
Environ. Sci. Technol. 2004, 38, 3604-3607 

Using Chromium Stable Isotope
Ratios To Quantify Cr(VI) Reduction: 
Lack of Sorption Effects 
ANDRE S. ELLIS,··t 
THOMAS M. JOHNSON, AND 
THOMAS D. BULLEN~ 
Department of Geology, University of nlinois at Urbana­
Champaign, Urbana, nlinois, and Water Resources Division, 
U.S. Geological Survey. Menlo Park. California 

Chromium stable isotope values can be effectively used 
to monitor reduction of Cr(VI) in natural waters. We investigate 
effects of sorption during transport of Cr(VI) which may 
also shift Cr isotopes values, complicating efforts to quantify 
reduction. This study shows that Cr stable isotope 
fractionation caused by sorption is negligible. Equilibrium 
fractionation of Cr stable isotopes between dissolved Cr­
(VI) and Cr(VI) adsorbed onto y-A120s and goethite is 
less than 0.040/. (53Cr/52Cr) under environmentally relevant 
pH conditions. Batch experiments at pH 4.0 and pH 6.0 
were conducted in series to sequentially magnify small 
isotope fractionations. A simple transport model suggests 
that adsorption may cause amplification of a small 
isotope fractionation along extreme fringes of a plume, 
leading to shifts in 53Crf52Cr values. We therefore suggest 
that isotope values at extreme fringes of Cr plumes be 
critically evaluated for sorption effects. A kinetiC effect was 
observed in experiments with goethite at pH 4 where 
apparently lighter isotopes diffuse into goethite clumps at 
a faster rate before eventually reaching equilibrium. 
This observed kinetic effect may be important in a natural 
system that has not attained equilibrium and is in need 
of further study. Cr isotope fractionation caused by speciation 
of Cr{VI) between HCr04- and CrOl- was also examined, 
and we conclude that it is not measurable. In the absence 
of isotope fractionation caused by equilibrium speCiation and 
sorption, most of the variation in o53Cr values may be 
attributed to reduction, and reliable estimates of Cr reduction 
can be made. 

Introduction 
Chromium is a redox-active metal that is a common 
anthropogenic contaminant in surface water and ground­
water (1- 3). The widespread use of chromium in a variety 
of industrial processes, including electroplating, leather 
tanning, and wood preservation (4), has resulted in a 
substantial environmental problem, although natural sources 
ofCrcan be important as well (5). For any remediation design 
to beeffective, it is important to be able to identify the source­
(5) and to accurately monitor chromium attenuation. 
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Chromium occurs in nature as Cr(VI) and Cr(III). In natural 
waters, Cr(VI) exists either as bichromate (HCr04-) or 
chromate (Cr041-). It is highly soluble and extremely mobile. 
adsorbs only on FelAl hydrous oxides. and is a suspected 
carcinogen. Cr(lll) , on the other hand, is relatively insoluble, 
often coprecipitates with Fe(llI)-oxyhydroxides (6), adsorbs 
strongly, is relatively immobile, and has a much lower toxicity. 
Redox conditions and reactions therefore control the mobility 
and hence effective toxicity ofCr in aqueous solutions. Most 
Cr(VI) remediation designs focus on in situ reduction of 
Cr(VI) to Cr(In), by using reactive barriers (7, 8) or injection 
of reducing agents (9). Monitoring of Cr(VI) reduction is 
therefore critical. 

Our previous study demonstrated that Cr stable isotope 
measurements may provide an effective and quick method 
to monitor Cr(VI) reduction in ground and surface waters 
(10). Cr(VI) reduction causes an enrichment of the lighter 
isotopes in the reduced product at any given instant. We 
monitor this enrichment via the 53Crl52Cr ratio. and shifts of 
3.5%0 were observed during Cr(VI) reduction by magnetite 
and sediment slurries. With this enrichment value known. 
the extent of reduction can be calculated, provided the 
isotopic composition ofthe initial source is known. The extent 
of reduction calculated using this method assumes that in 
a given system Cr stable isotopes are only fractionated by 
reduction. and other transport processes can be neglected 
or accurately accounted for. 

Sorption of Cr(VI) likely involves a small isotopic frac­
tionation. It is generally observed that. at equilibrium, heavier 
isotopes tend to partition preferentially into more strongly 
bonded environments (11). The bonding environment around 
adsorbed Cr(VI) may differ slightly from that of Cr(VI) in 
solution, and thus the heavier and lighter isotopes may 
fractionate, resulting in slight differences in the 53Crf52Cr 
ratio between the adsorbed and dissolved Cr. If isotope 
fractionation caused by sorption results in 53CrP2Cr shift of 
roughly 0.5%0 or more in the dissolved Cr(VI). it could 
complicate attempts to quantify reduction. 

Cr(VI), present as the bichromate (HCr04-) fonn, adsorbs 
to hydrous oxides of Al and Fe in the pH range from pH 6 
to pH 2. Cr(VI) fonns an inner sphere complex on goethite 
and would be similaron )I-Ab03 (2). Both )I-AhO) and goethite 
have a net positive surface charge. and Cr(VI) oxyanions have 
an affinity for such sites. Field studies show adsorption of 
Cr(VI) is maximum in the pH range of 4-6 and decreasing 
sharply in the neutral range (12). 

Previous studies have examined isotope fractionation of 
S, Se, and Mo oxyanions during sorption. The S studies were 
conducted using goethite and soil samples. and Se isotope 
studies were conducted using Fe hydroxide (13, 14). Both 
the S and Se studies concluded that their isotopes are not 
fractionated to a measurable extent by sorption. However, 
a recent study reports an equilibrium fractionation of Mo 
isotopes, which can be as large as 2%0 during sorption of Mo 
on manganese ox:ides (I 5). 

We expect that small isotopic fractionations induced by 
sorption to be magnified as advective transport proceeds. 
Analogous effects have been observed with Fe, Ca. Cu, and ==Zn isotopes migrating through ion-exchange resins (I 6- 19). ­
An equilibrium isotope fractionation can be equated with ­
53Cr and 52Cr having different sorption coefficients (Kd'S) and ­
hence different retardation rates (16). During transport. one =w 

=0 
isotope would be retarded more than the other. causing a =-..../= (Xl
change in the relative concentrations of the two isotopes 0> 

and an isotope ratio difference between the leading edge of 
the plume and the plume core. This difference would increase ­
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