Persistence of Parathion and its Oxidation to Paraoxon
on the Soil Surface as Related to Worker Reentry

into Treated Crops'
by W. F. Spencer, M. M. CLiatH, and K. R. Davis

Agricultural Research Service, U.S. Department of Agriculture
P.O. Box 112, Riverside, Calif. 92502

and
R. C. Spear and W. J. POPENDORF

Department of Biomedical and Environmental Health Sciences
School of Public Health
University of California, Berkeley, Calif. 94720

The considerable interest in establishing safe reentry
times for personnel working in fields treated with insecti-
cides, particularly parathion, is due to a number of
unexplainable poisonings that have occurred in recent years.
QUINBY and LEMMON (1958) reported cases of parathion poi-
soning among farm workers, sometimes at relatively long
intervals after spraying, when the parathion, presumably,
had reached safe levels. MILBY et al. (1964) reported
parathion poisoning from 16 orchards in California in which
an average of 23 days elapsed between the last application
and the poisoning. They found paraoxon on the foliage of
trees that had been sprayed with parathion and implied that
paraoxon may have caused the poisoning of farm workers.

The route and the extent of exposure of farm workers
to pesticide residues have not been ascertained. Most
research related to worker reentry has concerned concentra-
tions or persistence of organophosphate insecticides, or
their toxic degradation products, on foliage, fruit, or
dust associated with the foliage (QUINBY and LEMMON, 1958;
MILBY et al., 1964; BAILEY 1972; WESTLAKE et al., 1973;
SERAT 1973; POPENDORF and SPEAR, 1974; SPEAR et al., 1974;
LEFFINGWELL et al., 1975). POPENDORF and SPEAR (1974)
concluded that harvest workers in the central valley of
California are exposed to pesticide residues primarily
because the pesticide-containing dust is dislodged from the
foliage during crop harvesting. SPEAR et al. (1974) found
that the dislodgable residues in citrus groves three weeks

Icontribution of the Western Region, Agricultural Research
Service, USDA, in cooperation with the California Agri-
cultural Experiment Station, Riverside, and the School of
Public Health, University of California, Berkeley.

265

Bulletin of Environmental Contamination & Toxicology,
Vol. 14, No. 3 © 1975 by Springer-Verlag New York Inc.



after parathion application were mainly paraoxon. Other
workers have identified paraoxon as a photodegradation
product of parathion on foliage (JOINER and BAETCKE, 1973;
GRUNWELL and ERICKSON, 1973). The formation of paraoxon,

or its persistence, is apparently enhanced by the presence

of dust on the foliage (WESTLAKE et al., 1973; SPEAR et al.,
1974; POPENDORF et al., in press). WARE et al. (1972, 1973)
reported very low concentrations of paraoxon and a relatively
low persistence of parathion sprayed on clean cotton leaves
in Arizona.

Considerable quantities of insecticides ultimately
reach the soil surface, either by direct application or
by wash-off from crops in excess water applied with the
insecticide. Pesticides are much more persistent in dry
soil than moist soil, mainly because they are less volatile
(SPENCER et al., 1969, 1973) and microbiological activity
is lower in dry soil (LICHTENSTEIN and SCHULZ, 1964).
Essentially, all the episodes of worker poisoning with
organophosphate insecticides have occurred during the hot,
dry summer months in California while workers were harvest-
ing tree fruits or grapes. These crops are often furrowor
drip irrigated, which results in a relatively high percent-
age of the soil remaining dry during the summer irrigation
season. In this study, we determined the persistence of
parathion and its oxidation to paraoxon on dry soil under
treated citrus trees in relation to the hazard to workers
reentering the grove to pick fruits.

MATERIALS AND METHODS

Test plots were in a furrow-irrigated citrus grove
near Lindcove, California. Furrows were on each side of
the tree row and in the row middle. The grove was irri-
gated at 10- to l4-day intervals, with less than 40% of
the grove floor being wetted during irrigations. Thus,
approximately 60% of the grove floor remained dry during
the experiment. The soil was San Joaquin loam (pH 7.2;
organic matter 1.2%; clay 9.7%, predominately kaolinite
and illite).

Ethyl parathion (wettable powder) was sprayed on three
plots of about 250 trees each at the rates of 2 1b/A in
500 gallons of water/A, 4 1b/A in 1000 gallons of water/A,
and 8 1b/A in 1500 gallons of water/A in early June 1974.
Periodic sampling after application of parathion included
several types of foliar samples and samples of soil and
dust beneath the sprayed citrus trees. Fruit pickers
reentered the grove at 14, 21, and 25 days after application
of 2, 4, and 8 1b parathion/A, respectively. The relation-
ship between their blood cholinesterase response and
exposure to parathion and paraoxon on foliage or soil will
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be reported elsewhere. This report is limited to the soil
and dust sampling phase of the study.

Dust samples were taken periodically from dry soil at
the dripline of the tree and in the row middle between
irrigation furrows. Soil samples were taken from the drip-
line in the dry area between irrigation furrows, from the
row middle in the dry area between furrows, and from the
dripline within the wetted furrow area. Soil and dust
samples from each position were obtained before parathion
was applied and at various times after application, begin-
ning 2 days after spraying at 2 and 4 1b/A, and 4 days
after spraying at the 8-1b/A rate. Samples of loose dust
were obtained by vacuuming through a 100-mesh screen
installed on the bottom of a 17.7- x 25-cm wooden frame.
The frame was held on the soil surface and a stainless
steel nozzle attached to a portable vacuum cleaner was
passed over the screen. Soil samples were obtained with
a 3-cm-diameter stainless steel tube closed off with a
stainless steel plate at 1 cm from the sampling end to
ensure sampling to only the l-cm depth. Except during the
fruit picking period, individual samples consisted of 48
soil cores, or dust sampling sites, obtained from 12 trees
in each plot during each sampling day. Thus, each compos-
ite sample of 48 sites represented either the loose dust
passing through a 100-mesh screen in an area of 2.2 m? or
soil from 339 cm? to a depth of 1 cm. During the picking
period, the plots were subdivided into thirds and each
type of sample was taken from 8 trees instead of 12 trees,
resulting in 32 individual sampling sites rather than 48
for each composite sample.

Samples were frozen immediately with dry ice and kept
frozen until processed in the laboratory. Samples taken
from the known sampling areas were weighed to enable cal-
culation of parathion and paraoxon concentrations on a unit
area basis. Dust and soil samples were extracted with an
azotropic mixture of hexane and acetone for 5 and 4 hours,
respectively, in a Soxhlet extractor. Concentrations of
parathion and paraoxon in the extracts were determined by
gas chromatography using a flame-photometric detector
sensitive to phosphorus-~containing compounds.

The gas chromatograph was equipped with 2 1.83-m x 4-mm
I.D. Pyrex glass column packed with 3% OV-1 on chromosorb
W-HP (80-90 mesh). The operating parameters were: nitrogen
carrier flow, 100 ml/min; burner flow rates, 74 ml hydrogen/
min and 100 ml air/min; and inlet, column, and detector
temperatures of 200°, 190°, and 205°C, respectively. Mini-
mum detectable limits were 0.02 and 0.07 ug/g parathion and
0.07 and 0.25 pg/g paraoxon in soil and dust, respectively.
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RESULTS AND DISCUSSION

Parathion and paraoxon concentrations in dust obtained
at the dripline of trees treated at the ratesof 2, 4 and 8 1b
parathion/A are shown in Figure 1. Parathion concentrations
in dust were very high and its rapid oxidation to paraoxon
was apparent even at the first sampling dates, i.e., 2 and
4 days after application at the 2-, 4~, and 8-1b/A rates,
respectively. With 8 1b parathion/A, paraoxon concentration
reached a maximum of 157 pg/g (ppm) at 11 days and decreased
very slowly thereafter. Paraoxon concentrations remained
above 100 ug/g for at least 46 days after application. At
4 1b parathion/A, concentrations of parathion and paraoxon
were lower, with the paraoxon concentrations being slightly
higher than the parathion concentrations after 8 days
following application. At 2 1b parathion/A, concentrations
of parathion and paraoxon were similar to the 4-1b/A rate
on day 2, but concentrations decreased more rapidly at
2 1b/A. TFigure 2 shows the total parathion and paraoxon
concentrations per unit area in dry soil samples obtained
from the first centimeter of soil at the dripline and middle
of the row at various times after the application of 8 1b
parathion/A. These values are assumed to represent the
total amount of parathion or paraoxon in the soil, since
movement below 1 cm would be negligible in the dry soil.

Table 1 illustrates comparative concentrations of
parathion and paraoxon in each type of dust and soil
sample. The residue concentrations on a weight basis
(ug/g) were much higher in dust than in soil samples, but
the reverse was true when concentrations were expressed on
an area basis (ug/cm?). This would be expected since the
s0il represented the 0- to l-cm depth, whereas the dust was
only the loose material at the soil surface. The ratio of
paraoxon to parathion increased with time. The percent of
the total soil paraoxon in dust was much greater than the
percent of the total parathion. The ratio of paraoxon to
parathion was greater in dust than in soil. These results
indicate that sampling only the bulk soil may not be adequate
for evaluating the potential hazards from paraoxon and para-
thion in loose dust at the soil surface.

The depth of dust required to account for the total
paraoxon residue indicated that paraoxon was being produced
only at the soil surface, most likely by photolysis. TFor
example, at day 4 the total amount of paraoxon in the soil
could be contained in dust only 0.009 cm deep at the para-
oxon concentration measured in dust (114 ug/g) that day
(Table 1). The calculated depth of dust required to contain
the total residue was greater for parathion than for para-
oxon, and this depth increased with time for both, probably
because paraoxon and parathion slowly diffused into the dry
soil.
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Paraoxon and parathion concentrations were higher in
dust from the dripline than in dust from the middle of the
row. However, the ratio of paraoxon to parathion was
greater from the row middle and the total amount of soil
paraoxon (ug/cm?) was greater at the row middle than at
the dripline for the first 18 days. The higher ratio of
paraoxon to parathion and the greater total paraoxon at
the row middle than at the dripline was most likely caused
by the greater amount of sunlight reaching the soil surface
at the row middle.

The concentrations of parathion and paraoxon were much
lower in soil from the irrigation furrows than from the
"dry" sampling sites. Parathion did not persist and para-
oxon did not accumulate in irrigation furrows, probably
because they were hydrolyzed in the wet soil or volatilized
from the surface of the wet soil after irrigation. Also,
parathion and paraoxon concentrations in dust and soil were
extremely low following a rain that fell 110 days after
parathion application (Fig. 1 and 2). This response in
wet soil indicates that wetting the soil likely would
lessen the hazards to pickers from parathion and paraoxon
on the soil surface or in dust.

The importance of these relatively high paraoxon levels
in dust on the grove floor will depend on the amount of
dust as well as the concentration of paraoxon. The dust,
containing residues, can be blown onto foliage which later
comes in contact with workers, or workers reentering groves
can be contaminated by direct contact with the soil surface
or by stirring up dust as they move through the grove. The
amount of dust sampled in this study averaged 2.0 and 3.0
mg/cm? from the dripline and row middle, respectively.

This difference was due to the presence of leaves and other
trash at the dripline. Even though these amounts of dust
are relatively small, they are considerably larger than
occur on foliage (POPENDORF et al., in press). Also, the
amount of dust on the grove floor may vary widely and is
often considerably more than was found in this test grove.

SUMMARY

Soil and dust samples from beneath citrus trees con-
tained relatively high concentrations of paraoxon and
parathion for at least 45 days after parathion was applied
at normal rates. These data indicate that parathion drip-
ping on dry soil from sprayed crops, or sprayed directly
on the soil surface, can persist for long periods and be
oxidized to the highly toxic paraoxon. The residue con-
centrations are much higher on the loose dust particles
than in the bulk soil. The data indicate that the soil or
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grove floor should be considered as a possible contributing
source of toxicant along with foliage, or dust on foliage,

to workers reentering treated fields. In any event, the data
confirmed the high rates of oxidation of parathion to para-
oxon on particulate matter, whether on foliage (SPEAR et al.,
1974) or at the soil surface. The particulate matter appears
to contribute to the accumulation of paraoxon, either by
enhancing oxidation of parathion to paraoxon or by decreasing
dissipation of paraoxon.
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