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Table 1  Parameters for health risk assessment of soil heavy metals
SR Giacs RASHH IESHEM B
HHANHALER R, 100 200 mg/d
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Table 2 Heavy metal content characteristics of topsoil in the study area

i E| As Cd Cr Cu Hg Ni Pb Zn
W IX E 48 A i P HME ( mg/kg) 5.73 0.177 82.19 34.09 0.042 39.65 19.63 87.02
AL ZR (%) 0.47 0.53 0.47 0.29 1.94 0.43 0.41 0.18
T JE AL T 4 R A 7 B (8 (me/kg) B8 10.8 0.16 66.3 22.7 0.028 28.9 21.2 73.8
RENEEXER TSR T EEHME(mg/ke) 2 9.26 0.16 69.12 25.96  0.049 29.36 24.73 75.36
o E 4R A R (mg/kg) Y 9.6 0.097 61 22.60  0.065 26.9 23.6 67.7
A 2o R ) 0 2 1 K 0 9 4 0 9 0 0
#3 MREREZLEESRBIGEREEO e R
Table 3 Statistics of pollution indices of heavy metals in topsoil of the study area
i R FFE BT AL S YR BTN
RIS - ST HCRE LG (% ) AL (% )
i <0 0~1 1~2 >2 P REE AT Y i Y IREES GRS
As -0.47 100 0 0 0 100 - 0 0 0
cd 0.05 30.6 69.4 0 0 98.92 - 0.93 0.15 0
Cr -0.08 78.5 21.5 0 0 98.62 - 1.08 0.15 0.15
Cu -0.013 57.0 43.0 0 0 99.38 - 0.62 0
Hg -0.54 95.1 4.80 0.10 0 100 - 0 0
Ni -0.03 67.2 32.8 0 0 98.61 - 1.08 0.31 0
Pb -0.23 97.7 2.3 0 0 100 - 0 0
Zn -0.07 85.2 14.8 0 0 100 - 0 0 0
Py, - - - - - 94.65 3.8 1.41 0.14 0
4 UIRRELEBIESOE SR
Table 4 Results of non — carcinogenic risk of heavy metals in the study area
M BNAESUE AR5 T 1E) JLEAESUE XS5 5 P 31E)
H HI,, HI,, HI,, HI HI,,, H,,, HI,, HI
As 2.85 x10 72 3.21 x10 73 2.59 x10 ~* 3.19 x10 =2 4.58 x10 72 3.91 x10 73 6.47 x10 73 4.98 x10 =2
Cd 2.64 x10 74 3.97 x10 73 1.20 x10 73 3.15x10 74 4.24 x10 ~* 4.83 x107° 2.99 x10 -¢ 4.75 x10 ~*
Cr 4.08 x10 ~2 6.14 x10 73 5.55 x10 ~* 4.75 x10 72 6.57 x10 =2 7.48 x10 73 1.39 x10 73 7.33 x10 72
Cu 1.27 x10 73 2.87 x10 ~* 4.51 x10~7 1.56 x10 73 2.04 x10 73 3.49 x10 ~* 1.88 x10 7 2.39 x10 73
Hg 2.07 x10 ~* 5.56 x10 ~* 9.41 x10~% 7.63 x10 ~* 3.33 x107* 8.13 x10~* 2.36 x10 77 1.15 x10 73
Ni 2.95 x10 73 2.78 x10 ~* 2.98 x10 % 3.53 x10 73 4.75 x10 73 3.38 x10 ~* 7.45 x10 73 5.17 x10 73
Pb 8.35 %1073 1.24 x10 73 3.80 x10 73 9.64 x10 ~3 1.34 x10 72 1.52x10 73 9.47 x10 ~¢ 1.50 x10 =2
7n 4.32 x10 ~* 3.25 1073 2.30 x10 77 4.65 x10 ~* 6.95 x10 ~* 3.96 x10 73 2.88 x10 77 7.35 x10 ~*
THC 8.28 x10 2 1.18 x10 2 1.16 x10 3 9.57 x10 2 1.33 x10 ! 1.45 x10 2 2.91 x10 ~* 1.48 x10 !
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Fig.3  Contribution rate of heavy metals to non — carcinogenic risk coefficient in the study area
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Table 5 Carcinogenic risk assessment results of heavy metals of the study area
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Fig.4 Probability distribution of heavy metals carcinogenic risk
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HIGHLIGHTS

(1) The assessment of human health by soil heavy metals using the Chinese human health soil environmental
benchmark is more in line with the actual situation in China.

(2) The three soil heavy metal evaluation methods showed that the heavy metals except As in the soil in the study
area were affected by external factors such as fertilization, irrigation and pesticide spraying.

(3) 98.6% of soil samples have no risk of As and Cd contamination, but they are highly toxic and should be

monitored.

ABSTRACT

BACKGROUND: Mineral resources are rich in Fuping County, and mineral resource exploitation produces heavy
metal pollution. In recent years, fruit agriculture has developed greatly, which will impact the topsoil. At present,
the heavy metal content of topsoil in Fuping County is not clear.

OBJECTIVES: In order to investigate pollution characteristics of heavy metals in topsoil and their effect on human
health in agricultural key areas of Fuping County.

METHODS: According to the requirements of 1 : 50000 land quality survey specification, 647 topsoil samples in
agricultural key areas of Fuping County were collected. The contents of eight heavy metal elements such as Hg, As,
Cd, Cu, Pb, Zn, Ni and Cr were determined by atomic fluorescence spectrometry, inductively coupled plasma -
mass spectrometry and X — ray fluorescence spectrometry. The pollution characteristics and sources of heavy metals
in topsoil were identified using the geological accumulation index, Nemerow pollution index and enrichment factor
method. The risk of heavy metal pollution to human health was evaluated by technical guidelines for deriving soil
environmental criteria for human health.

RESULTS: (1)Hg, Pb, Cu, Zn, Cd, Cr and Ni in the topsoil of the study area were enriched to a certain
extent, but the contents did not exceed the control value of agricultural land. 98. 6% of the samples showed low
risks of the soil heavy metal elements for the quality and safety of agricultural products, crop growth or soil
ecological environment. (2) The source of As was mainly natural, Hg and Pb were locally affected by human
activities, and Cu, Zn, Cd, Cr and Ni were affected by human activities and the natural geological background.
(3) The non — carcinogenic risk and carcinogenic risk assessment of heavy metals in topsoil showed that the non —
carcinogenic risk index of adults and children was less than 1, and there was no non — carcinogenic risk , which was
at an acceptable level. As and Cd exceeded the acceptable carcinogenic risk level (As was 107, Cd was 10 7°) |
which had a definite carcinogenic risk. Oral inhalation was the main pathway to cause human health risk, and
children were much more affected than adults.

CONCLUSIONS : There is a slight pollution in the soil of the study area, and As and Cd have a definite impact on
human health. It is necessary to strengthen the monitoring of heavy metal elements in soil, master their dynamic

changes, and prevent the aggravation of soil pollution.

KEY WORDS:: surface soil; heavy metals; atomic fluorescence spectrometry; inductively coupled plasma — mass

spectrometry ; on — carcinogenic risk ; carcinogenic risk; Fuping County
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