Foot 4 A N
20204 7 H W B 3

Vol. 66 No. 4
July , 2020

GEOLOGICAL REVIEW

RMAR—=WMRTEXIEEERMEKXK
Se Mo .Zn & £ K 2 R XU V0
RERD BRED KED RO HAHR

1) M KRR GBS TR, 50 ,550025;2) BN K20 k2B, 5 FH L 550025

RNERE.: N TMRREIMNITIE— =R X T K KR RIS S A Ve S 1 18 o 5 4 )8 T Yotk e 068 P ekt B XL
o, IO IFE— =R X HERE =\ TR ZE KRS ik PHART R 2E RIESE 8 MR, A il oK KA Al
PG ARA Y e L h E 4 8 & &, PP AR T E A B X AR BRI, 25 R R, SRIEME LS B RE
(GB 2762-2017 .GB 15199-1994 GB 13106—1991) \RK 57 TLAE R G EARA 2L ( WHO/FAO) FrufiAH L, BF 58 IX.
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BB A TEY 2 — 76 5N AR B A Ak A 7= |
B E A5 5 A A LA, T BOK A 2R n R

Se Mo . Zn J MR EAELZ o BRI, A SCHERIf A S
filt |-, 325 FH SR 0 P A 2 i R0 ) R TS etk
DA IR, B4 R B BCF) MIE RSN F (TF) 115
KX T 4 S 1 AR VL AL RE ), £ B XU 95 %
(HQ) PFA Y i R T oK 5 B8 A T 42 J T 3k
(R BRE XU o 3 o) X 5 P 1 5 — =R X AR AR
S HCTPRE 00 45 i AT R A e A R
Fe——HRoRA X 0 RAEYIE B m i oA TR R
fiE, WFIEEEARAT T i 52N PFEE— =R AT X 43
PRAE v EE 4 S 2 B AR, Sl BN A A i BT
4 NI XU PTG Bk b R i DA S5 7
[F e

1 WFSE X TT 5

FHEE—=ARRE (B 1a) (LT HR 4 8 e
S IRA N P EE— =R & L2 & @A, Z it
[ (4 52 1) 54 4 ) 3 ol 45 o (B AR R R AT R
1993 ; 22 fE[S 4, 2019), WiZ A H, H)ZZ W2
Wi 42 2 2278 A A 32 BEWRAEAE DAL 2R 1) 3 AR PG 1)

T ASCHSME BF T RGBT AR RO R E (%5 BHA KY 7[2016]024) , E K H AR ¥ R WX B E 2T H (H5:
41463009 ) F5 M 44 [ N — 2B ( AR 252 ) BRI H (455 : GNYL[2017]007) AR .

Wi H #9:2019-12-24; 2 ml H 1 :2020-06-11; 52 A1 4% . R, Doi: 10. 16509/]. georeview. 2020. 04. 017

VEZE I ARZESR 51995 454 AW 5T 4 i ERIL 245 lk 3 Email ; nixinran0@ 163. com, EIRVEH i 4, 55,1963 44 #bz i+

I, FEEN AR KA ERAL A5 5 Email : rdyang@ gzu. edu. en,



1032

2020 4F

B SN —=H A E
Bl (a) MR A 15 B (b)
KHERE A (cv ds e)

Fig. 1 Position map (a) and
distribution of sample points(b), -
sample photographs(c. d. e)

of Danzhai—Sandu in Guizhou
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2 fF ORFEFIBRIRAS 1 1F  ERBZES
#3631 26 74, RN 9 fF
TR ARA R DR AR 2~4 4

R1ECERESEITE[vg/(g-d)]

Table 1 The reference oral dose for heavy metals [ pg/(g - d) ]

R, MR R R R -

Cd Cr Cu Hg Pb Sn Zn

FEVRBE N 0~20 em, RAEY)HHFE RID

0. 0003

0.001 | 0.003 0.04 | 0.0003 | 0.0035 | 0. 0006 0.3

(/K AR M7 F1BRAR K48 ) B Rk
U 33k, FET B TR eiE 3 0, THE
MRS EEAE T 50C T R,
T4 R BT BB AL B4, 28 200 H i, e AR
LN B EAE D M RRIC, S ERAE

AR TR H AR T i AR R SR A BR AR AR |
AT A P T ELR S X TR AR b S0°C Ht T R fE
FHID SR BS B 440, 3+ 200 H 0, %€ AR 20 1 B 4%
MR, B AR
2.2 WRmMBEA®

FoK KA HBUEERE S AR S Y 10 R
%fﬁ%(As\Cd\Cr\Cu\Hg\Mo\Pb\Se\Sn\Zn) RSy
e B 7R RS A A (M) AR R 5E A

. FH As Cd.Cr.Cu Hg Pb Sn Zn JEE W RMD #5] AR NI%, 2011; US EPA,
2014; Chen haiyang et al. , 2016,

HF SEATIH R  FRFE 28 230 T 5 H HCL 3 e 2%,
TR 3 B AR R SRS RN S ASORGI Z5 54T
T4 pH EI 2 . AREL 10. 0 g 13 200 H A9 K
T 13T 50 mL bR, SRUEZK A H IR RS T
Hom 2.5 0 1, F/NVEM R 25 mL K8 7K, A
P RS Bt B R 1 ~2 min J5,
#+ 8 30 min J] PHS-3C pH i1l +3E4RE ) pH {H,
MR R pH TR A2 BHAD L2300 T
2.3 EMAE
2.3.1 TESEEFTHEITFM
SR FH BRI -4 B0 M Mg 2 48 B0k A7 1

HNO, \HCIO, \HC1 HF 28150 e 9 48, 7K Ay i 26
Ko MGG B TR T R G IE L (ICP-AES)
#1526 [ ( Agilent VISTA ), Hi JBHE 4 45 35 114 5
TEIL(ICP-MS) RS Oy S (Agilent 7900) o KIS 45y (GB15618-2018) sy MR FHHEME AN B R
T RS BE AR IR 22 < 10% Sl BE AR R 22<10% B TSRO (AT R0 )«
H 4 IR 90% C.

ARAEYI BRI A 145 45 B FERRE R (1.0 ) Pi=y (1)
HNO, 218 7% K it 20
8 h )&, fE 1 & p 7
85°C FIM# 15 min,
SRIGTE 115°C Fm#k

& B T5 YL PEAY ( Broeg and Lehtonen, 2006; Zhang
Jian et al. , 2011) , TIRTE LB TFM G AE IR E
(- IEIRBE i A FH Hh - 9875 e KRS 45 45 b o (X

R2ENARE-ZHRYV XTI ESERERE(pg/g)
Table 2 The concentrations ( pg/g) of heavy metals in soil in

Danzhai—Sandu mercury mining area

2 h; ﬁg E Y/'?\ fﬂ, FH FE S As Cd Cr Cu Hg Mo Pb Se Sn Zn pH
- DZGZGTOl | 16.5 | 0.179 | 84 | 39.4 |0.761 | 1.13 | 29.1 | 0.3 | 4.1 66 | 6.21
HCl % 4%, B H 45 5
o - o DZDZGTO2 | 19.3 [0.228 | 60 | 27.4 | 1.19 | 1.61 | 29.8 | 0.2 3 94 | 5.63
TR AT AN 5 DZWIZGTOl | 248 |0.164| 77 | 29.1 | 5.8 | 3.12 | 38 | 0.2 | 2.8 | 200 | 7.58
ALK 25647 DZGPGTO1 | 67.9 |0.613 | 77 | 31.2 | 5.12 | 11.5 | 115.5| 0.8 | 3.6 | 218 | 7.36
AR L B DZGPGTO2 | 21.7 [0.235| 81 | 69.7 | 0.46 | 11.9 | 94 | 0.3 | 3.5 | 60 | 7.41
’ DZDYGTOl | 17.9 | 0.344 | 63 | 38.9 | 0.5 | 3.48 | 38.4 | 0.2 | 3.4 | 126 | 8.06
L fgE ke B
HUPA {5y - A i DZSIWGTO1 | 30.3 | 0.115| 108 | 47.7 | 2.7 | 5.05 | 47.1 | 0.5 | 42 | 77 | 5.04
iy E RS OMA E DZLEGTOl | 197.5 [ 0.203 | 47 | 19.2 | 7.26 | 0.66 | 24.4 | 0.4 | 2.4 | 8 | 7.82
By [l DZLEGTO2 | 78.5 |0.133| 63 | 21.4 | 2292 | 0.77 | 23 | 0.4 | 3.6 | 76 | 5.63
72%7£&Eﬁ$/i)j}i'?/?z e 248 | 0.613| 108 | 69.7 | 7.26 | 11.9 | 115.5| 0.8 | 4.2 | 218
IREOCITAr i /ME 16.5 | 0.115| 47 | 19.2 | 0.46 | 0.66 | 23 | 0.2 | 2.4 | 60
22 o3
Ja BT IKES. Pyt 77.51 1 0.25 | 73.33 | 36 | 2.97 | 4.36 | 48.81| 0.37 | 3.4 |111.8
PAT RG4S 1 FRfEZE [ 81.35] 0.15 | 16.82 | 14.65 | 2.39 | 4.15 | 31.15| 0.18 | 0.55 | 55.15
. . - ARRE(%)| 105 59 23 41 81 95 64 49 16 49
F it DAV A a o
PR AR AR PR | 20 10.659] 95.9 | 32 | 0.11 | 2.4 | 35.2 [0.373| 2.9 | 99.5
RIINEZ 2 TS PR | 1.2 10.097| 61 | 22.6 [0.065| 2 2% 0.0 2.6 | 74.2
— Ay = HERE & U

HNO, . HCIO, , HCI,
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WP R0 (LR B T AR EGE)

) Ci 2 Ci 2
Pa = J (s) ot (s) (2)
Ko, P oy IR P T 4w W N 255 15 Y g
B,C,NESE i WEE(pe/e),S, NESE i
FRUERIIGFE (pe/g) o HITATHARUE . B 15 5
BEU(P.<0 i ;0<P <1 Wi ; 1< P,<2 EIS
Yei2< P, <3 FETGYL, P >3 WS YL) N 15
B(P.<0.7 %4;0.7< P, <1 EW;1< P.<2 &
JET5 YL 2< P <3 PETGYL; P, >3 EETGYL)
2.3.2 EXREE&EHEREREXEEN
AR BB 48 £k ik HOQ ( harzard
quotient) F] LIPFM b g R EH EARFRA E SR
T 35 A P B IXURG: ( Leung et al. , 20085 28 /NRUAE,
2015; Doabi et al. , 2018) , &% F .
C-IR-EF-ED

ADD = (3)
BW -+ AT
ADD
HQ R (4)
HI=HQ, + HQ, + - + HQ, = Y. HQ,  (5)

o HQ SR KBS 8 55, ADD o FoRh B4 @ 1Y
HiEARE [ ng/ (g d) ], RD HELBEHBES Z &
[ne/(g+d)] (US EPA, 2014; Saha et al. , 2015)
(1), CHEXRPTESESTE (ng/e), IR HEAN
1 EK H AR (kg/d) (A ,0. 15 kg/d; JLE 0. 1
ke/d) (BWI%E, 2011) ,EF 8GR (365.25 d/
a) ,ED N ZEGEFFELITR] (70 a) , BW 9 AKHF- 3
i (BN 60 kg; JLEE 15 kg) ( Lee et al. , 1994; Fk
F+, 2015) ,AT NI ZERE] (70 a,
1all365.25dit), Hi, HO>1,%
A% T 4 JE X A (e B XU, T

Horp Co A EARPES R AR, CON TR P E
GIEGE,Co NPT ES AR,

3 R 500

3.1 TESEEESESTHEITEN

3R pH (A IHAEHE R, pH HAL T 5. 04
~8.06 Z[8], Ry fm 55 Btk 38 . SR X Bk £
Hirp As . Cd,Cr,Cu Hg Mo Pb Se Sn. Zn %5 10 Ff
R T RRIEILE 2,

F2  As RIS R 77,51 py/g, P EAS
I A TS FE 1Y 6. 92 3. 87 fi5;Cd S RIE K 0. 25
ne/ g, s 1 E A5 M 4 Y S (Y 2.58.,0. 38 1%
Cu B EHIE N 36 pe/g, & E A5 375 S (H
) 1.59 1. 13 % ; Hg & &IEN 2.97 pe/g, & E
B 375 S5 1Y 45. 69 .27 fi5; Mo & & 1{H K
4.36 ng/g, & E TN T SER 2. 18 1. 82
¥ Se SHIE N 0. 37 pg/g, & E RIS M+ HE 7Y
SCEY 12.76.0.99 fi5;Sn FHIMEN 3.4 pe/e, &
Hh R B I SR AEY 1,311, 17 %5 Zn 1Y
B4 111.8 pg/g, & [ AT 4 8 9 57 fH Y
1.51 1. 12 f%,

As W78 SRR E R (2 5% R BCH 105%) , As \Pb |
Zn 1S HORE BE B, bR fE 2508 81.35,31.15 Fi
55.15; S e+ 3E v As Pb Zn Z 8 ML 3 A4 52 i B
o, R E SRS RS (CRIE S R R M
ey ge AR A b e (7)) (GB 15618-2018) X
b % B, As .Cu Hg Pb Zn & 58 i + 5 2R 85 i i
8 XU A B o

®3 BAERFNAETSREH

Table 3 The single factors and Nemero pollution index

HQ (BRI 2 112 T 4 J % A AR i N L T SRR 5

3 N ] Pili >
HE BB HO< 1, AR ITIX A2 8 A " P(As) | P(Cd) | P(Cr) | P(Cu)|P(Hg) |P(Pb) | P(Zn) F
2x5F AR fiE T Sl XUBS: DZGZGTOL | 0.41 | 0.6 | 0.56 | 0.79 | 0.42 | 0.32 | 0.33 | 0.66 | %%
2.3.3 EXELESERMEER PDLC102 | 0.48 | 0.76 | 0.4 | 0.5 | 0.66 | 0.33 | 0.47 | 0.66 | %Kk
DZWJZGTOL | 9.92 | 0.27 | 0.31 | 0.29 | 1.71 | 0.22 | 0.67 | 7.14 | HEJ¥
EF DZGPGTO1 | 2.26 | 2.04 | 0.39 | 0.31 | 2.13 | 0.96 | 0.87 | 1.84 | &
TP ELEEHEZE(BCF) DZGPGT2 | 0.72 | 0.78 | 0.41 | 0.7 | 0.19 | 0.78 | 0.24 | 0.68 | &4
(WEZE 255 2017) RIGERSH 7 (TF)  DZDYCTO | 0721 0.57 | 0.25 | 0.39 | 0.15 | 0.23 | 0.42 | 0.58 i@
N s DZSJWGTO1 | 0.76 | 0.38 | 0.72 | 0.95 | 0.04 | 0.67 | 0.39 | 0.78 | %
(FRHETTEE, 2010) FHALAXIT . DZLEGTOl | 7.9 | 0.34 | 0.19 | 0.19 | 2.14 | 0.14 | 0.3 | 5.7 | &
Cox DZLEGT02 | 1.96 | 0.44 | 0.42 | 0.43 | 1.62 | 0.26 | 0.38 | 1.49 | #%Ji
BCF = —— (6) BE | 279 | 0.60 | 0.4 | 0.51 | 1.01 | 0.44 | 0.45 | 2.17 | rupi
C i b, Fh As Cd Cr Cu Hg Pb Zn JE& L IH P15 RIS U BRIEL(S,) 9 (GB 15618

TF = % (7)  ~2018)BRHETINL pH R (A

Con
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R4 REMELERE (pg/g)

Table 4 Safe limits( pg/g) for heavy metals in crops
FREJCE | Pb | Cd | Hg | As | Cr | Cu Zn
53 0.2 | 0.1]0.02] 0.5 1 |10 | 50%*
B 1.0 {0.05]0.01 | 0.5 0.5 |10% | 20*
TR 0.2 0.2]0.02]0.5| 1.0 |10% | 50°*
REEARME | 0.2 | 0.2 [0.02] 0.1 - - -
WHO/FAO | 5.0 | 0.2 [0.02]0.15| - 40 60

. Pb.Cd Hg As .Cr TLES M GB 2762-2017; * —Cu &
% GB 15199-1994; = = —Zn 208 GB 13106-1991; FX'¥
FrfES I EC: No629,/2008 ; WHO/FAO FRUERE S| F H E 45 (
2018) ; BREAFRAEA WHO/FAO FRifEF I E 4 BRE N E
KFPRL E 4R

H LI PN Mg 2 05 YL FR AP 45 SR (% 3) T
1 BRI T QAR BOE T - As>Hg>Cd>Cu>Zn
>Pb>Cr, T T IERE P 25 515 A8 80k 2,17,
FRUIWFFE X LA Trh T s e, i 28 LR ZE
HE PHASE LR S ZR G IS A8 BUNT 1, 8%
LIRS Yy TR EE PRS- HERE R SR AT Y
B HIN 7.14 5,70 iR RN H TG YL, As B[R F15
PAEHCN 9.92.7. 9, M 558 hiifk - E 7 3

HY . IR Cr Cu Zn SRR P15 48 5UN T
1, 5 AR b As  Cd  Hg B BART-15 Y35 2
KT 1, ARG 5T 44% 1% 44%

3.2 EXRMEMEMEEESESBLEEN

TR AU A A Y b T 4 R i BCRRAE WL 3R
5.3 6 ME 3, £5 AP ESE S ®MREE T
/R ,As Cd,Cr Hg Mo Pb. Se Sn % & ¥J{H 5 B N
64.1.15.9.7.06.1.0.287.1.17.6.89.6.21.2 ng/g,
Cu Zn FHIE AN 1.99 24.2 pg/g, FK As,
Cd.Cr.Cu Hg .Pb.Zn 55 7 FhE & 8 Fr it 5 3% 4 X
L& B, 4 Jm & i R T AAEY) 4 8 R it pr i
(GB 2762-2017) KK A1 WHO/FAO brifE, A4
A EKFE Cd F BB T 91 ng/g, LT RIEY FE S
JEBREARES Cd AYFRE 1.0 pg/g.

%6 FIK 3 4525 218 KRS AP E 48 &
B E RN, 52 F As Cr.Cu. Mo .Pb.Se.Zn
SR N 0.70,1.10,2.96, 0.21, 0. 46,
0.849 .13.4 ug/g, Cd Hg . Sn & & ¥4 % R 36,
28.68 ng/g, /KFiH As . Cr.Cu Mo .Pb. Se.Zn 7 &
4351 K 0.50,0.94,0.66.,0.89,0.05,0.038,15.7
pe/g,Cd Hg ., Sn & ¥ {H 73514 3.0,29.0,50.0

ng/g. BT As,

RSEMNAE-=ZBRIREXRFEERESE Cr,Cu Mo ,Pb . Se .Zn
Table 5 The concentrations of heavy metals in maize in in Danzhai—Sandu mercury mining area o gl o 0.49,
R i As cd Cr Cu Hg Pb Se Sn Zn 0.49, 21.1, 1.19,
DZGZYMO1 | 40.0 | 40.0 0 1.77 2.0 140.0 | 20.0 | 41.0 10.0 18.2 0.68, 0.650, 41.4
prwizmn | 400 | 70 | o | 198 | 1o |moo| 100 | w0 | 20 | 0r P& COHE S
: : : : : : ‘ : : = A=
DZPTYMO! | 30.0 | 91.0 0 2.08 1.0 | 50.0 | 100 | 330 | 200 | 12.8 =& ¥y | oy
DZPTYMO2 | 40.0 6.0 0 1.67 1.0 100.0 | 10.0 | 29.0 10.0 16.7 141.0, 61.0, 80.0
DZGPYMOL | 60.0 | 13.0 0 2.09 LO | 110.0 | 20.0 | 33.0 | 10.0 | 19.6  po/g
DZGPYMO2 | 100.0 | 4.0 0 1.65 1.0 | 140.0 | 20.0 | 33.0 | 10.0 | 21.3
g
DZDYYMO1 | 50.0 | 8.0 | 20.0 | 3.18 0 980.0 | 50.0 | 33.0 | 20.0 | 42.9 ZLHE T As, Cr,
DZDYYMO2 | 60.0 | 39.0 | 10.0 | 2.02 0 440.0 | 20.0 | 22.0 | 40.0 | 33.0 Cu,Mo.Pb Se.Zn %
DZDYYMO3 | 30.0 | 3.0 0 2.27 10 | 290.0 | 10.0 | 33.0 | 30.0 | 153 {4 K 0. 08, 0.
DZSIWYMOL | 50.0 | 12.0 | 10.0 2 2.0 | 260.0 | 20.0 | 176.0 | 80.0 | 38.8
055.6. 57.1. 04.0.
DZSJWYMO2 | 130.0 | 8.0 0 2.09 1.0 | 760.0 | 10.0 | 795.0 | 10.0 | 42.0
DZSJWYMO3 | 50.0 | 9.0 | 10.0 | 1.56 | 1.0 | 50.0 | 30.0 | 31.0 | 0.0 | 17.2 085.0.109.8.6 ng/
DZSJWYMO4 | 50.0 | 16.0 | 70.0 | 2.97 1.0 | 340.0 | 20.0 | 30.0 | 70.0 | 31.6 ¢ Cd Hg.Sn &ty
DZSIWYMO5 | 60.0 | 2.0 0 1.37 0 300.0 | 10.0 | 48.0 0 18.4 .

! H4391 4 11.0.3. 0,
DZLEYMOl | 90.0 | 5.0 0 1.78 1.0 | 210.0 | 20.0 | 47.0 | 10.0 | 18.4 )
DZLEYMO2 | 120.0 | 2.0 0 .72 | 1.0 | 2300 100 | 500 | 100 | 286 35ng/g, HFE4ILE

o] 130.0 | 91.0 | 70.0 | 3.18 | 2.0 | 980.0 | 50.0 | 795.0 | 80.0 | 42.9 W[ UL sKAFH Cd.Cr,

R/ . . . . . . . . A L

/MAE 30.0 2.0 0 1.37 0 50.0 10.0 | 22.0 0.0 12.8 Cu.Pb Zn &k i
A 64.1 | 159 | 7.06 | 1.99 | 1.0 | 287.1 | 17.6 | 89.6 | 2.2 | 242 N
PR 29.7 | 21.8 | 16.7 | 0.45 | 0.59 | 239.7 | 9.9 | 179.5 | 21.9 | 9.6 SR EL Y ES R
ERFEE(%) | 46 137 236 23 59 84 56 200 103 40 R b5 i, As Hg &
‘ff;As\Cd\Cr\Hg\Mo\Ph\Se\Sb TCE NN ng/g; Cu.Zn TLE ALK g/ g0 %‘%ﬂ:ﬁ Iﬂ?‘iﬁ/ﬁfiﬁ‘z\

JR R ARIE, R
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Table 6 The concentrations of heavy metals in maize stems, sweet potato, rice A f B SR AR o
and chili in Danzhai—Sandu mercury mining area YL
4 THE
Fefmd's | B9 | As Cd Cr Cu Hg Mo Ph Se Sn 7n
DZWIZGI0l| 42 | 0.67 | 27.0 | 0.67 | 2.27 | 22.0 | 0.09 | 1.94 | 0.083 | 60.0 | 12.4 4.1 TEBEEEIH
DZGKGJO1| 525 | 0.16 | 52.0 1.52 1.81 31.0 | 0.28 | 0.65 | 0.245 | 90.0 6.3 ?gurﬁ] %
DZLEGJO1 | &2 | 0.56 | 23.0 1.60 | 2.69 17.0 | 0.14 | 0.70 | 0.020 | 70.0 17.0 J—y - Vs
x N/ J| <
DZWKGJO1| 425 | 0.91 18.0 | 0.41 3.02 | 30.0 | 0.45 | 0.11 2.88 | 50.0 | 10.0 7}(@)‘[:}':75?[]{':‘ }:}!]:
DZDCGIOL| 42 | 1.21 | 60.0 | 1.32 | 5.00 | 40.0 | 0.11 | 0.38 | 0.249 | 70.0 | 21.2  JA# 1 B IEH K
DZGPHSO1| #1% | 0.07 10.0 | 0.07 | 5.57 3.0 1.76 | 0.06 | 0.099 | 30.0 6.1 %E@K%ﬂflitﬁﬁi , 5, i%i
DZGKHSO1| 2% | 0.09 12.0 | 0.04 | 7.56 3.0 0.32 | 0.11 | 0.119 | 40.0 11.1 S N
i ; b F WK
DZDYSDO1| 7/K#& | 0.50 3.0 0.94 | 0.66 | 29.0 | 0.89 | 0.05 | 0.038 | 50.0 | 15.7 Jﬁ%%{#ﬁh% ‘H_j‘%%{)w J(
N EXS BE
DZGKLJO1 | #fifl | 0.49 | 141.0 | 0.49 | 21.1 61.0 1.19 | 0.68 | 0.650 | 80.0 | 41.4 mgﬁ:ﬁg?ﬁ)\mﬂi%

1. Cd \Hg .Sn JGE H1{7 N ng/g; As .Cr.Cu,Mo Pb Se Zn JLE H{I N ng/g.

APk LTE T As . Cd . Cu . Pb o0&

PO ==
o H A

T HE

e, B B T TS B
Wk 3l Bl A

RAEPIFAR = b Ph | Cd 45 5 4 J& i A ) 1 2 A

ZI% BHUF Cd,Cr.Cu Hg. Zn %50 & & M 3%
FE AR & 4 BR B AR, As Pb & AL T 3R E K
YEY 4 B R bR
3.3 EXREZEBNNERXK

1 K T 4 A o B A R ARG 5 4
W7, MR T ML AT X TFRAT , 8 A
4 JE A e T R A G M A B XL L Ay
As>7Zn>Cu>Sn>Cd>Cr>
Pb>Hg, 8 Ff # 4 J& 1Y 4%
Hi% AR (ADD) K 1t
HEeRRHESH R
(RD) , BN 11 i R IR s
FEEC(HQ) ¥I/hT 1, &
BHAS 25 % ol A\ gt St ok
RS, L, 8 Fh
e EREAN &
O R gl
N As>Zn>Cu>Sn>Cr>Ph
>Hg>Cd, As 5 HEEA
H(ADD[ ADD 4 & 4 8 4
HEA R ) 45w
RS %8 (RD)., K 0
T As fyLEE B f e XU
(HQ) KT 1,4 1.40,
L 8 FhE 4 Y HI H
BIRF A, Hf As,
Cu.Sn Zn S5 H AR HI
HKT 1, &% A5
i ok R, N> B

200

160

120~

(ng/g)

RZ—(FSHMERAOKE , 2004) , 4 @A 3%
JEANG) KA TR FIREAR , T AE T TR AN AR 2 4l
A IE B, B E T2 BT A 3L 25 ( Reynders et
al. , 2008)

T3 G R AT R A i S T Y pH (HL

M =%k maize
BN = stem
A

sweet potato

rice

KT

L] B chili

T 4 J& 76 & (heavy metals)

P 3 SN PFIE— AR XA M i 25 B AR RN LA
Fig. 3 Comparison of the concentrations of heavy metals in crops in

Danzhai—Sandu mercury mining area
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Table 7 Average dally dose and health risk assessment of maize in

Danzhai—Sandu mercury mining area

(n=17) | ADD[pg/(g-d)] HQ HI

HEE | A L N L3 A L
As 1.6x107* | 4x10™* | 5x107! 1.40 9.10 24.20
Cd 4x107° | 1.1x107* | 4x107% | 1.1x107% | 6.8x10™" 1.80
Cr 6x107° | 1.6x107* | 2x107* | 5x1072 1x107" | 2.7x107"
Cu 5%107° | 1.3x107% | 1.2x107" | 3.3x107" 2.1 5.65
Hg 3x107° | 8x107% | 1x107% |2.7x107% | 1.4x107" | 3.7x107"
Pb 5%x107° | 1.2x107* | 1.3x1072 | 3.4x107* | 2.2x107" | 5.9x107"
Sn 6x107° | 1.6x107* | 1x107" | 2.7x107! 1.5 4
Zn 6x107%2 | 1.6x107" | 2x107" | 5.4x107" 3.4 9.14

AHLE EERIEA E I S5 A 55 52 M (5 5K

45, 2017; PVELAE, 2018) , 38 pH {H AR MERT,
YA RER N, AR B B, Y pH (E A
Y EERAS TS, AL R H I E SR
(R A 0 5 T 52 T £ 4 T 1 32 S

2 8 HIHARBFIE X
5 X AR P H A
XIREKES R &,
Witk 8 Mk S LB,
ARHFFEIX EAKH As Hg
R 5NEERE
W VIR AE 6 A i
XY E K As Hg & &
A, FoK Cr Cu ,Pb
FEEETRINT /NG
W B PR R 5E 6
ML, SR X RS
INBRIE M K ESE 6
MHBIX FOR 4 8 &
HILR LI, EKZ 3
Cr.Cu.Pb FFHEEJRTE
P XS AR T /N B2 0 |
M KEEF 6 MHIX,
BEA AN ] H X T 2k
)R EAN, [ —
EEEEERPHEE
WANIR], R W K X 5
LB EERZZHNR

5200 ( Zeng Fanrong et al. ,2011; 73
M4, 2011; #NI%:, 2014)
4.2 BHHETLE

Se Mo . Zn 5 A i JL &R /& AAFI
MY ERK LT ICR IR SAE
FEAE BT TR O M OGS
AR, 5 B A A A
B IR E S E S, (RE
R/ NCESN =W & L LR
I R TIIR TR TI 2 U VAN & (e 4 1
THFRE) (NY 861-2004) & 447l
FrifE,Se Zn JTTERRE N 0.3.50 pg/
g, FOKRHFEAL Se Zn JTCR EF R TIR
HH,

N TR 4G B i A M A3 A R]
B (£ 9), EKkF As Cd Hg Pb,

Sn SFH 4B 5 Se Zn Z [ TCH WA, Cu 5 Phb,
Sn Zn [HJAH G M 3, 5 Mo AHCHEM B3 (P<
0.01), EAKrr Se Mo .Zn TTE ZAIAHGE B E, H
H Mo 5 Zn Z[AJAH PR B 3 (P<0.01) , KB Se |
Mo Zn L it £ oK, [ B X As Cd \Hg %544 % &

RSAFMEREREERDE (pg/g)

Table 8 The concentrations( pg/g) of heavy metals in maizes in China different areas

Hi X As Cd Cr Cu Hg Pb Zn LG S

FHIERT X 0.06 | 0.016 | 0.02 1.99 | 0.001 | 0.02 | 24.2 V'

INFRIG G X 0.03 | 0.102 | 0.24 | 2.19 | 0.003 | 1.23 | 17.86 | FKILAE%E, 2019
PUR A X 0.04 | 0.05 | 0.43 - 0.01 | 0.23 - HREAE ) 2017

SRS IX 0.08 | 0.01 | 0.47 - - 0.16 - SORHTEE, 2014
JBE A X 0.028 | 0.008 - - 0.004 | 0.102 - XIARVEAE, 2018
- HE A4 X 0.1 0.05 1.5 - 0.01 0.4 47.1 a4 | 2018
KAHHIX 0.0102 [ 0.0341 | 0.765 | 4.74 |0.00693| 0.261 | 15.61 EF4, 2008

RIFMNAE—=MRURERESESEHEXN
Table 9 Correlations of heavy metals concentrations in maizes in
Danzhai—Sandu mercury mining area
HEE As Cd Cu Mo Hg Se Pb Sn Zn

As 1. 000

cd | -0.391 1.000

Cu | -0.236 0.097 1.000

Mo 0.276 | -0.214 0.625** 1.000

Hg 0.033 0.036 | -0.235 | -0.417 1.000

Se 0.550* | -0.112 0.036 0.483" | 0.093 1.000

Pb | -0.116 | -0.105 0.518" | 0.487* | -0.201 | -0.208 | 1.000

Sn | -0.287 0.119 0.521* | 0.129 0.181 | -0.020 | 0.064 | 1.000

Zn 0.374 | -0.186 0.548" | 0.809"* -0.176 0.525% | 0.428 | 0.469 | 1.000

T —FRTE 0. 05 K P ERFAK; » « —FORTE 0. 01 KPR RFMK,
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G IRATUEN AT,

FORERH S ELS R ERBEBE T
GER LR 10, It E 10 A, Bk EERK
(BCF)HERF & Zn>Sn>Se>Mo>Cd>Cu>As>Hg>Pb>
Cr, EKH Zn . Se Mo HH#H TEBERE N
0.2164 0. 2432 0. 0658, As .Cd .Pb 45 4 J& 1) & 4
ZHUN, 5 Corguinha %5 (2014 ) FlI2 PE% (2015) Y
WFoE 4 R —5, W PFFEH X 43 Zn Se Mo JC
RO EBHEAEK, EXRPERE T (TF) {7 A
Zn>Mo>Cu>Cd>Sn>Se>As>Hg>Pb>Cr,Cd,Cu,Pb

BRI /N, R T WA 2L 518 B RL
o, S5ERIE TSR (2010) MUBFIR 45 RS A — B, &
Kt Zn Mo, Se % 25 TR BT R 1.8051,
1.3669 0. 1056, 32 £ K251 Zn Mo ,Se JTTLEK & if
HEA T K, F K Se Mo Zn WIS 5 REUNE: 2
HFam, Baa e As Hg Ph Cr S HE 4 EA F &
() A= W 1 FE A R
FEADERFTEIX i f 0 2 N FE I R A A b
2 RA AR A A K £, B 55 —m e
fE(FR2) 1M E KT Se Mo, Zn & 4 RECF 5 N

10 ZMAFE—=ZBRIEENERRBEANECRESERUNEBET

Table 10 The bioaccumulation factors and transfer factors in maize at

different sample points in Danzhai—Sandu mercury mining area

RS | 25 As Cd Cr Cu Hg Mo Ph Se Sn Zn

DZGZYMO1 | BCF | 0.0005 0. 1600 0. 0000 0. 0492 0. 0007 0. 0321 0. 0004 0.1108 0. 1429 0. 1628
TF 0. 0571 1. 1111 0. 0000 0. 5980 0.0714 0. 6667 0. 0435 0. 0483 0. 1429 1.3582

DZDZYMO1 | BCF | 0.0012 0. 0200 0. 0000 0. 0478 0. 0007 0.0711 0. 0004 0. 1459 0. 1429 0. 1816
TF 0. 1286 0. 1389 0. 0000 0.5811 0.0714 1.4762 0. 0435 0. 0636 0. 1429 1.5149

DZWJZYMO1 | BCF | 0.0005 0. 0280 0. 0000 0.0539 0. 0003 0. 0390 0. 0002 0. 0973 0. 2857 0. 1440
TF 0. 0571 0. 1944 0. 0000 0. 6554 0. 0357 0. 8095 0.0217 0. 0424 0. 2857 1.2015

DZPTYMO1 | BCF | 0.0004 0.3640 0. 0000 0. 0578 0. 0003 0.0115 0. 0002 0. 0892 0. 2857 0.1145
TF 0. 0429 2.5278 0. 0000 0.7027 0.0357 0.2381 0.0217 0.0389 0.2857 0.9552

DZPTYMO2 | BCF | 0.0005 0. 0240 0. 0000 0. 0464 0. 0003 0. 0229 0. 0002 0.0784 0. 1429 0. 1494
TF 0. 0571 0. 1667 0. 0000 0.5642 0. 0357 0.4762 0.0217 0. 0342 0. 1429 1.2463

DZGPYMO1 | BCF | 0.0008 0. 0520 0. 0000 0. 0581 0. 0003 0. 0252 0. 0004 0. 0892 0. 1429 0.1753
TF 0. 0857 0.3611 0. 0000 0.7061 0. 0357 0.5238 0.0435 0. 0389 0. 1429 1.4627

DZGPYMO2 | BCF | 0.0013 0.0160 0. 0000 0. 0458 0. 0003 0. 0321 0. 0004 0. 0892 0. 1429 0. 1906
TF 0. 1429 0. 1111 0. 0000 0.5574 0. 0357 0. 6667 0. 0435 0. 0389 0. 1429 1. 5896

DZDYYMO1 | BCF | 0.0006 0.0320 0. 0003 0.0883 0. 0000 0.2248 0.0010 0.0892 0.2857 0.3838
TF 0.0714 0.2222 0.0182 1.0743 0. 0000 4. 6667 0. 1087 0. 0389 0. 2857 3.2015

DZDYYMO2 | BCF | 0.0008 0. 1560 0. 0001 0. 0561 0. 0000 0. 1009 0. 0004 0. 0595 0.5714 0.2952
TF 0. 0857 1. 0833 0. 0091 0. 6824 0. 0000 2.0952 0. 0435 0. 0259 0.5714 2.4627

DZDYYMO3 | BCF | 0.0004 0.0120 0. 0000 0.0631 0. 0003 0. 0665 0. 0002 0.0892 0. 4286 0. 1369
TF 0. 0429 0. 0833 0. 0000 0. 7669 0. 0357 1.3810 0.0217 0. 0389 0. 4286 1. 1418

DZSJWYMO1 | BCF | 0.0006 0. 0480 0. 0001 0. 0556 0. 0007 0. 0596 0. 0004 0. 4757 1. 1429 0.3471
TF 0.0714 0.3333 0. 0091 0. 6757 0.0714 1.2381 0.0435 0.2073 1. 1429 2. 8955

DZSJWYMO02 | BCF | 0.0017 0.0320 0. 0000 0.0581 0. 0003 0.1743 0. 0002 2. 1486 0. 1429 0.3757
TF 0. 1857 0.2222 0. 0000 0.7061 0. 0357 3.6190 0.0217 0. 9364 0. 1429 3.1343

DZSJWYMO3 | BCF | 0.0006 0. 0360 0. 0001 0. 0433 0. 0003 0.0115 0. 0006 0. 0838 0. 0000 0. 1539
TF 0.0714 0. 2500 0.0091 0.5270 0.0357 0.2381 0. 0652 0.0365 0. 0000 1.2836

DZSJWYMO04 | BCF | 0. 0006 0. 0640 0.0010 0.0825 0. 0003 0.0780 0. 0004 0.0811 1. 0000 0.2827
TF 0.0714 0.4444 0. 0636 1.0034 0. 0357 1.6190 0. 0435 0. 0353 1. 0000 2.3582

DZSJWYMO5 | BCF | 0.0008 0. 0080 0. 0000 0. 0381 0. 0000 0. 0688 0. 0002 0. 1297 0. 0000 0. 1646
TF 0. 0857 0. 0556 0. 0000 0. 4628 0. 0000 1.4286 0.0217 0. 0565 0. 0000 1.3731

DZLEYMOL | BCF | 0.0012 0. 0200 0. 0000 0. 0494 0. 0003 0. 0482 0. 0004 0. 1270 0. 1429 0. 1646
TF 0. 1286 0. 1389 0. 0000 0.6014 0. 0357 1. 0000 0. 0435 0. 0554 0. 1429 1.3731

DZLEYMO2 | BCF | 0.0015 0. 0080 0. 0000 0. 0478 0. 0003 0. 0528 0. 0002 0. 1351 0. 1429 0.2559
TF 0.1714 0. 0556 0. 0000 0.5811 0.0357 1.0952 0.0217 0.0589 0. 1429 2.1343

H{H BCF | 0.0008 0. 0635 0. 0003 0. 0554 0. 0004 0. 0658 0. 0004 0.2423 0.3429 0.2164

TF 0.0916 0.4412 0.0218 0. 6733 0. 0434 1. 3669 0. 0396 0. 1056 0.3429 1. 8051
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F KT Cd.Pb . Hg,Se Mo.Zn 5 iG4LiE#%, i Cd.,
Pb Hg % 5 4 J& 14 RN ], A 5 32 31 £ ok
H AT BRI AT AP R XFIE oK R A &
£E Se Mo . Zn 5% 6t/ Cd \Pb Hg S5 & & 1 I A,
FHEERW R HE , 7EHE R SR MU 4 I By Y4 it
Bl —Z R de— 2 A K, kB4 miER, Hit, B
W HEEA BRI TE PR BE , H pH YU 7.96~9. 03,
TEH EAAE R R H 4L Se Mo Zn JTTR, & i
39135 10.0. 7 .15 pe/g VA b, 1 Cd . Ph Hg %0 &K
TR ART 0.1 pg/g. FIL, PHEEKH X AT Fif
K, T HBA B A £ ICER Se Mo Zn FFFEE

5 i

(1) PHERF X L3 As Cd,Cu, Hg 5§ 9 Fif
HE R SN AT E e S, R G
TSR, As Cd Hg MR TH80R T 1,
EBAREER R 0N 44% 11% 44% , Z 5" X505 1
B, X PR IT Y s BCh 2. 17, 40 T
VG, T R FE Pk A R 2R A AR EOh
7.14 5. 70, iR F V5L

(2) EX Cd . Cr.Se.Sn BHREKT 1,7Zn
FIRRIEZE A 9. 58, T KA 32 B 5 4 )@ A5 4L, 19l
FRAE Cd 7 ST FR AR i, 77 76 T 7E 10 il B XL
5, 7KHH Cd,Cr,Cu Pb Zn 55 5 Fh i 48 & i i
R EARAEY T 4 8 PR bR, SR L Fh A 9 BN
ML Z 35,

(3) EK Se Mo Zn W) HE £ RBUANFL A F K
T As.Cd Hg 548 ,Se Mo . Zn JLEK Z [8] i FH &
PR3, 5 As Cd Hg 8 48 T B ARG, &
TG THE Zn . Se Mo HHH TR, HEHE
Se Mo . Zn %4 25 G R IR R WL EEA A A, K
o3 R K+, 5 ELAT 55— S 3 Se
Mo . Zn &4, As .Cd . Hg 5I0ER T,

B - SR R A Ak D P - 22 i 3o R P B
KGR S I TR B2 25 Bt TR A5
A2 B35 Bl o BRI o A e S N G 8 DT Ry AR SR
TEIRMBUENL,
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Health risk assessment of heavy metal and Se, Mo, Zn in the soil and maize

in the Danzhai—Sandu mercury mining area, Guizhou

NI Xinran" | YANG Ruidong"” , CHEN Rong” , ZHANG Jian" , LIU Chunlin"
1) College of Resource and Environment Engineering, Guizhou University, Guiyang, 550025;
2) College of Mining, Guizhou University, Guiyang, 550025

Objectives : The study area is located in Danzhai—Sandu mercury—gold mining area. However, there are few

studies on soil—maizes system in Danzhai—Sandu mercury mining area. The geochemical characteristics of soil—

maize system elements and the enrichment mechanism of Se, Mo and Zn in maize were studied in this paper.

Methods: Field investigation and systematic sampling are conducted in this paper. The elements in soil and

crops were analyzed by ICP-MS and ICP-AES, the pH value of soil was determined by PHS-3C pH meter, and the

correlation between elements was analyzed by SPSS.
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Results: The contents of heavy metals in maize were lower than the standard which included GB 2762-2017,
EU and WHO/FAO. The soil single factor and comprehensive pollution index showed that the soil was contaminated
by As, and the soil comprehensive pollution index averaged 2. 17, which was moderately polluted. The orders of
ten heavy metals enrichment factors and transfer factors in maize are Zn>Sn>Se>Mo>Cd>Cu>As>Hg>Pb>Cr and
Zn>Mo>Cu>Cd>Sn>Se>As>Hg>Pb>Cr, respectively. The enrichment factors and transfer factors of Se, Mo and
7Zn in maize were 0. 2432, 0. 0658, 0. 2164 and 0. 1056, 1. 3669, 1. 8051, respectively. The health risk
assessment of maize showed that the H(Q) values of heavy metals in adult corn were less than 1, while the HQ of
children As was greater than 1, and the HQ of other heavy metals was less than 1, which had not threatened human
health.

Conclusions; The contents of heavy metals such As and Hg in the soil of the mining area are higher,
exceeding the background values of Guizhou and China, while the contents of heavy metals such As and Hg in corn
are lower, while the contents of beneficial elements Se, Mo and Zn are higher. And the correlation analysis shows
that the correlation between Se, Mo, Zn elements is obvious, and the correlation between Se, Mo and Zn elements
is not obvious, which may be related to the mining area soil rock weathering, It can be seen that under alkaline
conditions, Se, Mo, Zn elements are easy to migrate, while As, Hg, Cd elements are not easy to migrate, leading
to the enrichment of Se, Mo, Zn in corn, and the loss of As, Cd, Hg and other elements.

Keywords: beneficial elements; soil; heavy metals; maize; Danzhai—Sandu mercury mining area
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