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abStract

Despite the number of detailed studies on arsenate adsorption onto synthetic 2-line ferrihydrite car-

ried out during the past few decades, questions remain regarding the fate of adsorbed arsenate during 

phase transformation of this poorly crystalline iron oxy-hydroxide. We assessed arsenate partitioning 

during this transformation by aging synthetic 2-line ferrihydrite with adsorbed arsenate (at an As/Fe 

molar ratio of ~0.017) for 7 days at 75 °C under highly alkaline conditions (pH ~10). X-ray diffrac-

tion patterns show that ~55% of the ferrihydrite converted almost entirely to hematite (with traces of 

goethite) after aging 7 days, accompanied by a ~54% loss of reactive surface area (BET). ICP-MS 

DQDO\VHV�LQGLFDWH�WKDW�GHVSLWH�WKLV�FRQYHUVLRQ�DQG�VLJQL¿FDQW�ORVV�RI�VXUIDFH�DUHD��WKH�DTXHRXV�DUVHQDWH�
concentration decreased from ~1.48 to ~0.51 mg/L during the course of the experiment. XAS analyses 

suggest that the concentration of arsenate and its speciation are controlled by its incorporation into 

the hematite.
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introDuction

Arsenic contamination in both waters and soils and the associ-

ated health hazards are a global concern (Vaughan 2006). Although 

arsenic concentrations in natural waters are usually low (1–10 

ȝJ�/���6PHGOH\�DQG�.LQQLEXUJK��������KLJK�OHYHOV�RI�DUVHQLF�LQ�
both surface and groundwaters are reported in North America, 

Asia, Europe, and Africa (Vaughan 2006). In addition, exception-

ally high concentrations (50–350 mg/L) of arsenic are reported 

for effluents generated by mining and metallurgical operations 

�6PHGOH\�DQG�.LQQLEXUJK�������0RULQ�DQG�&DODV�������9DXJKDQ�
2006). Owing to its toxicity, particularly its carcinogenicity, the 

World Health Organization (WHO) reduced the maximum permis-

VLEOH�OHYHO�LQ�GULQNLQJ�ZDWHU�IURP����WR����ȝJ�/�LQ�������:+2�
�������/LNHZLVH��WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��8�6��
(3$��UHYLVHG�WKHLU�GULQNLQJ�ZDWHU�VWDQGDUGV�IURP����WR����ȝJ�/�
in 2001 (U.S. EPA 2001).

Adsorption onto natural oxides, more specifically iron ox-

ides, can control the speciation and aqueous concentration of 

contaminants, including arsenic, in natural waters (Smedley and 

.LQQLEXUJK��������$PRQJ�DOO�LURQ�R[LGHV�DQG�K\GUR[LGHV��DPRU-
phous iron oxy-hydroxide or 2-line ferrihydrite (hereafter called 

ferrihydrite) is the most common and important adsorbent for 

contaminants in natural soils and sediments (Michel et al. 2007). 

Owing to its ubiquity, high surface area, and reactivity, ferrihy-

drite can play a major role in contaminant speciation in natural 

and process waters (Michel et al. 2007) and has thus captured 

the recent attention of the geo-scientific community, reflected in 

an overwhelming number of studies on contaminant adsorption 

RQWR�IHUULK\GULWH��3LHUFH�DQG�0RRUH�������:D\FKXQDV�HW�DO��������
:LONLH�DQG�+HULQJ�������-DLQ�HW�DO��������-LD�DQG�'HPRSRXORV�
2005). Under oxic conditions, ferrihydrite is metastable and trans-

forms to more stable and crystalline phases, such as goethite and/

or hematite, depending upon pH and temperature (Cudennec and 

Lecerf 2006). However, the presence of solutes such as arsenate 

can limit this transformation process at very high As/Fe molar 

ratios (0.500, 0.100, 0.050) under alkaline conditions (Das et al. 

2011a). At lower As/Fe ratios (achieved either by adsorption or 

co-precipitation), this transformation process slows drastically 

even under highly alkaline conditions (pH 10–12), and the trans-

IRUPDWLRQ�SURGXFW�LV�GRPLQDWHG�E\�KHPDWLWH��3DLJH�HW�DO��������'DV�
et al. 2011a). This transformation also leads to a substantial loss 

of reactive surface area (Das et al. 2011b), which could eventu-

ally trigger the release of adsorbed arsenate from the surface of 

ferrihydrite under alkaline conditions. Thus, the ability and reten-

tion capability of the newly formed solid (hematite) for arsenate 

requires investigation. Moreover, the fate of adsorbed arsenate, 

including its release from the solid phase or re-adsorption/struc-

tural incorporation into newly formed solids, has been neglected 

in studies to date. Thus, this study evaluated the fate of arsenate 

adsorbed onto ferrihydrite during aging. Aging was conducted 

on freshly prepared ferrihydrite under highly alkaline (pH ~10) 

conditions (to minimize adsorption), at elevated temperature (75 

°C) (to expedite the transformation), and with a moderate As/

)H�PRODU� UDWLR� �a������� WR� DOORZ� WUDQVIRUPDWLRQ�� DFKLHYHG�YLD�
adsorption. Samples (control and aged) were analyzed via X-ray 

diffraction (XRD), surface area analyses (BET), inductively 

coupled plasma mass spectrometry (ICP-MS), and X-ray absorp-

tion spectroscopic (XAS) techniques. The results are relevant with 

respect to the environmental fate of arsenic previously adsorbed 

onto ferrihydrite, and may shed light on the fate of other elements 

of concern (EOCs), during ferrihydrite phase transformation in 

various environmental settings.

materialS anD methoDS
All synthetic solids, namely 2-line ferrihydrite, goethite, and hematite, were 
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