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Assessment of Heavy Metal Pollution in Soil — Crop
System on Sewage Irrigated Farmland
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Abstract. The concentrations of Cd, Cr, Cu, Pb, Zn in soil, wheat and vegetable samples from sewage
irrigated farmland in Xi’ an, Shaanxi Province, were determined. Results indicated that average contents
of Cd and Pb in the research area were higher than soil background values in Xi’ an and Shaanxi
Province, respectively, and the average contents of Cu and Zn were higher than soil background values in
Shaanxi Province, respectively. Significantly positive correlation was found between Cd and Pb in soils,
while highly significant positive correlation was found among Cr, Cu and Zn, respectively. The principal
component analysis showed Cd and Pb in soils were associated with anthropogenic activities, whereas Cr,
Cu and Zn were predominantly controlled by parent material. The quality of soils were evaluated with
potential ecological risk index and Nemerow pollution index, however, both of the results showed that Cd
was the major pollution element in soil. In the study areas, exceeding rates of Cr and Pb in wheat
samples were up to 70. 00% and 80. 00% , respectively; exceeding rates of Cd, Cr, Pb in fruit vegetable
samples were 66.67% ,100% and 66. 67% , respectively; and exceeding rates of Cd, Cr, Pb in flower
and leaf vegetables samples were 100% . Therefore, it was suggested that farmers should avoid cultivating
high transfer factor plants, such as flower and leaf vegetables, meanwhile, sewage with Cd must be
purified strictly before irrigation.
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Tab.1 Background and soil sample values of heavy metal contents

ZH Cd Cr Cu Pb Zn
S/ (mg-kg™") 0.05 ~1.14 30. 40 ~76. 20 14. 46 ~45.42 24.45 ~37.55 40.08 ~114.05
A/ (mg-kg ™) 0.60 +0.29 51.97 £10.57 25.91 £7.80 32.04 £3.11 82.18 £22.25
AR/ % 49.12 20.33 30. 10 9. 69 27.08
Bepi s s/ (mg-kg ") 0. 094 62.5 21.4 21.4 69. 4
Pi sl /(mg-kg ™) 0.15 62.8 32 29.5 87
CHARERR N/ (mgekg ) 0.6 250 200 350 300

ST A S AT A 2R (3R 2) WL Y, Cd F1 Pb x2 tHESBHEXREK

0 IEA SR, UL Cd Al Pb HLAg A B[R] IR
KFR, Zn 5 Cr Cu 43 Bl 5 2 3 A B 2 1E A1 56 6
2L, = A7 A )R DG 2R 5832 A TR R 3R
WXt 5 AR T AT F A AT (3R 3) L $EEL
AR KM 2 AR5 1 E AES 2 E
Gy BRIy 22385 75.585% v L 5 M E 4R Y E
TR, S 1 E N TTERFE S 53.505% |, 1 W]
Z B BT X 4 R R LA peE tEE R . A
5 25 $5e K A 58 e 10 ok IR] - 28 4 2 o 0B A7 1 58 JE
AR R & 1 fE 2,0 LA, Cr Cu FI Zn )7

Tab.2 Correlation coefficients of heavy metal

contents in soils

EaE
o Cd Cr Cu Pb Zn
JLHR
Cd 1.000 0
Cr 0.3343 1.000 0
Cu 0.3492 0.4328 1.0000
Pb 0.5179* 0.3461 0.1750 1.0000
Zn 0.3394  0.5251° 0.8331"" 0.2581 1.0000

s RARp<0.05, TCRMNEBEMIERLFR; » =« KRR p<
0.01, JCFR [ 2 F AR K F

R3 ERSHMEERDHT

Tab.3 Eigenvalues of factors for study region

- IE SRR el 3 J A A B4 A A
FRIE(E  MRET /% RBUG%E/%  FHEE S MR 2E/%  BRU5E/%  FREE MRIIE/% R/ %
1 2.675 53.505 53.505 2.675 53.505 53.505 2. 160 43.201 43.201
2 1. 104 22. 080 75. 585 1.104 22. 080 75. 585 1.619 32.384 75. 585
3 0.617 12.344 87.929
4 0. 449 8.983 96.912
5 0. 154 3.088 100

S 1 L b A A S, 4 ik E) 0. 727
0. 809 F1 0.853,Cd F1 Pb 7E45 1 = 4> F4E 2 Iﬁiz
3 v BT R RS T T e A% JE Cd AL Ph TESR 2
B3 s BT, 4300 DR 0796 A1 0.891, Cr, Cu %u
In BAESH | EW P @i, A R2 SHSE
J& AR &k 43 A 45 S T 1, Cr, Cu I Zn A5 A [R] R I,
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Fig. 1 Component matrixes before rotated
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Fig.3 Potential ecological risk index of study area
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Tab.4 Evaluation results of heavy metal pollution in wheat and vegetables

e Cd Cr Cu Pbh Zn
JNFE T SE ./ (mg-kg ") 0.04 £0.01 1.95+1.34 0.56 £0.29 0.56 +0.21 2.77 £0.76
AR/ % 0 70. 00 0 80. 00 0
INEEFRUERR A 2/ (mg-kg ") 0.1 1.0 10 0.4 50
Fhi 2 R/ (mg-kg ™) 0.08 0. 06 4.81 £2.78 1.84 £0.28 0.62 +0.37 3.85+1.99
AR R/ % 66. 67 100 66. 67
HEHMEN/ (mg-kg ™) 0.12 0. 01 3.98 +0.27 1.23 +0.07 0.69 0. 18 2.42 £2.92
AR R % 100 100 100
3 5E B/ (mg-kg ") 0.16 0. 01 5.21 +0.92 1.36 £0.01 0.98 +0.13 2.39 £0.29
AR R/ % 100 100 100
BRARMEBRAE )/ (mg-kg ") 0.05 0.5 0.2

4 B R B0 ( Transfer factor, TF) 238 1EY)
R GR & (TR ) 5 T e A I 800 W 5 4
J& o (TR i) A LUAE, 7T S AR W) ) 4 i 5
R mIE S WL R REEYI R S R 4R
e RBE A . B Zn DIAN, Hofioo R AN b
e RS R B R T 52, M52 Cd  Cr Pb 956 B8
FEm MR FNAESH S Cr Cu Pb F Zn HYHF
FR BT s AR J0 3R 7E /N 22 Tl 3¢ 1 5 B &R Bl
ANTa], Cd TE/N 2 g S rh i B 2 Bl , BB Cd 5
TR WA S 0 i, 30 T R 3 T4 ok
J2 Cr, MM Cu Zn 78 REUEH , Ph 5675 R B BLAR

05+ F/hze  WERE sk MR
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Transfer factor of heavy metals in wheat

Fig. 5
and vegetables
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