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It is generally recognized that the analysis of pesticides in
environmental samples should not be based solely on the results
obtained by using a single column-detector system in a gas chromato-
graph (1,2). When at least two columns of different polarities are
used in the determination, the results are more reliable and, in
most cases, give more information about the possible identity of the
compound in question. Moreover, the use of two different types of
detectors can provide even more convincing evidence. The dual flame
photometric detector, which monitors both sulfur and phosphorus
simultaneously, is quite useful for this purpose (3).

Another tool for the confirmation of pesticide residues in
environmental samples is chemical derivatization. A rapid method
for the analysis of organophosphorus insecticides has been des-
cribed (4) which is based on their hydrolysis to the corresponding
dialkyl phosphate, methylation, and subsequent quantitation of the
trialkyl derivative by gas chromatogfaphy This method haa)been
applied to Abate™, Dursban , Perfar?®, dasanit, and Guthion.
However, there are certain limitations to the method which do not
permit its applicability to a broad spectrum of organophosphorus
compounds. The conditions specified for hydrolysis and extraction
are not optimum for all compounds of interest and the gas chromato-
graphic column used does not resolve all of the components of a
mixture of trialkyl phosphate derivatives.

It has been reported recently that methylated products resulting
from the alkaline hydrolysis of organophosphorus compounds can be
detected by a gas chromatographic screening technique (5). The same
conditions of hydrolysis were applied to all of the compounds studied.
Most pesticides which hydrolyze to form dimethyl phosphorothionate,
diethyl phosphate, and diethyl phosphorothionate could be determined
at submicrogram levels. Those hydrolyzing to dimethyl phosphate
could not be analyzed by this procedure because of interference from
inorganic phosphate which yields trimethyl phosphate wnder the con-
ditions of analysis.

Many of these limitations have been resolved in a recent publica~-
tion on the determination of alkyl phosphates and thiophosphates in
human urine (6). The gas chromatographic conditions and derivatiza-
tion procedures reported there were selected to obtain the complete
resolution of all the dialkyl phosphates that might result from the
metabolism or hydrolysis of the common organophosphorus insecticides,
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The purpose of this investigation was to determine the optimum
conditions necessary to obtain maximum hydrolysis of a wide variety
of organophosphorus insecticides to their corresponding dialkyl
phosphates or thiophosphates. The gas chromatographic procedure
described above (6) coupled with the appropriate hydrolysis conditions
should result in a very useful confirmatory procedure.

Experimental

Glassware, apparatus, reagents, and standard solutions were the
same as those described by Shafik and Enos (6) except that a 12'
glass column was used instead of the aluminum column.

Methods

Three methods for the hydrolysis and alkylation of insecticides
containing alkyl phosphate groups are presented below. Since the
conditions for analysis vary among the different groups of organophos-
phate insecticides, general procedures are given. Specific details
concerning the normality of base needed, and the time and temperature
of hydrolysis are given in Tables 1 and 2.

The products resulting from each of the hydrolysis procedures are
identified and quantitated by the gas chromatographic method previously
described (6).

Method 1

(a) Pipet an aliquot of the organophosphorus insecticide in hexane
(10~-20 pg) into a 13-ml glass-stoppered centrifuge tube and evaporate
the hexane with a gentle stream of filtered nitrogen. Add 0.1 ml of
aqueous NaOH, mix, and let stand for the designated time. If the
sample is to be hydrolyzed at 50°C, attach a reflux condenser with
circulating ice-cold water.

After the hydrolysis is completed, acidify the solution with enough
HC1 for an excess equivalent to about 0.04 ml of 5 N HCL in the final
solution. (If 2 N or 5 N NaOH is used in the hydrolysis, then 10 N
HC1l is used for acidification. If the normality of the base is less
than 1, acidify with 5 N HCl.) Add 0.4 ml of alcohol to the solution,
using methanol if the solution is to be methylated or ethanol if the
solution is to be ethylated, and enough diazoalkane to give a persistent
yellow color. Allow the mixture to stand for 20 minutes, remove the
excess diazoalkane by bubbling filtered nitrogen through the solutiom,
and adjust the volume with the alcohol used in alkylation so that the
final concentration is about 1 pg/ml.
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(b) The reaction is carried out in a small tube prepared by cutting
the narrow end of a disposable Pasteur pipet to a length of 1/2 inch
and sealing. Pipet an aliquot of the insecticide in hexane (100 ng)
into the tube and evaporate the hexane with a stream of nitrogen. Add
50 pl of aqueous NaOH, mix, and let stand. After the hydrolysis is
completed, acidify the solution with 15 pl of 5 N HC1l and add, dropwise
with vigorous mixing, enough diazoalkane to give a persistent yellow
color to the ether layer. Allow to stand for 20 minutes with occasional
mixing. Remove excess diazoalkane by bubbling nitrogen through the
solution. Evaporate any remaining ether, and add 35 Ml of the appro-
priate alcohol so that the final volume is about 100 pl.

Method 2

(a) Pipet an aliquot of the pesticide in hexane (10-20 pg) into
a 25-ml glass~stoppered concentrator tube (Kontes No. 570050) and
evaporate the solvent with a stream of filtered nitrogen. Add 1 ml
of aqueous NaOH, mix, and allow to stand. If the sample is to be
hydrolyzed at 50°C, attach a reflux condenser with circulating ice-
cold water. After the hydrolysis is completed, add 4 ml of distilled
water, 5 g of NaCl, 10 ml of the extracting solvent (1:1 ethyl ether~
acetonitrile), and enough HC1 so that the final solution contains about
1 m] of 5 N HC1 in excess of that needed to neutralize the base. Mix
for 1 minute on a Vortex mixer, and allow the layers to separate.
Pipet an aliquot of the organic extract into a centrifuge tube and add
enough diazoalkane to give a persistent yellow color to the solutiomn.
After 20 minutes, remove the excess diazoalkane by bubbling nitrogen
through the solution. Adjust the volume with the appropriate alcohol
so that the final concentration is about 1 ug/ml.

(b) Pipet an aliquot of the solution containing the pesticide
(100 ng) into a 13-ml glass-stoppered centrifuge tube. Evaporate the
solvent, add 50 pl of aqueous NaOH, mix, and allow to stand. If the
sample is to be hydrolyzed at 50°C, attach a reflux condenser with
circulating ice-~cold water. After the hydrolysis is completed, add
0.5 ml of distilled water, 0.5 g of NaCl, 0.5 ml of extracting solvent
(1:1 ethyl ether-acetonitrile), and 0.5 ml of 5 N HC1l. Mix for 4
minutes on a Vortex mixer, allow the layers to separate, and pipet an
aliquot into another 13-ml centrifuge tube. Alkylate as previously
described, adjusting the final volume to 0.1 ml.

Method 3

This method was adapted from the WHO procedure for the analysis
of malathion (7). Pipet an aliquot of the pesticide (10-20 ug per
0.25 ml in absolute methanol or ethanol) into a 13~ml glass-stoppered
centrifuge tube. Add 0.02 ml of aqueous 0.5 N NaOH. Swirl gently
for 5 to 10 seconds. (DO NOT SHAKE!) Allow to stand for 120 10
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seconds. Add 0.75 ml of HCl and mix well by swirling. Transfer a
portion (mot larger than 0.2 ml) into a 13-ml centrifuge tube. Add
1 ml of ethanol or methanol and about 4 ml of the diazoalkane.
Proceed with the determination.

Results and Discussion

A major limitation to the use of alkaline hydrolysis as a route
to confirmation of the identity of organophosphorus pesticides has
been the inability to find a GLC column which satisfactorily resolves
all of the trialkyl phosphates of interest. A solution to this
problem was recently reported by Shafik and Enos (6); the chromato-
grams in Figure 1 were obtained by using the column and conditions
described in that paper. Baseline separation is achieved for both
methylated and ethylated mixtures of the six dialkyl phosphates.
Since DETP isomerizes to the thiolate upon alkylation (8), DEPTh
appears in the standard mixtures in place of DETP. All calculations
involving this compound are made from DEPTh.

By systematically varying the conditions of hydrolysis, conditions
can be selected which produce either the most complete hydrolysis or
the most characteristic products. By using a 207 Versamid column for
separating mixtures of alkyl phosphates, a more complete picture of
the hydrolysis products of organophosphorus pesticides can be obtained.
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Figure 1. Chromatograms of mixed standards of trialkyl phosphates
using a phosphorus filter, 526 mu. a ~ Methylated: DMTP 3.3 ng; DMP
10 ng; DEP 6 ng; DMDTP 25 ng; DEDTP 6 ng; DEPTh 8.5 ng. h - Ethylated:
DMTP 10 ng; DMP 10 ng; DEP 6 ng; DMDTP 25 ng; DEDTP 5 ng; DEPTh 5 ng.
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Tables 1 and 2 show the hydrolysis conditions which produced the
most satisfactory results for each insecticide. The compounds are
listed in groups according to the dialkyl phosphate moiety. Within
each group, one or two sets of conditions are reported which seem to
give the most generally satisfactory results. Although no one method
or set of conditions may be applied to all organophosphorus insecti-
cides, consistency was noted within each group.

Three basic procedures were found which could be applied to nearly
all insecticides studied. Method 1 is the most generally applicable,
It involves hydrolysis of the organophosphate under various conditions
and alkylation of the entire hydrolysate and can be applied to both
microgram and nanogram quantities of most dimethyl-substituted
organophosphorus insecticides, as well as many of the diethyl-substituted
compounds. The only compounds which did not give satisfactory hydrolysis
by this procedure were in those groups containing DEP and DEPTh moieties
and the three compounds Dursban, malathion and Guthion.

Although most compounds were hydrolyzed by both Method 1(a) and
1(b), three insecticides in the group containing the DETP moiety
(diazinon, parathion and sulfotepp) hydrolyzed only at the nanogram
level. All attempts to hydrolyze microgram quantities of these com—
pounds, under a wide variety of conditions, produced only insignificant
amounts of the alkyl phosphate.

A few compounds were hydrolyzed by Method 1 to give results which
were characteristic of the individual insecticide. Most notably,
ethion hydrolyzed to a mixture of DETP and DEDTP by Method 1(a) and
was the only compound examined which produced DEDTP. Fenthion yielded
an equimolar mixture of DMTP and DMP by Method 1(a), but Method 1(b)
gave predominantly DMTP at 507 of the theoretical amount; this behavior
was unique to fenthion. With Abate, as the conditions of hydrolysis
were made more stringent, the yield of DETP passed through a maximum
at 50% of theoretical and then declined. The conditions listed in
Table 2 were selected to give the maximum yield of DETP.

Method 2 was developed to treat those compounds which could not
be satisfactorily hydrolyzed by Method 1. In Method 2, a larger
volume is used for hydrolysis and the alkyl phosphate products are
separated from the aqueous hydrolysate by extraction. Many compounds
which were hydrolyzed only slightly or not at all by Method 1 could
be hydrolyzed successfully by Method 2. Those compounds in the
groups containing DEP and DEPTh moieties gave satisfactory results at
both nanogram and microgram levels.

Method 3, an adaptation of the WHO procedure for the analysis of
malathion (7), was modified to handle microgram quantities, but its
applicability was limited. Although this method was tried with every
insecticide containing a thiolate sulfur, it gave satisfactory hydrolysis
only with malathion and Guthion.
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Figure 2. Chromatogram of trialkyl phosphate esters using the
phosphorus filter, 526 mi, and the 16' Versamid column.

A special attempt was made, using all three methods, to obtain
the alkyl phosphorothiolate through hydrolysis of the S-R bond. Those
compounds containing dimethyl or diethyl phosphorothiolate moieties
hydrolyzed without exception at the P—-S bond, yielding only DEP or
DMP, respectively. In a few cases involving dialkyl phosphorodithioate
compounds, some hydrolysis occurred at the S-R bond to produce the
corresponding dithioate. In these compounds at least, the S-R bond
appears to be somewhat labile.

During these investigations, a further study was made of the gas
chromatographic system. It was found that a mixture of all 12 alkyl
phosphates could be resolved on a 16' x 1/4', 207% Versamid column at
160°, as shown in Fig. 2. For this reason, the 16' column has found
some application in the analysis of mixtures complicated by the
presence of desalkyl phosphates formed either by metabolism or during
hydrolysis. However, because of the increased time required for
analysis it is not used routinely.

Conclusions

Additional information concerning the identity of organophosphorus
insecticides may be obtained using the hydrolysis procedures described
in this paper. A variety of conditions were used to produce the most
favorable hydrolysis. Limitations encountered in other methods have
been largely eliminated through improved conditions of hydrolysis and
the use of a more efficient gas chromatographic system for resolving
trialkyl phosphates.

65



¢
2
)
@)

(%)

(6)
M

(8)

ELGAR, K. E., J. Ass. Offic. Anal. Chem. 50, 1067 (1967).
SCHECHTER, M. S., Pest. Monit. J. 2(2), 1 (1968).
BOWMAN, M. C. and BEROZA, M., Anal. Chem. 40, 1448 (1968).

ST. JOHN, L. E., JR. and LISK, D. J., J. Agr. Food Chem. 16, 408
(1968).

ASKEW, J., RUZICKA, J. H. and WHEALS, B. B., J. Chromatog. 41,
180 (1969).

SHAFIK, M. T. and ENOS, H. F., J. Agr. Food Chem., 17, 1186 (1969).

World Health Organization (WHO), Specifications for Pesticides
Used in Public Health, 3rd Ed. p 47 (1967).

SHAFIK, M. T., BRADWAY, D., BIROS, F. and ENOS, H. F., Mdnuscript
in preparation (1970).



