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Evaluation on Heavy Metal Pollution and Its Risk in Soils from Vegetable Bases

of Hangzhou
GONG Meng-dan,ZHU Wei-qin*, GU Yan-qing, LI Shu-ying, Jianati-Tunike
(Key Laboratory of Hangzhou City for Ecosystem Protection and Restoration, Hangzhou Normal University, Hangzhou 310036, China)

Abstract: With the purpose of investigation on heavy metal contamination in soils from vegetable bases of Hangzhou, adopting field
investigation and indoor analysis methods, the contents of heavy metals as Cu, Zn, Pb, Cd, Cr, As and Ni, together with their
relevance to the physicochemical properties of the 203 soils from 30 vegetable bases in 10 districts of Hangzhou were studied. The
results showed that the contents of heavy metals such as Zn,Cr,As,Ni generally didn’t exceed the standard, while the contents of heavy
metals such as Cu, Pb, Cd exceeded it. The results from synthetic pollution evaluation showed that the soils were slightly polluted in
soils from vegetable bases of Hangzhou, which were mainly caused by Cd pollution. Furthermore, there was slight potential ecological
hazard for Cu, Zn, Pb, Cr, As and Ni but strong potential ecological hazard for Cd, and medium comprehensive ecological hazard as
a whole for all the heavy metals in soils from vegetable bases of Hangzhou. The correlation analysis indicated that the contents of Cu,
Zn, Pb, As, Cd were greatly influenced by the soil physicochemical property. Thus, measures must be taken for the prevention and
controlling of heavy metal pollution in the soils from vegetable bases in Hangzhou, especially for that of Cd.
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Fig. 1 Distribution of sampling vegetable bases in Hangzhou
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T 0.7 <P, <1.0 i}, 154555 0 2, R+ 3%
WIE TR s 1 <P <2 B 15 Y2590 3, FoR IR TS

Yoi 2 <P <3 T5YAFYCH 4, R LIET TS P,
>3, TR HEEES YL H P, B Y5 YLkl ™ 5.

x1 BMNTARXERFEE L EERBH MR
Table 1  Basic physico-chemical properties of soils from vegetable bases in different districts of Hangzhou
BE oH EC | CEC | Toc H%ZP, éPﬁ; 755?‘5(1\{ éNﬁ; %K% ém% %Mg§
/uS-em ™ /mg-100 g /gkg™' /mg-kg™' /mg-kg™' /mg-kg™! /mg-kg™' /mg-kg™' /mg-kg”! /mg-kg!
P X 7.45 154. 31 1 009. 45 8.07 208. 95 1481.52 102.10  2709.69 1138.66 4 303.96 160. 96
LT X 6.04 563. 18 836.22 12. 65 180. 11 1 060. 87 136.00 2705.93 1264.53 1759.06 156. 07
TEVLIX 7.36 584.18 995.23 2.78 20. 42 800. 47 38.08 1779. 80 626.59 4438.79 159. 43
X 6.85 645.55 881.43 7.9 229. 66 1384.12 109. 71 2630.38 1112.14 3833.92 152.13
ALK 5.75 460. 17 800. 59 12. 1 153.54 889.26 148.39  2981.66 1169.71 1380.41 154. 06
B AT 6.53 232.09 760. 29 16. 41 212.00 991. 70 136.22  2682.80 1211.46 1160.32 149. 69
A )i L 6. 10 254.78 744. 48 12. 68 129. 36 648. 02 99.74  2450.69 1190.1 1264.52 145. 20
TR R 6.40 427.75 878.48 15.38 283.91 1794. 56 155.69  3187.24 657.63 2387.82 144. 52
di  7.55  174.44 871.52  22.77 228.92  1996.74  160.17  4365.32 1256.38 3834.05  168.81
T 7.34 89.5 755. 86 10. 03 144. 67 764. 43 63.04 2583.61 1079.95 955.70 145.98
R2 RERFFHAERETNIRE /mg-kg ™! X, P oy H B E AR A BAEEG ¢t

Table 2 Environmental quality evaluation standard for farmland

with greenhouse vegetables production/mg-kg ~'

HEJR pH<6.5 pH6.5~7.5 pH>7.5
il 50 100 100
B 200 250 300
A 50 50 50
f% 150 200 250
i 0.3 0.3 0.4
i 30 25 20
B 40 50 60

(2) LAY EEL

NHZ $8 5015 ( Nemerow index ) J& % FH I 25 &
TG YR L Z — | BRAS 5 4 T M DT A DX 1
4 JE BTG YRR 0 A A RN

(PIZ;IBY + Pi\/[‘ ) é_
2

Ao, Py M HERE S (R X ) T 4R Y N A
BRI YAEEL P, o I S A i K RIS Y
BEL; P, WA 4 RIS e BT (E. R
WL GG PR B bR, 2 Py <0.7 BTG5 Y56
Gl 1, Fm HHEEE; 0.7 <Py <1.0 I}, 154452
H 2, R IR 1 <Py <2 W, {59550 3,
FOR TS YL R Sl TEY I IR 2 B L 2
<P <3, V55N 4, Fon L3 AEY 2 2]
1Y Py >3, FoR I R R EHE S Y.
1.3.2 BRI ITE Ko dbn e

(1) HI5ZBHEHATN

T RFBHEEO TR AR

C.

p =
J Lj

P, =

e AR j IS L AR X T
. FREHOM I3 E 487 S0, Cu, Zn, Pb, Cd,
Cr, As Al Ni iX 7 A~ &)@ 75 St (8 3 98 18. 61,
76.83. 20.67. 0.225, 58.11, 8.73 # 20.78
mg-kg ™',

(2) L4 BRIEEOHN

i BRSO R AN

Pi + P

P PR S (BRI A A R 2R B
BIe%L, P, o0 B 4R & Ko 2R 80
P, N 4R I REE BRI, RIS S
SRERRI S 4ER ) Y P o<1 i, BRER N1,
TEEE RIS ATHB R 1 <P, <1.5
i, BRRERN 2, HRERM; 1.5 <P <2 i}, R
BUEEG R 3, PR, 2 <P <2.5 i, RBEYH
R4, ke E R, Po>2.5 B, BRESEH R 5, ™
R
1.3.3 B AESEERSE

TR AR S A A B TP AR - e 4 0
i O BEKOE BB N 4 R T Y A R A
J5 . WRYEIE L2 Hakanson 32 H OIS 4R BB FE
BB (RT) Y XM i 25 35 b - 398 v 7 4 Jad o A
S FIATIAN . R AE S ER SO (RD 1A
N
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Ko BRI A AR S KU AR B, ¢ o R R
&g i WSEME; C hESE WS LA,

AR C RN LR SR Sl T hES
J& i AR AR e N R, AR S T8 2R Hakanson
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Cr, As FINi X 7 FREAJEMN T2 /3515, 1.5, 30,
2. 10 F15. 2% Hakanson HX/0F5 i, X P — T 4>
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S ARG, 80 < KL <160 M5 A 25 KUK, 160 < B! <
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F 4RI S, RI<150 REMAES K ; 150 <RI<
300 Sy A AR 25 KUK, 300 < RI<<600 A 7R 5 A= 25 X
5z, RT > 600 A A= 2 XU

2 HRE5HM
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e KR E BH DX 3% 58 3 i - 38 b Cu & &
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DX, FLERAET | G4 Tl R s EL gk S b + 3 Ph &
AR , H G LT B S S 1 4 Ph B AR R A X
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i B > VA X > @A > et > i X > & FH
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T AL Cd FRERIS, HrhELX il
X ERPEIX e T R B g S B kb B Cd
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203 RFE-ER 7 FPE &R P, Ph B AR S R R
KK A 128.38% , KT 100% , J& T = 55748 5353
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Fig. 2 Synthetic pollution level of heavy metals in soils from vegetable bases of Hangzhou
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x3 MMTHXEMTIEESEFIESE /mg-kg™!
Table 3 Average heavy metal contents in soils from vegetable bases of Hangzhou/mg-kg =
XE#AHK  TiH Cu Zn Pb cd Cr As Ni
T 16. 07 100. 90 7.59 0.74 60. 69 5.78 14.15
TFK I 13.70 ~18.60 71.52 ~208.80 4.33 ~23.33 0.18~1.46 22.49~107.86 2.55~8.82 12.32~17.71
AR % 0.00 0.00 0.00 83.33 0.00 0.00 0.00
5 ZH % 12. 60 32.13 60.91 61.37 42.34 31.45 11.24
T e 24. 64 115. 02 20. 67 0.30 80. 59 7.25 21.06
WK N 15.36 ~32.19 84.85 ~156.83 10.85~31.69 0.11 ~0.63 50.73 ~111.13 4.13 ~10.67 13.41 ~33.01
BFRE % 0.00 0.00 0.00 57. 14 0.00 0.00 0.00
SR % 22.36 18.75 27.50 53.75 23.89 27.89 29.54
T e 19. 47 61.69 3.65 1.10 69. 35 4.73 23.87
BT N 16.17 ~24.07 56.85~66.80 0.11 ~6.44  0.91 ~1.27 50.32~106.55 3.92~5.27 13.16 ~44.10
a AR % 0.00 0.00 0.00 100. 00% 0.00 0.00 0.00
A5 R E % 21.10 8.08 88. 60 16. 46 46. 45 15.10 73. 45
TR 18.32 119.37 8.59 0.58 37.27 4.61 14.39
ALK S 0.27 ~40.67 53.46 ~206.09 0.00 ~33.84 0.36~1.29 0.00~84.59 2.06~8.92  0.00 ~20. 14
KBRS % 0.00 0.00 0.00 100 0. 00 0.00 0.00
A5 R E % 50. 43 31.15 128.38 43.69 52.26 30.55 21.39
RSy 23.42 95.01 11.79 0.45 67.37 5.48 16. 86
AR S 10. 01 ~66.26 48.40 ~138.49 0.00~24.91  0.18 ~0.87 22.57~109.04 0.64~8.01  7.62 ~28.07
BIRE % 6.67 0.00 0.00 82.22 0.00 0.00 0.00
A5 R % 52.76 18.73 55.86 38.18 28. 48 27. 86 28. 84
T e 51.57 150.76 24. 80 0.52 69.72 12. 61 15.93
Sl itk 24.38 ~138.31 97.41 ~225.80 17.41 ~37.04 0.19~0.75 50.92 ~146.70 6.25 ~22.14  2.99 ~42.97
HBARE % 33.33% 0.00 0.00 91.67% 0.00 0.00 0.00
SR % 56. 96 24.72 27.28 31.87 39.76 38.70 75.58
FEE R 14. 21 74. 49 29.92 0.71 56.53 7.23 7.05
e N 9.21 ~29.45 50.88 ~103.68 7.11~92.05 0.37~1.39 22.49 ~82.51 2.29~15.49 2.07 ~10.16
. AR % 0. 00 0.00 7.14 100. 00 0.00 0.00 0.00
A5 R E % 35.26 19. 06 69. 92 43.00 34.01 41.02 30. 84
TR 34.39 166. 77 42.25 0. 63 81.39 13.89 27.82
. ﬁiﬁil 11.64 ~49.30 84.90 ~208.63 23.07 ~61.32 0.37~1.10 22.61 ~109.84 3.30~19.67 15.27 ~36.38
BT % 0.00 0.00 7.69 100 0. 00 0.00 0.00
A5 R E % 32.33 22.51 25.50 34.70 37.68 27.39 20. 08
RSk 30.23 112. 81 34.95 0.78 67.99 6.92 13.43
e TEEJ 6.28 ~50.42 9.68 ~191.17 7.08~73.02 0.37 ~1.46 22.47 ~110.02 2.63~13.78  1.97 ~26.37
AR % 0. 00 0.00 0.00 100. 00 0.00 0.00 0.00
SR % 45.83 40. 62 53.26 43.49 51.92 43.77 58.12
RS 28.96 110. 14 17.58 0.51 66.79 14.98 25.33
wriR TEEJ 6.20 ~44.27 79.40 ~153.75 7.10~26.83  0.00~0.9 22.50 ~106.51 6.60~22.90 15.20 ~34.18
BARE % 0. 00 0.00 0.00 70. 00 0.00 0.00 0.00
A5 R % 38.97 20. 02 34.29 54.30 33.72 40.23 24.05
R4 MMNTHRZFEHTEESEESTRIEHRTEITMN
Table 4  Synthetic pollution index of heavy metals and its pollution evaluation in soils from vegetable bases of Hangzhou
REEL T RIELD, G AT I Py
Cu Zn Pb Cd Cr As Ni
THIX 0. 161 0.378 0. 152 2.205 0.274 0.259 0.263 1. 607
P X 0.418 0.536 0.414 1.058 0. 497 0.266 0. 506 0.873
TEVTIX 0.195 0.206 0.073 2.740 0.277 0.236 0.398 1.983
SHELLX 0.237 0. 497 0.172 1. 830 0. 196 0.185 0.292 1. 340
ARATIX 0.415 0. 451 0.043 1. 462 0.42 0.193 0. 400 1. 116
=1k 0. 678 0. 656 0. 089 1.739 0. 381 0.479 0.332 1.347
AT 0.248 0. 346 0.563 2.415 0.338 0.256 0. 163 1.762
%) 0.398 0. 663 0. 845 2. 000 0.431 0. 558 0.554 1.523
i i B 0.476 0. 491 0. 699 2.008 0.370 0.262 0.282 1.917
B 0.392 0. 463 0.352 1. 409 0.361 0. 606 0.529 1.152
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eI A Ph A Cd i SRR LR
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FMIEEVLIX | & PH T AR 5 2S5 b+ 58 4w 1Y
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Table 5 Accumulation index and its evaluation of heavy metals in soils from vegetable bases of Hangzhou

P HTRPUER P, _ Y tr BRURHC P,
Cu 7n Pb Cd Cr As Ni
T X 0. 864 1.313 0.364 2.762 1. 044 0. 663 0. 681 2. 006
FEIX 1.324 1.497 1.007 1.256 1.387 0. 831 1.014 1.559
TEITIX 1. 046 0. 803 0.177 4.485 1.193 0. 541 1. 149 2.564
AL 0.985 1.554 0.417 2.539 0. 641 0.528 0. 692 1.995
RBLIX 1.258 1.237 0. 547 2.003 1.159 0.628 0.811 1.722
16l 2.771 1.962 1.203 2.310 1.200 1.444 0.767 2.517
AT 0.763 0.970 1.355 2.310 0.973 0.828 0.339 2.160
Iz i 1.848 2.171 2. 050 2.817 1.401 1. 591 1.339 2.479
i Jr5 L 1. 624 1. 468 1. 696 2.176 1.170 0.792 0. 646 2.502
B 1. 556 1.434 0. 853 2. 046 1.149 1.716 1.219 2.092

2.4 MG SN I SR I AR S X Y

>HRIIX > & T > @ > bt X > P X, H

2 6 T, FUM T 10 AN X B34 Cu
Zn, Pb Cr, As Fl Ni f% 5030098 76 A= 25 KU 44X
(ED YT 40, A KBS Il s (R X 45
b CA T, FEB X AT X AT S
+3Eh Cd B E! P34 F 80 ~ 160 {5 FE, ik 3158 A A X
Bz, ALK BHIX Rl e X S+ 438 v Cd 1 £ W)
BN T 160 ~320 Y[, Az A5 XU ik B AR 58 S5 ¢, T
A4 MNXEFH D Cd 1Y B KT 320, Bkt R
SR, AN, g 6 TR 4 rhL g A= 25 KU
FREL(RD) K E 4 X B 8 4 Jm 1) RT K/
ok LXK > VB > T IX > Ml s B > I

S RITIE R [ S w3 e gk 2 € o A N i (S W
S+ HETE 4B 1Y RN 379. 72, @ AR SR, Higy
8 MNIX H i 385 4 )& 11 RI AvF 150 ~ 300 {E i,
Bk AEA AR AR, AT e T 4% DXL S b 4 4 v
Cd fA eI AE AR A AU, 45 X B+ 38 3 4
& 5 AR B I R B VTR AR S XU
2.5 BUMNTER RS b T 4 R 5 H AR R
AT

TR AT S R E AR SR A
b fildn, pH T 3 b R A R AL A R
Vs f bR AT RS 0 P aS g (CEC) U
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Fig. 3  Synthetic accumulation level of heavy metals in soils from vegetable bases of Hangzhou
*6 MMTHRXEMTESEENEBEEESNEIEL
Table 6  Potential ecological risk index of heavy metals in soils from vegetable bases of Hangzhou
-~ ST A 25 MR AR )
FAE R RI
Cu Zn Pb Cd Cr As Ni
THIX 2.50 1. 18 0.79 340.73 1.37 4. 65 2.86 260. 20
FEX 3.83 1.34 2.16 95.79 1.82 5.83 4.26 120. 18
pESANES 3.03 0.72 0.38 365. 40 1.57 3.80 4.83 379.72
FrILX 2.85 1.39 0.90 194. 67 0.84 3.71 2.91 207.28
AIX 3.64 1. 11 1.23 150. 19 1.52 4. 40 3.41 165. 51
T 8.02 1.76 2.59 173. 88 1.57 10. 13 3.22 201. 19
i i B 2.21 0.87 3.13 406. 63 1.28 5.81 1.43 251.03
HE 4.70 1.32 3. 66 628. 54 1.54 5.56 2.72 280. 59
I 22 i 5.35 1.95 4.42 211.29 1.84 11. 17 5.63 241. 64
T 4.50 1.29 1.84 153.42 1.51 12. 04 5.12 179. 72
N
30°0000"
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Fig. 4 Comprehensively potential ecological risk evaluation level of heavy metals in soils from vegetable bases of Hangzhou
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Table 7 Correlation coefficient between heavy metal contents and its physico-chemical properties in soils

Cu Zn Pb Cr As Ni Cd

pH -0. 169 -0.184 -0.375 -0.061 -0.208 0.289 0.794
EC -0.384 -0.232 -0.327 -0.542 -0.654" -0.156 0.195

CEC -0.375 -0.362 -0.486 0. 002 -0.506 0.235 0.735*
HEP 0. 360 0.704* 0.513 -0.076 0. 185 -0.230 -0.391
2P 0. 186 0.617* 0. 465 0.133 0. 091 0. 159 0.072
BN 0.416 0. 652 0. 626 0.278 0.117 -0.153 -0.511
2N i 0.363 0.766* 0.731"* 0.381 0. 461 0.280 -0.312
TOC 0. 636 0.786 " 0. 889 0.545 0. 566 0. 141 -0.478

£ K 0. 147 0.478 0. 189 0.051 0.355 -0.027 -0.769 "
4 Ca -0.358 -0.050 -0.293 -0.174 -0.391 0.211 0.615
4 Mg -0.050 0.278 -0.059 0.377 0. 004 0. 561 0.135

1) # FRAHRREOEZ 95% 5 EEAKTF Ry 05 =0. 632, n =10

3 g

(1) U2 X BB S i b+ B o 4 R 5 =
BN E] AR T bRRBUAS 5 o 2528 Hh
FHEFE Cu, Zn, Pb, Cr. As Fl Ni {5 YRR
T ACE B3 Cd A5 Y Bk g B wlh S
PeaKF-

)M XA IR T E S ENSGEE R
FRRREE 2 Ry B2 RN, 25 BB e AR S XU b T rh
SEIKA- R Cd 1 BRI SR AR JEE AR G55 R IR AEAE
AR iR Y B — W A A S KU, PR, 5 AU BT
T S 3 Cd R AR R A AR A U 1 B 4%
TAE.

(3) BT g e b 4 Cu, Zn, Pb, Cd 5%
As F i 5 PR A — A OGO
Cr, Ni &5+ e oG, dkSealibiom ik
SEHM 3Ed Cu, Zn, Pb, Cd, As Y5 YL IR K
H5 A B A R ) SR A TR A ST A
Y.
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