o DA IR BE SRR AE [F]— s [ 20 R I, R
FERBE N 0~ 20 om, B IRA AL T 1 kg, 3

54 D +HE, BRERR NY/T395—20124 [ + 3 2R
S oo W B AR R Y BER HEAT, BB AT B A
ML Z 0, KT A IS F 60 °C 1HE T4
W, ML 2 fE R, IO e A T S LA | o
1 mm JE IR, B R T B 2 . 38R
W AE Tk e, 65 °C HE T, BERE S i
0.84 mm L2 JE e (i o
1.3 MEFHZE BB SRR A RS DL
IRE A4 HNO3-HCIO4 JH LA BJS, He, As Ji
F 2943 6 N6 B I %€, Pb, Cd. Cu, Cr, Zn,
Ni i) FH B 5 45 B AR T, +3%€ pH (E
{400 5 o FH R 7 7, 38 HILTCR i TR A A
Cr FREP A b7 Bk
1.4 FAAEE
1.4 32RiFEPpHE  RIEAXIHE ATTE Y
TR, T GB2762—2017( & it %4 H A
i TS Y B YU i BR BRI, P<1 4,
1.0<P,;<2.0 N5, 2.0<P,<3.0 NREI5 Y,
3.0<P,<5.0 A5 YY, P>5.0 HE AT Yy,
P;i=Ci/S;,
o, P oS e R BRI S Y AR HG C AR
4 B L, me kg S TS Y i IR AR
HERRAE, mgkg ™',
142 AHTREFTERBEE WRIEASTEN
ME L7515 YR B0, PAEREKR, VLR 4 @ i5 Yy itk
FEH, Py <07 M4, 0.7<Py<1.0 Jy %5 e,
1.0<Py<2.0 HE2 V5 YL, 2.0<Py<3.0 A H {5
Yo, Py>3.0 HEETGYY,

Prn = Prznax"'nge
N 5 s

U, PR B IR ER G5 PAR G Prnan s HLIA
TG G AR B K AH 5 pave I BN 75 B 45 B0
¥I{E.

1.5 EYEERH N T HEA RGP
G A ORI Y 22 5, T E 4R
FEORBrEGR AT ' X L PSR OUR
A ICRE T o R RO, RS N 1
MWAGZITER, BIRZICER B9 s AR AE T AT .

BCF=Cg/Cr,

A, BCF MBS & ah ES B A EE R
B, Co Mkl Bk h H 48 & &, Cr AXTh
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B3 E SR &, mgkg .

1.6 HI|LIE X EFEMBEHEPR 8 P ES
J& &5 B R FH Excel 2010 JE47 8040 20 47, A0 514
MrHI SPSS #fF, & # 68 140 Mr B H OriginPro 8.5
Gt

2 HR5SH

21 BXRMITESEESSHME Ml
AR E SR OB T HEMAREE TR 1. S8
GB15618—2018 - 3EM 5 i i A FH 3875 YL X
W B bR e, H ke Cd SHA 15 bR, H
PRk 31.91%, f KR (A2 BRIE Y 2.18 £, FE
RICEYIFFA EF AR, 3 Cd, Cr, Pb. Zn,
Cu. Ni, Hg. As 1J~F-34{8E 5 5 0 U1 48 11855 5
B0 4.05 1%, 0.91 %, 1.19 1%, 1.18 £i5. 0.90 1% .
1.00 fi%. 1.80 fi%. 0.82 fi%.

x1 RWTREEESENER

LR TR H b/ f@ﬁ bR py) llﬁé‘i%
(mg'kg") B F/% HER{H(mgkg")
cd 0.32+0.12 15 3191 0.079
Cr 71.93£1200 0  0.00 79.000
Pb 36.88+1429 0 0.00 30.900
Zn  102.14+2431 0  0.00 86.500
Cu 27.97+6.18 0 0.00 31.100
Ni 32.49+5.65 0  0.00 32.600
Hg 0.110.06 0 0.00 0.061
As 8.56+3.43 0  0.00 10.400
T B R PR (n=54)
22 BEURBAESLESRE W ILABEX

HEBIPMARE, G PR T Zn, Cu KR
4k, Hi4x 6 FE 42 )8 Cd. Cr, Pb, Ni, Hg, As & &
AR R 9N 4.39%. 26.37%. 6.59%. 12.09%.
5.49%. 1.10%, Hrf, F3 % Cd, Cr. Pb. Zn,
Cu. Ni., Hg (- F-¥ & &, 3P0 Cd. Cr 1911
S, B N Cd SRR R, SR
Cr (X &5, 3Rl Y Cr B & i, BT R
) Cr PE3 & i, SS90 iy Cr i P2 & i,
WP Cr 73 & i & %2 E AR
WEE TG e R, (A AL Y £ A B KA i .
Al R 4R A s BT ILA 1,

23 BEUARBMNELEIREITN HLiAE
L EIG YT ZE R (G 2) v, & Fpi e £ 2

ZHEER Crigy, Z15 YL Ei ik 55.56%, Hk
J& Hg. CdAl Pbsr 5| Ry 16.67%. 22.22% Fi
11.11%, 1fii As oI55, LR a5 PR T2 4
FINPBEA 3. (8 b AWse, EA . 0
/NS EHE b NAL L0 bR
BT BFR L NG SR, o e NAL
ZLINER . TS B A RIN 3E 52 BOR [A) A
B Crigye, BH% N2 3] Cd Al Hg 75 5% Biis Yy
B % A i ISR, 252 81 Cris s, 2 G is s
FRHIY K 0.789 F 0.874; T 4% 5 15 YL I i S AT
WA, 2 5] Hg, Pb, Cd Ml Pb i54L, L4
15 FE R B 1.185 A1 1.373,
24 GIRURIMNMESENEERST B
XM TR, g h B4R SRS LI E
G JE i B M E ARG, L, TR
AN [RYEE S ok = 198 T 4 I 114 W ISORT SRR R 1)
255, I e 4 R B0k A 1 6% 2 T B A+
HrhE AR TR NIRRT, & R ER K, £
o N gz ot R, BIXHZ T R 1Y & e
Jifnk . MY E S RRGS R (E 2) ] I, BT
&, 18 Mg 3ExT Cd. Zn, Hg 3 ML R £ R
SEE YT 0.04, KB B HEAE S AR A, fi
Xof A o0 2 D0 2R B LR R A i T A X A 5 1Y e 3
(E3),

B B4 X 4 )& Cd. Cr, Pb, Zn, Cu,
Ni. Hg. As JCE & E R (K 2) B A AR
WR: (DAFEBRZXT Cd By 4 M A REE ST
Cd & R BCEME N 0.201 1, & 2RO
WSS RSB D> ESL0 00 3> 55 5 > i
ST S >0 B > 3>/ N>/ N S >/ 3 >TE
IS8 N >Bi G A>8 >0 3%, Horp, 3¢
XF Cd i LR T AR, &R R ECh 11216,
T A O 8 D00 AH 6 2 55, B B R BN 0.0258,
(2)RAERSEXT Cr i m JEFLEE: ARl EREXT Cr 1Y
B REOEBE K 0.0063, H BT OE R
ST > B> S LI S K> i S > T
3>/ INA> FIIISES/INTT 3> 3 >/ N ST 8
N>[8 M>208 b >0, Hir, /35X Cr &
LR IR, B AR RN 0.014 8, Thi4.0 3N
AR5, & AR B R 0.0017, (3) A5 2%t
Pb 4 & £ LA AN EXT P A9 & 4 R B A
“h10.003 1, FH /=1 BIMIRARUR SR 7 > 5> 58 St >41
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*2 BERESBISEITMN
NS—
I e
H3 0.173 0.312 0.222 0.136 0.604 0.335 Th
FIHSE 0.243 0.527 0.223 0.281 0.818 0.459 YA
i3 2.075 1.28 0.927 0.129 131 1.185 BREE Y
UNEE S 0.117 0.436 0.091 0.05 0.424 0.245 Gl
s ARIES 0.293 0.434 0.384 0.472 1.229 0.676 YL
sk e e
ok 0.359 0.57 0.232 0.195 0.97 0.538 i
f<2y 0.273 0.264 0.591 0.248 1.084 0.595 Ll
¥ 1.535 1.215 2313 0.225 2.107 1373 BREE Y
AN 0.118 0.409 0.167 0.315 0.795 0.436 Gh
e 0.212 0.497 0.356 0.114 1.654 0.874 sy
s /N 0.291 0.853 0.297 0.105 0.828 0.488 LA
Ak s s
o 0.358 0.363 0.391 0.103 1.482 0.789 EREE S
HE b 0.145 0.238 0.533 0.071 0.36 0.298 Y
HRZEJ [N 1.109 0.874 0.262 0.076 0.339 0.615 Gh
AR 0.212 0.308 0.507 0.194 0.325 0.297 LA
Ak B IR 0.167 0.618 0.46 0.152 0.546 0.365 YL
— I%EL 0.11 0.499 0.193 0.062 0.53 0.299 ;Ei\
AL 0.048 0.152 0.018 0.039 0.242 0.131 L4
VE: B ARG 3/ NX B I Zn, Cu, NiGEE & i @ pnE R R bR, SRR RPN .
03T _—_— X Cu BYE R BCFHIEY 0.0207, i EITAK
045 . YR AW AT F A N> B S>3 41
03l 3>/ T S > 3> 1> 11 I S > 3>/ 1
030 SO AL NS N o,
& 2'15‘ X Cu R GERE ST AR, B4R R ACH 0.0453,

——
]
\g

Bl 2 B s m s 4 R RO ME

TER>TN 3> B0 A>3 1 > > FHlSE> 3> H
B N>2LE N>/ A>T E M >N SR>/ E
S Hoh, B4 Pb Y & 5 A A A
i, AR R BN 0.0180, 1AL A X 45 55, &
ERFALH 0.0001, (4)ANFEFEFEXT Zn 19 & LR
N FBE N Zn 1Y & B RECEIME S 0.0565,
FH R B AR U B S > T 38> L AR>1HH B N >3
FI>£0IH3E> 7 36> >/ NG 36>/ N> FR >
OS>V SR> B8 A >/ NS> e > 8 >4 8
I Horr, g0 Zn (95 SERR DI AT, B AR R
h 0.2687, THLLE N UARXTALSS, W% RN
0.0202. (S)ANIFIBESEXT Cu 1Y & M A FBR

I8 DU A X 8 55, & A R B 0.0057,
(6) AR B XT Ni (1 5 SE AL AN [R]85 %) Ni Y
A RBOEYE R 0.0178, H B BURAR R
>N A>T S SEL I 3 > 5 >3 >/
SE>hR T > T 3> FH S >0 3>/ 2> 11 3> T0 8
N>LT 8 h >l S>/NE SR> S b Hop, 2%
X Ni Y B S BE T AT B0, B A R UK 0.0311,
M A X 55, & 2 R BN 0.0060.
(D AR[FERENT Hg 1w AR N IRIEESExRT He /Y
BAE BRI 0.048 1, H v FARAMK U2 B
FKSFISTAE N >/NE>HI T I>T 3> NS>
1 >9H1 38 >/ F1 30 >E1 00 3 >/ 15 S>30 i > 55 5%
M>20 8 N> 3>l > 8 by Hor, g et
Hg ()& SR8 Ao, & 5 R ECH 0.1164, 1M
3 N5, & 4R R AU 0.0108, (B) A
[ ST As 1Y & SR RIAEE ST As 1Y & 4
RECFHIE R 0.0095, H = BRAROELLI0 >/
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B AR BB ) AL SR I SRS A > RS R
ST XF Pb, As Ml Ni iU R 4ERE ST AL R
PR W SRS B SEAS 2 R ISR ZE > S X
Cu. Zn & B RE T MU RN S0 HL 02>
A ESHIEISIRZEZ, WK, MR E AR
JGE W E 4L BE A, T H i ZORAR 252
AEXRTHR 55 o 3K & BAAS [R]GE SE X [F]—Fh 8 43 Jm e &
1) & AR BB ) FEAE 22 5, ml [R]— gk S X AN [R] 2 4
J&ICER WS LRI E 2 5, R A AER N
255, BV [RS8 04 AN [ b ke 2 4 I 1) o S i
WA ES, ZFhN2ZER EENEAFFiE—2
AT
3 ¥ i

AT & B G X 3k 8 Cd Jo R bR ™
i, HE ek Cd TR W E R AN .+
AR 25 L HEH 48 AR R RN 5
SEAEH, W E SR NAERS, i
B R, EE R Cdm A S Rk
pH {E A9 T B8 0, 3% 2 R A 4 48 pH (ELR#AIK AT
fEHE Cd B 45 A8 5 508 28 A AU FL e,
T AT 00 DX 35 4 8 2 e 1, - A ML 1 3
Fw, FHE N 3230 gkg (Z9R), J@fw b 25K
S, BRI TREIN Cd B TEE, BRIk
FE cd',

A X g 5 B2 Z 4 Cr, Hg, Cd {5
Ye (HER T Cd 4b, Cr. Hg 7E4¢ M 3 RAE R If R
K mEAR I BLS, ] LA E M 24 K
KB LR ZBTE Y, 15 ) R BRI IESMNE, 4N
A WAL . FE R DL B A 25 45 A0l 1 sh A Tk <
SE AL Bl PRI IS D) W B > M Tl 3 Bl
R E A AR A A T RRAS o SRR X
4 JE I B2 BB ) AH X AR, AR ZE 2R H i 2R R
S NAR XA 55, LA [ Bhigk e fh ] A7 7E 25 572, FILH
AR, TRk 428 M s 2 5 28 oA T AR )
TR IX 5K, ol 2B 22 G 5 S A2 7 4 R TS L, IR
WEBR S A 7 2 4 RN I 4 ¥ e XU 230, 3
— I A R X

4 £ ®

(1) AR5 X 5k 11 Cd. Cr. Pb. Zn. Cu. Ni.
Hg. As & & FEES 00 AU 4 358 S E P
40515 . 0914% . 1.194% . 1.184% . 0.90 5 .

1.00 f%5 . 1.80 f%. 0.82 5, Hirp -3 Cd & & br
IR 31.91%, e K HPRMEZBRIER) 2.18 i, Cd /&
FEG YY), Koo 2 556 E it

() ABF 5% X 485k =% £ B 52 # 4 )8 Cr. Hg.
Cd 15 545 LR5 15 YRR B R A0S G2 A A7 753 1 FTI
X, BTG YA R ME S Bl EE Rk
B, 18 Pk Xt 8 FhEE & JE T R 1Y & R BT
18 M =5 BE K X Cd>Zn>Hg>Cu>Ni>As>Cr>
Pb, H 18 Fhigki X [l —Fh oo 2 1 & 48 R At R
WEMZES . SR L, SRR S A X Cd,
Hg. Pb, Cr, Ni, Zn, Cu Fl 3% 3 %} Cd. Hg. Zn,
Pb. Cu DL M2 ZL3M3ER} As. Pb & 45 BE 1 A X455,
M H 85 AR 2828 an .0 5 %) Cd. Hg. Cr. Pb,
As. Ni, Cufll 4% b %} Cd. Cr. Zn, Cu, Ni,
Hg K418 NXF Zn, Cr, Cu A5 4 BE 7 N AH %45
55 03X 2% BRI 5 DX A S R SR ELZE i Cd
Hg. Pb, Cr, Ni. Zn, Cu {541+ 4 3R 5%, 209
SEANETERE As. Pb 15 4L 1y L 48 AR 3S; .03,
HE MM E Al fE A $E Cd. Hg. Cr. Pb, As,
Ni. Cu. Zn 5 4 (1 - AR 26 18 Fh 0 55 25 5 Flr o

SE K

(1] 22 i, BHeXL, PR, 45 P X R H HIE SRS
YA AR RRAE B A= A AR RS PEA (0], A b 3355 Rt
2FeEdR, 2016, 35(1): 37 — 4.

(2] VFMRME, R &, & 2, 4. SN B Emi 1 384 XU
BEARUENEGE ], L IR BT R 24244, 2019, 38(7):
1490 — 1497.

(3] JHW, JaZegt, Wrarsk, 5. JEFfathe XU RN i 1 S
T E &R 2R R ], R BT Rl
1, 2020, 39(6): 1213 — 1220.

(4] BN, i, FROHE, S5, TSI TR XA [R]3 S d Aot
TR E LR ST (1], W Ak 2441, 2010, 23(4):
1142 — 1146.

(5] ME e, My, BT, 5. Bent R e = 45k
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Heavy metal contents and pollution evaluation of
farmland vegetables in Chengdu Plain

HEI Erping'?, SHANGGUAN Yuxian', YU Hua', QIN Yusheng',
ZENG Xiangzhong', GUO Jingjing’, WU Yanxiang*
(1. Institute of Agricultural Resources and Environment, Sichuan Academy of Agricultural Sciences, Chengdu, Sichuan 610066; 2. College of Agronomy,
Sichuan Agricultural University, Chengdu, Sichuan 611130; 3. Xuyong County Bureau of Agriculture and Rural Affairs, Luzhou Sichuan 646499;
4. Cuiping District Bureau of Agriculture and Rural Affairs, Yibin Sichuan 644002, China)

Abstract: In order to reduce the risk of heavy metal pollution and ensure the safety of vegetable production, the
heavy metal contents in the soil and the edible parts of 18 varieties under 5 types of vegetables were
determined, and the status of heavy metal pollution in the vegetables were evaluated. Meanwhile an enrichment
coefficient was used to analyze and compare the capacity of the vegetables to accumulate the heavy metals Cd,
Cr, Pb, Zn, Cu, Ni, Hg and As. The results showed that the soil Cd content in the area under experiment was
31.91%, which was the main pollutant, while the contents of other heavy metals fell within the national
standards. The edible parts of all vegetables were mainly contaminated, and garlic and rape, spinach and
coriander were slightly contaminated by heavy metals Cr, Hg, and Cd. The enrichment coefficients of the 8
heavy metals in the vegetables showed that the average enrichment coefficient of the heavy metals in 18
varieties of vegetables was in the descending order of Cd > Zn > Hg > Cu > Ni > As > Cr > Pb. The average
enrichment coefficient of Cd was 0.201 1 and Pb was 0.003 1, a difference of 64.66 times between Cd and PB.
The enrichment coefficient of the same element in different vegetables showed significant difference which was
up to 120 folds. Generally, leaf vegetables such as coriander had a relatively higher enrichment capacity for Cd,
Hg, Pb, Cr, Ni, Zn, Cu, and spinach for As and Pb, which indicates that coriander and spinach in the
experimental area should not be cultivated on the soil contaminated with Cd, Hg, Pb, Cr, Ni, Zn and Cu. Red
rape should not be cultivated on the As and Pb contaminated soil, However, cabbage and root vegetables, such
as cabbage, white radish and carrot, had a weak capacity to accumulate Cd, Hg, Cr, Pb, As, Ni and Cu; Cd, Cr,
C n, Cu, Ni and Hg; and Zn, Cr, and Cu, respectively, and can hence be used as the priority varieties of
vegetables cultivated in the soils contaminated with Cd, Hg, Cr, Pb, As, Ni, Cu, and Zn in the experimental
area.

Keywords: Chengdu Plain; heavy metal content; pollution status; vegetables; enrichment capacity
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