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Method for the Determination of Dialkyl Phosphate Metabolites in
Urine for Studies of Human Exposure to Malathion

Richard A. Fenske*! and John T. Leffingwell?

A method for reducing the mono- and dicarboxylic acid urinary metabolites of the organophosphorus
pesticide malathion to dialkyl phosphates has been developed as a modification of a standard dialkyl
phosphate metabolite procedure. Alkaline hydrolysis of urine samples is conducted prior to extraction
and derivatization of dimethyl thiophosphate (DMTP) and dimethyl dithiophosphate (DMDTP). The
dialkyl phosphates are derivatized with pentafluorobenzyl bromide (PFBB) and analyzed by GLC/ECD.
Recoveries of malathion metabolites were 88%. The procedure was employed in the estimation of
exposures in workers mixing and applying malathion in citrus orchards. This approach simplifies
chromatographic analysis, increases sensitivity of the overall method, and allows investigators to assess
human exposure to malathion within a general procedure for dialkyl phosphate metabolite analysis.

The use of urinary metabolites as a means of biological
monitoring for pesticide exposure is gaining wide popu-
larity in both scientific and regulatory circles (van
Heemstra-Lequin and van Sittert, 1986; USEPA, 1987).
However, animal dosing studies demonstrating substantial
(>>50%) urinary excretion of the parent compound or
major metabolites are an absolute prerequisite for vali-
dation of such a biological monitoring approach. The
efficacy of urine excretion monitoring is improved if (1)
the parent compound is excreted unchanged or as one or
two major metabolites, (2) excretion is relatively rapid (<72
h), and (3) the metabolites are measurable at low levels
with relatively straightforward analytical techniques.

Organophosphorus insecticide exposure can be assessed
by two basic biological monitoring methods: blood cho-
linesterase inhibition and urinary metabolite excretion.
Routine cholinesterase monitoring of commercial appli-
cators is now required in many states and has been pro-
posed at the federal level in the recently promulgated
regulations for farm worker protection (USEPA, 1988).
Urine monitoring for worker exposure has been adopted
by numerous researchers and was the subject of a recent
national symposium (Wang et al, 1989).

The analysis of the dialkyl phosphate metabolites of
organophosphorus insecticides has been reported by a
variety of investigators (Shafik et al., 1973; Churchill et
al., 1978; Daughton et al., 1979; Reid and Watts 1981).
This approach has the important advantage of allowing
investigators to develop a single laboratory procedure for
studying an entire class of insecticides rather than re-
quiring a set of compound by compound procedures.

Malathion [0,0-dimethyl S-(1,2-dicarbethoxyethyl)
phosphorodithioate] presents a special problem in this
regard, as it does not proceed through the same mamma-
lian metabolic pathways as most of the organophosphorus
compounds. Malathion is metabolized by esterase cleavage
at one or both of the carbethoxy esters (Bhagwat and
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Table I. Major Mammalian Metabolites on Malathion

% of total
name (abbreviation) metabolities®
malathiondicarboxylic acid (DCA) 62.9
malathion-a-monocarboxylic acid (MCA) 19.6
0,0-dimethyl phosphorothionate (DMTP) 8.6
0,0-dimethyl phosphorodithioate (DMDTP) 4.5

¢From Bradway and Shafik (1977); average percent of total me-
tabolites excreted in rats at three dose levels (0.69-69 mg/day);
dimethyl phosphate excretion accounts for remaining 4.4%.

Ramachandran, 1975; Chen et al., 1969), resulting in the
excretion of malathiondicarboxylic acid (DCA) and ma-
lathion-a-monocarboxylic acid (MCA). These structures
are presented in Figure 1.

Bradway and Shafik (1977) have identified the major
metabolites of malathion in rats and have demonstrated
that only small amounts of the dialkyl phosphates are
excreted (Table I). The carboxylic acid metabolites
constitute more than 80% of the total metabolites ex-
creted. Derivatives of the mono- and diacids are not de-
tected in standard gas chromatographic procedures for
alkyl phosphate detection; instead, the rather involved
procedures outlined by Bradway and Shafik are required
to produce meaningful quantitative results.

The analytical method presented in this paper was de-
veloped as part of a comprehensive study of occupational
exposure to malathion (Fenske, 1988). The primary
purpose of this study was to compare measurements from
several dermal exposure monitoring techniques with total
(72-h) urinary excretion of malathion metabolites following
exposure. Thus, it was deemed more expedient to pool
individual metabolites into as few compounds as possible
rather than analyze for each separately. This approach
has the potential advantages of simplifying the chroma-
tographic analysis and increasing the overall sensitivity of
the method. It was therefore decided to hydrolyze the
mono- and diacids of malathion (and malaoxon, if present)
to their corresponding alkyl phosphates and to analyze all
malathion metabolites as dialkyl thiophosphates.

Wolfe et al. (1977) performed an extensive array of hy-
drolysis experiments on malathion. Although this work
was carried out to mimic environmental conditions, it
clearly indicated that alkaline hydrolysis is more efficient
than acidic hydrolysis for the removal of the succinic acid
moiety of the mono- and diacids. Wolfe did not study the
acid hydrolysis of the a- and 8-monoacids themselves but
did examine their alkaline hydrolysis, which cleaves the
carbon—sulfur bond, leading to the formation of DMDTP
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Figure 3. Chromatogram of PFB esters of dialkyl thiophosphate
metabolites from urine of a pesticide applicator spraying malathion
(DMTP = 0.62 ppm; DMDTP = 0.26 ppm).

4 h led to a reduction in yields. The overnight stand of
the sample in acetonitrile allowed penetration of the sol-
vent into the viscous urine material resulting from the
azeotropic distillation, improving yields dramatically.

A typical chromatogram of DMTP and DMDTP from
a field sample is presented in Figure 3. A 1-mL urine
sample was drawn from an 8-h void after a pesticide ap-
plicator had sprayed 27 kg of a malathion 25% wettable
powder formulation on citrus over 2 h. Retention times
were approximately 6.5 and 7.5 min for DMTP and
DMDTP, respectively. Tributyl phosphate eluted between
these peaks at approximately 7 min. The limit of detection
for these compounds with 1-uL injections was 0.014 ppm
for DMTP and 0.025 ppm for DMDTP.

The excretion kinetics of DMTP and DMDTP over 48
h for one applicator are presented in Figure 4 to illustrate
the pattern seen with nearly all of the 20 workers in the
exposure study cited earlier. Excretion of both DMTP and
DMDTP was greatest in the 8-16-h period postexposure.
Nearly all of the DMTP and DMDTP metabolites were
excreted in the first 24 h (85% and 93%, respectively), and
neither compound was detectable after 48 h.

DMTP levels were higher than DMDTRP levels for each
8-h sampling period. Since the fortification/recovery
studies reported earlier demonstrated that some DMDTP
is converted to DMTP during the extraction/derivatization
procedure, these results do not necessarily reflect the
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Figure 4. Excretion kinetics of DMTP and DMDTP following
airblast application of malathion (256% WP formulation) in citrus
orchards.

relative amounts of the two compounds as excreted.
However, the amount of DMTP detected over 48 h was
nearly twice that of the DMDTP (17.2 and 9.5 umol/h,
respectively), suggesting that hydrolysis occurs primarily
at the P--S rather than the S-C bonds. These results are
in accord with the findings of Bradway and Shafik (1977)
for dialkyl phosphate excretion in rats (see Table I). Since
the purpose of metabolite analysis for human exposure
assessment is to quantify total malathion equivalent ex-
cretion, knowledge of the relative rates of DMTP and
DMDTP excretion is not an essential issue.

The alkaline hydrolysis of malathion represents a useful
modification of existing urinary alkyl phosphate metho-
dology, simplifying gas chromatographic analysis, in-
creasing sensitivity, and allowing investigators to include
malathion with other organophosphorus compounds in a
standard analytical procedure.
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Composition of Jimson Weed (Datura stramonium) Seeds

Mendel Friedman* and Carol E. Levin

Bulk commercial grain, such as soybeans and wheat, may be contaminated by nongrain impurities,
including jimson weed seeds, that coexist with the crop to be harvested. The present study was undertaken
to determine the content of the major alkaloids of jimson weed seeds, atropine and scopolamine, as well
as protein, carbohydrate, fat, mineral, hemmagglutinin, and tannin. Combined GC-MS analysis of a
jimson weed seed extract revealed the presence of atropine and scopolamine plus possibly three additional
tropane-like alkaloids. An improved HPLC procedure showed that the alkaloid concentration in samples
obtained from different parts of the United States varied by as much as 50%: 1.69-2.71 mg/g for atropine
and 0.36-0.69 mg/g for scopolamine. The presence of a strongly fluorescent green compound of unknown
structure is also described. Baking experiments with jimson weed seed fortified wheat flour showed
that atropine and scopolamine largely survive bread-baking conditions. Jimson weed seeds do not contain
protease or amylase inhibitors. These observations provide a rational basis for relating seed composition
to biological effects in animals and for assessing the possible significance of low levels of the seeds in

food-producing animals and in the human diet.

The plant Datura stramonium was grown in England
in the 16th century from seeds that came from Constan-
tinopole, Turkey (Claus, 1961). The English presumably
imported the plant to the American colonies, as evidenced
by the fact that when English soldiers, who were sent to
quell Bacon’s rebellion at Jamestown in Colonial Virginia,
inadvertently ate the plant as part of a salad in 1676, some
of them became ill and died. The name jimson weed or
Jamestown weed derives from this episode of fatal poi-
soning (Claus, 1961; Duke, 1984 Feenghaty, 1982; O’Grady
et al., 1983). This and related reports of poisonings by
jimson weed seeds demonstrate that the plant exerts
pharmacological and toxicological effects in animals and
humans. In fact, Klein-Schwartz and Oderda (1984)
suggest that jimson weed abuse is a potentially serious
form of substance abuse in adolescents and young adults.
The most common symptoms of jimson weed ingestion are
altered perception of the environment, visual hallucina-
tions, mydriasis (dilation of the eye pupils), and tachy-
cardia (increase in heart rate) (O’Grady et al., 1983). High

Western Regional Research Center, U.S. Department
of Agriculture—Agricultural Research Service, 800 Bu-
chanan Street, Albany, California 94710.

levels may cause depression of the central nervous system,
with symptoms ranging from lethargy to coma (Klein-
Schwartz and Oderda, 1984). Antidotes include the use
of the anticholinesterase drug physostigmine, charcoal to
slow down absorption, magnesium citrate to speed passage
through the intestinal tract, and ipecac to induce vomiting
(Orr, 1975; O’Grady et al., 1983).

The literature on jimson weed covers a variety of aspects
including agronomic and botanical (Broekaert et al., 1988;
Hagood et al., 1981; Kilpatrick et al., 1984; van De Velde
et al., 1988; Weaver, 1986), chemical and pharmaceutical
(Cordell, 1981; Duez et al., 1985; List and Spencer, 1976;
List et al., 1979), and medical toxicological (Day and
Dilworth, 1984; El Dirdiri, 1981; Fangauf and Vogt, 1961;
Feenghaty, 1982; Flunker et al., 1987; Gururaja and Khare,
1987; Keeler, 1981; Levy, 1977; Mahler, 1975; Mikolich et
al., 1975; Nelson et al., 1982; Shervette et al., 1979; Testa
and Fontanelli, 1988; Urich et al., 1982; Weintraub, 1960;
Williams and Scott, 1984; Worthington et al., 1981).

The objectives of this study were to (a) develop an im-
proved HPLC procedure for the analysis of atropine and
scopolamine in jimson weed seeds, (b) to demonstrate the
presence of known and unknown alkaloids in the seeds by
GC-MS analysis, (c) to measure the nutrient and antinu-
trient composition of the seeds, and (d) to assess the
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