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Background
The Japan Environment Agency (JEA) lists 70 compounds as Environmental
Endocrine Disruptors (EEDs); one of  these is Benomyl.  Endocrine disruptors are
compounds which when ingested damage normal metabolic processes.
Identifying and monitoring these compounds has become an important use for
LC/MS.

Benomyl is an example of an endocrine disruptor.  It has anti-fungal activity. It is
completely converted into Carbendazim (MBC) in organic / aqueous solution.
Benomyl is analyzed as MBC.  An LC/MS analysis method for Benomyl was
developed and applied to a  sample of Perilla (“beefsteak” plant) spiked with MBC.
Benomyl was monitored at m/z 192 which is the protonated molecular ion for MBC
(M.W. 191).
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Analytical Conditions

Sample 10-25g 15min. Homogenized
50mL AcN extract ion 15min.Sonication
Centrif ige 10min. 3000 rpm

      I
       -----------------------------------
      I                  I
 Upper             Residue

               50mL AcN extraction 15min.Sonicat ion
Centrif ige 10min. 3000 rpm

                              I
                -------------------------

                                                   I                        I
           Upper                    Residue

30mL Hexane (AcN sat.) Washing x 2
40? Evaporation
0.1M HCl 30mL + EtOAc 50 mL

                                                                 I
                                              -----------------------------------

                      I               I
Upper             Residue

              50mL EtOAc
                                       I
                         -------------------------

                                                                       I           I
                     Upper        Residue

40? Evaporation
0.1M HCl 30mL + EtOAc 50 mL

pH 6.4 by 0.2M NaOH aq.
50mL CH2Cl2 extraction x 2
Na2SO4
AcN resol.

* Repeat

again

Figure 1:  Sample Preparation

A Perilla sample was spiked with MBC and then was prepared for
LC/MS analysis using the following sample preparation method. JEA
recommends sample preparation methods for both pesticides and
EEDs that are based on complex liquid/liquid extraction.
The steps in the sample preparation are diagrammed below.

LC/MS Conditions

Waters Alliance  2690 HPLC Conditions

Column: Symmetry C18, 3.5 µm
    2.1 x 150 mm

Solvents: 65.0 %H2O / 35.0% MeOH
Flow                        0.25 mL/min
Column Temperature   40.0°C
Injection Volume   10.0 µL
Photodiode array:  200-350 nm
   Extracted wavelength 287 nm

ZMD Mass Spectrometer Conditions

Electrospray positive ionization (ESI+)
   Scan 80-300 m/z
   SIR   192.1 m/z
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Figure 2:  UV Analysis of MBC
    Standard and Spiked Sample

The left panels are the chromatograms of the
standard and sample extract monitored at 287
nm.  To the right are the UV spectra from 200 to
350 nm.  Despite the extensive sample clean-up,
the sample matrix makes up a much larger
percentage of the sample than the analyte, MBC.
A 0.5 ppm standard is shown.  The UV spectrum
of the sample is not representative of the analyte.

Figure 3:  Mass Spectral Analysis of
   MBC Standard and Spiked Sample

These are the results of electrospray positive
ionization.  The TIC (total ion current)
chromatograms for the standard (0.5 ppm) and
the sample are shown on the left, along with the
m/z 192 extracted mass chromatogram [M+H]+ of
the sample (bottom chromatogram).

The mass spectra are shown on the right.
Because of the selectivity of the MS, the MBC is
readily detected in the sample.  The mass
spectrum of the sample confirms the
identification of MBC with [M+H]+ of 192.
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Figure 4:  Low Concentration of MBC (0.1 ppb)
Detection of 0.1 ppb in the SIR (selected ion recording)
mode.  The MBC [M+H]+  was monitored at m/z 192. The
signal-to-noise ratio is 14:1

Figure 5:  Reproducibility of MS Analysis of MBC
10 overlaid mass chromatograms are shown for spiked
samples.  Retention times and peak area (%RSD = 0.86) are
very reproducible.

Conclusions
LC/MS provides a highly sensitive method for the analysis of MBC, the hydrolysis product of the suspected endocrine
disruptor Benomyl.  When the ZMD mass spectrometer,a single quadrupole instrument, is used in SIR mode it is sensitive
enough to detect MBC at sub parts per billion concentrations (100 ppt) with a good signal-to-noise ratio.  The linearity of this
assay from 0.1 to 1000 ppb was excellent, R2  = 0.9998 (data not shown).  For quantitative analyses at 10 ppb produced very
reproducible results (Figure 5).  LC/MS analysis in the SIR mode is highly selective; low concentrations of MBC can be
detected in the presence of a complex sample matrix. In this situation, LC/MS was able to detect and quantitate MBC where
UV was not adequate.


