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Characteristics of heavy metals and assessments of ecological risks in
cultivated soil-pepper system of Karst Areas

ZENG Xianping' WAN Jilei* LI Mi? ZHAN Tianli** WEN Ximei® **
(1. Zunyi Rural Development Service Center, Zunyi, Guizhou, 563006, China; 2. Guizhou Chenmingxin Agricultural
Technology Co., Ltd., Guiyang, 551400, China; 3. Guizhou Institute of Mountain Resources, Guiyang, 550001, China;
4. Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, 550001, China)

Abstract Carbonate rocks are distributed widely in karst areas in Guizhou Province, and the
contents of soil heavy metals are significantly greater than those in other areas. Without human
disturbance, soil heavy metals are of high background and low activity in karst areas. In this study,
samples of soil and pepper were collected from pepper planting garden in Qingzhen City in Guizhou
Province to understand the contents of soil heavy metals and their ecological risk, and to analyze

contents of heavy metals in pepper from karst areas in Guizhou Province. The results showed that the
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average contents of Cd, Hg, As, Pb and Cr in the collected soil samples were 0.75 mg-kg™,
0.74 mg-kg™', 111.85 mg-kg™', 33.50 mg-kg ™' and 109.62 mg-kg ', respectively. The average contents
of Cd and As were 2.25 times and 2.03 times of the value limited by the national standard (GB5618-
2018), respectively. There were some significant positive correlations among Cd, As and Hg in soils.
The comprehensive potential ecological risk index (RI) of soil heavy metals in pepper planting
gardens in Qingzhen City was at a slight risk level, and considerable differences of RI were observed
among different villages and towns (51.13—228.59). All of the enrichment coefficients of pepper to
the studied heavy metals were less than 1, and this, probably, suggested that pepper is of weak
absorption capacity to these heavy metals. It is also found that Cd in pepper was negatively correlated
with soil pH. It is suggested that local farmers care the sources of heavy metal pollution during
farming activities, and special attention should be paid on the accumulation risk of heavy metal
pollution in soils.

Keywords karst, pepper, soil of origin, heavy metals, potential ecological analysis.

Bt 5 2 R R R AT Mg B TR R S W4t vy, e 4 R Vs e In) g [ T AT o
+ T 4R HA Bl RO AT R b, T S B AR . s A AR P B, B+ ez
SR | A 25 4 A2 o B A A, DA B AR 7= AR 6 e = i e, DTG 5 | I8 58 vh o 4 J 5 i R
SUE AR, S NS@ R, A E L TR R A T A S A B A S YRR SR T I AN, R
A H -3 Cd. Hg. Zn. Pb Fl Cu I R W V5 Y Fs 4, 52 Cd M1 Pb 15 Yo ™ A 162k . B
PUAE TR RN, A 2 5 X R W R e T R i 0 R AR b A TR VR AE KU AT VAR, & A
Hg & 3 5008 4.14 4%, Cr & 15 5HH 1.06 £59. 504 BFoE & 90, SRR 1L R 9B 4 |
T 4 A A AR, M AR Cd. Cu, Ni, Pb Fll Zn & SRR 4 U0, B rp g i et [X R 7 4
J& S S X3, b ARG sh AR 2T, 2 X S R S R S A AN R R R AR A,
Kk, REFRHEH FIEE S8 SRR, 0 S s E S B I Y) R0 E LR, R E
Al 3 Sk R 15 T A R A AR AR

FRBEUE: 5 5 SR b X L2 P AR, IR TR R, 2 M 0 23 350 A S A PR 24 1 F2 B S A =l
DN R M DX R AR S )V oA, MR A O o R T P A M X, R A R R R 1 1R KU
DX 5. G PR DG S X B M 48 S ELBRMUR AR X+ 18 T 4 g 4 (8] 43 A SOR VR FEATT, & BB 9% X 45 39 8 43
R RO R, I B — S R A & Y W 223 o8 R B, SN A 2 b X - 1
W Cd B I A FH S e XU B (B, AR 5 & 46 Cd., He 5o ™. WA 5T on, Mg
TR DXOBORUCR S Cd 2 A [R) R S AR A, 38 SCTIT e XSl BRARUSR S v Cd A Cr 119 82 49 ) oy LA
RS PEAS 9 0.055%—17.09% , 0.005%—3.419%"). 358 T 7 T P4 g B4 rb v 30 4 1 3l mp o0 IXC 3R, 32 X3
MR E R E L TR AR 2R, Z KR ARSI E SR 24 Tem il R, USRS, E
AN TGS A G, S St X+ 4 )8 v] REAE7E N R AR BE 0 Ak I &, U R Se R R X
Sl A = it T 4 i R 8 KUK 1 A T 2 AN PR R

ARG LA v e i b DV AR T 2D L S B IR AR 1Y 4 S S BONBF I 4R, il i R A B
FUBE b 58 K0 1 AR AREE A, I 5E Hirp Cd. Hg., As., Pb F CriX 5 Fh i 42 J@ & . [l R e AR 25
JARS: 6 BOKT - 498 7 4 S ()15 YL R B UEA T VTN, L B v s e R A v R AR 0 s 2 R BTG AR VE D
W - T A JE AR, LU Ry XY M AR A A 2 4 A R S LR B AL AR B

1 #M¥5 7 (Materials and methods)

1.1 A5 X S Mg
W8 XA T AR TS HE T, i Ab 4528 106°07' 2 106°337, db4h 26°21' & 26°59'. Tl 4 75 95 44
42.6 km, FFILK 2 55.7 km, S AIFR 1386.6 km?. I B TiT Hb 50 2 AU = B0 1 el Hb . 2% B30 b A e B 4
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Hiu, Hi AT R B9 X 2 B A v S T S T, 32 B AR R R A A R . R N B
B ERRHEAA K+, WP SR A%, WFSE XS A A, R R R 2R, R A KA TUA L 1
TUF A A PR A R ER A, FR T A SRR B0 R W XUA A ik 2 DA Rl & R B AL 55
NG B B, 5800 Bk i 1 98 T 4 TR AP AR SR S T S R L R X R R R A, oK K
FESEATAEY, EE K BRAE. HHETAETFR 141 °C, 4E KR 1024 mm, TCFE 1414 283 d,
SV AT R I 2 AL
1.2 FEACRES M

F 2020 4F 5 H, SR GPS 7, F FH MG AR RAE J5 I A8 T8 BT 200 | 351 . TSR 22 4% 1 4 A~
2 FERAE K AR B A B+ SRR 5 (0—20 cm) FIBRAURE RRAE 5, AR BE S M BRAR LASMAG L |
WAy, 25 b I JORERE N, R AR SR RREE L 430 R 70 A, SRAE A UL 1. X SRR S
HEATRTAL RS , 2 PR AR A T BE AR MRAE S rh 82 43 )8 Cd. Hg. As. Pb Fll Cr ",

B 1 W X R R A A ]
Fig.1 Location and sampling sites distribution of the study area

A A i XU T A B S 5 Je e T A 58 pH (B SR LA I ; 1 42 )8 Cd. Pb. Cr 2k
PR R - S R - i SRR — TR T e, (T FL SR 5 A5 B T A B A 7 5 As Hg SR /K IF i, At 7
G SE . FE Y R I E : MERIAR & 0.5 g FMIRE R 5 mL R FHEE O 4:1 OB TR - = SATR TR 5 R ik
1T, SRJ5 R ICP-MS %€ Cd. Pb, Cr, IR TG E As, He!™. 4R i Ff i i A v, 229700
AR ER) A T R4 T o 4
1.3 BAEA S HF PN T IA

K H] Hakanson!"® "7 412 t 1) 15 78 A 28 XURS: 18 B0 X F 972 X 4 498 o 4 B A T T 70 AR S XU AN . 3%
TEGEHIE T ZME B IR IIETE SHE . RN R B 15 00K LR A BE U SR N R, 2
I 5 R HT A VP A 3 o T T G A B R A 25 UG 1) 5 . B — 4 J O 3R T A A A5 KU i
E; P22 I 43 8 JU 23R 5 B W TR AR S XURE 46 80 RT TSR A 0an T

RI= Zn:EI: = Zn:Tix%
i=1 i=1 r
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Kf, RUNZ W FLE A A S A5 8L, BN 58 p i 4 8 T & i 19 PRI 4 Ja Vi 76 A4 5 KU 45
W, T, N E SR ICE | BEETEN Y R %0(Cd=30, Hg=40, As=10, Pb=5, Cr=2), C; W E 4 )/ JCE i (2l
fH(mgkg"), C. NHEEEM S A, ARVFFE 48 75 5 (8 R A R ER 58 ot e A FH b+ 3875 e XU 8
bR EGRTT) ) (GB 15618—2018) HH AL (1) 11 5 4 J& U R 15 (. EL A S BSR40 #26
DU, | r 8 DRSS | e XU, 46 5 R A A 285 XU 2 B2 40 A 1 Dy« SR AU | e 46 IR R 5 i JRUIS: 45, L
PRI 3 B AN, W22 SR,
14 HERBE

H W) B Z 80 (Bioconcentration factor, BCF) J&: R i fk 22 ¥ 0t 9 A= W vk 46 5% =5 4 76 TR 9 B2 B ) 48
b, 6 — B BB b OB T 3 v 4 AR R YR RS R ME S B, IR B T & JE AEAE AR P 0 e AR
L 7 = R/ W (I I

Hh EREYIR N SR TR S
TP ESEICRNGE

BCF 3 FH ok iy £ 4 47 %) 8 4 Ja AR R BB ) KV/IN. s 48 R B0RR /=7, WU) 3 BH AR 1 WO FE 4 s 1Y) B )
s HHI, & A FR BB N 3R BITAR 4 Wi i o 4 g T IR 2,
1.5 BdRgeitabr

K H1 Excel 2016 FI SPSS 24.0 A {4 %t £ 45 201 7 8040 Ab 34 . Be11 537, Canoco 5.0 X 48 #1704 o0
B FIAH SCAE 23 #r

2 L5 51718 (Results and analysis)

BCF =

2.1 HIEFEEIE TR G EFHE

WF5E X 30 1 458 pH F1 5 Fh iR 4 )@ & it e it22 0B 3% 1, A8 X ki + 38 pH AT 4.61—7.63
Z ], 3% pH F2I{E K 6.09, Bk 52 fa S R M M. BE i 13 Cd. Hg. As. Pb il Cr fFH{E 535 R
0.75. 0.74, 111.85, 33.50 mg-kg"' #l 109.62 mg-kg™', Z W& (A& ] Hb £ 335 Y KUK 4% # b5 #E GB
15618—2018) ) & BT 4 J@ Pb Al Cr A< i 4% Fi b + M2 XU 0 6 (8L, 1 4 )@ Cd. Hg. As A543 #A
PRGBS e e X2 — T R R 1 T T B 1y LR b 550, 2 X a8 Ay b 5 T e IX 3, 9% DX 3 - B
HARIMEIE G + 58 [ B T 4 a5 i = Y. DLIL IR B AR AT X AR U, A T AR R AR R e
17 300 it 1 4 28 Je AR AR, S 309 X 4k Cd. Hg, As A 300 bR 304, 3 5 B 1IN 25 A A0 BIF 9 405 R —
R0, AR S BT LA R Y DX 1 S A R Y A 25 AR AR, PR X R I E AR T R AR
AT 0.11—0.38 Z[H], J& T S5 AL A8 2, Horh Pb I Cr (972 S RACH T 0.30, RUIHM A ITR
Z B AME TR, it oA AN, AE B R S EURE B 5 B 5 G T 5 Yok .

R 1 WIS pH A 5 Rl G )8 & S Eo i

Table 1 Statistical analysis of soil pH and contents of five heavy metals in the study area

Cd/(mg-kg™) Hg/(mg'kg™") As/(mg'kg™) Pb/(mg-kg™) Cr/(mg-kg™") pH

R MEH 2.66 2.77 140.12 21.33 36.12 4.61
e/ ME 0.27 0.10 11.87 46.4 186.87 7.63
FHME 0.75 0.74 111.85 33.50 109.62 6.09
Frifli2s 0.22 0.08 11.56 12.63 32.96 0.83
5 R 0.29 0.11 0.10 0.38 0.30 0.14
P E 2.19 421 431 0.09 2.34 0.20
[£3}3 3.88 18.05 18.69 0.32 7.18 0.49

M 4N S P HIERS P ESR SRR 2, HERSE Cd, Hg Ml As St iy £ B b 3
&, 43k (1.12£0.86) mg-kg ' (1.82+0.43)mg-kg ' F1(299.15+26.41) mg-kg ', Pb Fl Cr [ 2 e i 1 47
g TR (39.35+5.25) mg-kg ' FILLHIN (209.18£99.9)mg-kg'. Cd. Hg Fl Cr & f AR 1) £ 41440 T,
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HAE 5124 (0.38+0.07) mg-kg™. (0.15£0.05) mg-kg™' F1(77.2£9.34) mg-kg™', As Fl Pb & H Fc R AEH 20 )
Y PRAE LD (14.62+2.65) mg-kg FIZH% (28.4245.76) mg-kg™. BIAF , WH T 4% £ 40 B4 8 Cd.
Hg. As fll Cr &im 22 5K,

T2 BB R SR & R CEIEAR R 22)

Table 2 Characteristics of heavy metal contents in soil at various points (Mean+Standard deviation)

X 3,
Erejz: Cd/(mg-kg™) Hg/(mg-kg™") As/(mg'kg™) Pb/(mg-kg™) Cr/(mg-kg™)
LI
0.44+0.04 0.28+0.11 14.62+2.65 34+4.51 209.18+99.9
Hongfeng Lake
priia)
. 0.89+0.64 0.36+0.28 32.45+22.34 33.44+6.86 91.95+46.93
Zhanjie
T
. 0.38+0.07 0.15+0.05 24.82+5.89 39.35+5.25 77.2+9.34
Weicheng
Ak
Maige 1.1+0.86 1.82+0.43 299.15+26.41 28.42+5.76 101.58+21.24

XU GE R B, 4 A~ 2 5 3T 4 & i AEAE R )RR B AR I 52 TLI - 48 P RIZT i) £ 498
Cr 4R T EAEET 44 S BUHX R &, A L B A& B A3 E 4R 1 Sl 20000, w1
WA 4S8 Cd &Rt GB 15618—2018 (0.3 mg-kg™), 2> B M bRUE(E 4 1.47, 2.97. 1.27,
3.67 fi%. X} Hg 1 As i, 4 > S B {UA Z2 16 bR ifE (Hg: 1.3 mg-kg ™', As: 40 mg-kg™), 73 5l A FR i
5 1.4 5 7.48 f5. Cr & #AE 44 & BUP AU 20 — A £ BUB 47 E (150 mgkg™), R AR E )
1.39 fi5. 4 A~ S A 4 8 Pb Y ik T El AR [ 3 R (H (70 mg-kg™!), Pb RIS, +
HEE 4R Cd FitAE 4 BRI HPRME, 50 0 REL X+ 8 B A8 v T R 1 bRk Ak 2 1 i
R R R R BGPTSR (%) TR S A B R A R R, S — T TR AR B
Tt AN A 8, B0l AR A5 PR BT A7 2 i IR R,
22 LIEE SR WA S KT

% 2 FH TR 4 R A BRI A AR S KU FE KL (ED) (36 3), S 4@ Cd /Y B S, v, 22 4% Ao i
() EI 4bF 3 5m KUK (80 < EI<160) 7K, ZEAIA %) BI Ab 45 XU (40 < E1<80) /K F, 1 T3k 1) EI 4bF
BRIMOXUG: (ET<40) 7KSF 5 B 2 A% (10 4 8 Hg Al As 1Y EX AL T o 25 )UK K OF, HeAR 440 + 18 4 8
Hg. As. Pb il Cr () EI A OXUG:. AR ER TR, 4 4 £ 41 Cd T 4@ 75 Yo S XU B K, He T 7E K
S AR T Cd, Pb., Cr 554 J& 15 Y AR A8 KBS fie /0N, 2246 19 B 4 JR 15 Y AR A XU e K, RI K 228.59, THIR 1
HE T A S RK /N, RLK 5113 VG T2 4% £ TR E & )8 As " H @ bn, B /MR A I &2 & 4%
SRR A Tl DX, BTl XA = ik B e R BRI L IR K T = R HE T, #8531 G W HE A B b+
e, REMH - HEE SR As SR04 058 Xk Cd PR E AR, Cr, P {5 YRR AL, H 5 FhE
EENMESK, SETAWFIE R — 5.

R3 HIEEGEBTEAE SO

Table 3 Potential ecological risk assessment of heavy metals in studied areas

X35

EI-Cd El-Hg EI-As EI-Pb EI-Cr RI
Area
LIHR
Hongfeng Lake 43.97 4.65 4.87 1.42 2.09 57.00
i)
- 89.03 7.93 8.11 1.86 1.23 108.17
Zhanjie
i
].lﬁk 38.34 3.37 6.21 2.19 1.03 51.13
Weicheng
i{rﬁ 110.33 40.54 74.79 1.58 1.35 228.59
Maige

2.3 BB AR E 4w 1 5 R A

T X3 4 4> S BEBABAE AR A TR 07 O T 4R 3 e AN 4 o, 4 > S BHZIHUT . ulhflr . T, 244%
PRMUE 4> # 4 Cd & 40 %14 0.0005, 0.0022, 0.0120, 0.0122 mg-kg™, % H 52 Cd & £ 4 0.0002.,
0.0001. 0.0034., 0.0037 mg-kg, 4 4~ Z FHL WU . Wty . DL, FH ML E 4 He 705N
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0.0021, 0.0012, 0.0007, 0.0017 mg-kg™", X} Wi J 5L He &~ 0.0011, 0.0003, 0.0005, 0.0007 mg kg™, i
M- Hg &34 0.0043, 0.0015, 0.0012, 0.0028 mg-kg ™. BHUAE KT Cd. As 731 52 BLHEAAH 7] 59 90,
SRR A > S B> S A i 1 HE 4R Hg. Pb A7 52 PUIEASAH ] A R0, 24 ik B> 2R A
HSHATE R Cr 78 BB IR B 694015 JCIH BARAE, T 435007 2R SR, B % (& s e
PR ) (GB 2762—2017) 45 i B E 4 J& Cd. Hg. As. Pb. Cr FREEFRHE, 20514 0.05, 0.01. 0.5, 1.0,
0.5 mg-kg ' (BEFE) . 405 AR 1 XTI 53 DXOBURUR S5 8 48 & AR I B0 F 2, A3 4 1> 2 BUBUNE 4 )8
TR MR
F 4 G X BN R A0 H 4 R 1 i ()
Table 4 Heavy metal content in different parts of pepper plants in the study area ( fresh samples)

X 2§ tilgina
Arca Parts Cd Hg As Pb Cr
B 0.0005 0.0021 0.0005 0.0125 0.0322
ALK
e nf 0.0003 0.0043 0.0003 0.0198 0.0573
Hongfeng Lake
S 0.0002 0.0011 0.0002 0.0190 0.0276
e 0.0022 0.0012 0.0016 0.0125 0.0722
ulifl
. nf 0.0021 0.0015 0.0028 0.0158 0.1071
Zhanjie
S 0.0001 0.0003 0.0008 0.0108 0.0392
e 0.0120 0.0007 0.0013 0.0052 0.0522
T
. “ nf 0.0103 0.0012 0.0012 0.0073 0.1261
Weicheng
S 0.0034 0.0005 0.0010 0.0052 0.0402
e 0.0122 0.0017 0.0011 0.0121 0.0757
A K
Mai nf 0.0098 0.0028 0.0012 0.0157 0.1281
aige
Rk 0.0037 0.0007 0.0007 0.0091 0.0766

A AR BB RALTE SR FEA YR N R FE R B, 4 ) S BRI BB W B R EUE AN
%5 RN, WFoE S5 R0 3 rh 5 54 B A8 BT b+ E- KRR P 1055 i RE SRR, 4 2 BRI AR 0 AR
XF T 4 IR Y AR AE AR AN [ B 2 5 L e 20 AT R sl e e R 1) BN Hg & SEBE T o, 43 Bk
0.03046 £ 0.00844, Tfii T35 1 A2 k% FhoAH (19 BRABCRT Cd 1) & B2 6E S dci, 43510 0.06771 Fil 0.02485. £T4#
WL A TR AR 4 A4 £ BIFIE BRI Cd, Hg., As. Pb fil CriX 5 FhE 4 )@ Xt As 05 4EfE
BIfeds. 4 DOE5E X BT 5 e 4 8 1Y & S R BN T 1, R 4 4 S BRSO X 5 e 4
J ) AR RE ) B AR & 4 > S 8 5 Fh 4 Jm ZE BBV AR I A0 2 52 BLHE BCFy, il BCFq & 46 5
WK, BCF o & 45 2 8/ N HL A . 8 rp g 30 et X R b 74 i 2 583 1000 e XU B IX, {ELYG P 41K

RS B BCF fH(x107)
Table 5 BCF value of pepper (x107)

X 3k
Area Cd Hg As Pb Cr
LT
Hongfeng Lake 2.33 30.46 0.07 1.51 0.56
it 492 8.44 0.16 117 242
Zhanjie
B
Weicheng 67.71 15.75 0.14 0.45 2.83
'%1.:% 24.85 2.87 0.01 1.30 2.76
Maige

2.4 FHESAHY)E 4R A

TR LTI HORBUR A - 48 5 40 18] T 4 S A DG A M an ] 2 i, 38 S A ) 22 18] 1) 3 4 AF AR R TR
T B AR DG . Jorp - 438 rh Cd 544 Cd 7E 0.01 ZKOF 5 A e, RHETh As 5T Cd 1E
0.001 /K F |5 B E A M, 3 pH 5K Cd7E 0.05 /KF |52 B E A e Me. th sk nl 20, A9 i)
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Cd 5 As, Cd VA } pH 2 @ ZAHCHE, 5 3P ) Pb. As, Hg MHOCPERSS. 11 Cd 5 + 4% Heg 7&
0.05 7K I 2 W 3E ARG, 5H4 As 7€ 0.001 7KF b2 8 2405, HEY T He 549 Pb #£ 0.001 7K
bR EASC, MY Hg SH Y Cr7E 0.05 KF | E MG, T3 As 5 Cd. Hg 73 4 7E 0.001,
0.05 7K~ b 5t 3 AH S 1.

2 THESHYE4E Sperman A A
: S-metal 24 +3EMY T4 )&, P-metal NAEYE SR, *F/RTE 0.05 KV L BE, **FR 0.01 KF-BE, #*FR 0.001 KF-5E
Fig.2 Heat map of Sperman correlation between soil and plant heavy metals

Note: S-metal is heavy metal in soil, P-metal is heavy metal in plants, * means significant at 0.05 level, ** means significant at 0.01 level

BRI, 2P ESE AN SHEYAAE - ENERR, T RPEREESRCR B AE T
KR A TIEAYES RO EEST I, Y ESIR Cd 5+ As, Cd 20 B EIEMR, 5+
e pH A 52 3 M ¢, 498 pH (A A TH 5 mT AR R 6 = R BILSE RO S 5 B 0, (e a0 A 9 1 I FF
Ul B 4 e P AR, N T B8R AV B 45 R A B P B AR A R, BRSO — PP 7 B R AR Cd ATY
VERS, A 53 X 3R 4 9 7 4 i Cd LA TR A o AR 25 KB . Rk, 7 s 75 5 Xl 5 L O £
HEE 4R Cd, T HHUh Cd 5 pH 7E 0.05 K P B3R UL R, @SOS R S HEE L #E v vE
B SRR, T R 4 R VS e ) BRURUES
2.5 HESHEYESIENITR ST

TUAY TR F T I 4510 o 22 ] B — AN A DG, AR L RN RS (K 7 vh T 4R S BE R i Rl AE £k
g R . I 3 AT AR IRl 0 0 A L DR SRS 22 H] 56 R MORRIFREE I F 2 B R Hop, %
O Hi Sk FRIREE A, B 5 Fh 8T 4 8 U K A0 i M 8 pH (. 0 TSk KRRy, B SRR E
&8 £ A IEE N 5 YRR T Sk 22 0] B 2 £ FH R AR BRI 1 S5 0 R A AR OGPk, Sl AR AT e B, 1 X 5k
BRI 4 J& Cr. Pb, Hg SEAEE A B = 2RI IEAHC. BUE S S Cr B2 14 pH i, Cr 952
HIEMSE, Cd. Pb, As X HFE M A K, 5 43 He 2 HAHE; HME SR Pb 222 +HE 4R Cr. Cd,
As., Hg I 52005 X8R R 42 8 Hg 52 M 38 K B R 58 K 7 & £ 3 pH B RN Cr. Pb. Bl E & )8 As F %%
T HETE 4 )8 Cr. As, Hg, Cd Fl+ 58 pH 52 W, 5 + 585 4 )8 Pb 5% M 55 55 52 1EAH OC; BUUE 4 )8
Cd %%+ E 4 )8 Cd, Pb, pH Ml As (R0, + 35 4 )8 5 BT & £ E 4 B A —EED)

TR NG IR IAER RS, 1 AT ORI A R T, W S R A A
BT ISR, TURHTEE R0, BN He, Cd 8 KA 5L 74 3 pH{E. Cr. Pb 4.
B e — T 4 8 0 R WSO S +3E pH H & 24 ¢, i 5 £ 3h Hofh T & J8 oo KA & % VIt
R, BEAEE 2 2 A8 BAE RS, R0 45 T4, 2 SBO8RHE L IR S oy — A B
B, OB Fp R R DA RO A K R B B 2 B S I AR 25 S5A0IE, R ORI L B ARRY H
2, S50 Cd BN A A KU 1Y B LA N BT, He 1T IX 8GR IR 4, H EL A VB e XU B b b
AEBR AR HEK DA S AR 24 . ARAE . V5 K BE IR A it A, T L B 05 06T IR A R T AR AR i R B I R R
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B3 L E S Y SR ] A TTAR BT
F: S-metal /& 3R T 42)&, P-metal ALY E 48,
Fig.3 Redundancy analysis of heavy metals in soil and plants

Note: S-metal is heavy metal in soil , P-metal is heavy metal in plants.

3 %512 (Conclusions)

(1) 775 47 T BRABU™ M+ 3 75 42 J@ Cd. Hg. As. Pb Hil Cr BFEI{E 53514 0.75, 0.74, 111.85, 33.50,
109.62 mg-kg ™', 4 P S HHE LR Cd 15 A BRI K, T4 Pb., Cr 5 YA 25U /).

(2) ¥ BT MU ™ Hh 1 3 4 B 4 B B 00 A A S KU 8 B ST 38 1 RN AR IR R
Cd>Hg>As>Pb>Cr. L5418 78 A 25 AU 8 20 52 LR TR KO-, 4% 4 ZE SRR AR T8 1 e is RFHLE
P A —RE B FLEE, (E BB 5 PP 4 Jm 10 & 28 R AN T LR Xk 4 4 s I = T
(B L ARTE P RNARG A 25 RURS: A 05, 4 A 2 SRR i+ 98 T 4 SR A7 A6 5B B AR TR R, (EBRMUR 52 b i 4
e A PR A

(3) BMUY T 4 )& Cr 55 Hg. Pb [A] 2 3 1EAHC, BRI E £ )8 Cd 5 1458 pH B35 Uk 5¢. B g i
R H X BURP R 3 Cr 5 Hg. Pb (975 YR U5 T BEAH [, JHORUR A A2 Hp B 5001 563 Cr 5 Hg. Pb 1)
AE A5 Yy, [ B v - SR B X HE 42 S Cd s .
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