
MATERIALS AND METHODS
PLANT MATERIALS: Leaves and roots of

sugar beet and tomato plants grown

hydroponically. Leaves and fruits of

commercial peach trees grown in the field.
DEVELOPMENT: The selection of the internal
standard (IS) and the ratio of plant tissue weight
to extraction solution weight (PTW/ESW) were carried out
including post-extraction recoveries for each plant material.
VALIDATION: Recovery assays were carried out by grinding frozen plant
material with Fe(III)-o,oEDDHA (analyte), Fe(III)-racemic-o,oEDDHMA (used
as IS) and extraction solution (1 mM ammonium acetate, pH 6) in a zirconium
oxide-ball mill. The suspension was centrifuged and an aliquot of the
supernatant was treated with an excess of Fe in order to reconstitute the
Fe(III)-o,oEDDHA chelate. The PTW/ESW ratios used were: 80 mg/g for sugar
beet and tomato leaves, 120 mg/g for peach leaves, 160 mg/g for roots and 60
mg/g for peach fruits.
APPLICATION: o,oEDDHA was extracted from tissues of sugar beet and
tomato Fe(III)-o,oEDDHA treated  plants according to the method described
above.
INSTRUMENTATION: MicrOTOF (Bruker Daltonics) time of flight mass
spectrometer equipped with an Apollo electrospray ionization
source and coupled to a Waters Alliance 2795 HPLC
system (Waters). Racemic and meso-o,oEDDHA were
determined as a ferric chelate with the Álvarez-Fernández,
Orera et al (2007) HPLC-ESI/MS method.
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 o,oEDDHA concentrations (nmol/gFW) 
  racemic meso  total  

Leaf  11.9 ± 0.9 11.7 ± 0.8 23.6 ± 1.8 Sugar beet Root 6.3 ± 0.8 5.8 ± 0.8 12.1 ± 1.6 
Leaf  30.0 ± 3.0 33.0 ± 2.9 63.0 ± 5.8 Tomat o  Root 9.5 ± 1.6 8.5 ± 1.3 18.0 ± 2.9 

 

RESULTS AND DISCUSSION

 
 LOD 

(pmol/gF W )  
LOQ  

(pmol/gF W )  
Recovery  

(%) 
  racemic meso racemic meso racemic m e s o  

Lea f  2 4  1 8  8 1  6 1  93 ±  8 93 ±  4 Sugar beet 
Root 9  8  3 0  2 7  92 ±  7 105 ± 6 
Lea f  9  1 0  2 9  3 4  91 ±  5 91 ±  1 Tomat o  
Root 3  4  1 1  1 4  90 ±  3 92 ±  2 
Lea f  4 9  2 9  1 6 2  9 8  97 ±  8 87 ±  4 Peach  
Frui t  1 2  1 2  3 8  4 1  90 ±  2 93 ±  2 

 

VALIDATION PARAMETERS. Limits of detection (LOD), quantification
(LOQ) and recoveries (in %) obtained for racemic and meso o,oEDDHA
in six different plant tissues. Recovery data are means ± SE (n = 5). FW
means fresh weight.

APPLICATION IN REAL PLANT MATERIALS. o,oEDDHA
concentrations found in plant tissues of plants treated for 24 h with 90
µM Fe(III)-o,oEDDHA. Data are means ± SE (n = 3). FW means fresh
weight.

The internal standard Fe(III)-racemic-o,oEDDHMA is suitable for
o,oEDDHA determinations in plant tissues.
The LOQs are much better than the only LOQ reported in the
literature for determination of o,oEDDHA by HPLC-UV/vis, which was
2140 pmol/gFW (Bienfait et al. 2004).

The xenobiotic molecule o,oEDDHA was found in all plant tissues
analyzed, as reported in literature for plant tissues treated with
similar concentrations of the analyte (Jeffreys and Wallace 1968,
Bienfait et al. 2004). The concentrations found in leaves were
higher than in roots in both species.

Both o,oEDDHA isomers (racemic and meso) were found in
similar concentrations in each plant tissue.
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 INTRODUCTION
The synthetic ferric chelate of the xenobiotic ethylenediamine-N-N bis(o-
hydroxyphenylacetic) acid, commonly known as Fe(III)-o,oEDDHA, is one
of the most used and efficient fertilizers to control Fe chlorosis in
calcareous soils. Fe(III)-o,oEDDHA has two diastereoisomers, the meso
form and the racemic mixture, which are present in approximately equal
amounts in commercial fertilizer formulations. However, in spite of its
wide use, few attempts have been made to determine directly o,oEDDHA
in plant tissues (Batra and Maier 1964, Jeffreys and Wallace 1968,
Bienfait et al. 2004). This is mainly due to the lack of analytical methods
capable of determining, in a specific way, very low concentrations of this
xenobiotic in complex matrices such as plant materials.
In our previous studies, we used liquid chromatography coupled to
electrospray-mass spectrometry (HPLC-ESI/MS) to determine most of
the Fe(III)-chelates used as fertilizers, including Fe(III)-o,oEDDHA, in
commercial formulations and some liquid agricultural matrices (Álvarez-
Fernández, Orera et al. 2007). The internal standard (IS) of this method
(57Fe(III)-o,oEDDHA) cannot be used for plant tissue determinations
because isotope exchange reactions occur between 57Fe and natFe. The
aim of this work was to develop, validate and apply a procedure suitable
for HPLC-ESI/MS determination of o,oEDDHA in plant extracts by using
the method previously developed and validated for liquid agricultural
matrices, but using a different internal standard, Fe(III)-racemic-
o,oEDDHMA .


