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Abstract; Currently, there are no clear assessment norms about the health risk of direct human exposure to contami-
nated soil on farmland. Parameters related to construction land were applied in some studies assessing health risk of
farmland populations, which were not exactly applicable. Further exploration is required for the selection of evalua-

tion parameters more closely related to farm exposure scenarios. In this study, soil samples from the heavily contami-
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nated surface farmland in northeastern Jiangxi Province of China were collected and the contents of six heavy metals
(metalloid), including cadmium, arsenic, nickel, zinc, thallium and copper in the soil were analyzed. Using the health
risk evaluation model recommended by the Ministry of Ecology and Environment of China, human health risk evalu-
ation of this farmland soil was conducted with farmers as the exposure target. The impact of three parameters on the
evaluation results, namely, daily oral soil ingestion rate (OSIR), air inhalable particulate matter concentration (PM,,),
and daily air inhalation rate (DAIR), was investigated. Compared with the recommended parameters for risk assess-
ment of construction land, the above three assessment parameters, which are closer to the exposure scenario of agri-
cultural land, significantly increase the risk level mainly by increasing the exposure through oral and respiratory ex-
posure pathways, where the sensitivity ratio of OSIR and PM,, is 100% . The percentages of sites with single-factor
arsenic, nickel and cadmium carcinogenic risk levels exceeding 1.0x10° were 100%, 50% and 90%, respectively;
while the percentages of sites with single-factor cadmium, arsenic, nickel, zinc, thallium and copper hazard levels ex-
ceeding 1 were 0%, 85%,20%, 0%, 0% and 0%, respectively. These results indicate that the potential carcinogenic
risk of heavy metal or metal-like contamination of agricultural soils in the study area cannot be ignored, and provide
a reference for a comprehensive assessment of the human health risk of agricultural soil contamination.

Keywords: farmland soil; heavy metals (metalloid); health risk assessment; assessment parameters
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Table 1 Exposure parameters for farmland
heavy metal risk assessment
RS RASHEE RIS WASFEE
Parameters Referred value Parameters Referred value
ED 25a ABS, 1
EF 250 d-a”! ABS, 0.001
EF, 625 d-a” SAE 3020 cm®-
BW 618 kg SSAR 02 mg-cm™>
AT, 27 740 d E, 1 k-d!
AT, 9125d fsp,, 05
SAF 05 PIAF 0.75

R2 E(X)eRTRARBREESEFNENBENEXET

Table 2 Reference dose and carcinogenic slope factor for different exposure routes of heavy metals (metalloid)

R N F(SF)/(kg-d-mg™)

Carcinogenic slope factor (SF)

S5 (RMD)/(mg-kg ™" -d™")
Reference dose (RfD)

ERERE » o P 3/
. fkg-d-mg™") Amg-kg™ +d™)
Heavy metals (metalloid) Source
201 Sk I, | S I
Oral Dermal Inhalation Oral Dermal Inhalation
fill As 15 15 266x102/DAIR  30x107™*  3.0x10™*  243x1077/DAIR ('FI'y GUIDE
4 Cd ND ND 1.11x102/DAIR 10x1073  25x107° 1.62x1077/DAIR (‘FI'y GUIDE
B Ni ND ND 161x10>/DAIR ~ 2.0x1072  80x107* 1.46x107°/DAIR {5y GUIDE
& Tl ND ND ND 10x107°  1.0x107° ND 2]
¥ Zn ND ND ND 30x107" 3.0x107! ND {51’y GUIDE
#i Cu ND ND ND 40x1072  4.0x1072 ND {51’y GUIDE

T : DAIR K%k H A SR A R,
Note:DAIR is the daily air inhalation rate.
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Table 3 Contents of heavy metals (metal

loid) in surface soil from the study area

FoRfE % brif 22 SRVA o
FCEE)E . y i O . U EAR R Y%
Amg-kg™) Amg-kg™") Amg-kg™) 5 F A /(mg-kg™") ]
Heavy metals . . Exceeding
. Maximum Average SD CV/% Median .
(metalloid) standard ratio/%
/(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™")
fih As 39.50 1549 753 49 14.75 10
#h Cd 9.80 453 267 59 4.08 100
B Ni 148 78.55 3340 43 76.50 75
£ T1 020 0.035 0.07 187 KAt Not detected 0
B Zn 635 293.80 14239 48 258.00 75
il Cu 116 66.15 22.18 34 63.50 85
x4 BERT|WMEE G PM,, OSIR,DAIR 3 NS H K REE
Table 4 Alternative values of PM,,, OSIR and DAIR in exposure assessment model
B f/MHE T4 FORMH He U5
Altered parameters Minimal Average Maximal Source
23S H A A SR ) 5 (PM, M (mg - m ™)
0.330 6415 1250 [7-8]
Content of inhalable particles in the air (PM,,)/(mg-m™)
£} H 2 LA 35 (OSIR)/(mg - d ™!
o AL (OSIR)(mg-d™) 400 700 1000 o]
Daily oral intake of soil (OSIR)/(mg-d™")
H H 72 S A #(DAIR)/(m? -d ™!
A HZTRARDAR) (m -d7) 218 2385 259 [10-11]

Daily air intake (DAIR)/(m® -d™")

R5 ITEMARSHERETHREER

Table 5 Exposures of soil arsenic

using different set of parameters

2 el

2 el

BB RAEBURRUN) (kg kg™ -d7")

B BREUESON ) (kg-kg™" -d7") Sy
Exposure (carcinogenic) Exposure (noncarcinogenic)
ZHURE gl gl
Akg-kg™ -d™) Akg-kg™ -d™)
Parameter value
0 e VI %0 ek R
Oral Dermal Inhalation Oral Dermal Inhalation
) HEFESEL
{ il 3.65x1077 6.61x1078 590x107'° 1.11x107¢ 201x1077 1.79x107°
The GUIDE referred
VAR -6 -8 -8 -6 -7 -7
2.55x10 6.61x10 523x10 7.76%x10 201x10 1.59%x10

Alternative
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Table 6 Carcinogenic health risk (CR) values of three heavy metals (metalloid) in soil
CRypy CRyy CRy CRy
) CR, CR,, CR,, CRg
HER o " ) - » o " e 2o N
. WS BNl WESHE BFRsl ESH BRS WESE BRSi
Heavy metals (metalloid)
Referred Alternative Referred Alternative Referred Alternative Referred Alternative
parameters  parameters  parameters — parameters  parameters — parameters — parameters — parameters
% KAH Maximal 427x1077  230x107>  2.16x107>  151x10™* 392x107° 392x107° 259x10~° 1.78x107*
A TFY{H Average 167x1077  9.03x107¢  847x10™® 593x10™° 154x10™° 154x10™° 1.02x107° 6.99x107°
S
SRR/ %
) frihn s . 0 95 100 85 85 95 100
Exceeding standard ratio/%
i KAH Maximal 443x107%  239x107° - - - 443x107%  239%x107°
- SE-H4{H Average 205x107%  1.10x107° - - - 205x107%  1.10x107°
‘ﬂ_:T\ T B AR /%
.{\ HBFRF /% . 0 50 - - - 0 50
Exceeding standard ratio/%
e K{H Maximal 967x107%  521x107° - - - 967x107%  521x107°
N SFHIE Average 513x107%  2.77x107° - - - 513x107%  277x107°
1
SRR R /%
firiihs s 0 90 - - - 0 90

Exceeding standard ratio/%
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