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B OEUHER I EET RIFRER, ERERFE TN, L EXRERE BN XATUAMECE-LEBLER TR
% % (HPLC-ICP-MS) st ff R & 9 KB S fn LB S P 8y As BAFHAT T oA R, 3 2 4 FIA B 748 305 fo & N
R s R M T AR PN As FEAREMESRENR.EREH . RET RN EKTHET As WS EW L TTEH
TRRET RMAEZE PO As B, KERFH As TEZNASBAFE, TG THHHE H 96.5%; 64 )5 L F 1 As &
ENEFTRLET N A G EVNERK, BER BTN ENTAR As & 21.2%~54.0% , 4 & 0 B K 3.52~24.90 pg/g; &
FRAEEFWENTAM As § 12.6%~80.3%, 4 B35 B 4 37.7~2 578.6 ug/g, LIE P W AN T A A As TE UL As
(As™ , A )RR ERL AT MEBART A R R L EFM As TLBERA TR ARG LB BAELEFTH A S B
T EE .
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Assessment of Arsenic Contamination and Risk in Shimen Realgar Mine

Liu Wei, Hu Jundong, Lu Guohui
(National Research Center for Geoanalysis, Beijing 100037, China)

Abstract; A total of 7 water samples and 23 top soils were collected from Shimen realgar mine in Hunan
province. The speciation of arsenic in water and soil samples were analyzed using high performance liquid
chromatography—inductively coupled plasma mass spectrometry. The degree of arsenic contamination and the risk
of ecological hazard in the soil of the study area were evaluated using the single factor index and the ecological
risk index. The results indicated that the concentration of arsenic in the yellow river water samples flowing
through the mining area is significantly higher than that in the water samples that do not flow though the mining
area. The speciation of arsenic in the water samples is mainly As’*, accounting for 96.5%. The content of arsenic
in the remediated soil is significantly lower than that in the original contaminated soil. The bioavailable arsenic in
the remediated soil account for 21.2% ~54.0% , range from 3.52 to 24.90 pg/g. The bioavailable arsenic in the
original contaminated soil accounted for 12.6% ~80.3%, ranging from 37.7 to 2 578.6 wg/g. The bioavailable
arsenic in soil mainly existe in the form of inorganic arsenic ( As**, As’*) and the content of As> is higher than
that of As™. The arsenic pollution of original contaminated soil was much greater than that of the remediated soil ,

and the arsenic pollution of the remediated soil is mostly mild.
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11 (As) J—Fh i A7 75 T B AR A v B B 5 M AN B0 PE 1 15 Yo ¥, 9k [ B g 5 F 52 WA (TARC)
B A — R EOE Y As ITRE /NS AR BB R AE T S I . HATE 00 As B8 3%
A ITHLA As(As™, AS™) FIA LA As, LA As ALIERHFHSE (AsB) BIHAK (AsC) \— I JERH (MMA) |
T UL (DMA) 25 SEE TEHLAS As EER TANES AT B IR GRS 2 S SR
KRS RLAR R As (175 Y R BB R As 1Y A, DT ELHEAE 3 AN SSMEE R, O 5 SRR
PRI R

IR A T VHER 2 I KRS, A 1 500 ARAR M I 8. B T30 7 IR B TR B R A B &
As K JESHEBORE AL A 555 3, 3 B R K 3 RVEY) S5 AR AR RS As V5 YL, Xt
214 i A A i A S BRI B T 45 TR IR, T BB 6 8 T 2 M R 2R AR R T 2 T, 20
40 80 AFARE [ 5 B & A5 1k T %07 KA AT LE 7 (5 As 1 B TT SR VA HR3 3h 20t 2+ 38 A
YLLK N B i 1 1 A [R) R 1 5 Y A . ke, 2014 45 [ R IT U8 X W0 B A 1175 Yy X gk 47 4 1 4
RS E TAE.

AR SR pSO A TR DX s O - 4 B RS LI T X A KRR S Y As i AR S
PEAT /TS ATE I e IR A8 000 22 SR DU 3R U 07 36 (%07 S B 3R U e R IR B4 M
LR BEE R, TIEW TR W AR ETE R JE M IR R PEMN G2 A S EE 52 m. R I, AR TAER
I HPLC-ICP-MS Hi FHE A XS - HEFE A WAL 5 1 As TR IEATIE M it 52, DT XA PEAN 24 1
As T YR R A 25 AR B T LRI, AR SR B DR T4 ik R Hakanson JE 75 AR 25 KUK 45 Bk
XI5 e I RE I G H R As JEAT T 9 A SRS PEOY , iz b X 15 JuE 2 TR S %

1 A5

1.1 HRERESHE
111 H&BiE

IR A T VRS X % JE A 0 X R AR T AR 9 2B R5E Xa,, WF5 IX 97 Ak i R £ 5 J% SR A 3 A1 4
P 1 BT AZRFSE X AR IE SR DA LR 3, KR SR SR 3% XA P 1 BT, 32T S S X P
IKE, AT R BB IX Y A WFSE R A BB S AR A B X % JE 0 M X B 2 R L Hoh
SRR U IR T 9. 2 JEC A M M TES | M 0 X S 34 Rk RS X, R 15 D RAE,
BEPAN SRAE S Z (R 1 BRI B AN /D F 500 m. EB AT X8 00 s DX DA R BRA, RS BE AL e B — 4 H £
HEN SR g SRR E 8 AR S KBRS 7 A4, e B 57 KU BT KR [ B8 5 SRR, A2
WX BRI 43 S 2 SRS (B 1b).
1.1.2 #mfmas

T HERE S 2 R AR SR IR 5 T2 B A B T AR S A I SR |, SR PR B H R o
FERFRE IS ROFL AR 74 wm 1R JE 0 5 BT A TR A7 45 F KRR B E— 18 CHRIE T A7 45 1.
1.2 BERAWSUE
1.2.1 23RBS E As RN T

IR As W) 9T AE T 2 L E KBS E GB/T 14506.30—2010" " fERIFREL 25 mg +HERE i T 5
VU S A3, AR 0.5 mL, SR | mL, 35 E38 SR G ARG NI EN , 37 B W E 5 KN E
ABAS  AE 185 C R B EHH R 24 h )5 ARG BUH AR, 3T 35 8 T i #30 EngAas & 2aE 1+, f
A0.5 mLIRZE KT T, WE B LT IMA S mL IR (1+1), FRREE, A BA S, T
130 AN 3 by 51 O PIBE B0 B R BRI P, AR 2 K PR TR B E A5 & 25.00 g, 25).
LI BT ICP-MS 5

JKBER 2 0.22 um JERE S UE G B35 b ICP-MS Y5 5 As &7

fem
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1.2.2 X3ELHRHERP As B0 T

g As TR HERIFRE 0.100 0 g A5 10 mL B0, A S mL $2EGH (5 mmol/L
K,HPO,+5 mmol/L. KH,PO, +0.5% (m/v) NaDDC ) , 55 F 3 7F 60 C &/ T /K ¥ 4 h, B.[» 15 min
(4 000 r/min) , BV, 14 F HORE SR EIA 3 mL 2 1GR) IR 5T, F 60 C 24 F/KIE 2 h, 8.0, Bk
THWOF 5 Z i FIE IR G PR E 255 25.00 g, A4 0.22 pm JEE S 85 | HPLC-ICP-MS U E.

AKAERRZE 0.22 wm JEREIEIE IS B L HPLC-ICP-MS 5 As B
1.2.3  REdzHlfe i 2 IRIE

6 RARIER T GBWOTA03, GBWOTA04 JH7 - L RE it 7 1 A ARG 3L B o ) J ik ) ) 7 A
FE I AR R 10 AR A 1 AN IR EF TR B A2 1E
1.3 EMFAE

AR A 3 B FH BN 5 Y A8 B0 FNE A A 25 RS T8 5005 As (4775 Y S A 25 KU TR
1.3.1 2RHF5 £8580E8

PR FIE YR B — R A R — O BTG YN TR P o RIS e i 5 AR AL
3 G PR ITG Ye AE bR TG Y o bR B < SEL W Po< ], MITE T 1S Po<2, BTG
2<P <3, PTG YL P>3 E TG Y.



43 B, % AT VRS DT YK P B Ry 99

1.3.2 R A A SKEFN

TERAE A A XS 98 Bk - i LBl 22 5K Hakanson T 1980 4F42 1, 2 P FEA0 5 4 Ja 1 A A2 25 XU g — F
FHRT R | B 50k AR AR A% 5 WA IS X 0 138 As BEAT B AE LR S XU RBGTEAG  E, o i5 e
TCER r BT A 285 AU i 5. AR 40 V8 7 2 25 XU i B0RT b 305 e 4 S AN T JL4R : E, <40, RIS TE A B X
K ;40 <E, <80, hAFIRTEA S MUK ;80 < E, <160, sy SR AR S XKL 5 160 < E, <320, 15 S5 V8 78 AR A8 KUK 5
E,>320 1 S5 W e AR S AU
1.33 HK¥EaE

AHIEFE HEE 3 Bk T Origin Al Excel 2558 i

2 HR5E

21 WREKEFERTD As FERESBFHHE

AWFFE EEEICT 5 ANRAA DX KITRAE A X 2 A RAE R BEF TR AR i b As 545
LIRAFIE S W 3 M e SEIR A R ANZE 1 s, AR L AR AR 2R T LU M« s I KA R i B As RN
7.94~887.00 ng/L, & As &5 E 5K A AR HE(0.01 mg/L, GB 5749—2006 ) AH LU P 1 58 /KA i v
As WS Fre bR 88.7 A7 LR IX B BUKITRE - As 2 W) it i TN AT XA KRR i As 4
ATREH XA HKT SM=3 Hr ) As &5 R I [ 50K TUAERRME, DA AT X As (2R X0 b 3
PR AR As S8 A2 SM =7 KRR AR O T B K, L As S B (R T IR AR X B K
H As S R FE SR AR AR ERG 3.3 475, 3E As iR nl REZ LI _E 20K A BT R sl 7 oA
il As 75 G 3 AL

A1 FHARTHESRTEG As S FRRAEN A pg/L

e TR SRAE SR As** DMA MMA As™* HPLC-ICP-MS
LA

SM-1-W A 0.30 0.54 <MDL 676.80 677.60
v/ el
(R

SM-2-W 0.45 0.46 <MDL 606.30 607.20
K]
[RI AR

SM-3-W 1.17 0.48 <MDL 6.29 7.94
i<}
LA

SM-4-W <MDL 0.18 <MDL 887.30 887.50
K]
Bk

SM-5-W 0.47 0.34 <MDL 881.00 881.80
vie]
Bk

SM-6-W ) 0.41 0.76 <MDL 875.90 877.10
v/ 0]
®EG

SM-7-W 0.43 0.67 <MDL 32.20 33.30
1 FK

7 : MDL( method detection limit) Jy J5 3246 Hi FR

& J HPLC-1CP-MS H FH 7300 Bl R4 KA i H 19 As WA 2562 T 1 0 Ak I, 915 4 BT 20 A
KPR As LA AS™ TBAEAE, B 5 T3 LB Ry 96.5% 0 43 BTk it A i A 2120 By As™ 1 DMA,
R4 SEBRAE i 4 €3 43 B PRGN ] 2 7S G AR DX B /K o s e 1) As™ ATl et PR K AR M v TR 5 2 B
Pefih 7 2 AT YRE TS IR As BR58 R I X A (AR Bt i L R T A A >
22 WMIREXIEFERBPE As FEREWAF HBHE

2014 47 R A XA T 15 QeR™ DX R i BB A S8 52 AT, S i o T e X A Y 4 7 3
AL DR , AN TR S A0 R A DM B DX R S 10 X e 3 23 Ay P A0 T 5 B SR 1 1 8
A TG e 1S A RS R BPR AL Y As S ERTEH N 15.5~3 210.2 ne/g, P B )5 3R As &5
VLY 14.5~88.5 wg/g, 53K [E + IR i = bR ERR{E (R 1 4% 40 wg/g, GB 15618—1995) Af]
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L, BRI 25% , fe ey As & i ik BNZBIE R 2.2 1. I i5 gL
TR As S ENEDY 127.0~3 210.2 pg/g, 5 E T R
i i = AR AERREAH LG, AR ZE N 100% , fe iy As & 8k 3%
(AR 80.3 f5. 15 BB Ja b i As iR TG Y L 5 rh
M As A TIHERGE s HESBEE T As § &
G 3 .

TR AL - 3RAE R 1Y As TEZSHAT T 00l 22 , R FH
FRERVS AN As TR AT I, BT IR 1Y As TR 200
ISR TR As JTEZS, PR AR H3AE L b A AT R
As E AN 4 s BFFE S SRR e Ar -3 i b K s 1 B
TEYIRT A As & iy 3.52~2 578.60 pg/g, F %7 5 As
T 12.6% ~80.3% ; {85 J5 13K PESAEY AT R As
21.29% ~54.0% , SRR 3.52~24.90 g/, 74 TR 1 HE 3R 85
Jo i =R R s S i G 3 rh R PR S ) AT A As
12.6% ~80.3% , Er e H 37.7~2 578.6 pe/g, S [E 4 HEFR s
i = PARERR (AR L, PR R 93.3% , f iy As & ik FiX
1) 64.5 4% 5 Jris e ok v s A v DU As {758k
e WA AE AR SRR SR B VAR fE AR .

I A B A rh K S PR SR vl R As EELLITCHL As
(As™, As™ ) EASAEALE S HEY AT R B As 19 93% L) B, B4
FE S R I D) MMA &5 0.02~0.67 pg/g #2HL
HTEHL As JEAS T L AS™ 1748, 5 BT S TCHL As 7
T 74.7%L) L 3R As DL AST BB S E AR Y
RN AT R As ds SR ToHL As FERET EIESE A 2R
SRR Ry 5 i A R X 8] 00 B 8 B N AR it 5 s B B4 1
JB.
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4 s s s LT T T T
NN =2 EEEEE ===
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B2 #HéaslkFAmPe As BE
HPLC-ICP-MS &, &5 %

/\ /q’ /b ;\ \b‘ \‘J f\r}* ’{,’3
A I

(b) IBAJ5 T HERFE S

B3 REFIFESEIE LG As & F

23 TESKERPARAEES As ZEHEXEDH

JIFRAEE Y T A 7KBE A3 LR AR 1 T30 ) L3 RF i R AE DGR AT , 3 KBl i AS™ 55
As Z[HIAFFE S35 IR PEAN OGO A HISR R BT 510 0.926 6 i1 0.999 9(P<0.05) , BERAKAEfh 1Y As T2
KR T LI LIRS h As™ 5 AS™ T As AETE IR MEAR D OC RAVRAR 35, A OC R B30 0.573,
0.655 /KFE Al HT As™ 5 As™ S8 As AFTEMMRIEMIEC R AR 3, A0 G R B3 318 0.680, 0.679, /K F¥:
i PRI B As(DMA) AFEAE (B ZRHSGNE 0T, S5 A TG As JEZSHE As BIARFFELE MR
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3000 1
2500 N
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\
= 2000 I \ 25
B N R 20 b
£ 1500 N N =
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N NN £ 10t
500 :\§ 55 L
N NN
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o n 0w N © —~ AN N o > 0 QNS —
A e = o= s [ = o ) SRS A TN - T A N RS VR
s ssss 1 111131 1 a0 AEN ANV SN SN A7
R EE R R ¥ Ny
(@) 5 Y HERAE AT (b) )5 HHERFE

B4 RIEFIESGHBEIEHBEDTHA As &F

24 BRARXLTEAs BRFFHPNRESKRITH

ZEARSRII T AB BTG T4 As SIS RAR R P L 0.99~5.64, o rh SM=2 SRAf £Um T 1 15 1
SM=7 1 SM=22 Jai T2 15 e, SM—6 1 SM=23 Jai T F B2 15 e, HAlJg T e B2V e JoLTs e 18 As BT
YEAEHL P\ HOTE R 8.09~204.50 , 347 T 78 e 17 Y. T 12 X J5 15 e ok 387 A s 9 A 25 XU, - s 1 P
Ttz

F2 2 AR KB E G T3 7 55 e -3 As 19 STV e AR S RS HE S E L B 22 2 AT R R IX B
JE T3 As BOIRTEAR S fE TR L RAR, HOBAE A S B 1 2 E K31 26.38 , Horr 87.5% @ T2 %
V5, 12.5% J8 T G Y s I Y L HE R As VLR A A T R R L LU LR R S KU R B B 1 T 1Y
{9 499.2,409% & FHEIRIT Y 33.39% 8 FALIRIS U, 26.7% 8 FHL 35 e 25 FAR W SR HIN A8 22k
EOVANE R CARTAL S Py e: 1 € 2 g v o U U G s AN o

2 BRR M As 9B A A AR

AR NEGE R n . i A S FE R LB %
Fieni| ¥iE - — — -
Ey, L35y aiS Bom AR5 &
B 5+ 9.87~56.38 26.38 87.5 12.5 0 0.0 0.0
JE S Y |- e 80.89~2 044.70 499.20 0.0 0.0 40 33.3 26.7
3 #ib

1) WA HER T XA KRR As & BB & TR IR XBKEE L As & &, HOKRE SR As
T ASTEBAEAE, I i P LR 96.5%.

2) MER XAB SR TR LIS e SR As SRR, B TR A Y T AT As (5 21.2% ~54.0%,
TR N 3.52~24.90 we/ g JET5 Y IEFAEYRT R As i 12.6% ~80.3% , £ S 37.7~2 578.6 ng/g.

3) LHEP AT A As EZLITHL As(As™, A ) IBBAFAEE As™ S KT As™ 55 Y 13 As
TR K TR A 38, B T As ZJR TR

4) HEBED (0 FF RN X IR R AR K B L3P i) As 5 0 B S A PR T, KR eb s R BE (1) As™
Je A S R AR AT AT As R B2 IR A T S iR AR A BB T X ARG R A AR B
e
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