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Spatial Distribution, Potential Ecological and Health Risk Assessment of
Heavy Metals in Surface Soils from Tobacco Cultivating Areas of Linyi,
Shandong Province, China
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Abstract: The spatial distribution and risk assessment of heavy metals are the foundation of soil remediation. The heavy metals (As,
Cd, Cr, Cu, Hg, Ni, Pb, and Zn) in the surface soils of tobacco (Nicotiana tabacum L.) fields in Linyi City of Shandong Province, a
traditional tobacco growing area, were collected and determined, and the difference between counties and soil types was analyzed,
with spatial distribution maps generated by the geographic information system. The enrichment of heavy metals in soil was assessed
by index of geo-accumulation and pollution index, and the risk assessment included potentially ecological risk and health risk
assessment. The results showed that, (1) the mean heavy metal concentrations in Linyi tobacco growing soils were 3.85, 0.09, 47.56,
14.45, 0.07, 18.04, 17.82 and 29.21 mg/kg, respectively; (2) the concentrations of heavy metals in soil samples from north, middle
and southwest of Linyi were relatively higher than those from other areas; (3) some soil samples were enriched with Cd and/or Hg,
which were the only two metals posing a potentially high ecological risk to the local environment, and the order of ecological risk for
the heavy metals was Hg>Cd>As>Ni> Pb>Cu>Cr>Zn; (4) The health risk assessment showed no considerable non-carcinogenic or
carcinogenic risks for children and adults from these elements.
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Table 1 Input parameters to characterize the ADD values in health risk assessment
Parameter Description Value - Reference
Adults Children
IngR/(mg-dt) Ingestion rate per unit time 100 200 [17]
EF/(d-year?) Exposure frequency 350 350 [7]
ED/years Exposure duration 24 6 [16]
BW/kg Body weight 56.8 15.9 [7]
AT/ Average time-non cancer risk EDx365 EDx365 [15]
InhR/(m3-d?) Inhalation rate of soil 20 20 [16]
SA/cm? Exposure skin area 5700 2800 [18]
AF/(mg-cm2.d 1) Skin adherence factor 0.2 0.2 [18]
ABS/unitless Dermal absorption factor 0.001 0.001 [18]
APM/(mg-m~3) Ambient particulate matter 0.0651 0.0651 [19]
2 RfD SF

Table 2 Reference dose (RfD) and carcinogenic slope factor (SF) of heavy metals in different exposure pathways

RfD ing/(mg : kgil'd 71) RfDderm/(mg'kgrl'dil)

RfDinn/(mg-kg*-d)

SFing/(kg-d™mg?)  SFaem/(kg-d™-mg™")  SFinn/(kg-d*-mg™)

Heavy metal

As 3.00E-04 1.23E-04 4.29E-06 1.50E+00? 1.50E+00? 1.51E+017
Cd 1.00E-03 2.50E-05 2.86E-06 6.30E+00
Cr 3.00E-03 3.00E-03 4.20E+012
Cu 4.00E-02 1.20E-02

Hg 3.00E-04 2.14E-05

Ni 2.00E-02 5.40E-03

Pb 1.40E-03 5.24E-04 4.20E-022
Zn 3.00E-01 6.00E-02

a HJ 25.3-2014 iy

Note: a, the values were obtained from the Technical Guidelines for Risk Assessment of Contaminated Sites (HJ 25.3-2014) [7],
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Table 3 Descriptive statistical analysis of heavy metal contents in soils
: Ks P
Mean/ Minimum/ Maximum/ Median/ Background/ % -
Index (mg-kg?) (mg-kg?) (mg-kg?) (mg-kg?) (mg-kg) CVI% Kurtosis Skewness K-S test
pH 6.27 4.43 8.48 5.90 7.700 19.82 134 0.36 1.29
As 3.85 0.20 3052 2.69 9.300 103.85 20.18 3.61 1.81™
Cd 0.09 0.01 0.38 0.08 0.084 72.07 6.16 2.07 1.81™
Cr 47.56 4.38 22753 44.89 66.000 68.03 10.16 2.45 154"
Cu 14.45 3.00 39.26 14.56 20.000 51.61 0.91 0.88 0.91
Hg 0.07 ND 2.14 0.02 0.037 312.68 62.87 7.43 3.75"
Ni 18.04 2.72 73.96 18.10 22.800 60.84 7.09 1.91 1.18"
Pb 17.82 4.99 120.89 14.60 24.200 88.32 23.19 4.35 2.39"
Zn 29.21 5.34 140.46 24.87 70.700 72.36 1253 3.06 1.68™
v 59.97 13.62 125.22 59.39 81.900 4353 -0.39 0.36 0.73
a Ml b *  p<0.05 **  p<0.01

Note: a, data origins from the first national soil pollution investigation of China in 1980s; b, * for p<0.05 and ** for p< 0.01.
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Fig. 2 Spatial distribution maps of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn in soils from the tobacco-growing region of Linyi, China
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Fig. 3 Contents of heavy metals in soils from different tobacco-growing counties of Linyi
4
Table 4 Contents of heavy metals in different types of soils from the tobacco-growing region of Linyi mg/kg
Index FLc CMe LVh LVk RGe LVg RGc
n 8 18 18 16 21 7 6
As 4.11+2.32ab 4.79+2.18a 4.06+3.40ab 2.83+4.12ab 3.36+2.93ab 2.40+1.43ab 1.81%0.93b
cd 0.08+0.04ab 0.12+0.06a 0.11+0.08a 0.07+0.06ab 0.06+0.04ab 0.07+0.03ab 0.05+0.02b
Cr 61.01+32.02a 61.65+32.50a 48.92+47.24a 39.64+24.66a 40.11+28.24a 46.27+19.40a 33.32+27.02a
Cu 18.33+6.88a 16.99+6.88ab 15.69+5.56abc 11.52+6.57bc 14.10+9.26abc 10.83+6.69bc 9.06+4.26¢
Hg 0.20+0.29a 0.05+0.07a 0.06+0.09a 0.05+0.04a 0.12+0.46a 0.03+0.02a 0.05+0.10a
Ni 23.39+9.66a 22.38+10.50a 19.48+14.62ab 15.22+9.44ab 15.39+10.64ab 17.47+8.07ab 9.12+4.94b
Pb 19.20+8.82a 17.38+7.27a 19.35+19.68a 19.98+27.52a 15.14+7.94a 15.62+6.89a 10.64+2.73a
Zn 34.71+10.25a 28.71+13.86a 33.16+25.98a 26.82+19.31a 27.74+28.14a 23.85+8.78a 21.42+11.34a
p<0.05

Note: The data in the same row marked with the same letter do not differ significantly at p <0.05.
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the tobacco-growing region of Linyi

Indexes of geo-accumulation, pollution index and potential ecological risk of heavy metals in soils of
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Table 5 Health risks of heavy metals in soils of a tobacco-growing area in Linyi
HQing HQderm HQinn HI CR
Heavy
metal Children  Adults Children Adults Children  Adults Children Adults1l Children  Adults
As 155E-01 2.16E-02 1.06E-03  6.02E-04 7.04E-02  1.97E-02 2.26E-01  4.19E-02 7.43E-05 1.11E-05
Cd 1.06E-03 1.48E-04 1.19E-04 6.75E-05 241E-03  6.74E-04 3.59E-03  8.90E-04 4.34E-08 1.21E-08
Cr 191E-01 2.68E-02 5.35E-04  3.05E-04 1.92E-01  2.71E-02 157E-04 4.39E-05
Cu 4.36E-03  6.10E-04 4.07E-05  2.32E-05 4.40E-03  6.33E-04
Hg 3.01E-03 4.22E-04 1.18E-04  6.74E-05 3.13E-03  4.89E-04
Ni 1.09E-02 1.52E-03 1.13E-04  6.43E-05 1.10E-02  1.59E-03
Pb 1.54E-01 2.15E-02 1.15E-03  6.55E-04 1.55E-01  2.21E-02 5.88E-08  1.65E-08
Zn 1.17E-03 1.64E-04 1.64E-05  9.37E-06 1.19E-03  1.74E-04
As Cr
CR 1x104 1x10°
Cd Hg
4
3.1 Cd
3.2
[27]
[25]
[28]
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