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Spatial Distribution Characterlstlcs Pollution, and Ecologlcal Risk Assessment
of Seil Heavy Metals Around Mereury ‘Mining Areas 2

WANG Rui' #, DENG Hai'?, JIA Zhong" iRt 2 WANG Jia-bin'?, YU Fei' ¢ ZENG Qin-qin’
(1. Southeast Slchuan Geo]oglcal Group ;= Chongding Bureau “of Geology and MmeraLG' Exploratlon, Chongqing 400038 China; 2
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Chongqmg Key Laboratory of Land Quality Geologlcal Survey, Chongqing 400038, Chma 3. Chengdu Geological Survey Cenf'er of
Chmd Geologledl Survey, Chengdu 610081, Chmd) '

Abstract To asgertain the impact of mercury mining<on the- surrgm‘ﬁdmv soil environment and human health 42 surface soil composlte
samples wére collected around a mercury mining area in ¥ottyang County, Chongqing, and the heavy metals (Cd, Hg, Pb, As, Cr,

Cu, Zn gand Ni) contents and pH of the soil, the spatial distribution of heavy metals, pollution degree, and ecological risk were
studied:” The results show that the surface soil layer in the study area is significantly enriched in heavy metals. According to the soil
environmental quality risk control standard for soil contamination of agricultural land ( GB15618-2018) , soil Cd, Hg, Pb, As, and Zn
showed different degrees of excess. A certain degree of pollution and ecological risk was also identified in the studied soil. Moderate-to-
severe pollution and strong ecological risk areas are distributed around the mining sites, indicating the impact of mining activities on the
soil environment. The content of Cr, Cu, and Ni in the soil may be affected by weathering and soil formation from the parent rock ; Hg,
Pb, and Zn content may be affected by human activities such as mineral mining; and Cd and As content may be affected by both
geological processes and human activities. Heavy metals pose less of a health risk for adults but have a greater probability of causing
health risks for children. Soil As is the main contributor to human health risks, and the oral intake of the eight heavy metals has the
highest contribution rate. The mining of mercury is the main cause of soil pollution and ecological risk in the study area.

Key words : mercury mining area; soil heavy metals; distribution characteristics; soil pollution; ecological risk

B A DA P B SR R A T T R A X E B A LU P L R IX
SRR, UTEEAER | B IR AL T 22 B AR LA R ROl Hl_izﬁﬂitﬁi/ﬁ\l% HEAT T A A B XU PP, 45
A PR WAL AL AL, DIEPREE IR T IR A R SRR, b TR R R R R R TR, 4 He
APk . KEF R, RE TR BR= MK Cd F As 8 4 R 1A 7R B2 10 75 Y AR 8 R
AWK T RERN T RG340 XKt @, B RRGEE SR, TS 4S RS ILX
SR T e IR 2 S R HA R ﬁﬁ)L%iﬁﬁE#ﬁiﬁf”B@ﬁ R IE e o
PE L WRPERG BEA B W BE SRR R, XK T kg s B T AL LS . 2L 4 08 o I P KA
4 M AR S 35 8™ L Rl S 5 i) - S PR o o |

I fs HEA: 2020-10-21; f&iTHHA: 2020-11-19

PRI £ (??k)%ﬁﬁi%l%z . ESTE P A 75 1A R OB 25 0 RIS L (W
5] 7 g X 5 7 S ﬁﬂ‘ﬁﬁﬁ/\ﬁm‘r [20171-087)

TR TEBBA: EHL(1994 ~) B WL, TR0 R
5, 2 BN I B A 52 i%iﬁ%ﬁ%lﬂ&ﬂ E-mail; 1372661182@ qq. com



6

EBLAE ORI A P s 1R o AR AL | 15 e AR S AU Y

3019

O IX R S R AT AT R B, 0 X R A
HErh Mo, Cr 1 As 556 @ {5 Qe ML 3, B4
JE I e A AR R A DL b A S AR AT L SR A
NN Bl 2 o FC A i 3 rh R OR i G R O
R 3l U AR S L /TG T AR BT XY
W5 2 IR VA o 32, B = 6 0 15 Qe AR A
Az IR 25 [ 73 A AR B RN, A SO % E R T
P PP AE S R Rk T B X O W X &Rl oy
Ay 9 TP G 0 R AR L S ) A AR,
My S ) 5 e SOXUBR AR, O 2 TN R B R
AR M XN S L B AT Al R XU A
KRG TR N S G R S YRR AR B AR
R AR, DU o 7 1L 5 e 18 52 A B 4 L)
AR

1 #HR5E7EE

1.1 W58 XA E

5 BT L3746 S O D0 45 i 4 9, AR A e
B G TR S AR BT
P55 AT BT (150 A S TR 5k
LS BVL I AL R | e KB i e
T AR i U X R 2 A AU
HHHER 280 Ar ) 17°C I E LI (9 110 8°C, P
BRI B 3. 8°C, 7 AR 24, 5°G‘ AR

FE— (2L 000 - 1500 mm. AWK BIFE AL T 2

BTG bR 7 24 AR e R T
DX BEHBSR R LS R 3, KSR MR R K.
1.2 FEcRE S

MR R AE R H 3R 2 1A RS R
1 okm ™2, SREEIREE 0 ~ 20 em, 75 RAFE 0 5 5 Fl
100 m Yu[EIN 3 ~5 b2 S REN A HRERE L
HERR SRR 168 4. fF RIERE S XUT . TG i, o
0.8 mm(20 H)RZJe e, 4 4 km® FAE PIFE i 55
TGN —DTRE, LA BT RE 42 18, s Frdd
AR AN E VLA 1.

3 L N
. N o BN A
* Il. )
Y o - 0 B
<~ - {1
5 Ce e e 15
E:f)
@ fhidfE
® 7 FHlis -
i .
FE X
0 20 km
E1 TEERERTATE
Fig. 1 Schematic diagram of soil samples and mercury deposits
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Table 1  Classification of the potential ecological risk index of heavy metals
JLH cd Hg Ph As Cr Cu Zn Ni
H 5 fH/ mg-kg ™! 0.26 0.05 27.03 4.42 72.32 23.19 78.61 30.2
g C () ETRIRIAMKGEIEAR BN, % 2 0
G HEA L DRI R i 3 60 R 2, AT
mo AT 3 A= (271,
RI= S E (5) LN 3E SRl G T = /AN Wy 1 S
i C; x IR, x EF x ED >
Ao, R RN - 58 4 R 1 T A A 28 XU 46 4 ADDypgn = BW x AT x 10 (6)
EEESE | WIETEASKE R ¢ 85 C; x IRy, x EF xED g ;
AN I ¢ BRIt v AP = TRER W x AT (7)
REE)E WA RL HAER Cd, Hg, Pb, As, ADD _ CxSAXAFXABSxEFxED
Cr, Cu, Zn 1l Ni B98P R B9k 30, 40, 5, Pkt BW x AT
10,25, 1 A1 51T e A A5 KBS 4 K2 b ofe - (8)
WA 2. HI = > HQ, = > ADD/RID, ; #J, 19)

1.5 ARG ,
SR USEPA 25 (1 E IR B A 700+

%2 BLEBEESRRIENSFRE

Table 2 Cllgtééificalion of the potential ecological ™

st ADD F5% 8 7 0 T 42 (1) P18 S0
C, FoR LN & )8 [0 5 1 HQ, Fn AR i
B HEAR S50, RID, % T4 8 afE I
FRAR AR T ) 25 ity X1 2 P 8 L SR 50

i ik itden of heavy mewas | ]/ EF 7 HEE HLAOR PR R SR 45 HL < 1, RIS
A ] w) IR X R IR R R (R T % B TN T
: Y L o S e ST T
o ! ﬁg el ¥/ %gs D XU /N o s AR, # HI > 1, AR 581500
<K < <RI« i g P

7 5 ~, ‘uE:'1‘ N ¢ 2 b, e ) £ INY N s
89'$-E’r < 160 i 300<RI<600 | 3§l | ké—E rx I‘iﬁﬁﬁmp{i\ , H HI ﬁ =], k?’% E’J Al g @?jﬂf@
160 ki <320 R et Ri=600 & | g R AR SR S L R A WL R 3, R[] B
PR P = man PRARIANSE AR RD, W 4.
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Table 3  Calculation parameters of the health risk assessment model
BHE L (iRe2 WA S HAL ILESHE LX)
BHZOBA T IR;,, 100 200 mg-d !
5 F 2 VP IRy, 14.5 7.5 m? -~
T 5 F7 W AR T AR SA 2145 1150 cm?
VAR ey AF 0.07 0.2 mg'clrn’2 d
J R W e R ABS 0.001 0. 001 —
b F IR A HE R T PEF 1.36 x10° 1.36 x10° m?® kg !
IR EF 350 350 dea™!
T FRAE IR ED 24 6 a
AT BW 56. 8 15.9 kg
-1 2 5 0 [ AT ED x 365 ED x 365 d
£4 TRARERRTESERTENSEAE X T 0 KUK, USEPA K570 S 24 i 45 & 4
Table 4  Reference doses of heavy metal elements Eﬁ% 3 ﬁ%%ﬁﬁé E@i&% ? , ﬂ:[:ﬁl\ , XTJ‘:J:E:I:% Bi

under different exposure routes

Rfl)/lrng-d-kg_I

TR ZUHEA CTTTIN e B
Cd 1x10°3 1x1073 1x10°3
Hg 3x1074 3x1074 2.1x1073
Pb 3.5x1073 3.5x1073 5.25x10°*
As 3x107* 3x107* 1.23 x10°*
Cr 3 %1073 3x107* 6x1073
Cu 4x1072 4x1072 1.2x1072
Zn 3x10°! 3x107! 6x1072
Ni 2 %1072 2 %102 5.4x1073

SRR I A= DRI AR SOR P B 4 1 2

HR5H
21 LHEERR S
WEFEIX TR 4 o B I 42 5. LTS

JR I A8 5 A B K BN Y Hg (1.19) >
Pb(0.46) > As(0.42) > Cd(0.36) >Zn(0.34) >

2
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Cu(0.22) >Ni(0.21) > Cr(0.07), Hr Cr 978 55
FEd/ N LS AR A B LA R, Z B R
TGS /IN A 4 Ja 2 3R A Y dd 14 25 ) A
Sk, JEHOE He, 28 5 RS A 1,19, Ui B H 32 3]
SRFNA A CKIE S P - pH AR kT B R
5.08 ~7. 84, 3L R R E.

5T IX 13 Cd, Hg, Pb., As, Cr, Cu, Zn Fl Ni
(P 3541 5 4 )+ R B 75 S (8 19 LB 430k
4.40, 16.57, 1.81, 1.53, 1.35, 1.16, 1.38 A
1.19, 5 8 R o0 28 S E 0 e E 2 5 ok
1.69,23.20, 1.74, 3.88, 1.14, 1.13, 1.31 A

1.06. X F Cd M Hg 1M 5, fefm & w40 il e 4 +
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53CHRT33 ] g5 th 0 TR 4 D T G XURS: T
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Ik A N 7 6 B A 5L T o B A 43 O R 42. 86 %
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- He M8 5 E 1 54 B 5 L e o
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Table 5  Statistical results of heavy metal element content in soil

JLER r/ME SCON|I FIfE L REVAT) P 22 A5 R A K, K,

cd 0.24 1.05 0. 44 0.42 0.16 0.36 4.40 1.69.

He 0.05 10.02 1.16 0.35 2.22 1.9l 16.57 o pme?3. 20
Pb 30.50 147.01 47.11 40.72 21. 44 0. 46 Lttt

As 4.23 35.91 1713 7 17,15 7.22 L 0.42 1.53 VX ia

Cr 69. 10 111.02 82.18 (47 82.01 6.31 0.07, L35 g
Cu 19.02 46.11 26.21 24.55 570 | 0.2 i L1 ¢ gz )
Zn 73.40 27011 [ 10268 4 93.15 34.91 034 1.38 e 4
Ni 22,61 57.03 b 3213 & 30,40 6.81 ¥ o.al 1. 19 06

1) Ky Ky 5P b T 2 s 5
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Fig. 2 Spatial distribution of soil heavy metal content
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Table 6 Matrix analysis of soil heavy metals

JLHE F1 F2

Cd 0. 626 0.561
Hg 0.213 0. 881
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Cu 0. 961 0.124
Zn 0.142 0. 940
Ni 0.919 0. 141
WA RHEAE 3.572 2.554
FTZE TR % 44. 649 31.927
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Fig. 6 Results of the human health risk assessment
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