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Introduction

Gas chromatography is usually the method of choice
for the analysis of pesticide residues because of its
wide applicability and high sensitivity. Confirmatory
evidence is required, however, where the sample history
is unknown. The ubiquitous polychlorinated biphenyls
(PCB's) give gas chromatographic peaks which elute close
to or coincident with many chlorinated pesticides and
constitute a question as to the absolute authenticity of
glc data describing residue levels in the environment.
The problem of interference of PCB's in glc analysis of
DDT is well documented (1,3,5).

Mirex is characteristically a late elutant from the
glc column and is easily distinguished from other chlorin-
ated insecticides. Despite its unique property, Mirex
can be confused with some of the peaks of PCB's.

The two PCB's st%died in our laboratory, Aroclor 1254
and Aroclor 1260° have late eluting peaks that overlap
with that of Mirex when analyzed on a 6-ft, U-shape
column packed with either 3% QF-1 or 3% 0V-210.

The use of mass spectrometry for positive identi-
fication of pesticide residues has been suggested (3,6).
The data reported here are a preliminary description of the
application of mass spectrometry for residue identifi-
cation with these two insecticides.

Experimental

A Bell-Howell model 21-490 mass spectrometer was

lSupported in part by a grant from the Agricultural Research
Service 6603(PP-ARS 539)

2Correspondence should be addressed to CMH
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used. The sample, contained in a glass capillary tube,
was introduced directly into the ionization source using
a probe heated independently of- the source. 1In order

to obtain optimum operating conditions, the probe was
heated to 140-150°C. Mass spectra were taken at ioniza-
tion energies of 10 and 80 electron volts.

Results and Discussion

Mirex and Kepone have well-defined and characteristic
peak patterns in their mass spectra which include the
parent peak. Because of the numbers of chlorine atoms
involved, the parent peak and each fragment peak are read-
ily recognized due to the 35C1 and 87¢1 isotope ratios.
The isotopic abundance ratios of compounds containing up
to 8 chlorine (1,7) and up to 10 chlorine atoms (8) have
been calculated. We have expanded the calculation to 12
Cl following the probability formula used by Beynon (1):

r wr
wo a 100~-a
r \100 100

% natural abundance of 3/C1 (24.6%),
total number of Cl atoms in the molecule,
number of 37Cl atoms in the molecule.

where

B ap
woon

The effects of 13C isotope can be ignored due to
its relatively low natural abundance (1.069%) as com=-
pared to 37C1l. Table 1 shows the ion intensities of
chlorine isotope peaks. Values up to 8 Cl are those of
Beynon (1) presented here as per cent of the parent
peak (7).

While the final mass presentation of a quadrupole
mass spectometer is linear, that of a magnetic mass
spectrometer is logarithmic which makes the peak iden-
tification rather tedious and difficult. The chlorine
isotope ratios greatly facilitate this task, particularly
in the identification of molecular and fragment ions
of m/e > 300.

The mass spectra and results of mass measurement
are presented in Figures 1-4. In this study we found
that it was rather difficult to distinguish the true
peaks from the background at m/e < 100. Therefore, only
the peaks above m/e 100 are illustrated. Both Mirex

3Monsanto Company, St. Louis, Missouri.
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and Kepone yield strong peaks at m/e 270 corresponding
to the positively charged hexachloro-cyclopentadiene.
This suggests the retro-synthesis type of fragmentation
similarly observed among the chlorinated cyclodiene
pesticides (4). The second strong peak at m/e 235 is
undoubtedly derived from the loss of a chlorine from
fragment 270.

' o 1t
T I I 4 CeCl
cl cl ol T U5v

Ci Cl Gl
cl Gl

C] Cl m/e 270

}
Mirex 1
+ Cl

m/e 235
' o 1t
C
Cl
+ 050140
Cl !
Cl
m/e 270
l 1
%}l + + Gl
v ‘ s
}
Cl * 0506 m/e 235
Cl
m/e 216

The presence of 19.60% of C5Clu0T at m/e 216 with respect
to the base peak (m/e 270) 1in the Kepone spectrum shows
that the charge is alternately localized in both halves

of the molecule. This assumption can be extended to Mirex.
Othr ions of much lesser intensities, therefore of neg-
ligible importance from the residue viewpoint, appear to
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result mainly from successive losses of Cl in Mirex.
Kepone exhibits, in addition, the ease of ring rupture

at the ketone position with probable subsequent losses

of Cl. Other minor peaks, particularly at m/e < 235,

may be resulted from a complex of secondary decomp031t10n
and/or recombination processes. The metastable ions
could not be detected under the conditions of our exper-
1ments, thus no attempt was made to identify either the
minor peaks or the multiplets.

When the electron energy is lowered to 10 eV, most
of the minor peaks disappear (Figs. 3 and 4). The par-
ent, the m/e 270, and the m/e 235 peaks remain. This
makes the use of mass spectra in residue identification
of Mirex and Kepone easier because of minimal inter-
ference.

We suggest the use of the clusters of isotope peaks
at m/e 270 and m/e 235, and the molecular ions (m/e 540
for Mirex and m/e 486 for Kepone) as characteristics for
identification. Kepone requires, in addition, the isotope

clusters at m/e 216. The m/e 270 and m/e 235 fragments
are not free from interference. The chlordane and hep-
tachlor series of insecticides produce. these two groups

of ions (4). Nevertheless, their parent molecular ions
are clear from overlapping with any fragment of Mirex or
Kepone; chlordane, m/e 406; nonachlor, m/e 4403 chlordene,
m/e 336; heptachlor, m/e 370; heptachlor epoxide, m/e 386.
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