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Accumulation and Pollution Risks of Heavy Metals in Soils and Agricultural Products

from a Typical Black Shale Region with High Geological Background
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Abstract: Soil polluted by heavy metals ( HMs) is an important environmental issue in China and regional geological background is a vital factor that influences the
enrichment of HMs in soils. Previous studies have shown that soils derived from black shales are commonly enriched in HMs and present high potential eco-environmental risks.
However few studies have investigated the HMs in different agricultural products which inhibit the safe use of land and safe production of food crops in black shale regions.
This study investigated the concentrations pollution risks and speciation of HMs in soils and agricultural products from a typical black shale region in Chongging. The results
showed that the study soils were enriched in Cd Cr Cu Zn and Se but not in Ph. Approximately 98. 7% of total soils exceeded the risk screening values and 47.3% of
total soils exceeded the risk intervention values. Cd had the highest pollution level and potential ecological risks and was the primary pollutant in soils of the study area. Most
of the Cd resided in ion-exchangeable fractions (40.6%) followed by residual fractions ( 19. 1%) and weak organic matter combined fractions ( 16. 6% ) whereas Cr Cu

Pb Se and Zn were dominated by residual fractions. Additionally organic combined fractions contributed to Se and Cu and Fe-Mn oxide combined fractions contributed to
Pb. These results indicated that Cd had higher mobility and availability than those of other metals. The agricultural products presented a weak ability to accumulate HMs.
Approximately 18. 7% of the collected samples with Cd exceeded the safety limit but the enrichment factor was relatively low indicating low pollution risks of the heavy
metals. The findings of this study could provide guidelines for safe use of land and safe production of food crops in black shale regions with high geological background.

Key words: high geological background; soil; food crops; cadmium ( Cd) ; selenium ( Se) ; speciation
50%
11.5% 16.4% " .

0. 01 mol-L™" CaCl,

4~6
: 2022-05-10; : 2022-06-29
: ( 2020
7~10 188 ) ; (41773142) ;
) (2021399)
1 : (1993 ~)

E-mail: 992449246@ qq. com
Cd * E-mail: liuyizhang@ mail. gyig. ac. cn



4 2235
cd
6.14% "
cd 15.9% "
1.9% " . !
1.1
( 1
cd . .
13 15 . N
1
Fig. 1 Location of the study area and sampling sites
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Table 1  Classification of pollution level of soils
1 <0 0~1 1~2 2~3 3~4 4~5 =5
2
Table 2 Classification of potential ecological risks of soils
E, <40 40<E, <80 80<E, <160 160<E, <320 E, =320
2
2.1 n 313
pH 4.94 ~ 8. 14( w(Cd) ., w(Cr). w(Cu) .
6.24) pH<5.5 16.9% w(Pb) . w(Se) w(Zn) 3.29.
5.5<pH=<6.5 50.2% (pH 145, 54.3. 24.7. 1.68 292 mg*kg™'(  3).
<6.5) 67.1%:; (6.5 <pH Pb
<7.5) 27.1%; (pH>7.5) » '
5.8%. ‘8
:Cd(12.2) >Se(8.40) >7n
o pH : (3.69) >Cu(2.26) >Cr(1.96) >Pb(0.91).
(6.78) > (6.36) > (6.34) > Cd w( Cd)
(6.16) > (6.11) > (5.92) (5.32 mgekg™') >
1 pH w( TOC) (3.54 mgekg™') > (2.83 mgekg™') >
0.29% ~4.67% ( 1.93%) (2.47 mgekg™") = (2.47 mgekg™') =
(2.08%) > (2.00%) > (2.45 mg*kg™") w( Cd)
(1.97%) > (1.92%) > (1.83%) w( Cd) .
> (1.72%) w( TOC) " w( Cd) .
w(Cr) . w(Cu) . w(Pb) w(Zn)
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5.11. 157, 88.2. 20.6 488 mg*kg™' w( Cd) .
w(Cu)  w(Zn)

. ad w( Cd) o(Cd)  0.068 ~16.905 mgekg ' >
0.44 ~64.5 mgekg ' > w( Cd) w ( Cd) 0.07 ~ 13.03
0.23 ~29. 1 mg-kg ™' 3.81 mgekg ™ mgekg ™' w( Cd)
w( Cd) 64.5  0.085~6.25 mgekg™' *
mgkg ™' 11.3 mgekg™'? Zn Cr o,
3
Table 3 Statistics of heavy metal concentrations in the study soils
> > 3
/mgekg™' /mgekg™' /mgekg™! /mgekg™' /mgekg™! 1% 1% B Jmgekg ! /mgekg !
Cd 0.23 29.1 1.98 3.29 3.81 98.7 47.3 0.27 0.10
Cr 55.8 631 121 145 77.3 24.0 0 74 61.0
Cu 16.9 347 42.2 54.3 39.7 25.2 — 24 22.6
Pb  14.8 72.5 23.7 24.7 5.01 0 0 27 26.0
Se 0.24 17.4 1.19 1. 68 1.79 — — 0.20 0.29
Zn  60.9 2 840 210 292 285 48.6 — 79 74.2
1) —
( P 12
<0.01  4) . . TOC
Pb Pb (P<0.01) 2
Pb
#* Cd. Cr Cu pH
pH cd 2 28 cd
pH (R=0.223 P<0.01 2)
4 Pearson b
Table 4  Correlation coefficients of heavy metals and soil properties in the study soils
pH TOC Cd Cr Cu Pb Se Zn
pH 1
TOC 0.112° 1
Cd 0.223™* 0.283™ 1
Cr 0. 122" 0.263™ 0. 841 1
Cu 0.126" 0.255™ 0. 856 ™ 0. 885™ 1
Pb 0.088 0.285™ 0.430™ 0. 454 ™ 0.537™ 1
Se 0. 062 0.327* 0. 696 ** 0.857™* 0.826™ 0.413* 1
Zn 0. 109 0.269 ™ 0. 905 0. 808 ™ 0.879* 0.395* 0.717° 1
1) * 0.05 ; ok 0.01
(
( ) Y( GB 15618-2018) *
98. 7% Cd 47.3%
Cd
- Zn(48.6%) >
Cu(25.2%) > Cr(24.0%) . cd
1.3%. 51.4%
47.3%  50%
( 2. 2 cd
cd Fig. 2 Classification of the environmental

Se o( Se)

quality of Cd in the study soils



2238 44
(1.68 mgekg™") 0 2.50% Cd
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93% w(Se) =0.4 mgkg™'( 0.40 ~ 11. 8% 2.6%
17. 4 mgekg ™ 1.78 mgekg™' N =294); .Gt Cu Pb .
(pH >7.5) w(Se) =0.3 mg-kg™' : Cd(365) >Cu(11.3)
( 0.42 ~ 7.04 mg-kg™' 1.75 >Ph(4.57) >Cr(3.91) >Zn(3.69 3('h)
mg*kg™' N=19). Cd E,
; Cd
Cd(2.34) >7Zn(0.94) >Cu(0.37) >Cr(0) >Pb 1.90%
(-0.74) Cd Zn 3( a) 15.70%
Cd 21.7% 20. 4%
2.20% 19. 8% 40.3% .
20. 8% 21.1%
24. 0% 9. 60% Cd
3
Fig. 3 Geo-accumulation index and ecological risk index of heavy metals in study soils
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Cd Y( GB 2762-2017) *
38.22% Pb 3.70% 9 Cd (0.1
.Cd mgekg ") 11.3% 1.10 ~8.34
( . ) ( 4.28): 17 (6 -
9 2 )Cd (0.1
Cry Cus Pby Se Zn mg+kg ") 12.4% 1.01 ~2.80
. ( 1.64): 8 cd
cd 21.9% ~ (0.05 mgekg™") 29. 6%
57.7% 1.01% ~17. 4% 1. 20 ~3. 80( 2.09) ; 0.1 mg‘kgf1
10. 4% ~24. 4% 20 Cd 44. 4%
1.06 ~2. 74( 1.64) .
2.3 Cr Pb . 50
cd cd w( Cd) ( ) 0.001 ~
( ) 1.36 mgekg ™' 14% Zn
13
( 5) 118 ( 40. 8% cd
N N ) Cd 18.7%
(0.03 mgekg™ ') ; 276 ( 95.5%) cd
Pb (0.1 mgekg™"). Cd
w(Cd)  w(Cu) 0.10
mgekg™'  4.93 mg-kg™; w(Cr)  w(Zn) I 1233
0.19 mgekg™'  13.9 mgekg ; pH
o( Se) o« cd
5 h /mg'kgf1
Table 5 Statistics of heavy metal concentrations in collected agricultural products/mgekg ™"
Cd Cr Cu Pb Se Zn
<0.03 0.03 0. 004 <0.1 <0.0015 2.44
(N =48) 0.15 0.10 2.22 <0.1 0.12 8.43
} 0.07 0. 06 1.27 —2) 0.01 4.15
<0.03 0. 06 0.15 <0.1 0. 002 0.49
(N=27) 0.19 0.19 0.58 <0.1 0.01 1.37
- 0.04 0.11 0.34 — 0.01 0.95
<0.03 0.09 0.49 <0.1 0.01 5.57
(N =80) 0.83 0.94 2.95 0.14 0.10 30.3
h 0.07 0.19 1.25 0.05 0.03 13.9
<0.03 0.03 0.15 <0.1 0.01 1. 14
(N =47) 0.28 0.21 0.42 <0.1 0.18 9.10
0.07 0.07 0.26 — 0.03 2.64
<0.03 0. 04 0.50 <0.1 0.01 1.05
(N =42) 0.24 0.24 1.35 <0.1 0.22 9.09
0.04 0. 08 0.93 - 0.03 1. 84
<0.03 0.05 3.12 <0.1 0. 004 4. 84
(N =45) 0.27 0.30 7.60 0.71 0.16 18. 4
0.10 0.11 4.93 0.11 0.03 7.50
1) 12 D 2)—
2.4 - . Cd
( BCF: cd cd
cd ) cd
cd (0.128) >  (0.064) >  (0.045) >
Cd - (0.038) > (0.033) > (0.029)
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