
SR-TXRF at Beamline L: XANES on As in Xylem Sap of 
Cucumber Plants 

G.Pepponi2, ,,C. Streli, P. Wobrauschek, F.Meirer, , G.Zaray3, V.G.Mihucz3, J.Broekaert1, U. 

Fittschen1, G. Falkenberg4,  

Atominstitut der Österreichischen Universitäten, TU Wien,  Stadionallee 2, A 1020 Vienna, Austria  
1 Institut für Anorganische und Angewandte Chemie, Universität Hamburg, Germany 
2 ITC-irst, via Sommarive 18, 38050 POVO, Trento, Italy 
3 Inst. of Inorganic and applied Chemistry, 3 EÖTVÖS Univ , Budapest, Hungary 
4 Hamburger Synchrotronstrahlungslabor at DESY, Notkestrasse 85, D 22607 Hamburg, Germany 
 

SR-TXRF analysis, now available at Beamline L [1], can be used to perform XANES 
measurements to determine the oxidation state of chemical elements present in the sample at trace 
levels. In comparison to chemical analysis with SR-TXRF one has a lower sensitivity, as the flux 
transmitted by the Si111 crystal monochromator is about a factor of 100 lower than that transmitted 
by the multilayer monochromator. XANES measurements for As in xylem sap from cucumber 
plants grown in nutrient solutions containing  As(III) and As(V) have been performed  
The toxicity of arsenic differs considerably with the oxidation state and chemical form. Inorganic 
As species like arsenite [As(III)] and arsenate [As(V)] are more toxic than organic ones like 
monomethyl arsenic (MMA) and dimethyl arsenic (DMA) acids. Also, arsenate is less toxic than 
arsenite. However, in plants, arsenate acts like phosphate ions, thus arsenate competes for the same 
root uptake carriers. This is harmful as phosphate is responsible for the energy storage of the plants. 
Some higher plants are capable to reduce As(V) to the even more toxic As(III), but a common way 
for detoxification is to deposit the As(III) ions in the old, senescent leaves, which dry and fall. 
Thus, plants may have the capability to change the oxidation state of arsenic, therefore, this issue 
should be investigated. Experiments have been performed by growing cucumber plants in 
hydroponics containing As(III) or As(V) . The As concentration has been determined as well as the 
oxidation state in the xylem sap by SR-TXRF and XANES SR-TXRF. The big advantages of SR-
TXRF are that the xylem sap can be directly measured without any difficult sample preparation, 
which could influence the oxidation state (just pipetting and drying some µl xylem sap) and that 
only small amount of xylem are required for the analysis. However, special attention was paid on 
the xylem sap sampling, which was performed on ice bath and in Ar athmosphere in order to 
prevent As(III) oxidation to As(V).  
Standard solutions of As(III) and As(V) have been measured, the difference in the oxidation state 
could be proved with the performed XANES measurements. 
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Fig. 1 XANES spectra obtained from standard solutions. 
 

Nutrient solutions of As(III) and As(V), used for feeding the plants have been measured. The 
differences in the XANES spectra have been documented, and the chemical state in the nutrition 
solution was different under measurement conditions. Finally, measurements of xylem saps of 
plants grown in As(III) and As(V) containing nutrient solutions in concentration of 150 ng ⋅ cm-3, 
respectively, have been compared. (see Fig.2) 
 

 

Fig.2.XANES spectra from nutrition solutions as well as xylem sap feeded with AsIII as well as AsV  

The XANES spectra of the xylem saps showed that, independent of the oxidation state of As in the 
nutrient solution, the xylem sap is in the oxidation state As(III). Thus, the plants reduce As(V) to 
As(III). This is consistent with the results in Ref.2., where As speciation was performed by HPLC-
ICP-MS hyphenated method.  
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