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Introduction

Field and laboratory reseach has shown that théipaing of arsenic (As) between solution and sait
sediment solids in aqueous systems is often céedrdly the cycling of Fe. Under oxic conditionse th
dominating inorganic As species is arsenate (As@hich is often found in association with hydroesric
oxides (HFO). The prinicpal immobilization mechanssfor As(V) by HFO may be twofold: Arsenate may
become sequestered from solution during precipitatif HFO (coprecipitation) or become immobilized b
HFO after its formation (adsorption). The latter am&nism is considered as being less effective in As
removal from solution on a molar Fe basis comp#&wembprecipitation [1]. The extent of sequestratdis
during formation of HFO depends on the presenamofpeting species that have a similar or higheniaff
toward HFO. Low molecular weight organic acid (LMWDanions are important examples of competing
species typically found in environmental systemian®, fungi, and bacteria excrete LMWOA anionsjclvh
may then reach millimolar concentrations in (miero)ironments such as the soil rhizosphere or bigfil2,
3]. LMWOA anions may, at high concentrations, immpar inhibit the formation of crystalline Fe(lll)-
(hydr)oxides. Because (re)crystallinization of HFF@olves the polymerization of Fe(O,OH)ctaeder which
in turn decreases the number of available soritas for As, high concentrations of LMWOA anionaym
eventually favor the sequestration of As on a mékarbasis. In addition, LMWOA anions may effectywel
stabilize HFO particles against aggregation, trasicing the aggregation-induced loss of ligand-ssibée
surface area. The objective of our research watutty the speciation of Fe (and As) in systems &/ht#O
is formed in the presence of As(V) and LMWOA anions



Methods

We synthesized HFO in the presence of citrate asfVA In these syntheses we varied the intial
citrate/Fe ratio from 0 to 0.5 (Table 1). The swysths were conducted by titrating a 200 mM FefplO
solution containing 10 mM As(V) and increasing amisuof citrate with 1 M KOH at a rate of 0.3 mL/min
up to a final pH of 6.5. Afterwards, the suspensiarere centrifuged at 5000y for 1 h. The supernatants
were decanted and subsequently ultrafiltered thrd@i§-kDa membranes to separate colloidal HFO from
dissolved Fe (As) species. The centrifugate waskshozen in liquid N and freeze-dried. In all three
fractions, we measured the total content of Fefsmdrhe freeze-dried solids were analyzed by povdeay
diffractometry and for their C and N contents. Iredge X-ray absorption spectra of the centrifagathe
supernatants, and the ultrafiltrates were meadarbdth transmission and fluorescence mode at M6 1B
beamline.

Results

At molar citrate/Fe ratios >0.05, only a fractidntlee initial Fe formes HFO particles large enotgibe
separated by centrifugation, whereas a considefadmion of the Fe remains in solution as soluble
complexes and fine colloidal particles, respecyiv@lable 1). Increasing amounts of citrate in tietisesis
had no effect on the molar As/Fe ratio of the sofmmed (Table 1, column 4). A similar molar Astiaéio
found for the centrifugates and the supernatantseeatments 3 and 4 suggests that the supernataminly
composed of colloidally stabilized HFO with a sianimolar As/Fe ratio as the solids that were sexliete
by centrifugation. This finding was surprising givéhat in treatment 4 the dissolved Fe fraction posed a
significant portion of the total Fe with a much lemAs/Fe ratio (Table 1, last two columns). To i§jathe
speciation of Fe in the supernatants containing Hblids and dissolved Fe species by means oéiine
combination fit (LCF) analysis, the supernatant gles and the 3.5-kDa ultrafiltrates were analyzedtieir
X-ray absorption fine structure.

Table 1. Molar As/Fe and citate/Fe ratios in synthesis protocols and in synthesis products.

Treatmer Synthesis % of Fe remaining in Centrifugate Supernatant % of total Fe in .5-KDa Ultrafiltrate
No. As/Fe citrate/Fe sol. after centrifugation As/Fe ratii/Fe As/Fe 3.5-kDa ultrafiltrate As/Fe
1 0.05 0.00 bdi 0.05 0.00 0.00 0.0 0.00
2 0.05 0.05 bdl 0.05 0.05 0.bo 0.0 0.00
3 0.05 0.25 63 0.04 0.17 0.05 8.3 0.04
4 0.05 0.50 95 0.05 0.21 0.05 39 0.01

? below detection limit with ICP-OES (8V); ®all Fe could be settled by means of centrifugation.

Figure 1 shows selected-weightedx(k) spectra of the solids and supernatants analy&edcan be
noticed by mere visual inspection of Fig. 1, spedf the supernatants of treatments 3 and 4 (thllein
between the two endmembers: pure As-containing ldR@® soluble Fe(lll)-citrate complexes (Fig. 1, goli
black lines), whereas thgk) spectrum of the 3.5-kDa ultrafiltrate (f) redales that of the Fe(lll)-citrate
reference. Linear combination fit analysis over-etge of 2.5-11 A using the two endmembers revealed
that in the supernatants of treatment 3 and 4entsly, 26% and 43% of the Fe can be ascribesbhable
Fe(lll)-citrate complexes. The R-factors of the fitere always less than 0.02. Based on the fitdbuks and
our solution data, we conclude that approximat@¥of Fe(lll)-citrate complexes formed during s\edis
of HFO in treatment 3 are readsorbed to the sulfdle at higher initial citrate concentrations én@ent 4)
only 5% of the Fe(lll)-citrate complexes becomedszabed to HFO, presumably due to competition for
sorption sites with As(V) and citrate molecules.r@ata show that, in agreement with our introduyctor
reasoning, at an initial molar citrate/Fe ratidd®0, the suspended HFO particles in the superhedamprise
a significant higher molar As/Fe ratio than thecjp#ated particles

Based on our earlier EXAFS experiments at beami®1B (Exp. No. 01-01-750) and our recent
results, we are now able to show convincingly lfattincreasing citrate concentrations in the presear
absence of As(V) lead to an increased disordenernHFO structure, (ii) that a significant portiohHFO is
stabilized in suspension by citrate at initial rmatarate/Fe ratios >0.05, (iii) that the HFO pelgs in the
supernatant are less crystalline than those otémérifugate, and (iv) that a significant portiohFe(lll)-
citrate complexes formed during HFO synthesis cacoime readsorbed onto the solids. These valueable
information, in conjuction with As K-edge EXAFS dabbtained at ANKA (Karlsruhe, Germany), have
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important implications for our understanding of $exjuestration of As in oxic environments whereriyoo
crystalline Fe(lll)-(hydr)oxides form in the presenof low molecular weight organics.

Figure 1. k>-weightedx(k) spectra of Fe in the solids,
suspensions, and solutions analyzed: (a) As-HFQafmo
citrate/Fe = 0), (b) As-HFO (molar citrate/Fe =%),Xc)
As-HFO (molar citrate/Fe = 0.5), (d) suspension of
treatment 3, (e) suspension of treatment 4, (f}kBa
filtrate of treatment 4, (g) Fe(lll)-citrate comglépH
5.05).

K x(K) (A7)

N
w
b e — —
Ul
o 4— -
“9. e
~ & g
o 4—
©
=
o
=
[y

k(A

In summary, our data suggest that despite HFO ptation, As(V) remains mobile at high LMWOA anion
concentrations because HFO colloids to which Adév3orbed do not coagulate. In addition, our EXAFS
data indicate that in the supernatants ternary émmp of As(V), that is, complexes composed of As(V
Fe(lll), and citrate, are negligible compared to(\Msadsorbed to suspended HFO colloids. Our results
provide new important insights into the effect @ivimolecular weight organics on the mobility andemial
bioavailability of pollutants like As(V) in soilsna sediments. The excellent results obtained attB8R aid

in establishing the link between the structure arahjeochemical reactivity of poorly crystalline Fg{
(hydr)oxides formed in the presence of ubigitougaarc matter in natural systems.
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