


Cr(III)-oxalate), the Cr in the plant 
was only observed in the +3 oxida-
tion state. Furthermore, the EPR 
spectra indicated the occurrence of 
Cr(III)-organic complexes, except 
in the case of the plants grown in 
CrCl3 and the low Cr(VI) treatment. 
The EPR spectra from these two 
treatments indicated the presence 
of a precipitated Cr(OH)3 phase 
in or on the roots. EPR spectra of 
both the roots and shoots of plants 
grown in a high Cr(VI) treatment 
concentration revealed distinct 
Cr(V) signals and additional signals 

Figure 2.  XANES Cr K-edge spectra of 5% (w/
w) standards of (A) Cr(VI) and (B) Cr(III), fresh 
subclover (C) leaf and (D) root tissue grown with 
0.04 mmol L-1 Cr(VI), fresh subclover (E) leaf and 
(F, G) root tissue grown with 1.6 mmol L-1 Cr(VI).  
Spectra F and G are successive scans at the same 
position on the root indicating the rapid reduction 
of Cr(VI).

of Cr(III)-organic complexes in the 
leaf. Using XANES, Cr(VI) was only 
positively identified in the roots of 
plants grown with the high Cr(VI) 
treatment concentration (Figure 
2). Successive scans revealed the 
rapid disappearance of this peak, 
indicating the rapid reduction of 
Cr(VI) (Figure 2F,G).  

Results from this study provide in-
formation on how plants tolerate 
Cr(VI). This tolerance must involve 
the complete reduction of highly 
toxic Cr(VI), Cr(V), or Cr(IV) to 

the considerably less toxic Cr(III), 
and either the immobilization or 
compartmentalization of Cr(III). 
Three processes of immobiliza-
tion and compartmentalization 
were identified: (i) the precipita-
tion of a Cr(III) hydroxide phase 
at the root, (ii) the complexation 
of Cr(III) and its probable storage 
as Cr(III)-organic complexes, and 
(iii) the transport of Cr(III)-organic 
complexes to the leaf margins, 
where the Cr  is less disruptive to 
plant metabolic processes.

Figure 1.  SXRF microprobe images of the relative Cr 
concentrations in transects of subclover leaves grown in 
(A) 0.04 mmol L-1 Cr(VI) for 21 days and (B) 1.6 mmol 
L-1 Cr(VI) for 4 days.  The rectangle on the subclover 
leaflet at the top of the figure indicates the approximate 
location of the transect.


