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ZHAI\.{.G Lieyui' 4 , PENG Xin-ho! , MA Yan- long KANC Le" ZHANG Yan- ¢', WANG*Quan-ling' , ZHANG Song-lin'*
(L. Colfege of Ceograpl'ly anfl Erffronmental Science, Northwest Notmal Unlversu.y', Naazhou 730070, China; 2. The Third Institute of Geology and Mineral Exploration,
Gansu Prownclal Bureau ofGeology and Minerals Exploration and Devel opment Lanzhou 730050, China)

Abstract; Heavy metals in cultivated soil may migrate and transform through the food chain to harm the ecological environment and human health. At present, the ecological
environment and human health risks of heavy metals in cultivated soil in Lanzhou city remain unclear, which impacts the effective management and control of heavy metals. The
potential ecological risk hazard index was used to evaluate the ecological environmental risks of As, Cd, Cr, Hg, and Pb in the surface soil of cultivated land in Lanzhou, and
the health risk model proposed by USEPA and the recommended standard were used to evaluate their human health risk. The main factors influencing the spatial differentiation
of human health risk were explored by using geographic detectors. The risk of heavy metals to the ecological environment of the cultivated land surface soil in the study area was
mainly medium (65.25% ) , and small portions were low (13.80% ) and high (20.95% ). The low-risk areas were mainly located in the southeast of Yongdeng County, the
middle and north of Yuzhong County, and the southwest of Gaolan County. Moderate risk areas were distributed in three counties and five districts. The high-risk areas were
located in the north and southeast of Yongdeng County, the south of Chengguan District, the northeast of Qilihe, the east of Xigu District, and the middle of Yuzhong County.
The non-carcinogenic and carcinogenic risks of five types of heavy metal exposure pathways were as follows: oral ingestion > skin contact > respiratory ingestion; generally
speaking, children were at higher risk than adults. The non-carcinogenic risk in children was higher than that in adults; however, there was no such risk for local residents,
as they were all less than 1. At the same time, the carcinogenic risk of As was greater than 1 x 10 = (children 2. 04 x 10 =) and less than 1 x 10 ™ (adults 1. 91 x 10 ™) |
respectively. This indicated an acceptable medium risk to the local residents, and the risk to children was again greater than that to adults. Geographical detector analysis
showed that average precipitation during the sampling season had the greatest impact on the spatial differentiation of human health risks of As and Cd, GDP had the greatest
impact on the spatial differentiation of human health risks of Cr, and distance from the railway had the greatest impact on the spatial differentiation of human health risks of Hg
and Pb. Interaction detection showed that all factors were enhanced by double factors. In addition to leading factors, other factors such as pH, slope, and altitude also
enhanced the influence of leading factors on the spatial differentiation of heavy metal risk in cultivated soil.

Key words: arable surface soil; heavy metal pollution; potential ecological hazards; human health risks; Lanzhou
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Hg 0. 000 333 0. 000 3033 0. 000 02433 — — —
Pb 0.003 5[] 0. 003 523! 0.035 23] — — 0.008 513
1) “—" TR A 2 HE
x4 ITESEEBENKRNSRIRE
Table 4  Classification standard of carcinogenic risk of soil heavy metals
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R 1006 155wl €d) 35 7 0. 05"~ 1 06
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iigﬂfﬁé‘ﬁfgz 24 fi%; & (Cr) JEFTE 17200 ~
155. 770 nig kg “F 21y P 65. 40 mg-ke J
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Table 5 Ecological hazard risk of “five toxic” heavy metals in soil based on hazard coefficient in the study area

i H As Cd Cr Hg Pb
it -0.363 0. 699 -0.319 2.318 0.26
6353 0. 308 1. 507 2.14 7.398 0. 646
brifE 2 2.041 18.416 0.231 81.658 0. 927
K-S 3.29 x 10 ~* 4.87 x10~* 1.58 x10~7 2.57 x10°% 1.08 x10 2
5 R AL 0.02 0.009 8 0. 060 9 0.0154 0.029 4
MR 10 30 2 40 5
e/ MHE/mg-kg ™! 3.34 23.02 0.97 15.7 3.4
KA/ mg-kg ™! 15. 81 138. 62 2. 66 424.4 9.81
FHME/ mg kg ™! 10. 43 63. 40 1.86 81. 66 6.25
Te R 100 8. 86 100 16.11 100
7 N
B iéﬁﬂzwi 0 75.6 0 46.26 0
P e S XU 0 15. 54 0 29.57 0
e LR 0 0 7.13 0
v XU 0 0 0.93 0
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Fig. 2 Distribution of potential ecological hazards of Cd and Hg in surface soil of cultivated land in Lanzhou
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Table 6 Comprehensive ecological hazard risk of “five toxic” heavy metals in soil of study area

B e %

BH EUME WE RE fEZE KSKR  EREN R T4y il _
ME M it bl R BOME YRH e iR e R AR

iﬁlﬁ 66. 33 4. 47 1. 65 65.73 9.32x10°2 0.40 513.59 172.05 13. 80 65.25 20.95 0.00
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Table 7 Non-carcinogenic risk of “five toxic” heavy metals in surface soil of cultivated land in Lanzhou
oy JLE A
’ Z A WA J Ik B fh HI; Z B A RS UN J Rk B A HI,
As .06 107" 7.21x107"2  1.69x107° 1.06 x10! 5911072 1.54x10°""  4.31x1073 6.34 x1072
cd 5.91x107*  1.63x107™  9.46x1077  5.92x10°* 3.31x107%  3.53x10"™  1.59x10°° 3.32x10°*
Cr 5.26x107%  1.52x107'2  4.21x1073 5.68 x 102 2.95x1072  3.29x1072  2.93x10°° 2.95 %102
Hg 3.28x107%  9.05x10°"  6.57x10°° 3.35x10 7% 1.84x10™*  1.96x10""“  8.04x10°° 1.92x107*
Pb 1.62x107%  4.44x10°"%  2.58x10°° 1.62 x1072 9.07x107%  9.62x10""% 3,16 x10°° 9.07 x10 73
HI 1.75x10°"  9.20x107'2  4.24x1073 1.80 x10 ! 9.82x10°%  1.97x10™"  4.22x1073 1.02x107!
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Table 8 Carcinogenic risk of “five toxic” heavy metals in surface soil of cultivated land in Lanzhou

A L3 A

Z A IIRAEA B IR Fe CR; ZHAA IR B IR CR;
As 2.04x107°  1.61x107"™  3.26x107%  2.04x107°  1.90x107°  3.49x107"®  3.99x107®  1.91x107°
Cd 9.63x107°  1.26x107*  1.54x107'° 9.65x10°%  539x10™* 1.55x107" 1.89x10°"  5.39x107°
Cr — 7.83x107"*  5.41x107%  5.41x107" — L70x10°%  6.23x10™*  6.63x107°
Hg — — — — — — — —
Pb — — 3.30x107"  3.30x10°"° — — 4.05x1071  4.05x107%
CR_ 2.05x107°  7.83x107" 872x10™°  2.06x107°  1.91x107° 1.70x10°"% 1.07x1077  1.95x10°°
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Table 9 Human risk factors of “five toxic” heavy metals in surface soil of cultivated land in the study area
T As Cd Cr = Hg Pb 51
W 0.017 0.015 0. 055 0.029 0. 055 0.171
TR = B 0.114 0. 045 0.034 0.026 0. 008 0.227
iERCIFTN L EE 0.053 0. 020 0. 004 0.023 0.018 0.118
BN R S 0.019 0.031 0.019 0. 009 0. 057 0.135
GDP 0.041 0. 006 0.116 0.025 0.028 0.216
pH 0.073 0.015 0.024 0.022 0. 009 0. 143
KRR Rk 0.152 0. 090 0.017 0.026 0. 003 0.288
NSRS 0.031 0.003 0. 068 0.012 0.026 0. 140
PRk e S 0. 005 0. 003 0. 006 0.042 0. 066 0.122
TRl 0. 108 0. 036 0.028 0.022 0.015 0.209
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Table 11 Comparison of human health risk assessment between Lanzhou and Baiyin
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