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Table 1 Reference dose (RfD) and slope factors
(SF) of heavy metals in soil by
different exposure pathways

g RfD/(mg-kg™'-d™") SF/(kg-d-mg™")
R UFOOmA kbR PRBA PRI
Cr  3x107° 6x107°  2.86x107° 42

As  3x10™  1.23x10™*  3x107* 15.1

Cd  1x10” 3x107° 1x107° 6. 30

Pb  3.5x107° 5.25x107* 3.5x107° —

Ni  2x107  5.4x107° 2.06x107° 0.84

Cu 4x107 1.2x107? 4x1072 —

Zn  3x10” 6x107 3x10™ —

Mn 4.6x107 1.84x107° 1.43x107° —
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Table 3 I, of heavy metals in the urban soils and

the results of pollution assessment

. vy Y o Yu
Y SO R T TR
Cr -2.37 -0.69 -1.59 0 TG
As  -1.72  0.47 -0.59 0 o
cd  -0.11 2.51 1.18 2 rh4g
Pb -2.43  0.98 -0.23 0 TG
Ni  -1.19 -0.21 -0.54 0 Jc
Cu -0.95 2.8 075 1 R —rhg
Zn 0.06 2.48  1.27 2 rfr i
Mn -1.31 1.98 0.04 1 RREE-h4
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Fig. 1 Percentage of heavy metal pollution in

the urban soils samples
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Table 2 Concentrations of heavy metals in urban soils
AR /Fﬁ\ﬁflilf]/ %ﬂjﬁ_{ PrifEd 22/ o Eﬁ ;%ﬁf*’?ﬁ_{ g&ﬁﬁﬂﬁm@_?ﬁ
(mg-kg™") (mg-kg™") % FE (mgekg!')  BE(E/(mg-kg)
Cr 28.19~90. 45 51.09+19. 983 17. 65 0. 81 0.92 0.35 97 —
As 4.08~18. 64 9.72+5.707 4.03 0.62 0.96 0.41 9 20
Cd 0.37~2.31 1. 10+1. 093 0. 67 0.63 -1.22 0.61 0.27 20
Pb 11.42~121.12 62.27+44. 084 33.48 0.32 -0.73 0.54 41 400
Ni 27.05~53.24 43.00+14. 324 7.27 -0.73 0.79 0.17 44 150
Cu 53.46~743.27 249. 03+147. 984 232.35 1.51 1.29 0.93 69 2000
Zn 141. 10~750. 85 381.79+758. 430 211.51 0.39 -1.26  0.55 90 —
Mn 366.35~3585.49 1 160. 15+£702.234  889.02 2.00 4.99 0.77 606 —
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Table 4 E /RI of heavy metals in the urban

soils and the results of ecological risk assessment
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W A W K
Cr 1.05 100 0 0 0 0
As 10. 80 100 0 0 0 0
Cd 121.90 0 50 17 33 0
Pb 7.59 100 0 0 0 0
Zn 0.48 100 0 0 0 0
Cu 18. 05 83 17 0 0 0
Ni 43. 39 58 33 8 0 0
Mn 1.91 100 0 0 0 0
RIEI{E 205.18 42 25 33 0 0
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MR AR T eE G Jm ik AR S5 ILER NI 2 ik
7 7E 3 P RERA T, LEN B ESUEES R H
PR R TR, BMESumE 4 s 02
FFHERE A Mn>Zn>Cu>Pb>Cr>Ni>As>Cd , #0
HAJE H IR EHT N Cr>Ni>As>Cd,
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Table 5 Average daily exposure doses of heavy metals in urban soils
‘ o/ EMAEEUEE 4R H ¥ RENE/ (mg- kg™ -d ") ‘ SO 4R R
JLH (mg-kg™") F-HEA R T TN B2 ki AE (mge ke d )
B L A L A JLi A e e
Cr 62. 30 8.31x107*  4.02x107° 2.29x10™® 4.44x107° 1.33x10° 1.02x10°° 6.40x107°
As 12.28 1.64x10™"  7.93x107°  4.52x107° 8.75x107'" 2.62x1077 2.01x1077 1.26x107°
cd 1.53 2.03x107°  9.85x1077 5.61x107'" 1.09x107"° 3.25x10°* 2.50x107° 1.57x107"°
Pb 83.55 1. 11107 5.39x107°  3.07x10® 5.95x107° 1.78x10° 1.37x10°° —
Ni 47. 62 6.35x107*  3.07x107°  1.75x10™® 3.39x107° 1.02x10°° 7.80x107’ 4.89 x107°
Cu 396. 66 5.20x107  2.56x107™*  1.46x107  2.82x10™® 8.46x107° 6.50x107° —
Zn 516. 18 6.88x107°  3.33x107*  1.90x1077 3.68x10™° 1.10x107° 8.46x107° —
Mn 1 725.01 2.30x107°  1.11x107° 6.34x1077 1.23x1077 3,68x10° 2.83x107° —
6 HFRR IR EIEE AR 64 R 45 2
Table 6 Health risk index of heavy metals in urban soils
HQ HI
JLE F-HEA I I A FE Ik A ik CR
JLE LN JLE LN JLE LN JLE LN
Cr 2.77x107"  1.34x107%  8.01x10™* 1.55x10™* 2.22x107> 1.70x107% 3.00x10™" 3.06x107* 2.69x107
As 5.46x107" 2.64x107%  1.51x107°  2.92x107° 2.13x107° 1.64x107° 5.48x107" 2.81x107> 1.91x10°*
Cd  2.03x107% 9.85x10™* 5.61x1077 1.09x1077 1.08x107° 8.33x10™* 2.14x107> 1.83x107° 9.87x107"°
Pb 3.18x107"  1.54x107>  8.78x107° 1.70x10™° 3.39x107° 2.61x107° 3.22x107" 1.80x107° —
Ni 3.17x107%  1.54x107°  8.50x107 1.65x107 1.88x107* 1.44x107* 3.19x107* 1.68x107° 3.13x107°
Cu 1.32x107"  6.40x107°  3.65x107° 7.06x107 7.05x10™* 5.42x10™* 1.33x107" 6.95x107° —
Zn 2.29x107%  1.11x107°  6.33x107 1.23x107" 1.84x10™" 1.41x107™* 2.31x107 1.25%x10~° —
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Ecological and health risk assessment of heavy metals in urban
soils from a typical southwest capital city

WANG Jie' ,GONG Jing”,LIU Yujia', YU Miao', WANG Weihao' ,LI Mengying' ,XU Wumei®, XIANG Ping'
1. Institute of Environmental Remediation and Human Healih ,School of Ecology and
Environment , Southwest Forestry University , Kunming ,650224 , China
2. Student affairs office ,Southwest Forestry University ,Kunming ,650224 , China ;
3. College of Energy and Environmental Science ,Yunnan Normal University ,Kunming 650500, China

Abstract; Concentrations of 8 heavy metals (Cd, Cr, As, Pb, Zn, Mn, Cu, Ni) in soils from the living quarters
of four various administrative districts of Kunming were determined. Pollution levels and ecological & health risk
were assessed by index of geo-accumulation (/) , the potential ecological risk index (RI) and human health risk
assessment in the study. Results showed that all heavy metals except Cr and Ni exceeded their background values.
All of the samples’ heavy mental concentrations were lower than the risk screening values for concentration of de-
velopment land in the national soil environment quality standards( GB 36600—2018). The index of geo-accumula-
) data showed Zn>Cd>Cu>Mn>Pb>Ni>As>Cr, and the pollution of Zn and Cd reached the moderate lev-
els. Potential ecological risk index (RI) results showed Cd>Ni>Cu>As>Pb>Mn>Cr>Zn, in which Cd had a strong

tion ([geo
potential ecological risk, indicating a strong ecological risk, the comprehensive ecological risk index of the study ar-
ea reached the medium ecological risk level. The non-carcinogenic risk HI of soil heavy metals in Kunming City for
adults and children were lower than 1, and the non-carcinogenic risk of children was higher than that of adults; the
carcinogenic risk to children and adults was within the acceptable range for humans. However, since the current
health risk model lacked reference values for carcinogenic slope factors for hand-to-mouth intake and skin contact,
it might underestimate the actual carcinogenic risk of heavy metals in the soil.

Key words :urban soil ;heavy metals contamination ;ecological risk assessment;health risk assessment
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