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Abstract: In order to better monitor and predict groundwater arsenic contamination and reveal the law and
mechanism of groundwater arsenic contamination caused by natural factors, the authors carried out investigation
and research on groundwater arsenic contamination in Hetao Plain of Inner Mongolia for years. Based on fully
understanding and grasping of arsenic chemical and geochemical properties as well as the situation and
distribution characteristics of groundwater arsenic contamination all over the world, the authors summarized the
distribution of arsenic in natural environment and the mechanism of groundwater arsenic contamination. This
study expounded the formation mechanism of four types of groundwater arsenic contamination and presented the
patterns of arsenic cycle and groundwater arsenic contamination on the earth’s surface. With the basic mastering
of the geological environment background of a certain region, these patterns could offer a preliminary prediction
of the possible locations of arsenic contamination. This study indicates that arsenic contamination in groundwater
is an environmental hydrogeochemical phenomenon, which happens in the arsenic cycle on the earth’s surface.
The distribution of contaminated areas is related to specific geological and geographical backgrounds and
environmental conditions. This study suggests that, in the reductive desorption contamination type, such factors
as the closed environment, sulfur and organic carbon constitute the main control factors for the dissolution of
arsenic in strata. In the future, it is necessary to reinforce the investigation and monitoring of arsenic
contamination in groundwater in closed alluvium-acustrine plains, river-lake deltas, and river-sea deltas.

Key words: the earth’s surface; arsenic contamination; arsenic cycle; contamination pattern; contamination type;
reduction absorption
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al., 2002; Welch et al., 2003). 4% 512 thFUZ ih & K
JZ RS Y T 7 R 2 AT Y B A B
A 15 KP4 w8 o IV I A s o [ R D E 17 75
T I 2 4 Bl i R K A5 Y i ol 7 R ) R LXK
ICF I E A 220 3500 FARTET As #tkH,
5 | M L ™ B A B S5 SR (Smiith et al., 2000; Frisbie
et al., 2002; WBWSP, 2005) . fifiJ& f i /™ 5 i EU )
Jii Z —(Smadley et al.,, 2001; IRIS, 2008; IARC,
2001), KIASEERSSIE I B BK . il . EIDE L EL HEAE
HIA B, DA S — e R, RO M . b
PRI . 1 48 D) 8 Z5 6L 1Y & 5 % % (Manouchehramini
et al., 2008), XJ A [ 52w A BE B T 24 1 i 5L B
T, EETERR B A S VR IR, iR T
KR N I K 2 — . BRr ettt A 468
it 9000 U7 A Az F) X — v 7 fdt FRE kB (BH 1 W4
2009), HE &4 ER R KBRS Ye s o E ) R R 2
—, BULF] 2010 ECMIFERIEEN), CEIMIX
KEIH PR AR E 20114 A, SrAfE4E 107
AE 1642 AR, 2B T RLR R X R
WHYE A D HGE, ik 1520.26 5 A (AR IEFH
AR, 2011),

A SO ) 22 AR R N 52 T I BT Tl K A
15 YL R A I SE (R AR, 1997, 1999, 2010; 5775
45 1999; EAEIREE, 2008, 2010, 2014; X SCH %,
2010; W& IV K RIGHEME T IV —7,
2007; & HEEHESE, 2007), FEFLAY T fRFNE SR
fe2f . HERIE2EPE T, DA R 4% [ R K A e
ARDE A5 FRAE B JERE b, IRARFSE T bt )2
HIDEER 5575 Jett T KA, Dlaos i A R s A 51
) 1t KA S e R S LA

1 e B RIRSE I A

FTE [ SR PREE P AR FUR B, L Tl
BB A S A BT R Z — o JRUR IR L 44 47
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s ook KRR WiEEsh . JaliE s, M-
RINRPIE | A AR, XL RA R M= o
R, 28 AT B AR, R T SR e A

PERIAEPAL 2 A F A ALl 2 FEUCE R R B B A,

IR A Y S TR

HAl, SAsehr&mo i T 500
(Perround, 2009), H A & M 09 A fiff 35 2k 47 [Fe(S,
As),]. #fP(FeAsS), MEFT(AsS). MEHE(As,S;) . 1
B 57 (CoAsS) . I i 43 4 (NiAs) f1 & Z f1

(FeAsOQ4-2H,0)%%, H o ffi 55 &k 5 ] GE 20 fb 47
F BB K JF (Nordstrom, 2000), & LAY A H™
Yrah s A REAIG, WA, KA. BakE M
INA L A . A EY/NT 3 me/kg, B
AL R A Ak, b BT (FeS,y) 2
T B AL, AL P A
10%(Smedley et al., 2002), X2 H1 T il fk 24 o
WAL, FE0 YT it B2 b i R A i A
A g TE R A A Hh % B g R AT S B R Y
AL, B TERAKA F ALY R i % W By 5
FU, BTLL, B R AE A B p s b, LR B
1, 7] 35 F1R K (Goldberg, 1986), TEIFZ A LS
K4 R E AR Pt R T v B A, X Sl
BRI YA B — T 58, 8CE DR S A e S5
B KA E ALY BRI, T AT X ey R A 2
R K B (Goldberg, 1986; Stollenwerk, 2003).

HBAREPTE B AR A A e, BAEA A . AL
DU A L i S IR E . B TE ML ST AR
Fm(FE) R 1.8 mg/kg(Krauskopf, 1979; Mason et
al., 1982), Il g% 38 b i & fE g &, FH AR
6 mg/kg(Smedley et al., 2002); 78[5 H ik B
B 2 AR BT RUE BUA A TR i, REN
5 mg/kg B /D, MBI A (Bs . THCS )@
SRR, AN 18 mg/kg(Smedley et al.,
2002); M A pT ORR A Gl R RP S & Y0 [ AE
5~10 mg/kg(Webster, 1999), HUIF A & A F 2 W
B T R A, R — ST RR A R S s
A A R o

W S EHERIEY P ST EZRT
10 mg/kg; it 76 oK B 5 Y 09 1 58 v 0y vk
i fE 5~15 mg/kg Z A, 4 F 0 HE N
7.2 mg/kg(Boyle et al., 1973), F[E +HEm5 71
A 10 mg/kg(BFWAA 45, 1997),

FERN . FEZEK . TIK . W3R K 4538 5 bR K
(93258 M 0.001~0.002 mg/kg(Tanaka, 1988),
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SERE R KB A WL 1, E R A H,
[ b N S TR e e S F R B I E ALY N N e
WEe, VAW iy &, Rk, 3XFh B0 Y I
FA3 T RE R B R KA i 5 o A AR L A
HXTN KR

LIS SRS TIE =22 ST BB W) Ik TAES N
B3 RE TG s iz 9 A R 9 L s 2% b X e b UK
R A RN 5T (Manouchehr et al., 2008; Ayotte et
al.,, 1999, 2003), WAFH TRBUWLEL: 4 THHEL
HIF AT A 1 1At 408 Sy b v LA R 2~5.4
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Fig. 1 Global distribution of high-arsenic groundwater (As>50 pg/L) (modified after Smedley et al., 2002; Appelo, 2006)
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Table 1 Abnormal situation and major characteristics of groundwater arsenic in main countries and areas of the world
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PP >5 <0.001~0.10 Kk AR A RERY T
) 2 F .
’ -~ S W B
g 40 <0.002~0.176 K& v WL ALY
o] AR 2 200 <0.001~9.90 KR R v N BRI, PR, R A A
. FKAIRAN , o ABFRICE
e - KR, R o
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8 MEEMIBTARAE . BR) . B, JbEMSERE . S
VERF RIS, BRIMBOFEE VPR . S . fF
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T ) A | HbER Ak 2 T DA B 4k v
MR KB oA L RRAE LA SR AL B ST, SR T
B2 R i e R 2B I G IR 575 Y b R KRR K,
ZIR R G W T R ERG e R R TR . A
IR A Bk AL 2447 R FIOG A, 201 T fift 26 H 3%
DURAEHE . b /K Z R 5t 4 s IR 1
B SeAL LN, a8 TRfifE ST R 2T . REMT
IEREIA I — Al B, DA S B AR TR 5 |
LI 4 Fhith T KI5 YA,

3.1 HRKGHER

HWEERZEMAEA . T 0IREWEE . fb
AR AR PR KA AE TR, T 4 e 40 BOTE A B

W, XERA R TE ML ROK ER T, —#0 BB iE
MR, HATESE K. 0 btstht D & ek
LK, T R R B 8 3 K A 2 B T
KRG, Hg AR 2 @, A4, T8, 0K
IR KB K — K2R K,

B HACR MW B P ey, 2RERAINW
AL T 5 R KRS e i, TRk
A ATV Z0F 5 (Singer et al., 1970; A
T, 1998), TEH T SR 1 E Ak 2 % v FH LR J
I i AT B .
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FeS,+14Fe’ +8H,0=15Fe*+2S0,> +16H" (4)
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SR S n AR B T SRR BRI TE (R K (3)); T3 b,
Jni ) A B =Mk B, SURT RUSEAR A3 A Bk
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S B RT3 AL+ T3 4 (Lancy et al., 1970).

XAPTG YRR, T4 BRE T PR L X ER A A A
FREMAATE, B2 S, . SR,
B, fEE . ZE . M. SRS gl gk
AL EMZRKEM P EM M (EREE, 2011)4,

FITTIIITIIINIILSIILLIIINITLNIILIIIONITTIIINT  iieeesisasasas 5 SEEeaseat
s GBI SRR A R R IR CE G L ) MK A TS R IR 104 '
D e e e o e e S S eSS ] H 1
T 1 (]
1
LA ROk L i —— | (@) (( Iomim A ek
(m-'l‘ﬁi T9) ' p 1
- — = I A
Rkl | | ) SR WA 8 '
o) | T e e om) Stk HO SRS B HR
@owEs| x O '
A ( LT O
A : i
éE%WM/FfHJ Ik e — @ ( LS R
@S 1) (RIS O (WIS AR R
BB VR R ]
]
____________________________________________________ . O00GO| |
A
.............................. it R R RSt B o ol B
R I D K2 2 PR A |
W55 B0 BT ] 'ﬁfmgﬁ' 4' MR AL L) :
C i L | W RICE AR AR '
N R/ AR A% i
VoD s CliFE ) 1
fh s '
L BB |
' iiu}y i TSR P4 ]
¢ T ] !
! |

2 WRREMHERSSRMTKER

Fig. 2 Arsenic circulation and groundwater pollution pattern of the crustal surface layer
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A3 HUEE ML 3R ORI L WA KR TR AR, AE
AW BRAREETT, FRRAE RS R . E
R K A R A, X SE PR R R, 2l K AT
BUER AR, MR m T, B 5 s 0k
&, LR PR AR B A A i AR A A B N2
16 ) AR 052 55, A -FF IO AR A v o b 7K
3h, MIMIE L i K, 7EIX—28 8, M)z
A 22 BU AR 5 T USRI 4 8 AR Ak . 2R
R R Can: Bk L &R RAE TS AATE, 46—
SO K A A PO G B A AILA B R 1Y) 32 AL
R T i PR A3 5, pH (TS, A Wastikny
JE AT, N4 Jm Ak . SRR PR o
F R ROV

NO; #i8 Ji i NH; Fll N,

5CH,0+4NO5=2N,+4HCO; +CO,+3H,0 (5

AL ) DA it

2(CH,0),=nCH4+nCO, (6)
SO, HA JF %, H,S:
SO4*+2CH,0=H,S+2HCO;" (7)
SO,* +2C+2H,0=2HCO5 +H,S (8)
ERAMAEYERT:
Fe(OH); — Fe** 9)
Fe’'+H,S=FeS|+2H" (10)

8FeOOH+CH;COOH+14H,CO5=
8Fe’ +16HCO; +12H,0  (11)
MR BN AT DL Y, Al oK rp e J3E

m, BREEAY . SRR SR, TRERE 3
AN LB ERES £ (Scott et al., 2010), HIEHH] 3R
B K i R Fn B (BR AR AR EA) L AR
B G R AL LA HLBR 1 SR IR, LAESh ik 38
JEVE R AR I AL . B 3 AR BRI, AR
JEAE N —FP L Pk 0 A BB, A Y 6
HNRZ —, BEHZE om0 A e, BT
AT 1 7K H i k43 A B TN, KA R — 2
i 3 [X e 3 P R K R S AR AR K Y R TR 22 BT
o

7o, N EBREONAGS). (7). (8). (AID)ATLUA

, B SO A EEST, KA II[HCO, T8 U T,

M pH BT 55 o M0 pH L A8 A 52 0 e 1A i

HL A (U8 B 7)) A B3 A0 BF 52 45 SR (Manning et all.,

1997; Sadiq, 1997; Raven et al., 1998; Gao et al.,
2001; Johnston et al., 2001), AASETTAY H R DA

WA B S AFAE B UG, AR 25 5 Bl s 7K s TR 17
L, XE IR B2 R () B R AR L TR K R
HCO; RIGSHR K (715 %, 2010, 1996; T 4EHT5E,

2004; EAEREE, 1999; FAFOREE, 2010; BRAEFEAE,
1999; HHEXUE A, 2010; sKARAFSE, 2010; Fi% 4%,
2002; SREFEE, 2008; EHHESE, 1998; MREE,
2008; XRHEAS, 2008; T T I)LHL FK b K53
WF5E 77 v —7°, 2007; XIFLLE, 2013)0 )5 K Z i
7, e, R B 3R A S PR R A
I

TP RY [ A bR 7K SR B A A T E L
WA L T I B4 S T A T AV A U A X
HEARWE 2 hiOFM@, H A gAY
J5& 5 ULV AEA T 45 1 e A 78 A 1 X388 (RS 4R Fl
faptp Al o FEARBERASEBIAT: d P B EE
H.oMEE . PEMAAE . NS B, ey
B, RIAH . BRI,

AT ] s A R K R 28R KN R E T
S AR T e SR il ek AR R 3 (L B Y
AEA YR JE R AR R s LS K )Z, R
W% % B9 2L H (Bhattacharya et al., 2006;

Nickson et al., 2000; BGS et al., 2001; Smedley et al.,
2002; Routh et al.,, 2000; McArthur et al., 2004;
Dowling et al., 2002; Anawar et al., 2003), F& T Fe**

A S, Hoe —SE A, 41 Mn ., Al (SR AL
YIRZRAERRER, WX R AR IR AT R A A
£ F (Foster et al., 2000; Breit et al., 2001; Kent et al.,
2004; Saunders et al., 2005),

3 A A K s e, s g
SEAEWAEMVERT, Vs S A MLHERR Y 7 i 7 A= 1Y
W IR, I B SR A TP B RS R Ok,
FEEAFEU0 T (Ravenscroft et al., 2001):

V)R A e A 1T AV MR B v, VS AL
FELL 3 MR RIE AL, Ars i R S A
Bk I

DFEIRJZE, HUNBOKE] 10 m A, R K BR
MBS, RAEBEIT Y, TE#F 10~20 m Z[H]
(R ok b, S s ™ B, (H R A TR BE A 1S i
W B2 A AT o 1

3)G Y K )2 S ARt o B A T TR I A
HeFRW, BT A N b XA HERR A ok g, BAT IS
BV EA VDK EHER S50, 1EH a7 Y
HER Y A0S T A B R AR IR B b X, R R I
RERICN

A)Hb T K RS RV B A DGR AN B, (B
SEERTR AN B TR BEAE ML R K A 2 5, BA 2
AL TR

5)Hh R K i g 2 AR L, o R
AR, —E5k A THEY .

K 3, FEHBF LR IT 10 m e )2 T, e
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Fig.3 Model of arsenic pollution in the Bengal Basin
(modified after Ravenscroft et al., 2001)
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2010) A A 5T, A 32 22 DA § 5 A9 TEALAE & P I 1k
WEBAFALE, FilJE 5 [Fe(OH)s], 8([Fe(OH);1+Fe’
W 5 R 2 U R B W 3 R - R S5 U 4 1) %
BEERA W IR R 45 AR, B K R £
TUB R s R TR KRAER . W95y, &
S Ji 2 A Y R A A R R,
PEE T Fe(OH); AR JE R, Ak K W A7 7E,
fit pH BT, Ao B A Jir 2ty v i (IR R T ) RAIR
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F HCO; FIBERIRRIX, M2 b i gk & i 5 Bah &
HREIEHXEXR,

2)b R 7K Y ORP (B 7R B 134 B R B, il
g bt R KA AR A AR Ak, 5 B R KA A
Fram . ARIKA SR B AR IR A AR AR LA

3) K2 A A R b A AR AR
Y1, 76 10~50 m WYIRBEVE N, UM H i & &t
Fo, R B R K R A R A s, R 2 MR
K H R A

4) b 7K Hp ) B A S 2 AR
33 FERETYERADBITELER

W —BEMEA . T BRI
Y1, fEsbFIK . RSN IERTT, R4 5 Witz
Bl 2oyl IR SR Y U, I AME—
BRI, FER IR . LA E AR A,
WA M —EMEE ST Y, W Wk
[nFe,0; mH,0(n=1~3, m=1~4)1%%, 7£7E T H# T i
Yrrb i S AR RS AR ST, B LT PR AR R
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Fig. 4 Pattern of arsenic concentration in the strata of
Hetao Plain, Inner Mongolia

WY AR A i, TR B i T oK o Tl Y
TR0 S AR AL 0 ) W VF 22 2T T I S (7 R
72 &,2003), WSHALEA A B (Shewanella alga)Fs
R (FeAsO,-2H,0) 1 1) Fe’ IR S Fe!, 7EX A
i B B i AS’"(Cummings et al., 1999) .
Chakraborti 55(2001) 1A Jhy i i 47 [l o A7 76 B 2k 45
ALy P AL IR 2 . BRSO AR

FeAsS+14Fe**+10H,0—
12Fe**+S0,> +FeAsO,-2H,0+16H"

FeAsO,2H,0=Fe*"+As,* +2H,0
FeAsO,-2H,0—>FeOOH+H,As* +H"
FeS,+0,+H,0—Fe* +4H +4S0,*

TR [ M R KA S G 5 A R R R A
AEARL, = A A A KT A wp BB S . TR A
N K it ki 22 HAH S5 MR A DO i, AR DL 2 v
Q. TERBRISIEIA : HA B KPR (3 H I E %,
1999), 3 [ A4 2 0 BE 5L JH (Welch et al., 2003) . 5k,
‘% JM (Sarah, 2003) F1 3 9 4% 2% Hi X (Stollenwerk,
2003)% .

3.4 EWMIMEBRKITHRER

Hiy BRI SR K 5 R 22 [ 5O L X
IKATG YL JE IR 22— 5 T b B B 25451 7 4 A
HAHF, H A K B85 78 0.57 mg/L, &
ik 25.7 mg/L, SRIKEA S ES 0.3 mg/L,
ik 130 mg/L(5S H f23E, 2009) 7E = i 45 S JE i
FLCLTE ShAR X IE BRI HB X, P T #5228 sh sl 7 24
W8, B R Z I HOK | RROK L Fhik KSR, WY
M2 R A | SR TS S 3 SR s R K2
H, SYRZIRAKIR A Y R A R K, S e
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