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Evaluation on Environmental Quality of Soils in Apple Farmland of Qixia

LIU Ping, YU Shu-fang, YANG Li, LIU Zhao-hui, ZHENG Dong-feng, JIANG Li—hua, ZHANG Wen—jun

(Soil and Fertilizer Institute, Shandong Academy of Agriculture Sciences, Jinan 250100, China )

Abstract: Contents of heavy metals Cd, Hg, As, Pb, Cr, Cu, Zn and Ni in soils(0~20 cm )of apple farmland in Qixia city were investigated.
The environmental quality was evaluated by methods of single quality index and comprehensive quality index. Results showed that the aver—
age contents of heavy metals in soils were all under the threshold prescribed by “Farmland environmental quality evaluation standards for ed—
ible agricultural products” (HJ332—2006 ). The heavy metal contents varied greatly among different sites. The coefficient of variation(C.V.)
of Cd was the highest, being 90.41%. While the C.V.of As was the lowest, being 10.86%. The single quality indices of the eight elements were
all lower than 0.7, among which Ni had the highest value 0.68, followed by Cu, Hg, Zn, Cd, Cr, Pb and As. In combination with the compre—
hensive quality index of the eight elements(0.56 ), the environmental quality of soils in apple farmland of Qixia was classified as the first class
belonging to clean level and fit for the plantation of non—environmental pollution apple. However, contents of heavy metals, except As and Pb,
in some of the soil samples went beyond the standards, and the percent was between 3.23% and 9.68%. Compared with the background values
of brown soils of Shandong Province, average contents of the six elements, Hg, Cu, Cd, Zn, Ni and As, were higher than the standards and
showed accumulation in the soil. Contents of Cd, Hg, As, Cu, Zn or Ni in more than 70% of soil samples were higher than the background
values. Most of the heavy metals were significantly positively correlated in contents, except As and Ni. And the correlations between Pb and
Cd, Cd and Zn, Zn and Cu, Zn and Cr, Cu and Cr were the strongest( P<0.001 ). Results of main component analysis of the single quality in-
dices of the eight elements showed that the first and second components could explain 82.51% of the total variance and their eigenvalues were
all larger than 1. As and Ni belonged to the second components, and the other six elements belonged to the first components. It was suggested
that As and Ni were mainly affected by soil parent material, while the others were mainly affected by human activities. The risk of multiplex
pollution might exist in soils of Qixia. To reduce environmental risk effectively, the management of fertilizer and pesticide use were proposed
to be strengthened.

Keywords: heavy metal; soil; environmental quality; evaluation
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PRI B PR AR AE” (H 332—2006) HhfErE 1 PF
W71 S 5 SRR 7 MR AR DG AR A T PR S, I
PRI T 25 1 5 LR A8 F i 4 8 1A AR (B
T BT, B AR S M AR BT RPN AR
PP R IR 3 A A AR PR A — R R PR 2k
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Table 1 The evaluated standards of heavy metal contents

in soils(mg-kg™)

JLHR Cd Hg As Pb Cr Cu Zn Ni
FRAT it ML PR B A (LT 332—2006)

pH<65 030 030 40 80 150 150 200 40
6.5<pH<7.5 030 050 30 80 200 200 250 50

pH>7.5 060 100 25 80 250 200 300 60
HARTT S fE

INZAREHEE 0055 0.014 740 29.06 56.88 21.29 5397 21.11
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Table 2 The grading standards of soil environment quality for

farmland of edible agricultural products
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Bl fETERT I RESRSENETRERH
Figure 1 Single quality indices of heavy metal contents in
soils of Qixia apple farmland

RI3 MBEERT I REESEEERIT (ng-kg')

Table 3 Statistics of heavy metal contents in soils of Qixia apple farmland(mg-kg™)

e cd Hg As Cr Cu Zn Ni
IR 0.13 0.14 9.22 52.46 71.38 88.92 27.13
PRI 2= 0.11 0.12 1.00 44.04 48.37 69.33 15.95

S 0.04~0.54 0.06~0.40 7.85~10.71 7.33~42.23 16.46~234.97  13.25-230.03  41.16~441.50 9.56~96.06

5 5 2R % 90.41 86.91 10.86 83.94 67.77 77.97 58.79
FEE 10 0.30 0.30 40 150 150 200 40
FR{E 22 0.055 0.014 7.40 56.88 21.29 53.97 21.11

R 1Y 9.68 3.23 0 3.23 6.45 3.23 6.45
bR 29 87.10 100 100 22.58 93.55 90.32 70.97

T8 1) 3 LU B bl MRS B PN ARE" i o 2) 4) AR B AREE 1 AR T SR
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N TS AR Z R A EOC R #4717 AHR
BT R ILER 4, B HE GRS EZEIRR As 5 Ni Hil
HAbITER BAH A RSN, HoA TR 2 18] 22 5 TEAH G
KA M HIKARILR T 8 B B K, Kb Pb 5
Cd,Cd 5 Zn,Zn 5 Cu,Zn 5 Cr,Cu 5 Cr Z 8] (iU #4H
MR (P<0.001)

R4 BEERFHIBESEERENEXIN
Table 4 Correlation analysis of heavy metal contents
in soils of Qixia apple farmland
MFERE Cd Hg As Pb Cr Cu Zn Ni
Cd 1
Hg 0.91%* 1
As -0.17  -0.26 1

Pb  0.62%** 0.93*%* -0.00 1
Cr 0.46*%* 0.82* -0.08 0.38* 1
Cu 0.57** 0.75 =030 0.49%* 0.65%** 1

Zn  0.72%%% 0.96%*
Ni -0.08 -0.33

-0.19
-0.24

0.50%* 0.79%%* (0. 74*%**% ]
-023 033 0.03 0.04 1

T #P<0.05, *#P<0.01, ***P<0.001 ,

24 tEESRETREEBNIER S5

F R AT S — T R B B o e
D, AT — 20 GO A T R A AR, 91 s ek U
(RS o A B SRR N Sk PR 2856 - 3850 28 % 1 o ik
A0, XIEE T 8 iR 4 Jm T ER W BRI T i AR 4k (LA
AR T MO T PR R AE” PR bR ) 2t
177 B30T A5 R I3 5 FIK 6,

FEFE 5 TSI R 2 1 R BT kR
N 65.023%, % 2 ERUTII BT R 17.487%, 65 1.
552 ERU T IA NG B C A MG B 2 11982.510%,
HAMEAR AT 1, S K ELETREM

x5 MEERFHMTEESBETURSRMNEN S ZT
Table 5 Main component analysis of single quality indices of

heavy metal contents in soils of Qixia apple farmland

P RHE f HRBUE A

L. BRI IR gy WD 3000720
1 5.202 65.023 65.023 5202  65.023 65.023
2 1.399 17.487 82.510  1.399  17.487 82.510
3 0.873 10.918 93.428

4 0.376 4.694 98.122

5 0.144 1.796 99.918

6 6.591E-03 8.239E-2  100.000

7 1.190E-16 1.487E-15  100.000

8 -6.94E-17 -8.674E-16  100.000

531 RS 53 HE B
Table 6 Component matrix of single quality indices of heavy

metal contents in soils of Qixia apple farmland

- Fsr
1 2

cd 0.940 0.181
Hg 0.983 1.035E-02
As -0.212 -0.660
Ph 0.912 -0.342
Cr 0.855 0.234
Cu 0.827 ~1.12E-02
Zn 0.981 7.273E-02
Ni -0312 0.868

158, AT PR =800 A T i — 20 50T . 4521
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3 e
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