Abiotic reduction mechanism of As(V) by fulvic acid
in the absence of light and the effect of Fe(III)
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Abstract
In this paper, the mechanism of the redox cycling of arsenic under dark conditions was studied to help explain the high prevalence of As(III) in groundwater where no photochemical redox cycling is expected to occur. Most research has focused on the
photochemical oxidation and reduction of metals and metal ions with dark redox cycling not given as much attention. A full
understanding of the geochemical cycle and speciation of arsenic makes it equally important to study reduction of As(V) to
As(III) under dark conditions.
The reduction of As(V) by FA in the absence of light is hypothesised to occur via complexation, which can be greatly
enhanced by the presence of iron. Fe(III) is envisaged to play two roles:
• It facilitates binding of arsenate by FA through intermetallic bridging which results in the reduction of As(V) to the intermediate As(IV).
• It can be reduced by FA to Fe(II) which then can reduce As(IV) to As(III). The reduction of As(V) is felt to occur in two
one-electron steps, where the As(IV) is reduced by Fe(II).
In solutions with no added Fe(III), binding of the negative arsenate by the negative FA occurs through inter-metallic bridging by cationic metals inherent in the FA. Competition from H+ ions for the binding sites on FA at lower pH results in the
diminished reduction.
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Introduction
Our previous study has demonstrated that As(V) can be reduced
to As(III) by fulvic acid (FA) under both light and dark conditions
in the presence and absence of Fe(III) (Tongesayi and Smart,
2006). This means that photochemical reduction is not the only
mechanism by which As(V) can be reduced to As(III) by FA.
Most previous research (Wittbrodt et al., 1996; Hug et al.,
1997; Fukushima et al., 1999; Gaberell et al., 2003; Dutta et al.,
2005) has focused on photochemical Fe(III)-mediated oxidation
or reduction of heavy metals in natural waters; however, redox
cycling under dark conditions has not been given as much attention. Also the development of technologies to remove arsenic
species from drinking water has attracted intense research
efforts (Thirunavukkarasu et al., 2003). This work is important
in groundwater systems where the presence of DOM and iron
may result in As(III) contamination.

Materials and methods
Suwannee River Fulvic Acid (FA) was obtained from the International Humic Substances Society (IHHS) collection of reference humic materials. The As(V) solutions were prepared from
SPEX Certiprep, Inc. (Metuchen, NJ) PEAS2-2X 1000 mg/ℓ
As(V) in 2% HNO3 in which As(V) was in the arsenate (AsO43-)
form, and the As(III) stock solution was prepared from As2O3 Fisher
Scientific Certified (Chicago, IL). Fe(III) stock solution was prepared from iron(III) sulphate puratronic, 99.999% metal basis
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from Alfa Aesar (Ward Hill, MA).
Amberlite-XAD-8 20-50 mesh (Fluka AG, Cheische Fabrik
CH-9470 Buchs, Switzerland) was packed in an opaque glass column and was used to separate FA from the arsenic species before
analysis (Tongesayi and Smart, 2006). Acid-washed (10% HNO3)
and oven-dried (160 to 170oC) glassware and reagent-grade or higher
chemicals (Fisher Scientific, Chicago, IL) were used in all experiments and all solutions were prepared with Milli-Q (millipore,
Billerica, MA) deionised distilled water. All glassware was rinsed
with 70% isopropyl alcohol before use. HCl (optima) and NaOH
(50% w/w) were used for all pH adjustments as appropriate.
Nalgene Amber high density (HDPE) bottles (60 Ml, Fisher
Scientific, Chicago, IL), acid-washed (10% HNO3) and rinsed
with 70% isopropyl alcohol were used for dark incubation reactions. Temperature was maintained constant during incubations
using an Isotemp Immersion Circulator from Fisher Scientific.
A model 2100 pH/Temp/mV meter (VWR Scientific Products,
West Chester, PA) was used to measure the pH of solutions.
Reaction incubations
Aliquots from a stock solution of FA were equilibrated at the
appropriate pH for 24 h prior to being spiked with a known concentration of As(V). Reaction mixtures in which Fe(III) was
included were initially incubated for 24 h with only FA and
Fe(III) in order to prevent precipitation of Fe. They were then
equilibrated at an appropriate pH for 24 h before being spiked
with a known concentration of As(V).
HC1 (Fisher Optima, Chicago, IL) or NaOH (50% W/W Fisher
Certified, Chicago, IL) were used to adjust the pH of the reaction mixtures as appropriate. No buffer was added to the reaction
mixtures as it was felt that this could alter the chemistry of FA.
As a result, pH was periodically adjusted especially at higher pH
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