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Distribution and Ecological Risk Assessment of Heavy Metals in Agricultural Soils Surrounding a Contingency
Water Source, Beijing

TANG Lei'?, ZHANG Hui-chang®, JT Hong—bing'*, FENG Jin—guo?, YAO Jun', YAN Guang—xin®

(1.Civil & Environment Engineering School, University of Science & Technology Beijing, Beijing 100083, China; 2.Beijing Geo—engineering
Design & Research Institute, Beijing 101500, China; 3.Beijing Municipal Bureau of Land and Resources; 4.State Key Laboratory of Environ—
ment Geochemistry, Institute of Geochemistry, Chinese Academy of Science, Guiyang 550002,China )

Abstract: Heavy metals in soils surrounding water source area pose direct risks to the water safety. Here the spatial distribution and sources
of heavy metals in agricultural soils around a contingency water source of Pinggu, Beijing, were elucidated by ArcGIS and multivariate anal—
ysis. The ecological risk assessment of soil heavy metals was also performed using potential ecological risk index (RI). The mean concentra—
tions of heavy metals in soils were in order of [Mn]|>[Pb]>[Cr]|>[As]>[Hg|>[Cd], all exceeding the soil background values of Beijing. The soils
were seriously polluted by Pb, Cd and As, with the mean concentrations of 96.78, 0.25 and 28.40 mg-kg™, respectively. These metals mainly
came from the human activities via mineral exploitation and transportation. The concentrations of Mn, Cr and Hg were slightly higher than
the soil background values. Manganese and Cr were derived from the natural sources by weathering of rock and soil parent materials, and Hg
from both human activities and natural sources. The potential ecological risk factor(E! ) for heavy metals decreased in order of [Cd] > [Hg] >
[As] > [Pb] > [Cr] > [Mn]. The total potential ecological risk index of heavy metals in soils was 169.29, belonging to moderate potential eco—
logical risk. There was higher potential ecological risk in the southeast than in the northwest areas. These results indicate that soils around
the contingency water source of Pinggu, Beijing, is threatened deeply by heavy metals and that more attention should be paid to the potential
ecological risk assessment.
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Figure 1 Map of studied area and sampling points
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Table 2 Content of heavy metals in soils of studied area(n=25)

EEEILE Pb/mg kg™ Mn/mg-kg™ Cr/mg-kg™ Cd/mg-kg™ As/mg kg™ He/pg kg™
Hx/ME 18.20 451.00 40.10 0.13 8.24 8.00
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PR 144.33 95.71 7.98 0.18 35.45 14.10

PR 2 3.90 2.59 0.22 0.01 0.96 0.38
AT EN 1.49 0.14 0.15 0.72 1.25 0.45
dbati T Rl 24.60 571.00 29.80 0.12 7.09 30.00

ST I S 2 45, FEWF R XN, 25 A4k
FE Cd U SR AR Rt 5ol R
X 3 Cd LR EAZH A NG A, Mn G
RS R 693.16 mg-kg™, A TALAUH L
S, 2 Mn JCRFEWF 5T X IR -5 e/, Cr
JURBME N 54.68 mg-ke, BT HHEE FAHM 2
SHAMBEFR AR, L - He SR

Pb mg-kg™

W18~24
N24~27
127~32
32~42
42~59
59~88
88~140
1140~230
m230~387
o3 W387~663

Crmg-kg'

H40.10~44.20
144.20~47.43

1147.43~49.96

49.96~51.96

51.96~53.53

53.53~55.53

55.53~58.06

1158.06~61.29

’ N 61.29~65.39
M 35.39~70.60

As mg-kg™!

W38.24~8.42
18.42~8.78
118.78~9.47
9.47~10.80
10.80~13.37
13.37~18.34
18.34~27.95
[127.95~46.54
046.54~82.48

0 400 m
[ S

ORFERL

M382.48~152.00

L BN 31.56 wg-ke!, AR TAL U LR 5
%‘z%’ﬁ%ﬁ/ﬂﬂ"ﬁﬂiﬁ%* Hg & B2 /N
A R 5 a0y S5 OR/INAT DL B EE 4 &
%H@ﬁiﬁ%ﬂ“*ﬁbﬁfﬂﬁéﬁo MF 2 ] LLE B
hE SRR R B P R As (KT 1, RILH RN
AR5t B, R HZ AT K FE A [ oA b 22
B o AT A - S 4 s [R) 4 Rl 2 p

20
Mn mg- kg™

W451~517
M517~568
1568~606
606~634
634~656
656~678
678~706
1706~744
0744~795
H795~-861

Cd mg-kg™

H0.13~0.16
90.16~0.17
10.17~0.18

W 8.00~15.53
15.53~21.35
1121.35~25.83
25.83~29.28
29.28~31.95
31.95~35.40
35.40~39.88
1139.88~45.69
45.69~53.23
M53.23~63.00

B2 fREENTREERSETESH

Figure 2 Spatial distribution of heavy metals in studied area
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Table 3 Correlation coefficients between heavy metals
in soils(n=25)

R Pb Mn Cr Cd As Hg
Pb 1
Mn 0.387 1
Cr 0.142  0.489* 1
Cd 0.976*%*  0.374 0.121 1

As 0.975%%  0.341 0.094
Hg 0.563*  0.471*  0.139

0.965%* 1
0.603**  0.578%* 1
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Table 4 Results of PCA of heavy metal concentrations
in soils(n=25)

FAAE(H  DTRR/%  RIRTTRR A % PCl  PC2
1 3.654 60.902 60.902 Pb 0952 -0.208
2 1.295 21.579 82.481 Mn 0575 0.651
3 0.619 10.311 92.792 Cr 0.273  0.840
4 0.380 6.329 99.122 Cd 0.954 -0.224
5 0.034 0.564 99.685 As 0941 -0.260
6 0.019 0315 100 Hg  0.740 0.072
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Figure 3 PCA loading 2-D plot for 6 heavy metals in soils
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Figure 5 Distribution of ecological risks of heavy metals in

agricultural soils in studied area
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Table 5 Statistic values of R/ of heavy metals in soil

TEAESfEHE PR E! FE R g
Ph 3.70 134.76 19.67 29.34 1.49 21 3 1 0 0
Mn 0.79 1.51 121 0.17 0.14 25 0 0 0 0
Cr 2.69 474 3.67 0.54 0.15 25 0 0 0 0
cd 32.50 242.50 62.60 4491 0.72 4 17 3 1 0
As 11.62 214.39 40.05 50.00 1.25 19 2 3 1 0
Hg 10.67 84.00 42.08 18.80 0.45 14 10 1 0 0
WHEADGERE(R) 6410 681.46 169.29 135.12 0.80 18 3 3 1 0
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