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Abstract: Aiming at the problems of ecological environment left behind by abandoned mines, the abandoned gold—mercury mine in
Danzhai, Guizhou Province was selected as the research area. Based on the field systematic sampling, the concentrations of mercury
(Hg) and arsenic (As) in the soils and crops were analyzed by atomic fluorescence spectrometry and inductively coupled plasma
mass spectrometry. The heavy metal pollution level and ecological health risk of soils and crops were evaluated by single factor
standard index, single factor index method, potential ecological hazard index and target hazard quotient. The results show that the
average concentrations of Hg and As in dryland soil exceed the screening value of heavy metals in agricultural soils, with the
exceeding rates of 75.47% and 67.92% respectively. Dryland soil Hg is seriously polluted, showing extremely heavy pollution level,
while soil As is mainly medium to extremely heavy pollution. The exceeding rates of Hg and As in aboveground parts of corn
(hereinafter referred to as corn) are 36.36% and 4.55% respectively. Corn Hg is slightly polluted, and corn As is not polluted in
general. Compared with the dryland—corn system, the Hg over—standard rate and pollution degree of paddy soil are higher, with the
exceeding rate of 89.19%, showing an extreme pollution level. However, the over—standard rate of As in paddy soil is only 22.22%,
and the As pollution level is lower than that of dryland soil. The average Hg and As concentrations of aboveground rice (hereinafter
referred to as rice) are slightly higher than the food safety standards, and the exceeding rates are 54.55% and 18.18% respectively.
The Hg and As pollution levels of rice keep higher than those of corn, and the pollution levels is in the light to medium range. The
potential ecological hazard index shows that Hg ecological risk in soils is mainly extremely strong, and As ecological risk is mainly
slight. It is difficult for Hg to migrate to crop seeds, so there is no obvious non—carcinogenic risks by eating corn and rice. However,
the accumulation of As in rice can result in significant non— carcinogenic and carcinogenic health risks. This study is of great
significance to ensure the health of mining residents, and the results can provide scientific basis for the ecological environment

impact assessment and ecological restoration in mining areas.

Key words: soil; crops; mercury; arsenic; ecological health risk; abandoned mine; Danzhai, Guizhou Province

About the first author: ZHU Danni, female, born in 1991, master, assistant researcher, engaged in the research of karst
hydrogeology and environmental geology; E—mail:zhudanni@mail.cgs.gov.cn.

About the corresponding author: LU Haiping, male, born in 1987, master, assistant researcher, engaged in the karst hydrogeology
research; E—mail:luhaiping@mail.cgs.gov.cn.

Fund support: Funded by National Key R & D Program (No.2017YFC0406104), Guangxi Key R & D Program (No.2018AB37008) and
Geological Survey Program of China Geological Survey (No.DD20190825).

135 0.96~3.0 kg/a (L) 4K, 2005) . KR RITER

Lol s FERCEUE 7 10 X 148 He 7 55135 3.06~2920 mg/

HR A A 58 T f An 1 ) (GB15618—-1995)
Hg Fl As & T 3ERRSE o b J S R A A F o R
Z—. HEAJEHHgE AR5 Yy, B AT B 20
PR SO AR S TR RS IR (O ak
85,2013) ;Hg XA G YT i B s f 21 A
AW TR AN, DT £ 5 N A i ¢ 4= (Cheng et
al.,2006) . K& JE As, UL S TR (HELEY)
AR B B AP | [R] i & — Fh g oo
FJHF R, 2012) 5 AMASEA T EBILY), 23774
ZRG WEW RGO FIE RS REE . &R
7= B FF R - 3 AR A9 % 3R 855 v Hg L As
15 YL i) — KRR (Candeias et al., 2014) . 555 )1
TR DX IR A REoR B 1k 3.7~9.6 t(Z27-4%,
2006) , T 7 SR DX P HE R A e i 1) R AR RROR

kg, X N Z R AEY) T &350 10 He S 8 (& i
24 E FFRUEN( GB2762-2017) (B 35 1%, 2016) ,
HErPORE K Hig A1 3R SR A ¥ (43 90 R (14.2£7.0)
ng/kg 1 (7.29+3.957) ug/kg ( 28 Fi FH %5, 2016) .
Candeias et al.(2014) 1A T %% 4 Panasqueira i [X.
- R RS E AR TS YR, R X+
5 As ¥J{E 2y 223.6 mg/kg, Bi 3 T As e FEYE [
0.8~14.4 mg/kg, ¥ 52 3™ H 5 4 . Larios et al.
(2012) X PG BEA 4 AN [A)JE 5ok 0 IX TR ) B -3¢
W As V5 YT ST 2 B, B As R T A 300~67000 mg/
kg, R E L TT & 45 R AR BE R T 235 1) As
15 e KUK

FHEEG R e — b E SR EMEERIIR,
FER I & A, FE I YR & e Je Wi T

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(3)



710 i [

b J 20214

SRR IR, REeEMESNEA TR S
W IR R P R EOR R MOTR BB, 2 X
KU IR 516 507 BRI, B2 7% R MRk
AR H R, S8 IX 3 Hg & ik 5.91~
327.5 mg/kg (1998 4 ) (MRAESFAE,1998) 11 As 7%
Ik 77.9~206.2 mg/kg (2010 4F) (F53 3¢, 2010) ,
6 1y R R o i AR T H - 3 7 e XU B A A
HE GXAT) ) (GB15618—2018) fi4 XU [ 75 14 {15 (6.5<
pH<7.5, 7K Hl Hg=0.6 mg/kg, /K [l As<25 mg/kg) .
PNE AT (2014) H3H T FFIE 4R 7 IX L R AR
Yrh Hg As & R B 43 A1 00, Horp 8 5 Hg L
As % BE 43 591 K 11.5~79.7 mg/kg Fl 23.7~356.5 mg/
kg, TRk KRG BRAURN 2T 22 4 Fh 49 0 - 3580 A
Hg & 57 0.1~11.5 mg/kg, i As % = 1E 0.3~3.7 mg/
kg, FAEY i He FlLE As & B S EZ & 1D
A BRERRIE, 3 B CE & 2 E KPR IENGB2762—
2017) HFIT AR i fc R R Hg Al KB As 18 10~1 150
fERN1.6~7.4 £ o M 1EAF (2017) X547 XA H 1- 4
HAEJE S RIT T EAHOE , R - Hg (As & it
43 %N 1.13~77.1 mg/kg. 7.66~73.5 mg/kg, X N
92.86% M Fef FH 1 438 1 31| 85 4> Jm 1 B Vs g, Horp - 45
Hg G Y HIEAs R REGY, LR
G B T5 e A AR i i R S R, T B
(1) 422 b 380 ) B W i AR B, 20 > Hh e ) e
ExitP QEWNDE b7 S A 8

FHEE 4R BAR R OB (B0 X NI R R
W R AYE YUK RS E TS YR, R T e
FEVETEROK (RO (PhE IR AE, 2014) o LIFERY
R TAEZEPE L EE S EI Y m, BREa W
FAT X AAED) (PN 3855, 2014) (BN 5 4 7E 1
H—RAEM R G T A 5 R RE R R B
T IERAEWE R — D RGPS, BB 4T
i i) B - 358 rp L 22 9 SR A 7 i 5 ) (IO 5 4
2017) o ASCLAPHEER 5207 L 52 M N 3 — e A
Y R G WF TR GE  AE % H A AT S R R e Fluk
HAHMERS T 55 REY T Hg As & 570 A
TR RS I, SR FH RS AR5 Y Ar e+ B0 A o e 7
15 YA EGE A T5 YA, >R FH Hakanson W 7EA4E S
& FHAGBOE N Hbnfa s R 0L e Hg  As AR DS
R KU TN , LA A X H 4 i A S s E AR IR}

2 MRS INE

2.1 HREXER

FPHES R AL T 5N FHEE B AR R L 13 km
(1) L KT e 45 P, Hb BR AR A5 A 26°09'N, 107°58'E,
2 A 1952 T IR A ™, 2 1986 4F [ Y AT R
(TR B ek, 20 20 80 AR5 A T 40 I HER
Kakifi o T =R W , 4K 0T 1995 4F
5 HAHPE LA, 1RG0 XS K Ey i 2
W™ 2K WA ), 26 4 ol R IR 1 AR A
78 nFIN
2.2 HRmFESNK

2018 4 6—9 JI , T 5% IX P R 4 T A i
89 41, Hrpr 53 21 5 b+ 38 36 ZH /KA M 398 SR AR
A RE VR KRB 22 241, Horp 19 4125 RE RN 3 4
TR s RA K HFMEAEY) KRR 2240, Horp
ZEMPRE 1S AL REORAE 741, R DY o3 R AR 1+ 18
i, RFEIRIE 0~30 em, 51 R G, 26 A A BH48, & H
R o ARAEYIAE L R REAE P A= A RN 0]
3R AR ZE N R R SERE B A [ B4%, & AR
SREE A N 1 s .

+ R AR R ORI E S bR
B EOR B SVET I E ) (GB/T 22105.2—
2008) o IR B B v, Bl AL I 30% 4 i
HEAT AT RE , AT 0V 8 0 2 152 22 YE I TE 6.21%~
9.34% ; FEIL R ST T4 A GSS—27 .GSS—28 &5 [H 5
— bR Y T, I 5 b o A X 5% 22 3 1R 7E
4.33%~6.12% . - FEA B i A, BE AL
30% A AT P ATINAE , P47 SURE B I 2 158 22 3 Rl
TE 5.45% ~8.24% ; B L ¥k 43 A1 B 4 A GSS—27.,
GSS—28 5 [H R —HAR Y I, 5 (5 bR HE(EAH
FHR 2L FEITE 3.15%~5.24%

RAEWR KRR R TR E , S %5
HECHE S MR ZFDF 0 A P A i 4387 5 %) (DZ/
T 0253.3-2014) , M H il 100% 4% 5 24T F-A 70
FE AT R (A 2 152 22 Y I AE 5.08%~6.21% , Tt
U B IHE A GSS—7.GSS—11 %5 [H % — % bn i)
J L W A 5 A A AH X 1R 22 50 A 3.85% ~
6.64% . ARVEYHR R FHL B & 45 B8 AR Tk 1k it
FH5E , 2% bR S BRI 22D ShAE P R i
A3 )5 B ) (DZ/T 0253.1-2014) , I3zt B 100%

http://geochina.cgs.gov.cn 1 EMTT, 2021, 48(3)



A8 3

RPHEAE AFEBHEI IS LKA Y R GEOR 3 -5 A A BRSSP 711

WL
the study area

e Em

o EHERFER( R

Soil sampling point (dryland)

| EHRREACKE) 2

* | Soil sampling point (paddy field )

RAFPIRFERL(EA)

Crop sampling point ( corn)

SR BGE R

| Range of gold—mercury mine

A |KIBRIESOKE)

Crop sampling point ( rice)

1 PR X S AN RAE 10 A1 R

Fig.1 Location of soil and crop sampling sites in the Danzhai gold-mercury mine
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Table 1 Index grades of single factor standard index and
single factor index method
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Fig.2 Frequency distribution of Hg and As in dryland—corn System Fig.3 Frequency distribution of Hg and As in paddy—
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Table 3 Statistics of heavy metal contents in different tillage types(mg/kg)
LS et EWN K FH -4
it

Hg As Hg As Hg As Hg As
HR/ME 0.3 6.11 0.001 0.026 0.37 3.48 0.007 0.044
IEINI:N 25826  271.54 0.082 0.728 94.33 94.69 0.092 8.610
FHME 2822 49.24 0.019 0.12 22.36 20.74 0.028 0.819
bRz 4733 4332 0.019 0.15 26.73 16.5 0.021 1.808
T E 1175 3928 0.012 0.063 14.79 17.99 0.022 0.269

A5 R 1.41 0.78 0.97 1.21 1.18 0.78 0.73 2.21
R/ % 7547 67.92 36.36 455 89.19 18.92 54.55 18.18
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- IR A AR W T 4 A B LR R = —
(E WM ,2010; Bk F-45,2017) , L+ e 4 )8
K FASE AR RN 25 RIEY E SR SR
25 (a7, 2004) , WIS s, 4 )@ He As7EE
KAFIAKRE 0 A g e v K AR Heg L As P
B e T E0K . BF—EWIM &, EORAKAE
Y As & T He, iX 5 Hg  As 7E HIE P ) 4040
FRHE—3, 940, T RFNKAE rh 44 0 As FO S5 1
KA, AKAE Y As AR B XS S-S50 B 1) TR R
R TR

ZE Enr bl B+ He As & B 5 T
FH 3, SR K h Hg  As & F 8 I Tk Rg L 36
7K B =K F8 2R 48 AR bR N 338 rh il He L As
A, i 1] B MR FH K AR T i B 43 (Abedin et al.
2002; 244 ,2004)
3.4 REHHMEXEI T Hy As iTLIFM
3.4.1 FH—E K £ % Hg As 5§34

2% 4 120, S 449 He ¥5 Y ™ i, T R ke
2 EIRRI R ) He V542, Hod 71.7% 1 + 3k
T Y, 28.3% 1 R AR AL TR — T EH TG Y
S A HE As V5 e R E W KT He, RAR P
32.08% M EE S AR Z TG, 67.92% 1) - kE 2 5] rh—
W As 5 Y 5 YeRE b o L 22 109k v s YL A
V5L, 731N 26.41%H124.53% , AR E K, (L
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Fig.4 Comparison of Hg and As contents of soil in different
tillage types
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Hg 159 b7 H oM 36.37%, 15 Y 2 LIRS el 32, 3
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TG B 25 [l o Ak (B 6) , 5411 Hg
As V5 Y IR T T & R S R IX LR g, 78
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VUAH) R ey LI A E s e, I H bl A
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Fig.5 Comparison of Hg and As contents in different crop types

MEA BTG . SR IR IXHME |, 51 415
Hg . As 75 Je e B I W A, Arh—4 s gl 3
T K He  As 5443 A F A 5 39875 Y il — 3, 78
AR B — 5 Y,
3.4.2 R —KAG R % Hg As 75 F -4

H 3R 4 AT 0, 7K 3 rh He V5 Qe Ji ol ™ 8, 6
Ab T — TG oK JooR TG e AR T g A,
86.11% ) + HEAE Y 2 B He WM BB Y5 G o AH o
T, K 358 As T5 YRR BE RIS YA i R
[/ 77.78% , AN 437K HH 148 As B — TG 5%, 5%
HY s Y E S RN TS G e R
5.56%.5.56% .8.33%F12.77% ., N KFG, Hg 15

x4 FEBELET He As TRITME RS

Table 4 Statistics of Hg and As pollution assessment results in different tillage types

LS BN 7K FH A3 KRG
V5 YLt
- Hg As Hg As Hg As Hg As
e, MEA / 17 14 21 / 28 10 18
75
- H b/ % / 32.08 63.63 95.45 / 77.78 45.45 81.81
po— REUA 4 0 6 1 / 2 5 1
o & E % 7.55 0 27.27 455 / 5.56 22.73 4.55
— BB 6 14 1 / 1 2 6 1
o d kL % 11.32 26.41 4.55 / 277 5.56 2727 4.55
=% (el 3 2 1 / 2 3 1 2
AR (FD V5 Y
ke % 5.66 3.77 4.55 / 5.56 8.33 455 9.09
G MBS 2 7 / / 2 0 / /
P E Y5 Yl
A/ % 3.77 13.21 / / 5.56 0 / /
b B 38 13 / / 31 1 / /
175
d kL % 71.7 24.53 / / 86.11 277 / /
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Y B T As, BB E KRR AR L B TR]
TR A Hg 15 0% , A 18.19% FOAE Sl HI B As J5 4%
JKFE Hg 15 YA Ak T —rim e KF A 1 Bk AR
FER TG Y KR As 15 R 1 B 25815 5 1
BlEIE Y 2B REG ., SRE-ERASHMH
Lt , 7K - 49 Hg V5 YL B8l ™ 5, 1] As V5 2 KA T
Fh 439 KR Hg  As {5 e 3 T K,

TG ey 23 [ oAk B (B 7) , K B R IETE 4
TRA S FF R X R LA 347 o B ™ F 5 e, HL
2= R AT PEANT e R4l X HERR —at , LA
K VU] R b s Y i ™ He
1 BT AR TS Y An TR B3k 113~136, fh2E 410 2
W EERVUAR) BB AR R R IR i, T
(A RREY LIPSy = 2 VAR BRI R R/-5/ S ==V a7 3/
WX EAEHE ALY, R ECN K H 5608 57 45

Sk Hg As 54 LU AR ™ 51 V5 Yty il K A
152 B[R R A Hg \ As 75 5% , H T2 06 3 19 2 Al
FH 32225 | 55 0 YA ] K E B , 17 2 7K T 7 2 A FH 25
HETCI5 YL 10 S M=K, PR L 5 9 7 G 2 1 7K R
YURE R T K W
3.5 Hg.As 4 75 R XU P40
3.5.1 13 Hg As #f2 A S R4

Hakanson 7% 75 A= 25 16 3 45 B05 PR 45 1 WL 3=
5o Hg TERFFE DX iR K FH =38 v 5 9 30 HE A e 1Y)
TRAE A A5 XU, e rp B+ 39 He 1B e A S e &
FE RO KA =ik 81988.89 /K I 4358 H 1 1 E 48 %L
i KB M 29946.06 , 1 3 Az A KBS AEAS 7 Ee 433l A
90.57%F11 86.11% ., FERFFE X WS L4 rh | As 11978
TEE S IG FEIG B /N T 40, I T B 5 XU
Hg . As 2545 A2 25 KU AT AR 5 XU A =, 52 i Fn 7K
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RIS 48 4 /N T 1, LB AR B0 i B KU 45 £
TN, R HI TR 2 He  As 2285 0F A i

3.5.2 R A4 Hg  As 1 B R &3 E 4
5T X B K FIK R P 28 B AR AE Y Hg | As i
B XUES PEM a5 R W 6, K, Hg As AR 2 fd

R 1 AN AR B0 XU, (H ) LZE 1538 He | As {5
6 2 15 TN 5 As B0 KURS H8 B 0 1) R 1,11 %
10 () F12.64x10*(JLEE) , M TE T 33275 N,

K5 TEHg ASBEESREEH

Table 5 Potential ecological risk coefficients for Hg and As in soils

LHEE e AT : TR

L 1 # W W
Hg 95.24~81988.89 0 0 3.77 5.66 90.57

b b As 2.52~112.21 90.57 7.55 1.89 0 0
RI 99.51~82005.58 3.77 5.66 13.21 5.66 71.70
Hg 117.46~29946.06 0 0 5.56 8.33 86.11

JKH br As 1.44~39.13 100 0 0 0 0
RI 124.60~29961.82 2.78 11.11 13.89 11.11 61.11
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Table 7 Health risk index of Hg and As in crops

HOQ CR

AR EER - -
WA JLE ORA JLE
BAME 001 0.03
Hg
B 0.01 0 0.02
A 028  0.67  0.000127 0.000302
BN As
P 024 059 0.000111  0.000264
AR 029  0.69
At
FHE S 026 0.61
A 1.04 094
Hg .
FHIE S 039 035
_ A 5.89 529  0.00265  0.00238
IKFE As
FHME S 498 447 0.00224  0.00201
KA 686  6.16
it

FHIE 537 4.82

{ETE MR oK As V5 4B, KRG, He AESUR
fatBRE XU A8 B0 T 1, Xk AR B I A8 A i XSS 5
As AEBUE X AR B0 E R T 1, K s AR08
IRV T8 B4 R 4.98 L h 4.47, TR B As (20U
JABS: 6 B R AT 422 Y R L 53
A 2.24x107.2.01x 107, FIAE AT ABERAT
B 58 18 A A 500 RO fR R XU o

FIXFTICE As T & , Hg BOMELE T3 —RAVEW &
Girb il # , B 199 Hg Ve FE A AR A8 AU B i
E A k7 52 P 5 SR Y He & 180 (2 /h KL%
2015) , PR3 o VR P S48 A 11 Hg i 5 RS AT
T Aso bR L 58 X YA B R iR R G
IS S BRI AR A, DR IR (e R XU 1) 11
AL IR ENT LR ; 53 A He S 1E Wik N & 4
T2 R T e A R SR O AEZE Wk NGRS BT L)
398 H i AE 25 XU AT I A2 2 FE A

FEARAEY) TS Y A4 7 1, 38 % R FEY 4
& TC 2 I SV B 5 A N B A AR AT H
UG YT, X —E R RS TR BuE
G JE N NARAEERR = A 1 B E GRS . AT 25
JKFE He 15 YR B I 3 & T As, {H Hg A1 350 (et
BSEFRBUINT 1,1 As (B0 FEUE KBTS 20
MR I L, FEARAED S et s,
WEEE S IR M SARE 75 Y PFH 45 SR a5 X
W6 DA S5 R, R B 2E A R A AR e R AR AL B 5 3
PIPRBREAR R

4 %5 i

AR X 5 P8 IR F 4 R AT IX 35t B AR AR B
BRIn A, Ly i sg it ) 3R AEY) R 58 oY
X4, K FH B bR s Gebm a5 B R 15 g4
Bode it A 115 YL B4t , ok Hakanson W FE 2R A5G F 48
BOL A AR GBS RECE TR He  As A 8 XU
T BRI

(D RHHHERZR T LI Hg As W B & T
K 48, Hii# He  As P51 1.26 F12.37
¥, 48 Heg As B 5 /e b 3 s 48 0 SR,
SFHAEY) FOK I He  As 7 i A5 58 AR T /KA, KA
Hg  As V49 B 2 £ K Hg  As 1 1.43 F16.83 13

(2) 3 —RAEY) R 58 He  As 75 YL PR 45 5 %
W], 7K -3 Hg 15 GL B )™ 5, 1 As 15 Gk T
B A3 KRS Heg  As 15 e T £ oK iF9E IX £
BERRAEY TS Y™ S 2 b T ek IR
X SRt .

(3) L3 —RAEY) R 58 He . As A 254 B XU PR
Mras R R, + 58 He HAT B A 7 78 A= A8 XU L (H
o T E YR SRR B 03055 , B A FORFIROK
JC Hg 8RR o BSR4 35 As 1 T 7E AR 785 MU 55
B B As B ) M RAEYERS , D A7 i 2 1
As AE B0 AU U, b Bk TR R
As BU AU i AT, 1738 4 FOR A As = AR R
S0 B0 (R AU TR T 3y ] iR i R
YEW) As 15 YLB 15
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