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

[Objective] Luanchuan County is a typical molybdenum mining area in China. It is of great significance to figure out the pollution
status of heavy metals in the agricultural soil around the molybdenum mining area for regional environmental prevention, mine
ecological restoration and sustainable development of mining industry. [Methods] This study collected 54 topsoil samples from the
agricultural land in Chitudian Town around the typical molybdenum mining area. The concentrations of Cd, Cu, Zn, Pb, Hg, As, Cr
and Ni were analyzed for obtaining the spatial distribution characteristics of these heavy metals, and the heavy metal pollution,
ecological risk and human health risk was evaluated by the geo—accumulation index method, potential ecological risk index method
and health risk index method, respectively. [Results] Compared with the risk screening values for soil contamination of agricultural
land, Cd, Cu, Zn and Pb are the main elements exceed the standard values, As concentrations in a few samples exceeds the standard
values, and the concentrations of Hg, Cr, Ni in all the samples did not exceed the standard values. The spatial distribution
characteristics showed that area A (around the molybdenum mining area) is the main distribution area with high concentrations of
Cd, Cu, Zn and Pb, which decreased gradually with the increase of distance. The order of percentages of sample sites with heavy
metal concentrations exceeding the risk screening values is area A> area B> area C. According to the values of geo—accumulation
indices based on background values for heavy metals in topsoil of Henan Province, the pollution levels for Hg, As, Cr and Ni in the
soils were between unpolluted to moderately polluted, and the pollution level of Cd was moderate to heavy polluted, while the
pollution levels of Cu, Zn and pollution level of Pb is between moderately polluted to strongly polluted. Light to heavy degree,
showing the order of pollution degree are Cd > Pb > Zn > Cu and area A> area B>area C; In terms of potential ecological risk, study
area shows slight ecological risk, where the risk in area A is higher than that in other areas (B and C), and Cd posed most highest
risks. The non—carcinogenic health risk index is less than 1, with the order of Cr > As > Pb > Ni > Cd > Cu > Zn > Hg, and the
carcinogenic health risk index is less than 1x10™*, with the order of Ni > Cr > As > Cd, which is an acceptable risk level. The
carcinogenic and non—carcinogenic health risk indexes for children are higher than those for adults. [Conclusions] The pollution of
heavy metals (Cd, Cu, Zn and Pb) in the agricultural soil around the molybdenum mining area was existing, reaching the levels of
moderate to strong pollution, but the overall ecological risk is low, and the risks of non—carcinogenic and carcinogenic health were
within an acceptable range. Children are more sensitive and vulnerable to heavy metals, so it is necessary to strengthen the

protection for the children.

Key words: molybdenum mining area; agricultural soil; heavy metals; ecological risk; human health risk; environment geological
survey engineering; Luanchuan; Henan Province

Highlights: The levels of heavy metal pollution, potential ecological risk and human health risk of heavy metals in agricultural soil
around the Luanchuan molybdenum mining area were systematically evaluated by the geo—accumulation index method, potential
ecological risk index method and health risk assessment model, respectively, which provided a basis for environmental pollution
prevention and human health protection in the mining area.
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Fig.1 Geological map of molybdenum (Mo) deposits in northern Luanchuan (after Tang Canhui et al.,2015)
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Table 1 Parameters of quality control of analytical methods
. . o b= N Y. .
bI 3 B IWIREA PAlIENE 6 H PR (melke) WEREE/(mg/kg) K E /%
mg/kg
CV-AFS(AZES-JE T % XGY-1011A J& 1 %
Hg o . 0.005 0.02 0.010~0.020 3.7~6.3
P57 Vil aas
HG-AFS (AW R E - AFS 230E 2 J5 -1 %¢
As N o X 0.2 0.6 0.0010~0.020 0.8~3.6
TS etk
Cr 0.2 0.7 0.0015~0.0072 1.391~3.342
Cu  ICP-OESCHUEMAEE T ICAP6300 55 & F i 0.5 1.12 0.00030~0.0061 1.703~3.462
Ni ARG HEE) RAHCIEAL 0.2 0.45 0.00040~0.0044 1.725~3.345
Zn 0.03 0.06 0.0018~0.0062 1.203~3.257
Ccd  ICP-MSCHUEM A% 57 X—Series B U A 0.021 0.06 0.0021~0.0089 0.072~5.37
Pb S HEFER 0.5 1.5 0.00~0.0080 2.053~3.845

AR E AN B T R AR5
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K, sy 2<l, < 3(34%) , h—HT54;3< 1, <4
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IS R B e fe 3 TR AR
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Ef:zjC"/:zjgj
C.
A CRIEER BTG R R IG C O TT R S

WEEH (mg/kg) s C oA IR S E; T HEH AR i
PR B I N ZR 88, ELA L3 2 (Hakanson, 1980) ; £

JCR i AR SR 1 RV Z M4m0 S
TEAE A 25 XS HE 80, ARTEE A RUE Y KN TR AR S
USSR ERI bt W2 3 (MROLEE,2021)
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_ C,xOSIR X ABS, X EF xED
ZOHEA T BW x AT
_ C,XSAEXSSARXE, x ABS, X EF x ED
Wl BW x AT x

C,XPM,, X DAIR X PIAF X FSPO X EF X ED
BW X AT

ADD x107°

ADD 10°

ADD, 10°

WA =

R2 ECESHMEFRE

Table 2 Toxicity response coefficients of heavy metals
H&EoLE Cd Cu Zn Pb Hg As Cr Ni
HYEMMN AT 30 05 1 5 40 10 2 5
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Table 3 Indices and levels of potential ecological risk of
heavy metals

AERRGFRRE WS KGE TE,  BTEAES KRR
i Ei< 40 RI<150
a2t 40<E <80 150 <RI< 300
s B0<E <160 300 <RI< 600
IR 160<E <320 600 <RI< 1200
s E =320 RI= 1200
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& ADD;, S = SF,
HQ:= <~ RiD, “" ABS,
\ RfD , =RfD, x ABS,
HQ” — EHQ id 0 gi
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CR,= Y ADD, xSF, DAIR,
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v BW,
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APCH BIEPHEEEICR i B 5 HQ,

4R ITR | AR BUE XS HE G HOQ, b B AR BUR
UG 6 85, 2HQ< 1, 7R JE B KUK 8/ T 2
W, Sz, e 7 o 4 i F 2o XU 1 35 (24 05
55,2018) ; ADD A H 4 R TR (i j i AR A 4
JE it CROA 43 8 TR i B0 K484 CR
S UK FE A, Hodr 24 CR< 107 B, R T80 A
B, 24 107 <CR< 107 i, Fern A7 2500 KU, (HXURS:
A LAEAZ , 2 CR> 107 I, 7 BU MU A n] $232
(ZEFME,2017; 5G4, 2020) 5 SF,FIRD, 5351
MR 4R ICER i X R j iR I B AR RS
FRHE 3 B Rl RIIT I A5 B0 LR R T 1S %

T HISF, FISF, 73591 Jhy Bz JIRA ik R 08 4558 A B 45
JBICE i FEUERERIN T RID,HIRID, 73 58 Kz e
Sl R AR A AR S B A, KB E M A S
B (32 5) ofe U5 T e A s RS Ak B R =)
(HI25.3-2019) HEFAE S AR AT (254 34,2017
USEPA ,2017; Ji £ J% ,2020; 5Ki#755,2022)

4 R 500
41 tIESEREEERTHIFML

T 5% DX A FH s+ 358 pH B 7E 8~9, S 55 il P +
B, HHEELE SR 3 R (BRI T A%
BT, BB T A X Hg IR AN HAE, &
=419 4 0.36 mg/kg F10.37 mg/kg, HIBE T B X As

F4 ANMEERREITNEXSHIE

Table 4 Parameters values of human health risk assessment

y . ZHE(E
S e YR L CEEfA
RRIBA TR OSIR 100 200 mg/d
28 LIRS B 7 ABS, 1 1 TEN
ERTES EF 87.5 87.5 d
T ED 24 6 a
Fe IR TR SAF 5373.99 2848.01 cm’
PR T R 3R G b 2R A SSAR 0.07 0.2 mg/cnt’
VA TE SRR B ABS, Cd=Cr=0.025; Cu=Zn=As=1; Hg=0.07 ; Ni=0.04 TEN
B3 H R R Bz =B R E, 1 1 /d
TR T ABS. Cd:0.001;As:0.03;Cr:0.04;Cu:0.065Hg:0.05;Ni:0.091; ——_
Pb:0.006;Zn:0.02
K S N T LY s PM,, 0.119 0.119 mg/m’
B H 2 AP A DAIR 14.5 7.5 m'/d
WS N - S TR A £ A P i B L A3 PIAF 0.75 0.75 TN
AR B LR AT o LG A FAPO 0.5 0.5 TN
PR R N B AR 3850 R 1 IUR Cd:1.85As:4.3;Cr:12;Ni:0.26 m’/mg
S RiC Cd: 1.0X10”:Hg:3.0X1'04:As: 1.5x10°; g/
Cr:1.0x10%;Ni:9.0x10*
SFY R E BW 61.8 19.2 kg
B0 RN 2 ) AT 27740 27740
A E0E R ¥ 8] AT 8760 2190 d
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Table 5 Reference doses (RfD, mg/(kg-d)) and cancer slope factors (SF, (kg-d)/mg) of heavy metals via different exposure

pathways
LR Z AN J Tk A T PN
&

RfD, SF, RfD., SF. RfD, SF,
Cd 1.00x10° 6.10 2.50x10° 244.00 2.35x10° 7.67
Cu 4.00x107 - 4.00x10" - - -
Zn 3.00x10" - 3.00x10" - - -
Pb 3.52x10° 5.25%10* - - -
Hg 3.00x10* - 2.10x10° - 7.04x107 -
As 3.00x10* 1.50 3.00x10* 1.50 3.52x10° 18.33
Cr 3.00x10° 0.50 7.50%x10° 20.00 2.35x10° 51.14
Ni 2.00%x10* 0.84 8.00x10* 21.00 2.11x10° 1.11

TE: =" FOR TN SR

Cu/(mg/kg)
Zn/(mg/kg)

Cd/(mg/kg)
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Fig.3 Box—plots of heavy metal concentrations in the study area
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Table 6 Coefficients of variation and percentages of sample sites with heavy metal concentrations exceeding the risk
screening values in the study area

X cd Cu Zn Pb Hg As Cr Ni
A 0.63 0.63 0.61 0.70 1.39 0.31 0.28 0.32
AR 5 R AL B 1.11 0.28 0.70 0.82 0.47 1.23 0.09 0.15
C 0.67 0.28 0.55 1.24 0.47 1.53 0.26 0.34
A 70.0 25.0 45.0 55.0 0 5.0 0 0
s B 36.4 0 36.4 9.1 0 9.1 0 0
C 34.8 0 8.7 13.0 0 21.7 0 0

T H A R S R AR R O O A AR X AR P A S5 Y XU i B (pH >7.5) AR 1L

L%

TCE & SRl 84 mg/kg,C X As TLE & i Sl
177 mg/kg) , 2 BB - HEIRBE o i A FH M+ 33835 42
KU 45 bR i) (GB15618—2018,pH > 7.5) , BIF 98 IX.
A FH 448 =2 ARE 428 ) Cd . Zn Pb .Cu, 7EA X
Cd.Zn . Pb & &t V- I {EH 53 51 - 1.26 mg/kg. 334.09
mg/kg .205.6 mg/kg, Y2 1 A4 FH Ml - 45875 GL XU
TR, PR (3£.6) 43514 70.0% .45.0% .55.0%, Cu
FEAE/ D AR AR RN 25%, 1E B X Cd T3
T 0.85 mg/kg, B Ik A FH M 38T Y XU 7 6
{8, AR N 36.4% , Zn #HR % h 36.4%, Pb il As 3
B UEER AR, AT RS REBAR . C X -5
i 7 4 i A A (A K T A FH b A 48 T G U
T, BEARA bR , (D A bR, =2k Cd A
AsICE , BFRR 00 34.8%H121.7% . LA
TS S (AR U A A 535, 1998) W& %, Cd.
Cu .Zn .Pb & & H il bR, Cd bR 8~18 1%, Cuillibr
1~3 4%, Zn bR 1.8~4.4 1% , Pb bR 3.1~8.2 1% , 15 ¢
EHE, Hg As.Cr Ni 54 HHES SES
Y, 250N, BB AR AR R .

A5 5 R B (Cy) S MR 53 A B OB B 1) — A~ 10
— AL, — Bk U B R R, AR S RO
K, F B A 52 0 PR 25 ) R B b, dn b A
A 25 it FH L Tl A ANl ¥ Y AR AT s
BESIRITRNRIZEE (LA E,2015; 54
4,2020) , 48 S REOEU/N W R Wi E 48 DL A SR
T RORIE . BRI AT RGN 4E , 2240
A LR, N A P A T A X A, AT RE R R
FYG YL, N X sk 4 M T 4 40 A RRAE 3 AR
S, AR AR AH JCRIF T AR 5 R BRI 43 2 (B
M4, 2015 58 KA, 2022 BEARSE,2023) , iF5E IX

THEESE G RET R AR (GR6) R T BXK
Cr FINi J& TR EEZE 5K F- (Cy < 0.16) A1, HoAth X Sk
& EE BT R P EAEF(0.16 < Cv < 036) %
fEEAE R (Cv> 0.36) , Hrp A X1 Hg B X 1Y Cd I
As.C X[ Pb Fl As 978 55 R ECK T 1 (4518 1.39,
1.11.1.23.1.24.1.53) , J& 5848 5K, Ui B IX (1)
Cr FINi FZR R T B AHE T, W5 X A A% 148
TSRS, A R B K, Z N
ES AL NS

T AR R A, 2 B REET T  TFR
AW AZ i A A T Tl v S 2 RN R LA
ey, HeZs (] 3 A 5 HOR IR A B U E R . FRIKAK
M A 3 5 4 @ B o S A 0] A0 AR RRAE s (181 4) , K
LW F3F 2 T, Cd.Cu. Zn S HTEA .B.CIX &
PR R EHH ] B4 43 A REAE , S (e BB R A X
WML BB AR DX, ) I UEIE B0 M 37 Bl AR 5t 4 vt
I R Cd 7R A G X AR B B ™
Cu 1 Zn bR 25 2B AE A X, B XA C X AH
XD, BoRth 5 Cd & I R 22 51 . BFAE
FE0H (ke , 2020 ; BE 5K HESE , 2021) , 5 — 2
S8 5 R Y SR TR kel
7t ASE AR TG A FH ) PO B B R, s 1 1
X ] B 358 LA 8 A 6 3 115 e itk N 3R K
b, 36 Bl A JERKAR 4 S8 i Ar , 1] Cd .Cu . Zn
ATREZ AL IE S sEm . T Cd RZELUKES (B
TR MR R ER A S5 5 LR, TR G s M
9, W5 TR, Cu Ml Zn LIGRIE 58 1, AR ST
B (IR 5E ,2015; #i5Kk I, 2020) , R T A
XA I RBETR Y Cd . Cu Ml Zni it K £ RS Sk
T8, Cd th FAL2:00 S 5, i B A XS 342 , Cu
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Cd/(mg/kg)
® 0.1~0.6
© 0.6~1.0
o 1.0~1.6

® 1.6~3.2 2 4km

Cu/(mg/kg)

® 25.4~44.0

© 44.0~67.8

© 67.8~108.0 0 2 4km
® 108.0~206.0

Zn/(mg/kg)
® 76.8~160.0
© 160.0~328.0
© 328.0~546.0
® 546.0~814.0

Pb/(mg/kg)
® 15.7~87.2

-~ 87.2~224.0
© 224.0~417.0
® 417.0~640.0

Hg/(mg/kg)

e 0.012~0.033
© 0.033~0.058
® 0.058~0.099 0 2 4km
® 0.099~0.370

As/(mg/kg)
® 6.2~15.7
- 15.7~34.2
© 34.2~84.4
® 84.4~177.0

2 4km|

Cr/(mg/kg)
® 18.9~40.5
© 40.5~57.3
© 57.3~73.0

® 73.0~97.2 2 4km

Ni/(mg/kg)
° 12.0~22.7
© 22.7~33.3
© 33.3~44.6

® 44.6~60.3 5 4km

P4 F5E XA T 0 o R 5 s W) A7 ]

Fig.4 Spatial distribution of heavy metal concentrations in the study area
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M Zn T L5 B TE A X, I3 B X R C X A AN 45
b T B Cd B 43 A AR T Cu il Zn 25 ] 25 S50k
BN ZEEHT , WFSE K. Cd. . Cu Zn EE I T4HH
TERBIRNESEY BT, Pb He AsBERS &
A AX>CIX>BIX,1EA XM CXAEE R EE
RULTEB X E I, v R T A KOG shIX
CIX M SHRENX, HETEIR, A D4, 357 550
SR NZEIE S, JF H A X3 C XA K &, 5
B HE 4 BT , 3] Pb Hg . As 1] REZ 0135 3h
S, K R Y HGERS (BEDEREE,2022) , Al 22 A2k
A PR A B R, B2 v R — e R Y T A R 5 G
Cr NiZM R IE—30 IR G R B IX> CIX> AKX, &
HAE RSN, ST A T S A Ay, B
7 S ZR/ N, DL Cr A NG B2 i+ BRI
42 TIESEREISEMBEESNE

DA R A8 2R )27 8 S A R A XS X R
M 38 4 g V5 Yo I e BREUREOTE M (R 7)), &

4 JE L BARFE B {E 8 Hg L As . Cr Ni Hi 21
R NT 1 BB TS Y B RT5 9 AU RE A
JyiG e B E G YL, Cd Cu . Zn Pb 5 YL 45 Jy U,
7EA X BIX .CIX Cd,Cu.Zn Pb i EFFEHH & 2
K44I K Cd > Pb > Zn > Cu, Cd 15 YL P2 ¥ i &
JIr A A S 2 BN [F R BE ) Cd 15 34 TE A X
CdJC = b BRFRECY- (B 3.36, HE 5 Yy, Hrh
HyG e H—H G Y G Y S YRR A
S 15%.20% .30% .35% , 7E B X HI C X Cd 6 &
Ho B FRAEECT- BE 5390 8 3.34 #1331, 44k T b -
5 YK, Hid B X 54.55% 1) H3ERE b Cd ik
FIEHIG YL, 36.36% N E BN ETG YL, DR T
159, C X RS Cd ¥ PG e 2 E 5 YK, Pbt
i BRERCEFEA RS> CX>BIX, R A X +
HERE T2 B E LI E Po s YL, h—E IS Yt i G
22 , B XA C [X Pb ik £ 1 75 4L DUF () -+ HERE
AR Z DRI —EIE e, Zn FER

KT TRESRFEMBRELRIR

Table 7 The classification of heavy metal pollution based on the geo—accumulation index (/,.,)

X HE)E #E%R% o Sy . Eﬁnﬂnf\tt/% — — —
HeriE g LENER/S s h—mEisg s BRI R RES R
cd 3.36 0.00 0.00 15.00 20.00 30.00 35.00 0.00
Cu 1.15 15.00 30.00 35.00 20.00 0.00 0.00 0.00
Zn 1.57 0.00 20.00 45.00 25.00 10.00 0.00 0.00
Pb 227 0.00 20.00 10.00 45.00 20.00 5.00 0.00
A Hg 0.19 65.00 20.00 5.00 0.00 10.00 0.00 0.00
As 0.07 55.00 45.00 0.00 0.00 0.00 0.00 0.00
Cr -0.97 100.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni -0.68 100.00 0.00 0.00 0.00 0.00 0.00 0.00
cd 2.34 0.00 9.09 54.55 0.00 18.18 9.09 9.09
Cu 0.6 9.09 72.73 18.18 0.00 0.00 0.00 0.00
Zn 1.05 0.00 54.55 2727 18.18 0.00 0.00 0.00
Pb 1.07 18.18 2727 36.36 9.09 9.09 0.00 0.00
b Hg -0.38 72.73 2727 0.00 0.00 0.00 0.00 0.00
As -0.26 72.73 18.18 9.09 0.00 0.00 0.00 0.00
Cr -0.37 100.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni -0.23 81.82 18.18 0.00 0.00 0.00 0.00 0.00
cd 2.31 0.00 0.00 43.48 30.43 26.09 0.00 0.00
Cu 0.46 8.70 82.60 8.70 0.00 0.00 0.00 0.00
Zn 0.71 13.04 56.52 21.74 8.70 0.00 0.00 0.00
Pb 1.27 26.09 21.74 26.09 13.04 4.35 8.70 0.00
¢ Hg -0.11 60.87 30.43 8.70 0.00 0.00 0.00 0.00
As 0.03 69.57 17.39 8.70 0.00 4.35 0.00 0.00
Cr -0.76 95.65 435 0.00 0.00 0.00 0.00 0.00
Ni —0.54 82.61 17.39 0.00 0.00 0.00 0.00 0.00
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im e h—E 5 QKO 7R A X Zn 5 ept it e
%, /DR BE IS Y, 7E B XA C X 4275 YL ke bl B
%, CufE A X T RRI5 M ETGYs, 7£ B X I C
X 75 YL FE AN 42, LR T5 e 32 . 27 LAk,
G XA R R R 48 EEIS YonE N
Cd.Pb.Zn.Cu, 5 B8 55 (2020) B 58 45 2L — 2,
15 YLFRIE Cd > Pb > Zn > Cu, 76 X I |, A X V5 4L
JE R, B IXIRZ, C XA

DA T 1~ 8 RS i S (A X B IX 4 H
IR S A TR E S SRR TR S A R
(F8):AIX B IX .CIXHLIf A XU FFR Cd T &R
G HA AR KBS, Cd B A —am A S X
W, e e A S R ) B BT . Hop A XA
35% M - ARE A Cd AR A S K, 30.00% 0 FE A Cd

S A ARSI, B IX 435I 18.81% 4 18 i Cd
B RAERIR A= 2SR, C IXA 26.09%I1) 3R i
Cd Ry 8 AR KU, A R R A SR . T 7E
ASREFEELRLIE IR BFFE X 90.00% LA L 434 iy
TN A S, e R 2 A e A S KR 5
Gl s, Horh A KGR B AEE AE A S BS I RE S o5
[t 10%, B X4 9.09%, C [X 4 4.35% , Sl A, 1t
BTE A X T Is s 4, 207 1L IF &g e i
1 AR FH A R AR SR R T B IX R C X, - HBR
B LLHGE , Y 36 Shot -3 e H 4 Ja s S i
55, T8 BT A S AU ERAIR
4.3 NEHERXEIEMN

R XA EIEE SR 7E A X BIX .C X HYIE
S0 -5 O B RUBS PR 45 SR 2% 9 I, A F

*8 RETEESRHBEESKEIEL ST

Table 8 Potential ecological risk of heavy metal in the agricultural soil

PER 7 E/%

WK ARG RER AwEE
Cd 13.50~138.50 35.00 30.00 35.00 0.00 0.00

Cu 1.27~10.30 100.00 0.00 0.00 0.00 0.00

Zn 0.32~2.71 100.00 0.00 0.00 0.00 0.00

EL Pb 1.07~18.82 100.00 0.00 0.00 0.00 0.00

A Hg 0.14~4.35 100.00 0.00 0.00 0.00 0.00
As 3.19~10.48 100.00 0.00 0.00 0.00 0.00

Cr 0.25~0.75 100.00 0.00 0.00 0.00 0.00

Ni 0.33~1.41 100.00 0.00 0.00 0.00 0.00

RI 24.89~170.30 90.00 10.00 0.00 0.00 0.00

Cd 7.00~156.50 63.64 18.18 18.18 0.00 0.00

Cu 1.37~3.39 100.00 0.00 0.00 0.00 0.00

Zn 0.33~2.18 100.00 0.00 0.00 0.00 0.00

£ Pb 0.69~8.56 100.00 0.00 0.00 0.00 0.00

B Hg 0.20~0.82 100.00 0.00 0.00 0.00 0.00
As 2.72~33.76 100.00 0.00 0.00 0.00 0.00

Cr 0.52~0.68 100.00 0.00 0.00 0.00 0.00

Ni 0.70~1.17 100.00 0.00 0.00 0.00 0.00

RI 14.97~178.33 90.91 9.09 0.00 0.00 0.00

Cd 11.50~73.50 73.91 26.09 0.00 0.00 0.00

Cu 1.29~3.81 100.00 0.00 0.00 0.00 0.00

Zn 0.26~1.43 100.00 0.00 0.00 0.00 0.00

. Pb 0.46~18.82 100.00 0.00 0.00 0.00 0.00

C Hg 0.18~1.07 100.00 0.00 0.00 0.00 0.00
As 2.50~70.80 100.00 0.00 0.00 0.00 0.00

Cr 0.15~0.78 100.00 0.00 0.00 0.00 0.00

Ni 0.32~1.59 100.00 0.00 0.00 0.00 0.00

RI 18.72~165.46 95.65 435 0.00 0.00 0.00
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F9 HRRXRETEBRRREIEE

Table 9 Human health risk of heavy metals in the agricultural soil of study area

WX fEbR — PN - JLiE
FHETAN kR R SR FOEA Ik LREEIN Ry
HQ,  4.90x10* 7.37x10° 1.35x10° 1.91x10° 3.15x10° 3.59x10* 2.25%10° 5.76x10°
HQ., 7.78%10* 1.76x10* - 9.54x10* 5.01x10° 8.56x10™ - 5.87x10°
HQ,  4.32x10*  3.25x10° - 4.64x10*  2.78x10° 1.58x10" - 2.94x10°
HQ,, ~ 227x10%  3.43x10° - 2.61x10? 1.46x10" 1.67x10° - 1.63%10"
HQ,,  9.26x10° 2.49x10*  2.55x10°  3.44x10* 5.96x10* 1.21x10° 425%10° 1.81x10°
HQ.  2.09x10®°  2.36x10° 1.15x10°  3.48x10° 1.35%10" 1.15x10° 1.92x10° 1.65%10"
HQ,, 6.48x10° 3.90x10° 536x10°  5.08x10? 4.17x10* 1.90x10" 8.93x10° 2.41x10"
A HQy, 5.18x10*  4.43x10° 3.17x10°  8.12x10° 3.33x10° 2.16x10° 5.28x10° 3.02x107°
HQ, 5.24x10%  4.98x10* 2.14x107  1.24x10" 3.37x10" 2.42x10" 3.57x10° 6.15x10"
CR,, 9.43x107 1.42x107 7.68x10°  1.09x10° 1.52x10° 1.73x107 3.19x10° 1.69x10°
CR,, 297x10°  3.36x107  2.35x107  3.55x10°  4.79x10° 4.09x107 9.79x10°* 5.29%10°
CR,, 3.07x10° 1.85x10° 2.03x10°  2.36x10° 4.94x10° 2.25x10° 8.46x107 2.83x10°
CRy, 2.75x10°  2.35x10° 235x10°  2.63x10° 4.42x10° 2.86x10° 9.78x10° 3.31x10°
CR, 9.73x10°  4.25x10° 230x10°  5.45x10° 1.57x10° 5.17x10° 9.56x107 6.84x10°
HQ, 3.30x10°  4.97x10° 9.10x10*  1.29x10° 2.12x10° 2.42x10* 1.52x10° 3.88x10°
HQ,  4.61x10* 1.04x10™ - 5.65x10™ 2.97x10° 5.07x10" - 3.47x10°
HQy, 3.10x10*  2.33x10° - 3.33x10° 2.00x10° 1.14x10* - 2.11x10°
HQy, 1.01x10? 1.52x10° - 1.16x107 6.48x10” 7.42x10° - 7.22x10?
HQ,,  4.24x10° 1.14x10* 1.17x10°  1.58x10* 2.73x10* 5.56x10™ 1.95x10° 8.31x10"
HQ,  2.27x10* 2.56x10° 1.25x10%  3.78x10? 1.46x10" 1.25%10° 2.08x107? 1.79%10"
HQ, 9.56x10° 5.75%10* 7.91x10°  7.50x10” 6.15%10” 2.80x10" 1.32x10? 3.55x10"
B HQy, 6.86x10* 5.87x10° 4.21x10° 1.08x107 4.42x10° 2.86x10° 7.00x10° 4.01x10*
HQ, 4.41x10? 6.78x10* 2.55x107  1.37x10" 2.84x10" 3.30x10" 4.25x10* 6.57x10"
CRy, 6.36x107  9.57x10* 5.17x10°  7.37x107 1.02x10° 1.17x107 2.15%10° 1.14x10°
CR,, 3.22x10° 3.64x107  2.55x107  3.84x10° 5.19x10° 4.43x107 1.06x107 5.74x10°
CR,, 4.53x10°  2.73x10° 3.00x10°  3.48x10° 7.29%10° 3.32x10° 1.25%10° 4.17x10°
CRy 3.64x10° 3.12x10° 3.11x10°  3.48x10° 5.86x10° 3.80x10° 1.30x10°* 4.38x10°
CR, 1.20x10°* 5.89x10° 3.29x10°  7.42x10° 1.94x10° 7.17x10° 1.37x10° 9.25x10°
HQ.  2.24x10* 3.37x10° 6.18x10*  8.75x10* 1.44%10° 1.64x10™ 1.03x10° 2.63x10°
HQ.  4.15x10*  9.36x10° - 5.09x10%  2.67x10° 4.56x10* - 3.13x10°
HQ,  225x10* 1.69x10° - 2.42x10% 1.45%10° 8.24x10° - 1.53x10°
HQ,, 1.54x10%  2.33x10° - 1.77x10? 9.90x107 1.13x10? - 1.10x10"
HQ,,  5.17x10° 1.39x10"* 1.42x10°  1.92x10* 3.33x10" 6.77x10™ 2.37x10° 1.01x10°
HQ,.  2.86x10° 3.23x10° 1.58x10°  4.76x10? 1.84x10" 1.57x10* 2.63x10? 2.26x10"
HQ., 7.58%10° 4.56x10” 6.27x10° 5.94x10? 4.88x10” 2.22x10" 1.04x10? 2.81x10"
¢ HQ,, 5.78x10*  4.95x10° 3.54x10°  9.07x10° 3.72x10° 2.41x10* 5.90x10° 3.37x107?
HQ, 5.31x10” 5.64x10°  2.62x10*  1.36x10" 3.42x10" 2.75%10" 4.36x10* 6.60x10"
CRy, 431107  6.49x10* 3.51x10°  5.00x107 6.94x107 7.91x10°* 1.46x10° 7.75%107
CR,, 4.07x10°  4.59x10” 3.21x107  4.85x10° 6.54x10° 5.59x107 1.34x107 7.24x10°
CR,, 3.59x10°  2.16x10° 237x10°  2.76x10° 5.78x10° 2.63x10° 9.88x107 3.31x10°
CRy, 3.07x10°  2.63x10° 2.62x10°  2.93x10° 4.94x10° 3.20x10° 1.09x10°* 3.69%10°
CR, 1.12x10° 4.84x10° 2.73x10°  6.23x10° 1.79%10° 5.89x10° 1.13x10° 7.80x10°
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ST X NN [A] T R 1 A B0 B JRURS: AH X R /N AR
—F MK~ Cr>As >Pb >Ni>Cd>Cu>Zn>
Hg, Hor ) L2 .50 2% 31 350 (e e XU S SO fi
JHE AR Y 8 T N L X 5 L EE A4 T R A B IE A
K, X FREE Hh ¥ Y i o TR (s US4, 2020
RORAS A 2022) , 5T AMFFE S, B —30(Pan et al.,
2018; J A R AE, 20205 MOEAF,2021) . [FIRT45 TR
FEASTR) 2 B3 i 42T B AF B0 filt XU 15 Z0r sl
g AU 5 50 /N T 1, R o X A 3
4 JE T LT RN AN S5 7 A A S0 i R XL
o MERFERIERE , BN Cd I ad A2 4 20 X
Wz i 1 R R AR A& A%, JLEE th AR IR 91 T
SR 2J, Cdad T AR AR B R B0 fa R XU =5
TIE0 Az BREEA o Cu.Zn Pb, As X A FL#E
(A B0 XU 3 i T L4 A& 4%, He .Cr Ni R
o AR E2ok A T R R As R . 78 LR
N EAREUE XU, A X B X .C X AYHQ,, HQ, .
HQ, ¥ T HABTTER 1 RS, L Cr As Pb &
5T X A% H 4 4 5 4 Al B0 AU I 32 22 19 sk
TLE, 52 0% (2017,2020) I 45 H 5, 45
G E SRS ERE,BIX M C X B3 Cr &
T AKX, As FIPb &Y, 22 BN, ki
B B XA C X R S0 SRR I = F A X, Cd . Zn
BARE B RITR A AR EEN L, HH
Tt Er L, XHEEBUE BB RN
Cd.As.Cr Ni &9 E bR o 52 WL (TARC)
T2 20 (RS, 2022) , HARYE USEPA X4
FEIT YR 4325 A Cd As . Cr FINi A 20 APR
T, A 5T HPPA X 4 R 4 8 2R 28 nT g =
B E0E RV o AR 5T DX A T - 38 51 4 s 5008 £t B XL
BB E] /MK IR K Ni > Cr >As > Cd, T4 B i
25 TG 2R BRI S0 U HE FIORN S B0R KU R £/
F1x107™, KB e K AT 232K, i T 332 KU
KA, Hod L3 Bos KU 8 550 T N, BB 5%
XA A LT 32 4% H 4 8 0 4 8 R BRI (AR
SRJEE B KU, I HL L SR Y KU AR EE T B
A= (B @R 5 2 (O e ] I £ A N B
1o DI He 2 B, DL EE Cd ot Rl F 1 7
ok PG = ik 420 i %) B0 XU, AT 9 XL i
A XE T C BT, 5 Cd T3 YL B 25 () 254k
FRIE— B0, (H H 20 KU /N T35 YL FE B AR Y As

CrFINiJCE , X5 YL B STk R oo &, il an
CdrtE, i THE T/AH0OTER , axt &R ELT
Cr.Ni 1 As, T 350CH: 1 30 KU 09 BEREAG,
A — 5 B A 0 1 il 3 XU (Liu et al., 2018;
Wang et al.,2020) .

5zt i

(D)BFFE XA H 438 Cd . Pb . Zn , Cu & H 8 i
A FH b = 38 35 G JRURS: i 356 {8, 7 25 ] 43 A 1, Cd,
Zn Pb ., CuzZ Vi s Y520 M A X F C X 5 5 Al
HBARFB WAL, He  As 552 A\ K75 shivm , {2
TE B AR , Cr Ni E ZOR IR T A+ B, A
PR

(2)Cd.Pb.Zn . Cu &5 X A H 4= 1 F= 25 4L
JCR TG UAREEMK Y A Cd > Pb > Zn > Cu, DL Cd 5
FEEE fe e, fE AR DVEE— R E V5 Y 32, ZEB IXFI C
X A5 YL 3, Pb . Zn . CufE A X U5 5 h—
FIGYCN T AEB XA CIX IR s Y = his e £, A
X AT AR s, B X IR, C X AR

(3) 7% X 4k H 38 4 Ja DUAR Sl 7 AR A R
W5 R =, e Y E AR A KU S5 g A WA IX B C
DXV TE A SRR S el i 3, Horh Cd 23 v e A=
BB EZICE R Fh G—im AR AR

(4) W5 DX A% H A 498 o 4 Ja 3R 0w at i XU 45
BUNF 1, BUR R RS ECNT 13107, sl AFL
AR T - e 4w (052 T AR IR S0 0 A
i 1 XU 1A, 70 P 432 XURS s R, e L
(14 00 AR SO (R XRS5 B8 T N, 1 L
B ) T2 3 A m
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