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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] This study aims to evaluate the current status of heavy metal contamination in the soil of Dashetai, Ulat Front Banner.
A comprehensive sampling campaign was conducted, involving the systematic collection of 845 topsoil samples, 30 crop samples,
and 17 drinking water samples. The concentrations of eight heavy metals (Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper
(Cu), Mercury (Hg), Nickel (Ni), Lead (Pb), and Zinc (Zn)) were analyzed to assess the extent of contamination. [Methods] The
levels of soil heavy metal contamination, ecological risk, and associated health risks in the study area were assessed using the
geoaccumulation index method, the potential ecological hazard index method, and a health risk assessment model. [Results] The
concentrations of heavy metals in the farmland soils of Dashetai are approximately equivalent to the background levels observed in
the Hetao Plain. The assessment of potential ecological risks indicated that the heavy metal contamination in the soil predominantly
posed slight to moderate ecological hazards. The human health risk assessment revealed that, through oral and dermal exposure, the
soil's carcinogenic risk value was calculated to be 5.69 x 10°°, which exceeds the standard threshold of 10°°. However, this level of
risk is considered to pose a minimal carcinogenic threat, one that is generally deemed acceptable by public health standards.
[Conclusions] The distribution of mercury (Hg) is significantly influenced by anthropogenic activities, with areas of medium to high
risk predominantly located in Dashetai. In contrast, the distribution of other elements is primarily governed by the parent materials of
the soil. Moderate—risk areas for cadmium (Cd) are concentrated along the coast of Wuliangsu Lake. Arsenic (As) was identified as

the primary contributor to the health risks associated with the consumption of vegetables, grains, and drinking water.

Key words: soil; heavy metal; ecological risk; health risk; environmental geological survey engineering; Ulat Front Banner; Inner
Mongolia

Highlights: With the method of land accumulation index, potential ecological hazard index and health risk assessment model, we
evaluated the level of heavy metal pollution, ecological risk and health risk of the alluvial and diluvial soil of Hetao Plain in
Dashetai, Inner Mongolia.
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Table 1 Exposure factor parameters of health risk assessment mode
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Table 2 RfD and SF values for different exposure pathways of soil heavy metals
22 7|8 /(mg/(kg-d)) o R 2 T /((kg d)/mg)
R e e e A e
As 3.00x10°* 1 3.52x10°° II 3.00x10°* II 1.50 I 1.83x1072 II 1.50 II
cd 1.00x10°? 1 2.35x10°° II 2.50%x10°° II 7.06 11
Cr 3.00x107 I 2.35x10°° 7.5%x107? 11 4.71x1072 I
Cu 4.00x107 I 4.00x107 11
Hg 3.00x10°* I 7.04x107° 1 2.10x107° I
Ni 2.00x10°2 1 2.11x10°° II 8.00x10™* II 1.11 11
Zn 3.00x10™" 1 3.00x10™" I

e 1RSI BHT GRS RS VEAEAR ) (HT 25.3—2019) 5 [LAARYE i A b 133835 e KU PP Al 2 AR 300 )

(HJ 25.3—2019) i+,

®3 TEESERERRH S RIRAE
Table 3 Classification standard of carcinogenic risk of soil
heavy metals
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RfD =~ RfDxBW x AT,

HI:iHQ

3FUFHQ L CR, RfD, BW |, HIPAJK SF A X
K28 5K (3)~(7) i AH A RED I SF 43 51| B
RfD, . SF,{I{E; ADD Ai5 YL ¥ i H 24 5 2257 i ;
C,, AARANEY) B AR K o 3 4 8 1Y % 5 IR MEEA
i, K B SR R &40 2.517 LA,
443.7 g/d. 328.15 g/d; EF, A RAEY Sk /K i) 2 i

(9)

(10)

WA, 365 d/a; ED, AR B RHIK B 2 B 15 22 )
6], 74.4 a5 AT, V- ¥ 5% 55 5 6] =2 5% 45 52 i [1]
365, d.

4 RS

41 AREXTESEEEH FIHFE

5T IX 41 pH ARk [l R 8.07~9.99, #& 1A LA
s asPE R, AR TR S LA 4, ARYEER
HBE RT 1 As, Hg, Pb iX 3 Fios 2 10 - 24 (B Mg A%
T SAH, H4 Cd. Cu. Ni, Zn 4 FioC R FH1MH
T E, BT 57 sl B2 A HR AL
I, AT R0 1.08. 1.06, 1.02, 1.01 %, i%
PUBNICER AR TR =2 A SRTE; Cr 19 E 45 REUE I
L, IREN T 123, Al s N TR E i A SRR AT
AETERE K. As, Cd . Cu, Hg & i RIEAF] T
TR S AEA 2 504 L, UK 4 FPocE7EmF
58 X A TE B R B B A5

IR & 4R R ED, 268 ELE TR
By zs Al A (1 3) . AR | As, Cd. Cr, Cu, Ni,
Pb il Zn JUE & R AEZS 0] ¥R BN B 3 2
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Table 4 Parameter statistics of heavy metals in soil

- B - \ o I oy WETREEE KR
EE O RUME BRSO iR BRAN EERM P U i
As 2.54 24.9 8.63 2.40 0.28 0.89 9.68 25

Cd 0.05 0.28 0.13 0.04 0.30 1.08 0.12 0.6

Cr 31.7 104 68.66 10.79 0.16 1.23 56 250

Cu 6.94 43.5 20.35 5.75 0.28 1.06 19.2 100

Hg 0.007 0.067 0.018 0.0072 0.40 0.72 0.0249 34

Ni 12 46.1 254 5.70 0.22 1.02 25 190

Pb 11 28.9 17.19 2.64 0.15 0.92 18.76 170

Zn 27.9 108 56.37 12.67 0.22 1.01 55.7 300

pH 8.07 9.99

E: S EGOHREBOTeASHE. RAME. BORE. BME. WETEERZE SR RE. QS QXS TR A yme/kg,  HiAt

T AL
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(a) (b) R
As/ cd/
(mg/kg) (ng/kg)
<3.66 <76.99
3.66~5.43 76.99~81.10
5.43~6. 81.10~85.32
6.03~ 85.32~88.52
B 6.77~7.11 [0 88.52~100.64
=7.11~ . = 100.64~125.90
8.13~9.38 125.90~154.56
B 938-11.70 0 2 4 8 km B 154.56~184.24 0 2 4 8 km
1170 _ 18424 _
N N
oo J

Cr/ Cu/
(mg/kg) A (mg/kg)
<49.04 C : <12.06
49.04~52.52 e ) 12.06~13.78
52.52~54.50 13.87~14.87
54.50~58.72 14.87~16.03
I 58.72~61.96 9 16.03~17.04
= 61.96~68.49 = 17.04~17.72
68.49~77.71 17.72~21.22
B 77.71~85.13 0 2 4 8 km B 21.22-25.24 0 2 4 8 km
B 35,13 _ B 2524 _

s

© S R ()

Hg/ Ni/
(mg/kg) (mg/kg)
<8.99 <17.20
8.99~10.70 17.20~17.98
10.70~11.93 17.98~19.13
11.93~12.79 19.13~20.61
9 12.79~14.70 9 20.61~22.34
= 14.70~17.65 = 22.34~25.78
17.65~20.90 25.78~29.07
B 20.90~26.12 0 2 4 8 km B 29.07-33.55 0 2 4 8 km
0612 ! B 3355 _

©® i j& (h)

ol

Pb/ Zn/
(mg/kg) (mg/kg)
<14.16 <37.79
14.16~14.59 37.79~41.90
14.59~14.83 41.90~42.75
14.83~15.26 42.75~44.30
9 15.26~15.85 0 44.30~47.32
B 15.85~16.82 B 47.32~53.85
B 16.82~17.65 B 53.85-65.08
B (7.65~19.85 8 km B 65.08-79.70 8 km
—ESTEY . -79.70

Kl 3 BFFE X R)Z T BRI R =3 [ 70 A

Fig.3 Spatial distribution of heavy metals in surface soils of the study area
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R B R SRR 5 2 WA R BT A AR X s
DX, FERIF Y DX A B Ry AH IR X, 25 B L5 550 A
B A BE BT X BT R A FE R . Heg AN
Pb JC R TE N H 2 5 4 1 KA KB ZL WA 52 81
{HIX, Z N ATE SR B AT BEPERE K

HHETCRENERRZE(CV)H A TRRITER
G IR R FREE RN, AR S REOR, RIATTR
A ] e AZ BB A 5R U SN T s s AR S R
/N, R Z BN SR B R B N . —RIACH,
CV<0.20 R FHAE5H; CV 7E 0.20~0.50 A 455 i AR
55 CV 7E 0.50~1.00 A5RAS 555 CV=1 2 55 158
A7 5+ (Pan et al., 2016) . M43 6 H A ECHE AT A1,
Cr. Pb 5548 5%; As, Cd, Cu, Hg. Ni, Zn N H 55
SREEAR S . Hob He W78 57 R 4R R, RHFSEIX
(1) 3% b Hg JC R ZANRYIR R0 ek

NP9 X 6 )2 + B rp i 4 J@ ou R b AT E Lo
S, SR (R S R, s E SRR IR T
24N ERT, BRRRHE MR R T 2519 83.58%, I K
TSy, HrP R 1 TS 76.36%, £
5T X 22 1 i 4R e R HA MG RSk IR, £
B2 R . B3 2 R Hg JTT R E
T, 3R] Hg A0 T oA 7 RO R, id 52 HoAth
RIS
42 BEERISEEEST

DI R S E P S o, TR IX
HeE BRSO REE R (R 6) . KUK R
FRAE BT S M —1.14~-0.31, Sk 2 T i5 g 9 51,
A FEARFER TR B NSRS R
BORE , £ 00 R B 15 Y REAS & L i 2 310 0F R
Cd>Cr>Cu>Zn>Ni>Hg>As>Pb, H: ' Cd, Cr, Cu X
3 NICER TG YA (9.47%~9.23%), £ T0 R
Terfig e K UL B REAS . DT ER 15 G s 00 1 53 A

Cd Cr
S m——
}, s ~
/AWK .
/
/
’,1’1 N ,f\:i
i~ L~
o ) ‘
,J\\ A %
=0 e = ~. =N
=] \® .k E At N \\\ =] \\
B, RARKE s BN
“'\ o 2 [N P %‘
ENRY T ¢ N :
B TS~ s .
{ﬁ \\\\\ // -
ST 20 2 4 8 km

RS TEEESEEHSANER

Table 5 Principal component analysis results of soil heavy

metals
pll = A
FoIR ] ES %y .

FFEH 6.11 0.58

TTHRZ/ % 76.36 7.23
FRATTIRE/ % 76.36 83.59
As 0.827 0.265
cd 0.881 0.018
Cr 0.864 —-0.339
Cu 0.958 —0.103
Hg 0.720 0.559
Ni 0.952 -0.182

Pb 0.812 0.102
Zn 0.949 —0.164

*o6 E€EHMBARBHHRER

Table 6 Classification criteria of index of
geo—accumulation

PR

PN P <0 o1 759 B0 L%
As -0.8 832 13 1.54
Cd —0.56 765 80 9.47
Cr -0.31 766 79 9.35
Cu —0.56 767 78 9.23
Hg -1.14 827 18 2.13
Ni -0.59 806 39 4.62
Pb -0.73 844 1 0.12
Zn —0.6 805 40 4.73

(& 4) A1, Cd. Cr, Cu, Zn, Ni [0 X 4 K2
AR, B2 SR RGN B AT BRI,
AT LA R . AR IR AT ST R, BR
Hg JOEAb, 0198 X HAth 7 4~ 1 4 g 5 e IX 4 &
B2 T A A AR ], ORI SN A B
4.3 BEERBSEEBEETSREIEN

DI R SR 2 e, TR R IX
KHTERESRBELESEERB(E T, As,
Cr. Cu, Ni, Pb, Zn AR A BAE FEREI /N

\\\\\

Kl 4 WFEIXR)Z LG Rt R 5 Y s AL i 1A

Fig.4 Distribution of heavy metals pollution points in surface soils of the study area
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Table 7 Characteristics of potential ecological damage index of soil heavy metals

o 7 PAEAR I
) i 4G i TR i
As 2.62~25.72 845 0 0 0 0
cd 12.5~69.75 694 151 0 0 0
Cr 1.13~3.71 845 0 0 0 0
£ Cu 0.36~2.27 845 0 0 0 0
g Hg 11.24~107.63 721 118 6 0 0
Ni 2.4~9.22 845 0 0 0 0
Pb 2.93~2.70 845 0 0 0 0
Zn 0.50~1.94 845 0 0 0 0
RI 40.61~217.86 835 10 0 0 0

T 40, R REAE SR ; Cd A3 e FE 18 G F
12.5~69.75, A S KBSFEA 151 4, (51 17.87%,
F B AT X T R S R R R LA
M — 7 (&l 5); He 4B A& fa 3 18 B0 Bl 11.24~
107.63, A AEB RS FEAS 118 4, (5 H 13.96%, 5t
B 6 4, 15 B 0.71%, FE 20 AR 7E A X R A3 KB
NEBFEEDX, DN T SRR R
(F'5).

FF 5T X TR 4 i T A AR 25 XU FE 40 R B R
40.61~217.86, LAFEIOAES A 3=, i He 98.82%, Hi%5
AR FEAR 10 4, 7 LE 1.18%, JToa XU A2 5 XL
B DL EFEAS . RIHAE S BR300 R 1 30 9 Bf b v
T BEATAE A5 AR A AU, LA 1l X B8 R B A A
RS
4.4 HIESEE AFERXK TR

ST VRN S BRI A EHE , H2 4 52 XURS EA A5
AU PR GY X R 2 1T 4R 19 A B0 Ao
JRE XU 5 85 (55 8, 6 9) . HQ<I, /R E & EIAEE
95 UG ] Z 8, HQ =1, A7 7E AR BURE AR o 45 51
7, Cd, Ni B &3 RN A A 1358 k> 28
1A > Bz JBR 3 i, R 4 i 1) 1 58 s R /NI -

foFE i E KM FEEH &R HET S As> Cr>
Ni>Cd>Cu>Zn>Hg, W As A 5% X AU B¢ 55 1Y)
JLE . I 4 8 AR 2o KU R o K iR
0.38(As), B 7 X P 45 PR30 T 45 J ok A A4 fekt
MAEEAE SO A . 4R BEE R HI ik
B 0.48, FIAWF5E X 22 1A B RFFTEIERL
I XU

g A8 8w , TEBURE T, As BYEL
i UG K/ INITL e Ry 28 11 > R k4 fioh > A+ 358
Wikr, HAy 3 o2 (Cd. Cr, Ni) AT WA 4 35
A . As TCE Y SN0 AU fe s , B0 XU 4841
SR 5.69%10°°, Higx ot 2 K /NI T S Ni>Cr>Cd,
{HE/NTF 107, W] Cd. Cr. Ni 98U XS e
WU Ao As 78 4 A~ T0 3 RS i 508 R b DTk B
K, F i KAE S 99.27%, F5-F-3{H i 97.92%, 156 HH
As SEWFRIX FEWEUE A TR, HFRZR4 O H
A B S InAB
4.5 RIEMRRAKES B ANEEEREITMR

T SECMIAA R R USEPA 41
it o XU A 78 3 A 9 X R e 1 AR 9 M
KK 48 1 KU L (HQ), A 32 KU PEAN 25

2 TR ASTRA L IEOR > SR . BoeR B RILER 100 7ERAEYH Cr. He #Y & AR T4
cd H
. —— ¢ ST~ N
i 'Y \\ I L) =N,
L L }&
e S gy
> j\\/ ‘l:;‘ ! /“\E - (":‘\l
N S /\
B\ B EH LN BemER .
B Kk~ BN KA |
ek N B -} < s | JE<a0
o o
TS B0 2 4 sk TS 50 2 4 s Joo<E<so

Pl 5 WF5EIX e G T 3R AR A KU A5 A 14

Fig.5 Distribution of ecological risk levels for heavy metal elements in soil of the study area
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Table 8 Non-carcinogenic health risk index of soil heavy metal (10™)

LR HQ,;, HQy,, HQ, HQ
As R RAE 1839.78 334.80 1572.62 3737.20
FHME 637.26 115.97 544.72 1297.96
cd SN 6.18 1.50 26.39 34.08
SFME 2.82 0.68 12.03 15.53
Cr TN 192.11 — 983.86 1175.96
P 126.90 — 649.93 776.84
Cu R RAE 24.11 — — 24.11
“FHME 11.28 — — 11.28
He Baﬁj(ﬁ 495 — 0.21 5.16
SFME 1.34 — 0.06 1.40
Ni TN 51.09 — 485.72 536.81
P 28.23 — 268.39 296.62
7 KAH 7.98 — — 7.98
“FHME 4.17 — — 4.17
I SN 2006.93 335.53 2469.77 4801.23
SEIME 811.92 116.66 1474.58 2403.15
HE: HQy » HQu » HQy, AMAINZ LTI B EAL. N T RORLIR 2 1) fE 5 7
T TESEERUEBREXKIELE (107°)
Table 9 Carcinogenic health risk index of soil heavy metals (10‘8)
LR CR., CRy, CRy;, CR
As RAE 1361.68 247.80 0.17 1609.65
FEIME 471.66 85.83 0.06 557.55
cd KAE — — 0.72 0.72
FEME — — 0.33 0.33
o wNAE — — 1.79 1.79
FHME — — 1.18 1.18
Ni S ONIE — — 18.71 18.71
FHE — — 10.34 10.34
CR I SNIE 1361.68 247.80 21.07 1621.48
SEHME 471.67 85.83 11.90 569.40

Table 10 Non—carcinogenic health risk index of heavy metal in crops and drinking water (10™)

R 10 RIEMRRAKESBIEBUERRNEEE (107)

G HQy4: HQpy HQuyx

As SN 4955.88 10195.05 43036.08
TME 3007.43 6181.91 8405.17

cd IS NE 2485.02 325.95 —
FHME 1328.53 30.45 —

o ISoNE] — — 2579.45
FME — — 455.20

Cu fRE 6544.42 3176.98 225.02
EHME 4517.47 2315.64 29.94
ISUNEN — _ _

Hg .
FHE — — —

Ni ISUNIE 823.03 2347.73 73.71
FHE 290.41 965.02 14.05

7n SN 1621.28 4594.95 151.56
TME 1136.31 3527.86 32.91

- IS NE 15197.73 16581.31 43253.44
“FHME 10280.15 13021.89 8937.26
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B, 7EAR /K K AR He, Cd B & KT R B
X L — R R B I 4R Y HQ, AN IRIRR 28 AL
G R MR XU A S B £ 5, B3N Cu>As>
Cd>Zn>Ni, &%} As>Zn>Cu>Ni>Cd, & H /K H
As>Cr>Zn>Cu>Ni, TIERTEH K . Wb E1EIK
FHAKH, As F#RAG 2 B i AU, e 2 PR K
1) As S B EIRF] T 4.3>1, HA — & B a5 XU .
JE RE R B RSA 0 HEAEYRKT 1, % AR {g
J3E = A s e ) AT REPE
5 W ®

AR SCHFSE T 5 R i HE R AT R b X+ 38 8 A
HEBICE R IAERIE TS YRR | A AR S KU
FN AR R AU, SR T 2 Fh AN 5 2 A AL 4347
S5 0%, fe i 0F LR R A O T AT ER T, O B o
W HFARFEINENTEbR . BESRRE), F I Em
SERMIF AT, BUEKRE, TR XN ESE
15 e hb FRARIK - . # IR E R4, Cr. Cd, CuiX
3 FOC R HEAER A, As, He HEfE e )a s # IR 7 &
#, Hg. Cd HELERTT, Pb, Cr HEAE B ; i REFE 4L
TR 5 5 42 R B LA £ L X 35 5 o 2 AR,
G5 KW Cd. Cr, Cu HRISINEARZR 3 Flioc
2 A B AR SRS PR I, 2 A4S T R
BIFENE R, 455 BoR Hg 1 Cd i iFoE X 6 3
KPR ICE ; 4 S8 AR Ag R XU PR B, AR
As 1 SRR T AT A 5 E, (H As TR
PRI R H B0 RN K, B0 XU E R
K, B As TEERXF ARG AT A 78 76 KBS (5

EA W oE R0, e 0k i A, % 5 4R Ik
FRFRE i, JH SRR DN 5 W e A A5 XU 48 Bt AH
X $ R (B FZ I, 20115 22184 2017) . F5E
IDINELY) &2 S o am EE'P NEI T I PR YAV e 22 A e R
RIGASICAL, A BF 5 DL AR o 3, AR HA
X 3ok - UL R AN, 5 FE 4 R o R R X )
Ho HIUEREMFE X PEERUMMKAERX 5S
70 BB T A5 BE WD, W 2 75 R T ) 42
MEHESSS TR ERRMEX Y FEEFRRK, B
AR Hg JCR MW E LK A T EEH . &
TR NG S (R B 4E, 2011; #3855, 2022), 45
4 Hg JUE MY EE X /A0 RRAE . A8 5 REO F U5
SATEE R, RGBSR TR KA KHLIX He 7t

R e EERA

FEBE SR . AW LA B AR 7K A f R JRURS: T As B
ik T AR A B, R AR K R RS B T
4.3, [F] AT 225 b DX Ay R ] S 7R 5 e b T K X3
(SRAE B A5, 2015; sk ik H 45, 2021), R GAFF 55 X
As X NAABIFE 5200, 5 R E A

6 %45 i

(DREKHIX 8 FhE SR IC R S EH/NTH
FAG FH Ml A= 1815 e IR 07 5 {8, 1 398 RN T
o JCEME 4R BR KB/ NIF K Cr. Cd. Cu,
Ni, Zn, Pb, As, Hg, H:H' Pb, As, HgiX 3 Mt %
) - 2B MR AR T 15 518, Cr 19 55 48 2R B0 A v,
ANTIRZ M B RFE T REMER K. Hg RIS
FER, H NI SRRk

(2)As, Cd. Cr, Cu, Ni, Pb fll Zn LK &2
(] 43 A R A AT, SR IR A —, DL 5 R
F. Hg GEZ AN MK i BRIEEOT
e R0, 8 A 4 JE U A B FAE R TS YL )
Sz, Hodb ed, Cr, Cu =40 E S i, Hisg
BEARE S A X A AT

(3) FE 4 @ A A S RS PP 45 2 I, AFF 9T IX
B TR T A R A S G T LU BOXURS: v 4
KA, AL B XS R F 2 Cd il He, H
Hg A /D ke A 255 KBS 20 . Cd AU X E 2245
ML RRIGEFE N B R, K&, Hg X
B X N KR REEAITG S IX

(4) T4 g NARAE R KBS PP 45 3 R, fIF9EIX
3k Bogs AU 15 b F AT 3252 A9 K, {H As FOBUE K
Wit i T HA TR, NS I, ARAEY KK K
T4 R AR RS TR B R, As SRR 1)
it RV, o e )

gt e XBEIEFHELARRL T T AA
XH, ALE4FREXPYPHRERET EF
BREN, f£l—FH BT QR .
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