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Characteristics of Heavy Metals Pollution of Farmland and, the Leachmg Efffect
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Abstract; The leachmg effect of the rainfall progess for removing heavy metals frém gdrmland soi"lis is ‘a critical physical* process. To
study the leaching effeet of the rainfall process on/heavy _llmetdls in soil, the pollution;¢characteristics of seven heavy metals in farmland
sqfT have been investigated in the suburban Tidnjin region by oomblnlng the current data with previously reported runoff data in the same
reglolf There is a large difference for these tested heayy metals An soﬂﬂ with Zn having the highest concentration at 106. 61 +56. 24
! dnd Cdhaving the lowest concentration at 0. 31 £0. 31-‘mg kg™

content “of. ‘Cd is at higher levels (a four-fold increase). The results from a single factor pollution index and comprehensive pollution

mg- kg™ . Compared with the background value in Tianjin, only the

index anlallysis indicate that the comprehensive pollution index ranking is Cd > Cu > Ni >Zn > As=Cr >Pb. Cd, Cu, Ni, and Zn are in
the moderate pollution, mild pollution, and alert level categories, respectively. Except for As, the results from a correlation analysis,
the principal component analysis (PCA), and the cluster analysis indicate the possible similar origins of Cr, Ni, Cu, Zn, Cd, and
Pb. The multivariate statistical analysis indicates that Cd is mainly derived from human activities, Zn, Cu, Cr, Ni, and Pb are affected
by anthropogenic and natural sources, and As is mainly influenced by natural conditions. By comparing the ratios of individual heavy
metals to Cr in soils and runoffs, the leaching behaviors have been studied, with the leaching capacity ranked as Cd > As > Cu=Pb >
Ni > Cr=Zn. In summary, Cd pollution in soil is more prominent than pollution from other metals and should receive attention.

Key words: heavy metal ; farmland soil; rainfall runoff; Tianjin suburb region; multivariate analysis
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Fig. 2 Box plots of the contents of the seven metals and distribution maps of the contents of the seven metals in soil and runoff

F1 PREIBEELECEFITERSHIBESLEARESE"

Table 1 Statistic for the contents of soil heavy metals of the study area and background values of soil heavy metals in different districts
T H Cr Ni Cu Zn As Cd Ph
i/ IME/mg - kg ™! 32.29 18.74 13.91 40. 16 2. 64 0.077 10. 55
AR/ mg-kg ™! 159.79 70. 50 158.45 339.9 14.6 2.37 66. 98
P/ mg-kg ! 55.36 31.91 38.99 106. 61 8.70 0.31 26.95
FRifEM 25/ mg-kg ™! 19.55 7.38 20. 47 56.24 2.83 0.31 11.24
S 0.35 0.24 0.52 0.53 0.33 1.02 0.42
A+ R {6/ mg- kg ™! 70 50 30 9.0 6.0 0.35 35
[ T 5L/ mg - kg ™! 61 26.9 22.6 74.2 11.2 0.097 26
K+ 5/ mg kg ™! 84.2 33.3 28.8 79.3 9.6 0. 090 21

1) 3 Fh R AEER A T E RGO SR 89 P R TR 53



1098 woo B % 39 %
DA S s AR ) (GB 15618-1995) 2. Hip, 3 Cd Ab T IS YK | Cu Ab TR
rh R BREEAE 5 Y E M 2% (8, Cd., Cu, Zn FlI V5 YLK | Ni Fil Zn &b T2 K, 1 As. Cr Fl Pb

Ni 88 T R R E, AR ESHN9.6% |

1.9% . 1.9% f1 1. 0%. u*ﬂﬁﬁiﬁﬁfﬁﬁ‘m
MESHEAE, BN HIERSRSGE BRCHE A

Cd>Cu>Ni>Zn>As~Cr>Pb, ,\Mi’kﬁ(ﬁli'ﬂﬂé

R2 THESRHNER-LZREME., RARFTEEHME

YWE T, M Rgs R g, 48 cd
Ko FH 3R AR S XS ek, 24518 5 B A 5N
ghEip—a 1

F2(c) M tHERERL R LSENS AR,
= 45 RIE R

Table 2 Limitation values of the second level of the national standard, single factor pollution indexes,

and comprehensive pollution indexes of the seven heavy metals

WiH Cr Ni Cu Zn As Cd Pb
S,/mg-kg ! 250 60 100 300 25 0.6 350
P 0.22 0.53 0. 39 0.36 0.35 0.52 0.08
P, 0. 64 1.18 1.58 1.13 0.58 3.94 0.19
Py 0.48 0.91 1.15 0.84 0.48 2.81 0.15
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(0.473) . Cu-Ni (0.432) . Zn-Cr (0.412) . Zn-Ni
(0.389) . Zn-Cu (0. 686) . Pb-Cr (0.499) . Pb-Ni
(0.498) . Pb-Cu (0.699) . Pb-Zn (0.755) . Cd-Cr
(0.687) . Cd-Ni (0.496) . Cd-Cu (0.632) . Cd-
Zn (0.598) . Cd-Pb (0.753) I 2B BEM LXK Z

(P<0.01). 1M As BR T 5 Cr HA5 — & W A ¢
KFRZ(-0.200) 4, SHESMEESETREIA
A

®3 TEVTHESESENHERBEXRY

Table 3 Pearson’s correlation coefficient of the contents of the seven heavy metals in soil

Cr Ni Cu Zn As Pb Cd
Cr 1. 000
Ni 0.595 " 1. 000
Cu 0.473 ™ 0.432™* 1. 000
Zn 0.412* 0.389 " 0. 686 ™ 1. 000
As -0.201" 0. 027 0. 156 0.128 1. 000
Pb 0.499 ** 0.498 ** 0. 699 ** 0.755* -0.112 1. 000
Cd 0. 687 ** 0. 496 ** 0.632™ 0.598 ** -0.181 0.753 " 1. 000

1) # FRMH(0.01 <P<0.05), * = FRBEMI(P<0.01)
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0.785, M4l Kaiser briff, FEAIE A F 453 17;
Bartlett {H >4 401. 144, P {H (Sig. =0.000) <0.05,
A LAE 2 Bartelett B3RP AG 36 (9B, s AE
B ERHE. HILAT AL, SR 3R TR R4y
Bre 1 43 4 )8 & s e bl AT

F 4 APPG4I A Jm B i o

Pras . Pl LG B, w0 PSR B 7 10 Uk
fEfE M 1, BB 22 KT 10% , X0 Rt ot
BRFRIRENT 72.79% , FEAT] LIAE R 32 5o 47 A
THEHC B3RS WTLUE 1, 76 T 00 LA 6 B FIE
By R R, Cr (0.731) ., Ni(0.681)., Cu
(0.834) . Zn(0.819) . Cd(0.861) F1 Ph(0. 883 ) 7E
BT ¥ B R TR & WE, BERTECE N
55.48% . % . FEMrEHRBET As(0.926) 1Y
YEHT, HoTHR 4 R 17.31%.

F4 KHTEESEIHSN

Table 4  Principal component analysis of heavy metal contents in farmland soil

e G LR SNREN PEBOFIr A e 5 MR A
FEE MR 2% BB 2/% FHEME MBEFE/% BRFE/%  FHMEHE O WREFE/% BEF%/%
1 3.893 55.616 55.616 3.893 55.616 55.616 3.884 55.480 55.480
2 1.202 17.178 72.793 1.202 17.178 72.793 1.212 17.314 72.793
3 0.776 11.081 83.875
4 0.414 5.916 89.791
5 0. 300 4.287 94. 077
6 0.263 3.758 97. 835 , T,
7 0.152 2.165 100. 000 " ol 1
[ --.la- d i ‘ ! ...-.‘. —
R5 KELEEEREMSOINHEIER 0 s 10 15 20 25
Table 5 Component matrices of the princi[.)al compof;ent Zn ' ' ! ! '
analysis of .hi;:avy metal contents in féfmlzind soil| A Pb
o “ '@ﬁmm ﬁ%@%ﬁ#kf - -
' > Ir 2 | YV &
Cr J0:7521" -0.342 7 0.731, o/ -07386 Cr
Ni 170. 686.. -0.058 0.681 —"0 099 cd
~Cu 0.817, 0.306 0.834" | Tol2s7
n /1 0.802 0.312  lo0.89 | 0264 Ni
As © L [oeoss A 0924 0000 09t
cd 7 0.873 -0. 190 0. 861 ) o N _ N
P 0,884 0.016 . _0.036 E3 XESERXRKRATIESEETENEELSN
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W4 Tl % 3%, 1 Cd, Cr, Cu, Ni, Zn, Pb

Fig. 3 Cluster analysis of heavy metal elements of farmland

soil in a sewage irrigation area in Tianjin
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Fo i A 24, A (T R VR 3¢ 38 F R I 35 7K
TR ) 1R (3t 5 ) R J500S - 3 v ) ik SE 4
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