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Evaluation on Environmental Quality of Heavy Metals in Soils and Vegetables

Based on Geostatistics and GIS

XIE Zheng-miao"?, LI Jing"?, WANG Brling?, CHEN Jian-jun'?

(1. Department of Environmental Science and Engineering, Hangzhou Dianzi University, Hangzhou 310018, China; 2. College of
Environmental Science and Natural Resources, Zhejiang University, Hangzhou 310029, China)

Abstract: Contents of heavy metals ( Pb, Zn, Cd, Cu) in soils and vegetables from Dongguan town in Shangyu city, China were
studied using geostatistical analysis and GIS technique to evaluate environmental quality. Based on the evaluation criteria, the
distribution of the spatial variability of heavy metals in soikvegetable system was mapped and analyzed. The results showed that the
distribution of soil heavy metals in a large number of soil samples in Dongguan town was asymmetric. The contents of Zn and Cu were
lower than those of Cd and Ph. The concentrations distribution of Pb, Zn, Cd and Cu in soils and vegetables were different in spatial
variability. There was a close relationship between total and available contents of heavy metals in soil. The contents of Pb and Cd in
green vegetables were higher than those of Zn and Cu and exceeded the national sanitation standards for vegetables.
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Fig. 1 Distribution of land use in Dongguan town
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l'able 1 Heavy metal concentrations in soil / mg* kg

TiH AR A ST FeA % SR due M I KA ez TR RV % i 15 315
Totak Ph 1gN 61 140.9 67.3 454.5 85.9 61.0 1.0 0.4
TotakZn [EFS 61 94.7 51.7 328.4 38.3 40. 4 4.3 23.7
TotakCd N 6l 2.6 1.7 3.4 0.4 17.0 0.1 - 0.9
TotakCu N 61 32.0 5.4 71.8 12.6 39.3 0.2 0.6
AvaitPh lgN 61 27.7 0.8 195 43.9 158. 8 0.3 - 0.2
AvaitZn 1gN 61 10.0 3.0 33.9 4.9 49.1 - 0.4 0.2
AvaitCd [EFS 61 0.1 0.0 1.0 0.1 77.9 6.7 49.2
AvailCu 1N 61 10.9 3.7 22.6 3.2 29.4 - 0.4 1.8

M 1 F i, Ph & 67.3~ 454.5 mgekg™ ',
SEBIE A 140.9 mgekg™ ' Zn F A 51.7~ 328.4
mgokg™ ', M 94. 7 mgokg™ ' Cd S 1.7~ 3.4
mgekg™ ' M 2. 6 mgekg™ ' Cu TS 4~ 71.8
mgokg™ ', I 32. 0 mgekg™ ', 4 FhOCE T
POl 4s 3T SO, BR Cd AhARR L [ K
bR AE R R L SR B R BROE A, R 2. Avail
Pb &4 0.8~ 195. 0 mgekg™ ', P 27.7
mg* kg™ ' AvaitZn # & 3.0~ 33.9 mg*kg” I 5]

fii 10.0 mgekg '; AvaiFCd & # 0.0 ~ 1.0
mgokg™ ', FEIME 0. 1 mgokg™ '; AvaikCu 54t 3.7
~ 22.6 mgrkg™ ', P 10.9 mgkg™ ', Pb Zn .
Cd Cu 3X 4 Fp 55 43 J A7 R I & B A AR B S AN
A 280, Totak Pb >Totak Zn> Total Cu> Totak
Cd, AvailPb > AvaikCd> AvaibZn> AvaitCu. 13
1 Total Ph Fl Avail Ph (148 5 R £ K, FI948 5+
FEPE B, Ve W) 13852 3] Ph A K5 B 1) 5 i b 55%
K. M JE 0 JEA K A, Totak Ph \AvaikPb \Avaik
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T H pH PR gkg™ " TotabPh/mgekg ' TotabZn/mg kg ' TotabCd/mgrkg ' Total Cu/ mg-kg '
A - 5.92 12.5

[5  Gpgfi! 15 < 6.50 200 0. 30 50
WL A e 24.5 84.8 0.20 19.8
i TR bk R A 0.2 20 0.05 10
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Table 3 Theoretical semivariogram models of soil heavy metals and their corresponding parameters

g, A plee - L iy el I ] s H L iy (=1 ¥
Totak Ph) " BEEl] 0.00 0.29 4130 0.00 0.943
TotakZn g 0.01 0. 08 1090 0.17 0. 648
Totak Cd WwEn 0.12 0.23 7350 0.50 0.799
Totak Cu B 99.30 256. 10 10 430 0.39 0. 900
Avait Pb) " b= &y 0.03 3.79 3710 0.01 0.955
AvaitZn) " SRE 0.03 0. 45 8700 0.07 0.920
Avaik Cd R i) 0.00 0.18 2310 0.00 0.556
Avai Cu) " i) 2.68 10. 58 510 0.25 0.138

1) 2 0] B4

FIH GS+ LG L8Erf e % Pb Zn Cd Cu &
R A B2 7 22 B B e B 7 HA e 2 8

WA 3. f 45 % 3, TotalPb .TotakZn . TotakCu .

Avait Ph 178 57 bR 508 0 B0 70 155 5 BROIRBE Y, L &
X275 G Fe OB, B Avaik Cu 4b, JL A1 7 %
PRBORE R LA FE S AE 0.5 LU, B2 5 o HOR
T 3% B AT & K. Totak Cd \Totak Cu JAvaik
Cu ) 25% < co/ (co+ c1) < T5%, 45 [AIAH v 4,
Ui B FLAERFZT X 38 b 3 B th i G it IE S B AL K
#ZolRmEmMAERERALE HKXEEW
co/ (cot c1)< 25% , 2B HH AL i ) 2% m) #H OGPk, 15t
L3 ) A S i BRI MR LR 4G
FPER SR WNEFEKNE, L3 LL Totak Cu
AR IR, V6RO I S TR A A DR R, R
Rl K DR 25 (b B BE ) % LS Wi 85K AvaikPb Al

AvaitCu SRR/, YW EA] 52 BIRERE il LS5 A
G SR BEHLIA 2 16 7 B R W AR, BRI
Yo N AFAEAH SRR AR
2.3 BEESIBG o G R
NS R R T4 M e T AT T
A bR PRAE VP 45 SR LK 4.
Fd4 MEREEEEE/ mgkg !

Table 4 Heavy metal concentrations in green vegetable/ mg* kg™ !

I H Vegetable Ph VegetableZn Vegetable Cd - Vegetable Cu
i 0.4~2.6 0 0.7-9.1 0.0~ 1.0 0.2~ 4.0
SR 1.6 4.3 0.2 0.5
I 0.5 1.6 0.2 0.5
A5 7 32.3 36. 4 76. 8 100. 4
5 UL 8.0 0.22 4.0 0.1

Vegetable Ph 7 0.4~ 2.6 mgokg™ ', P
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Fig. 2 Spatial variation of heavy metals in soils and vegetables in Dongguan town
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0.6 mgekg™'; VegetableZn ¥ & 0.7 ~ 9.1
L OFHIME 4.3 mgekg™ ': Vegetable Cd & 5t
0.0 ~ LOF M 0.2 mgekg
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mgekg™ ', Ph (Cd 5 Sl 55 1A b v R A, i
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Totak Cu TotalZn 7 it Jaj i X BUC T WL 375 5%
fii, TotakPb TotakZn TotakCu 75 & KA/ 115 5%
5 E K - YbrE Z (7], Totak Cd 75 H # 0t i 1 [
X9 br fE: Avail Ph \AvaitZn Avait Cd \Avail Cu

1) S AR R R v, LA L 1) 4% ) 23 A A7 7E 25 575
K Zn Cu F ST i BARSHERRAL, Pb &

mg* kg™
1.0 mgekg”

AT DAEbRHERR A, Cd W) 8 X % T
i PAEFRUE BRAA. 13D TotakPb Fl AvaikPb [f)
A 1) 3 AT AL, 43 A I A P e 5, 2R e
SO, JBEE S S B b TotakZn Al AvaikZn
(1925 (0] 43 AT ARAEL, 2340 22 A A6 3 B 2R v 8 4 o fh
I, ¥ K 7 F 4 s Totak Cd Al Avaik Cd ()45 7]
I AATAE 227, Totak Cd EALFE S v, PH g AN
s S B R, B I RAIR, Avaik Cd 7 20 A LE 8 )
A, KEB/PATALE 0.1~ 0.2 mgekg™ ", BR AR BRI 4 b
(15 X 5 fE< 0. 1 mgekg™ '; Totak Cu Fil Avail
Cu [F75 [0) 3 A AHABL, 43 A 22 0 Ay v S8 R0 4R 1 38 15 4
D iy, PEAL TS i (€. B3 nT € 547 (9 Pb Zn Cd
u IR A ) 20 AT AR, 23 A LI A A6 A A,
PRI PG pg 8 J v, 2R g A e, S Y L P
Zn Cd Cu [F4 5k AT R0 T B 10 25 0] 43 A A7 AR 1R
KX 5.
2.5 AT
2.5.1 BI3EPE SR A LR 2 1A 5G4 M
TR R B G A2 A AT g A A () 4 Al
(112 5, %148 Ph Zn (Cd Cu B4 BRI A
(o AT OG0 T, JF 20 % 30 5 L e ) — 2 gk
ARFRACHE BUREAT HH OGRS T, WA S.
MRS LLE H, L3 Ph Zn (Culf) 4 5y

x5 TtMESGEMNEE FUSMERBUMRAXES R

Table 5 Correlation coefficients among total and available contents of heavy metals, pH value and organic matter content in soil

Totat Ph TotakFZn TotakCd TotakCu AvaitPb AvaitZn AvailFCd AvaitCu pH oM
Totak Ph 1
TotakZn 0. 082 1
TotakCd 0. 092 0.258" 1
TotakCu - 0.204 0.301° - 0.135 1
Avail Ph 0.865 " 0.071 0.077 - 0.328" " 1
AvaitZn 0.226 0.493" " - 0.03 0.405" " 0.155 1
AvaikCd 0.072 0.058 0.241  -0.22 0.157 - 0.047 1
AvaikCu 0.041 0.262° - 0.144 0.63° - 0.099 0.363"° - 0.193 1
pH - 0.236 0.422°° - 0.046 0.324° - 0.197 - 0.092 0.124 0.053 1
oM -0.215 -0.239  -0.033 -0.171  -0.2 0. 079 0.151 0.007 -0.119 I

1) ¥ p< 0.05: * * p< 0.01, F[{

) 55 6 N AT A AR CEL ) S R G
(p< 0.01), H 3% TotaFZn 4 TotaFCd .Totak
Cu Z [A)#BAFAE & IEAH K (p < 0.05). I & )8
Pb Zn Cd Cu fHEEEHY pH AP & AT
5 I AR S, AR AR B 2 /K, Hoh AvaibZn 5
Avait Cu Z W] A7 7E & 2 1EAH G, AH G R ECY 0.363
(p< 0.01).

T8 Tk A A 43 B T AR L < o 4 ) 4 AT 1)
Zee k. IR R )4 5 LA ST R AR AE

WEW A, X fE &N IR RS E e £
AEAE 2 A X I AH B4R, BIIEAE 4 F I G &R pH
AT AU S S I s & R e 2 e
ST RSB R )2 Ph Zn (Cd Cu G EE L
B S AN 17 16 45 1) 2 A IR 4, HAR R R AT
RS M7 S BT, Joh ol g s R K
fi FOREAEY) JEAE DT S I b A R AR B AR AT
Ko ARKBULUHT AL — 4 P91, A 45 M B 52 %, R
B il 3 A S8 B, TR — AR, B
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Table 6 Enrichment coefficients of heavy metals in green vegetable

i H Ph Zn Cd Cu
MAEMSEN 1.56£0.50 4.28 £1.56 0.21%20.16 0.48 £0. 48
LHERENT 141 £86 9538  2.6%0.4 32113
PEES 1.37 4.85 8. 05 1.79

MK 6 85 G, LS5 e E & A7
AT ARG, N R E R REUE Cd >Zn >
Cu> Pb. I REAE BT /N7 3 H 5 10 A6 BRI 2 S,
KB fie w AR Cd; Ak, Zn FI Cu #42E B 108 97 o
RS JOAT o 1 il oK R, B RV AT B W
i, {0 38 Cu AT BRI, 8Os R R B & 7
T BRSE R D, Ph AR I T E IR ICE, T
PL2 Bl x) Ph 105 4 REUE T Zn, 11 Cu 2
i&l 7,8|_

(2) BRFEEEE RS A RS R C
F  HEESENA RSN T AR LB
PE R AT R, S ol TR, kg B L
A 38 7 4 ) /N T SE K g ma, X/ 32 Pb Zin
Cd Cu F i L3 H 4 R A7 B & i () 247 A
Fetk b, WK 7.

R7T BRELMAYSESRE S E/EXM

Table 7 Correlation coefficients among available content of heavy metals in soil and content of heavy metals in vegetable

Avaik Ph AvaitZn AvaitCd AvaitCu Vegetable Pb - VegelableZn — Vegetable Cd - Vegetable Cu
AvaitPh !

AvaitZn 0.155 I

AvaitCd 0.157 - 0.047 1

Avait Cu - 0.099 0.363"° - 0.193

Vegetable Ph - 0.124 0. 059 - 0.205 0. 258 1

Vegetable Zn 0. 009 0. 178 - 0.081 0.035 0. 242 1

Vegetable Cd - 0.152 0.396" " - 0.157 0. 131 0.339"° 0.512°° 1

Vegetable Cu - 0.087 - 0.174 - 0. 067 0.1 0.121 - 0.021 - 0.095 1

—EMIASCHE, B Cd TSRS Zn RUTEAIE
AN p < 0.01) , FeAR I AR IE 2 8 25 7KF, 5]
B T R B A e A R g g, R
FJE 13 BICAR AR, R, 0 1A 5G4 20 #r T 5t

O 1 6 30T 5 0 40 A 7 2 1 2 5 . S o,
ANEE Ph A B BRI i 55 k05 e A 6, Y, /b
SR ISR, T LA A5 e 3K 10 A 3R
s Ph 76 ISE2K I TR M R e 79 % N
T Cd A IR AR, AR BB,
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