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Fig. 1 The geological background of the study area
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Table 1 Selected parameters and major elemental composition of soils in the study area n=4410
E Fe/ME RKMHE B {E L fE T 1 22 B 5 R R % C/ER A LRS- 1
pH 2.26 8.79 6. 40 6.31 1. 06 16.6 / /
TOC 0.15 21.5 1. 88 1.62 1. 15 61.2 0. 87 1.07
Si0, 21.5 80. 8 59.6 60.0 5.58 9.36 65. 63 64.96
Al O, 5.62 21.0 13. 4 13.4 1.73 12.9 14. 44 12.96
TFe, 0, 2.26 15.8 5.52 5.41 1.05 19.0 5.04 4.35
CaO 0.08 29.4 1.08 0.54 2.02 187 0.98 2.79
Na, O 0.12 4.13 0.67 0.62 0.30 44.8 1.07 1.27
K,0 0.61 7.27 2.64 2.57 0.72 27.3 2.43 2.36
MgO 0.51 11.1 1. 65 1.51 0.72 43.6 1.71 1. 46
Mn 80. 1 48 094 1125 1012 1149 102 546 552

Hia b pH JCHEY, Mn & 5 5070 me/ke, HABFE bR & 2804 %
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Fig.2  Correlation coefficients among major physical-chemical parameters and Cd in soils of the study area
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Table 2 Statistics of concentrations of heavy metals in the collected soils n=4410

s o o . . o ARZEE SKREME >KHKEREHRE JRRERZ EESA

e L7 e/ME PN P GAEOAER T e 2 )
/% itk /% /% +at) R

As 1.74 82.6 13.9 12.6 6.99 50.3 4.24 0 5.6 9.1

Cd 0.02 52.2 0. 68 0.34 1.68 247 54. 4 2.40 0.27 0.15

Cr 14. 4 1035 86.5 82.2 37.4 43.2 0. 82 0 74 63

Cu 4.20 638 34.1 30. 5 21.4 62. 8 2.52 0 24 23

Hg 0.01 2.72 0.11 0.08 0.14 127 0.07 0. 00 0. 06 0.05

Ni 9.14 364 41.5 38.6 17.5 42.2 0.45 0 31 26

Pb 5. 00 598 29.1 28.7 12. 6 43.3 0.11 0 27 25

Sh 0.12 29.2 1. 16 0. 88 1.51 130 / / 0. 67 0. 80

Tl 0.08 8.76 0.76 0. 69 0.36 47. 4 / / 0.6 0.6

Zn 24. 841 97.7 91.4 44.5 45.5 0.79 0 79 67

8
e RRTEEE S AN mg/kg,b 1 GB 15618-2018 12
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Fig. 3 Correlation coefficients among heavy metals concentrations in soils of the study area
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Fig. 4 Spatial distribution of Cd content in collected soils of the study area
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2.4 MIRERAKRFRFTEXE

AR TE B 3 75 5 X I F 98 25 SRR B, T3
B Cd FrEIFA R E R A I X
e 4R B G B AR R T 134 fF %

A7 b e AR R IR HEAT T 0T, Cd B R 4
TR, SRZLIESERMEL,BRRE DY
50% M FEAS Cd 5 2 T XU O v, Hoh £ GAR R
4 €d(0.15~1.71 mg/kg) MAR R, 20 8B & +
Cd(0.09~1.78 mg/kg) HibR AL, RERR L
Cd bR fHA = 5 Cd F & BA%, i bk Cd
i (T E) 2L TR (0. 03 mg/kg) , 21 Al
FORFEA Cd i (CFE) AR TR I R A FEAS & T )
HHM 65.9%F 64.5%, + 5 Cd & BEMITHE, AT
RESMAL Cd THEFmAX, S(EMLL2EEK
PRAE B TS M BR i) (GB2762-2017) Y A,
ABIE 5T R AR B A7 it AR A B AR AR R AL 5.97%,
Hh kMLl S EA RN, 2 1 L E AR, 6
PFERFEAB IR GBARE B BIME S 2 £5) , EARHE
st P14 R 8 S T N R R b DX A 5 R T PR
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®3 HRARABRFREERRIFESESESRITE

Table 3 The statistics of heavy metals in major agricultural products and related soils

" R REL Cd & > XU 7 6 {FL A= od F i od B >Trdh Cd FRAE
" /(mg/kg) i 16/ % /(mg/kg) /(mg/kg) A
Btk (n=31) 0.08~4.13 (*F¥{H 0.59) 48. 4 <0.03 0.5(TENRE) 0
L8 (n=41) 0.09~1.78 (“FH{E 0. 44) 43.9 <0.03~0.51 0. 1( W FF i) 0
+ 5 (n=31) 0.15~1.71 (FH1H 0. 56) 67.7 0.05~0.50 0. 1( B fE & 1t) 6.45
FXK (n=31) 0.11~9.63 ("F¥{EH 0.73) 58. 1 <0.03~0.28 0. 1(TES®E) 19.3

¥ .a 9% GB 15618-2018"%) ;b i GB2762-2017"%*
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Fig.5 Relationship between Cd in agricultural products and Cd in soils
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Enrichment Characteristics and Pollution Risks of Heavy Metals in
Soils with High Geochemical Background in Chongqing City
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Abstract: Heavy metal pollution is one of the most important environmental issues in China. Southwest China is a typical region with
the high geochemical background, where environmental problems result from enrichment of heavy metals in soil was widely concerned.
In previous studies, abnormal enrichment of heavy metals in soils was observed in the northeast region of Chongqing City. However, the
spatial distribution and pollution risks of heavy metals on a regional scale are not well documented. Therefore, in this study, the south-
ern area of Chengkou-Bashan fault zone was selected as the study area, to investigate the geochemical composition and spatial distribu-
tion of heavy metals in soils, and to evaluate the pollution risks of heavy metals in main agricultural products. The results show that the
study area is a typical region with high geochemical background, where Cd, As and other heavy metals are enriched in local soils. Cd
presents the highest risk among the heavy metals in soils and about 54. 4% of soil samples have Cd concentrations exceeding the risk
screening values for soil contamination of agricultural land in China. The geochemical composition of parent rocks is the major factor
that controls Cd distribution in collected soils, which present high enrichment in some regions with black shale. High pH and TOC fa-
vor enrichment of Cd in soils. However, geochemical heterogeneity of bedrocks makes enrichment mechanisms of Cd in local soils
slightly different from the typical carbonate regions. Although Cd is enriched in soils, the concentrations of Cd in main agricultural
products are relatively low. Only 5. 97% of collected food crops exceed the safety threshold of foodstuff, Cd in walnut and sweet potato
are lower than the threshold, a low percentage of potato and a relatively high percentage of maize exceed the threshold. These results
indicated that Cd in soils of the study area presents a characteristic of high concentration but low pollution risks. The findings of this
study provide guidelines for pollution prevention and control of heavy metals in local soils.

Key words: high geochemical background; cadmium; soil; food crops; black shale



