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This study was performed to investigate the effect of humic acid on the adsorption of arsenic onto hematite and
its binding mechanism through the chemical speciation modeling in the binary system and the adsorption modeling
in the ternary system. The complexation modeling of arsenic and humic acid was suitable for the binding model
with the basis of the electrostatic repulsion and the effect of bridging metal. In comparison with the experimental
adsorption data in the ternary system, the competitive adsorption model from the binary intrinsic equilibrium con-
stants was consistent with the amount of arsenic adsorption. However, the additive rule showed the deviation of
model in the opposite way of cationic heavy metals, because the reduced organic complexation of arsenic and the
enhanced oxyanionic competition diminished the adsorption of arsenic. In terms of the reaction mechanism, the
organic complex of arsenic, neutral As(IfI) and oxyanionic As(V) species were transported and adsorbed competi-
tively to the hematite surface forming the inner-sphere complex in the presence of humic acid.

Key words : Arsenic, Humic acid. Hematite, Chemical speciation, Adsorption
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114, GIST licence)s AHESk] FRAYR
93 FHYTFE dAE T FHARIHE Aot ¥
A FAe HEH o ul2AE-(outer-sphere complex)
2 3% Assls gRvE 4lEEdMe TIM 24
(triple layer model)?+ CCM = 9(constant capaci-
tance model)@ Aol = 4 Uvh(Hsia ef al, 1992;
Goldberg and Johnston, 2001). &3l %& FAFS
7he FANEE S o o] 27kme] Allel gsir] &
PHog2 TLM3} CCM 24z 47 ¥ rhGoldberg
and Johnston, 2001). Z&|u}, £ 379} o] BIA7}
738 £21E-(inner-sphere complex)S FAsh= A
3}E2] 3¢ Dzombak and Morel(1990)2] DLM =
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B o & Adrgoh TeiA, As@Deh As(V)e] H4dst
Eo| £2E 3712 wjg} DLM 24e] o #3g}s}
7] wiel] 2 Ao gekE FARdE dAsid).
DLM =de| Astde] F2 #Weol 73 Ag A
(strong binding site)2} 2Fst A3 A}el(weak binding
site)?] B]$-2 Dzombak and Morel(1990)2] A4 o)

Table 1. Surface parameters for hematite used in this study.

Parameter Unit Values
Solid concentration g/l 10x1072
Surface area m¥g 17

X ) moles/g 2.30x107
Surface sitc density sites/nm? 23]
Total surface area m%L 1.70x10™!
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Whgelog P4

Hlash Fu4t 2 HANe] F7HE APRACNA
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A 2 kgl pH Foold HAYe) BA 3
ABE °F 65%% T} Az AAscHFg. 1).
olmj, As(Ds} As(V)ol &2 Zz S5tk (Fig
lay 37k Fol2 stkE(Fig. 1h)e] F&l 2s)
A BARHATY F, AslD= pKlzg.zool hol) 4
H3As0,9] FAdslelso i1e-2 3, As(V)e
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Table 2. Surface complexation reactions and equilibrium constants in the ternary systems of As(lIl)-hematite-HA and

As(V)-hematite-HA.

Reactions Constants (Log K) Derivation
3H(+) + AsO4(3-) + FeOH = H,O + FeH,;AsOy 29.31 Dzombak and Morel (1990)
2H(+) + AsO4(3-) + FeOH = H,O + FeHAsO,(1-) 23.51 Dzombak and Morel (1990)
AsQO4(3-) + FeOH = FeOH-AsO4(3-) 10.58 Dzombak and Morel (1990)
3H(+) + AsO;5(3-) + FeOH = H,0 + FeH,As0O; 541 Dzombak and Morel (1990)
H(+) + RCOO(2-) = RCOO-H(1-) 34 Ko et al. (2004a)
2H(+) + RCOO(2-) = RCOO-H, 6.8 Ko et al.(2004a)
FeOH + RCOO(2-) = RCOO = FeOH(2-) 8.7 Ko et al. (2004b)
FeOH + H(+) + RCOO(2-) = RCOO = FeOH,(1-) 12.5 Ko et al. (2004b)
RCOO(2-) + H3AsO4,= RCOQ = H3AsO,(2-) 372 This study
RCOO(2-) + HAsO4(2-) = RCOO = HAsQ4(4-) 12.2 This study

*Charge of each species in paranthesis
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Fig. 1. Hematite surface speciation for the adsorption of (a)
1335 uM As(I1D) and (b) As(V) onto hematite at ionic
strength = 10 mM.

HyAsO, (DK, =2.20)9+ HAsO,Z(pK,=6.97) % AsOS
(PK;=1153) 3Fke o Fabe-g Sth(Table 2). o

o, AIIDE 434 B 99 G 98
1 BU1E ST, 09, AV 8] S
2o) 59

sl

Felate] HEAPE Ko o al(2004bel 4749
& ulske) 8 5loRE(Fig. 2a)7 224
o] B8 AY 35k (Fig. 2b)ye 299 st F9
AR golwe] Rz AsfE {7l EPoh& A
7Wfunctional groupys zHe=t}. ojm, Fuibe] FlEE
A7) (carboxyl groupyt F& F&ue] Ar|E 2R
shz thrte] Fol Hadelr] Wi 27te} Sl
o2 T 7PEETHOliver ef al, 1983). =, FYAL
2 Ft2E2A 79} wAzi7 AR HZRCOO_J o]=3)
2)5-9 (diprotic dissociationys zH=th FH4He pH 5
oldellM 27tel Sole HE(pK,=68)2 & EA3}
w, pH 4 2AHelA 171e] Fol éﬁ'EH(pI<I1=3-4)7P 5
PAHoR FEE "ok ek 271 foleel Fyate]

HE )

S ol AL

- oFEA - Davis, AP

i —— RCOO*
- HRCOO'
— - HRCOO
8 10 12
w | FaOH=
@ 60 e Total FeOH=RCOO
o ~——w FeOH,'=
2 T e |
2 4 /
i !
i
[ et ——— P ———— TTTT
2 4 6 8 10 12
pH

Fig. 2. (a) Dissociation of HA used in this study and (b)
hematite surface speciation for the adsorption of 10 mg C/
L HA onto hematite at ionic strength = {0 mM.
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Fig. 3. Chemical speciation for the complexation of (a)
13.35 uM As(I) and (b) As(V) with 10 mg C/L HA at ionic
strength = 10 mM (dot point represents the experimental data
of the organically complexed As).
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Fig. 4. (a) As(IIT} and (b) As(V) adsorption onto hematite
in the presence of HA.
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Fig. 5. ATR-FT-IR analysis of ternary and binary system including As(TIII) or As(V) (13.35 uM), hematite (1.0x107 g/L) and HA

(10 mg C/L).
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