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1.11 g AG 1-X8 o s
, 1. 2 meq/mlL, . . 1.5 mL 1 mol/L
NaOH R 8 mL , 2.5 mL 1 mol/L R 2.0 mL
2.2.2 Schwertmann 2- il 40 g Fe(NO;3); = 9H, O 500 mL
, 330 mL 1 mol/LL KOH , pH 7~8, s , o
200~320 m*/g, : 100 mg/L As(l) 3.8 mg/
L AS(V), 2 g/L; 25 OC; O’\“8 do [}
(O. 2 pm ) ’ ° NZ
(99. 999%) 30 min . , 0O, As(l)
2.2.3 1.0 mL 5.0 mg/L As(lD,5.0 mg/L As(V) 1% HCI
, 5.0 mL D ,20.012 mol/L HCI,®0. 12 mol/L HCD s
4.0 mL 0.12 mol/L HCI R 10 mL 0. 12 mol/L HCI . 5
mL/min , 10 2 mL , . As(l)  As(V)
3
3.1 AsD As(V)
2.2.3 O @, As(l)  As(V) ( la 1b). la 1b
; O © Asll  As(V); @, As(ll) As(V) C lo, .
©) AslD - As(V). , ) .
200 200 200
- a L b L C
160 160 160 [
S 120 S 120F ~ 120F
< 80F Z  s0f F:‘ 80F
a0 40 10k
| | O- P —o—. *——& 0- T I T & #TA_é
0 4 8§ 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Effluent volume (mL) Effluent volume (mL) Effluent volume (mL)
1 As
Fig. 1 Changes of effluent As concentration with effluent volume using different separation methods

(Balance solution) ; a, 5

@ .
5.0 mg/L As{) 5.0 mg/L As
(V)3 5.0 mg/L As
. @
s HPLC-ICP-MC
C 2, 2 , As
am 10 mL s As(V)
10 mLL R
As(V), As([ll)

mL H2O; b, 5

mL 0.012 mol/L HCIl; ¢, 5 mL 0. 12 mol/L HCI,

200 160 .
B —&— As(llD)
150 120k —e—As(V)
= 120 =
Et 3 80
<80 2
40
40
0 0
0 4 8 12 16 20 0 4 8 12 16 20
Effluent volume (mL) Effluent volume (mL.)
2 As

Fig. 2 Changes of As species concentrations in effluent with effluent

volume for separation method-1
a. 5.0 mg/L As(ll) and 5.0 mg/L As(V); b. 5.0 mg/L As(l) only.
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HAsO, s . , As(D C 2, HCI ,
, As(V) ’
As(V) ( 2a), 0.12 mol/L HCI .
, As(V) 9
10 2 mL AsV)( 2a),
3.2
6 10 pg/L As(l) 10 pg/L As(V), , 1 .
SAs(l) As(V) 91% ~120% o (As-speciation
cartridges) ael
1 10 pg/L As() 10 ug/L As(V)
Table 1 Recovery of arsenic by standard addition
As(l) As(V)
Sampel No. Original Added Found Recoverry Original Added Found Recoverry
(ng/L) (ng/L) (ng/L) %) (ng/L) (ng/L) (ng/L) 43
01 60. 8 10 72.8 120 28.1 10 37.8 97
02 73.5 10 84. 8 113 15.2 10 26.5 112
03 16.1 10 25.3 93 3.09 10 14. 2 111
04 52.6 10 61.7 91 5.85 15.4 10 95
05 73.8 10 83.3 95 12.6 10 23.1 105
06 44.9 10 56.3 115 8.42 10 19.3 109
, . - HPLC-ICP-MS ;
3 ;Lu 0% - - -ICP-MS )
As(lD . (MMAT) (DMAM) ; Yang [
(CE)-ICP-MS , As(l)  As(V). (MMAY)
(DMAW ; [18] _ s
As(l)  As(V). (DMA) . (p-As) (MMA); el /
-ICP-MS As(l)  As(V). (MMA) .,
(DMA) (AsB), PO, . OH, SO, SO, o
o , , As()  As(V)
3.3
3.3.1 As[)  As(V) ,
LA As(Y) . 10 min L As([lD 30.3 mg/L,As(V) 3.8 mg/L
1.81 mg/LC  3), 35 min, As(l)  As(V) ,As({lD  30.3 mg/L
22.0 mg/L,As(V) 1.81 mg/L 0.68 mg/L, 24 h,As(l)  As(V) 1.
20 0.04 mg/L, , As(l)  As(V) 49. 4 1. 88 mg/g,
98.8% 98.9%. ; Asl)  As(V) . 24 h
3.3.2 As( As(V) As) As(V) (1) Lagergren
Lol (2) tz1] As{lD  As(V) .
tK,
lg(ql—q):lgq]—z.303 [@D)
t 1 1
PR b “
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.t (h);q ¢ (mg/g); 1004 4
q q: 1
80 43
(mg/2); K, K,
(g/(mg » b)) S 60 =
g/img * hle g 12 2
S 40 | %
4 2, RrR® < 41 £
20 a As(V) alo
As(l)  As(V) . ) N L, Ay
0 40 80 120 160 200
As(D  As(V) i
13.8 0. 466 m ,
g/g 3 As(l)  As(V)
49.4 1. 88 mg/g. ’ Fig. 3 Changes of As(ll) and As(V) concentrations with
AS(HD AS(V) ° time
As(l)  As(V)
2r 120
| a b As(V)
1
80t
s As(ITl) @
= Of E r
TR T
40}
-1F As(V)
I Ag(11)
-2 L 1 " 1 L 1 " 1 0 P 4 T T —*,
0 2 4 6 8 0 40 80 120 160 200
t’h t/h
4 As(lll As(V) Lagergren (a) (b

Fig. 4 Plots of Lagergren first-order kinetics (a) and pseudo-second order kinetics (b) for

As(llll and As(V) adsorption on ferrihydrite
(R*=1.00),

s JAslD - As(V) .
o As[)  As(V) 50.0 1.89 mg/g.
( 2.3 mg/g) ( 7.50 mg/g) ) (
0.197 mg/g)™*7, ( 1.04 mg/g)*,
tell | [27 ,
As(ll) As(Ill) As(V) .
3.3.3 As(D As(V) As(l) 9 AslD AslV)
As(V) Table 2 Parameters of adsorption kinetics for As(ll) and As(V) adsorption on fer-
rihydrite
N N N First order kinetics Paeudo second order kinetics
. . ki q 2 ky q2 2
Asl) - As(V) ) (mgle R (g/(mg-h)  (mg/py X
. As(ll) 0. 332 13.8 0.99 0. 089 50.0 1. 00
Weber-Morris As(V) 0. 331 0. 466 0. 96 2.99 1. 89 1. 00
3 o
q=K, t""+b (&))
st (h)sq ¢ (mg/g); Kw (mg/(g +h*")); b

d Gy 1'5 8 d



1096 40
b s o 50. - —* :AS““}e
Al AsV) g a’
C 5, SAs(D As(V) *Eﬁ 30F
C o AD AN, gl
b b C 3, s L
s . s 10
sl As). K. O
K. ( 3, As 0 4 fm(im) 12 16
' ’ 5 Asl)  As(V)  Weber-Morris
) > As(lll) As
W 3. Aslll As(V). Fig.5 Plot of Weber-Morris model for As(l) and As
3.4 (V) adsorption on ferrihydrite
(D
Asl)  As(V) R As(l)  As(V) . N
, . (2) AG 1-X8
As(V). 3 AslD AsY)
As(l AG 1-X8 EEEIZ; fef:giiifm of intraparticle diffusion for As(ll) and As(V) adsorp
ASW) ’
As(m) X Original stage Last stage
, As(llh K P i oy K TSR
As(V) E)) As(l)  0.980 32.4 7.11 0.934 49.7 0.0203
Asl) As(Y) AsV)  0.850  1.31 0.253 0.999  1.89 0. 0002
s
As{)  As(V) , , As()
As(V) o
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Separation of Inorganic Arsenic Species from Aqueous Solution by Anion
Exchange Column and Its Application in Study of Arsenic Removal

GUO Hua-Ming*"*, LIU Chun-Hua**
(State Key Laboratory of Biogeology and Environmental Geology' . School of Water Resources and Environment® ,
China University of Geosciences, Beijing 100083, China)
*(China Railway Resources Exploration Co. , Ltd , China)

Abstract Arsenic(ll) and As(V) can be separated with a strong anion-exchange resin (AG 1-X8) due to
its adsorption of As(V) in acetate form and neither As(V) nor As(ll in chloride form. The samples,
which were filtered and acidified with concentrated HCI, flowed through the acetate-form resin
column (75 mmX5.3 mm i. d. ). Arsenic(ll] passes through the acetate-form resin column, and As(V)
is retained. Adsorbed As(V) was eluted by passage of 0. 12 mol/L HCI through the column, during
which the resin was converted from the acetate form into the chloride form. The first 10 mL effluent
gives the As() concentration, and the last 10 mL the As(V) concentration. The method is easy to
handle and cost-effective, which is suitable for on-site separation and accurate determination of As(Y)
and As(l) in groundwater. The method has been used for determining As species in solutions during
As removal by ferrihydrite. Results show that pseudo-second order kinetic model well describes the
kinetics of both As () and As (V) adsorption on ferrihydrite in anaerobic condition. Intraparticle
diffusion is not the major process controlling As adsorption. However, external mass transfer plays
more and more important role during the adsorption as the reactive time increases.

Keywords Arsenic species; Groundwater; Anion exchange column; Adsorption
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