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Analysis and Evaluation of Soil Heavy Metal Environmental Quality in Farmlands of Vegetables Cultivated in
Open Field of Shandong Province, China

LIU Ping', ZHAO Hai—jun? LIU Zhao—hui', WANG Yan—qin', YANG Li!, YU Shu—fang'

(1. Soil and Fertilizer Institute, Shandong Academy of Agricultural Sciences, Jinan 250100, China; 2. Shandong Academy of Agricultural Sei-
ences, Jinan 250100, China )

Abstract: Soil heavy metals contents, Cd, Hg, As, Pb, Cr, Cu, Zn and Ni, in farmlands of vegetables cultivated in open field of Shandong
Province were investigated by randomly sampling. The environmental quality conditions of these heavy metals were evaluated by methods of
single quality index and complex quality index. Results showed that the average contents of heavy metals in vegetable soils of Laiyang, garlic
soils of Jinxiang and scallion soils of Zhangqiu were all under the limit values prescribed by “Farmland environmental quality evaluation stan—
dards for edible agricultural products( HJ 332—2006)”. The heavy metal contents varied greatly among different sites. The coefficients of
variation(C.V.) of the studied eight heavy metals were among 10 % and 60% in Laiyang, among 20% and 120% in Jinxiang, and among 12%
and 51% in Zhangqiu. The single quality indices of the eight elements in the studied three places were all lower than or equal to 0.7. The
comprehensive quality index of the eight elements was 0.56 in Laiyang, 0.50 in Jinxiang, and 0.43 in Zhangqiu. The soil environmental quali—
ty in the studied three places were all set at the first class belonging to clean level and were fit for the plantation of no pollution vegetables.
But the contents of heavy metals in some areas were beyond the limit values, and the beyond rate of Cu in Laiyang was 13.64 %, the beyond
rate of Cd, Cu and Hg in Jinxiang was 5.41%, 5.41% and 2.70% respectively, the beyond rate of Ni in Zhangqiu was 4.76%. Most of the
heavy metals were positively correlated in contents, and the correlation of Cd and Zn, Cu and Zn, Pb and Cr reached a very significant level
(P<0.01), while the correlation of As and Ni, Ni and Zn, Zn and Pb, Pb and Cu, Cu and Cr reached a significant level (P<0.05). Con-
tents of most of the tested heavy metals were higher than natural background value of agricultural soils in Shandong Province, which indicat—

ed that metals were accumulated in the studied soils. Compared with the natural background values, the soil Cu content in Laiyang increased
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nearly 2 times, and the soil Hg content increased nearly 4 and 3 times in Jinxiang and Zhanggqiu respectively. Investigation on other farmlands

of vegetables cultivated in open field of Shandong Province showed that the soils were not contaminated by heavy metals.

Keywords; vegetables cultivated in open field; soil; heavy metal; environmental quality
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Table 1 Soil sampling and related conditions of typical farmlands

of vegetables cultivated in open field in Shandong Province
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Table 3 Grading standards of soil environmental quality for
farmland of edible agricultural products
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Table 2 Evaluated standards of soil heavy metal contents in farmlands of vegetables cultivated in open field(mg-kg™)

pIvE cd Hg As Pb Cr Cu Zn Ni
B AR i P M ER R R AR E(HT 332—2006)
pH<6.5 0.30 0.25 30 50 150 50 200 40
6.5<pH<7.5 0.30 0.30 25 50 200 100 250 50
pH>7.5 0.40 0.35 20 50 250 100 300 60
InFRA Rl + % AR E R AR
1EiE 0.041 0.049 8.22 11.5 50.8 125 38.1 16.6
Wt 0.091 0.022 12.9 14.4 53.6 21.4 65.1 24.9
i 0.061 0.032 9.1 22.7 58.1 204 60.6 28.6
R4 KEENGERT L TRESESER T (mg-kg™)
Table 4 Statistics on soil heavy metal contents in farmlands of vegetables cultivated in open field of Laiyang(mg-kg™)

TR Cd Hg As Pb Cr Cu Zn Ni
THEE 0.06 0.08 7.39 16.71 4524 35.03 64.68 24.75
FERE 0.04 0.05 1.34 3.30 10.09 18.90 35.57 2.84

B/ME 0.03 0.04 5.39 10.86 30.15 15.99 24.50 20.60
BXE 0.18 0.15 9.10 21.27 61.62 94.93 197.42 29.18
A5 BB % 59.46 57.30 18.10 19.74 22.31 53.95 54.99 11.48
FR{E 10 0.30 0.25 30 50 150 50 200 40
FR{E 22 0.041 0.049 8.22 11.5 50.8 12.5 38.1 16.6
BRE 1% 0 0 0 0 0 13.64 0 0
FRER 2/%" 72.73 18.18 18.18 90.91 31.82 100 81.82 100
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Table 5 Statistics on heavy metal contents in garlic soils of Jinxiang(mg-kg™)

pIvE cd Hg As Pb Cr Cu Zn Ni
FEE R 0.12 0.10 12.73 14.75 37.78 29.65 82.26 29.89
PR 0.08 0.11 3.37 3.33 11.96 34.83 16.97 6.08
B/ME 0.05 0.03 10.21 8.97 727 1.20 54.10 19.87
BKE 0.48 0.34 18.66 20.33 74.98 159.78 136.99 4441
A AR % 69.09 111.15 26.46 22.61 31.66 117.48 20.62 20.35

PRE 1° 0.30 0.30 25 30 200 100 250 50
FR{E 22 0.091 0.022 129 144 53.6 214 65.1 249

REVRER 1% 541 270 0 0 0 541 0 0
REVRER 2/9%° 56.76 100 27.03 45.95 8.11 35.14 86.49 7838
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Table 6 Statistics on heavy metal contents in scallion soils of Zhangqiu(mg-kg™)

TER Cd Hg As Pb Cr Cu Zn Ni
FHEE 0.09 0.11 9.71 20.94 46.67 25.38 72.76 25.42
R 0.04 0.06 1.17 3.26 8.02 5.08 9.94 11.75

B/ME 0.05 0.06 8.34 14.36 26.63 17.12 52.58 15.90
B 0.21 0.19 11.51 26.19 56.71 36.73 86.69 74.83
AR5 2R % 4430 50.67 12.01 15.56 17.18 20.00 13.66 46.22
FR{H 17 0.30 0.30 25 50 200 100 250 30
FR{H 22 0.061 0.032 9.1 2277 58.1 20.4 60.6 28.6
BV 1/9%° 0 0 0 0 0 0 0 4.76
T 2% 71.43 100 57.14 38.10 0 90.48 96.48 9.52
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Figure 1 Comprehensive evaluation of soil heavy metal environ—
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mental quality in farmlands of vegetables cultivated in open field of

Laiyang, Jinxiang and Zhangqiu
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Figure 2 Individual evaluation of soil heavy metal environmental
quality in farmlands of vegetables cultivated in open field of

Laiyang, Jinxiang and Zhangqiu
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Table 7 Correlation analysis among soil heavy metal contents in
farmlands of vegetables cultivated in open field of Laiyang,

Jinxiang and Zhanggiu

LB S G
Cd 1
Hg 0225 1
As 0312 043 1
Pb -0.043 -0.105 -0.221 1
Cr -0.038 -0.025 0.174 0.366** 1
Cu  -0.013 -0.355 0211 0.269* 0277* 1
Zn  0.330%* 0.148 0.155 0.283* 0200 0.358** 1
Ni 0193 0.174 0458* -0.121 0.148 —0.024 0.252% 1

Hg As Pb Cr Cu Zn Ni

¥ P<0.05, ** P<0.01,
3 3T
IR BHGERET S HATES RS EB
PRI , 3B LA Cu bR+, & & A B/ HE M Cu
Cd fl Hg #@ts, A 1 M Ni#Bis, Cu.Cd. Hg
A Ni AR T BB SR LA KR EFRHA X, R
HE e 28 R R RE % &8 Cu Ml Hg T &, B
Th Cd SEESSHEKREMN AR Cd 754 r X
WK, EERME FIMES Cd.Cu Ni FEHLETRE
T S A Tl A FE TS K ERE ISR AR A R
SUIBRERZREESBEREEEERSTEBRMN
JREHE an7E 4 £ ST AR BRI S|, RILT
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