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SUMMARY

The carbamate methomyl (Lannate(R)) was monitored over a six month period to
evaluate the most recent regulatory policies concerning the biphasic reentry
interval. This interval is 7 days up to July 1, followed by an increase to
21 days for the remainder of the growing season. The study included Fresmno,
Madera, and Kern counties; all of which are prominent table grape growing
regions in California. Foliage sampling, using leaf punches, was the method
of data collection. In all, 42 fields were sampled between the months of
June and November, and the compiled results do show an increase in half-life
values with the progression of summer months. However, the data does not
conform with the deadline of July 1 as the establishment of the new reentry

period. Instead, the 21 day interval does not seem Justified until the
middle of August.
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LANTRODUCTION

Methomyl (S-Methyl-N-((methylcarbamoyl)-thiocacetimidate) is a broad spectrum
insecticide registered for use on a large variety of crops. The carbamate is
utilized throughout the growing season for ‘quick and effective suppression
of target insect populations. In the case of the table grape Iindustry,
methomyl is the chemical of choice for the control of the variegated
leafhopper (Erythroneura elegantula), a serious pest. From a toxicological
standpoint, the pesticide has a category I rating with an acute oral LD50 of
17 mg/kg and 23.5 mg/kg for male and female rats, respectively. When applied
to the skin of rabbits at the maximal rate of 500 mg/kg, methomyl produced
no sign of anticholinesterase effect or weight loss (8). It is available as

a 90 percent water-soluble powder and as a 24 percent weight water-soluble
liquid (8).

Two suspected (one confirmed) episodes of pesticide related illness during
the summer of 1988 brought methomyl to the forefront of public scrutiny,
and catalyzed a reassessment of the carbamate’s behavior in the environment
{1}. The confirmed incident occcurred on May 25, 1988, and involved thirteen
individuals in a grape girdling crew. Eleven of these workers displayed
clinical symptoms typical of carbamate poisoning. Methomyl was implicated,
and later proven to be the causative agent. The data from a concurrent
dislodgeable foliar residue (DFR) study established 0.1 micrograms/cm2 as

the safe level for reentry into the field. A second potential illness
episode on September 23, 1988 was evaluated, and later discounted due to a
lack of statistical and symptomatic evidence (1). However, the DFR data

compiled as part of this second investigation were pivotal in characterizing
the seasonally related dissipative behavior of methomyl. The findings were
incorporated into a regulatory policy which based the reentry interval on a
seasonal parameter. In other words, prior to July 1, the interval was
amended to seven days; after July 1 the interval was extended to 21 days.
This was in marked contrast to the previous reentry period of two days.

In order to substantiate the newly proposed regulations, an investigative
team was assigned to study the dissipative behavior of methomyl in grape
vineyards located in three of the largest table grape producing counties in
the state: Kern, Madera, and Fresno. Sampling was conducted over a six
month. period (June-November) to either validate or discount the current
theory proposing a high correlation between the progression of summer months
and a corresponding increase in half-life values

METHODS AND MATERIALS

The sampling scheme for this particular study followed a diagonal pattern
within the designated fields. There were six (later amended to four)
randomly chosen rows per block, labelled A to F. A five row buffer was
established on either side of the experimental plot to reduce the
possibility of artifacts (edge effect) affecting data results. The location

of sampling within rows was based on multiples of five wvines, more
specifically:
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The leaves were randomly selected within close proximity to the ripening
fruit to better estimate the extent of dermal exposure fieldworkers may be

subjected to during harvesting activities. One leaf disc was taken per
vine, therefore one sample of forty leaf discs represented forty vines
within a particular row, This same procedure was followed in subsequent

sampling days as well, so a number of leaves may have had more than one leaf
punch. All sampled rows were identified by the presence of survey tape:tied
to the endpost and both margins of the forty vines.

Cultural activities such as camne turning, cane cutting, and harvesting are
subject to the demands of a particular grape variety. As a result, it was
difficult to determine which side of the vineyard row would eventually be
harvested by the fieldworker. In order to provide an adegquate
representation of of the overall degradation profile, north wversus south
facing rows were randomly assigned for each vineyard. For example, once the
bounddaries of the experimental plot were determined and the rows assigned, a

decision was then made as to which side of the row {north wversus south
facing) would be sampled.

A Birkestrand leaf punch (2.523 cm in diameter) and a four ounce glass jar
were utilized for the leaf disc collection. Once an entire sample was taken
(40 leaf discs), the leaf punch was rinsed in a plastic bag containing
distilled water, and dried; in the attempt to remove any residual pesticide
present on the equipment. This procedure was followed after every sample.
All of the sample collections were stored on ice and transported to

Sacramento by the following morning to insure extraction within a 24 hour
period.

Once at the laboratory, the leaf discs were triple rinsed in an aqueous
surfactant solution, and the washings combined and extracted with
dichloromethane. The extract was dehydrated by decanting through anhydrous
sodium sulfate into a 250 ml boiling flask. The concentrations of me thomyl
were then determined by liquid chromatography (5). The dichloromethane was
evaporated in vacuo and exchanged into methane to a final volume of 5 ml.

DATA ANALYSTS

The laboratory reported values of the methomyl concentration (ug/sample} for
each sample (40 leaf discs) were divided by the surface area of 40 two-sided
leaf discs in order to present the data in the units of micrograms/cmz.
Half-lives were then determined using logarithmically transformed mean
values of sample replicates for each field. The results {mean values) were
analyzed using a least squares fit regression of data. Regressions with an
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r2 value equal to or less than 0.2 were excluded from the analysis (n=5).

A numbey of fields in July were monitored until all of the replicates of the
sample were below the minimum level of detection (0.25 ug/sample). Only
actual data were used for the regressions, therefore MDLs or estimates

thereof were not considered. The same methodology was followed for the few
MDLs present in June and August as well.

The criteria for categorizing half-life values was the date of application,
according to a monthly schedule. The study was over a six month period,
consequently there were six sets of half-life data. The high and low mensal
estimates (half-1life) were calculated using an analysis of wvariance and
covariance procedure at the 0.95 level of confidence.

RESULTS

The results of our investigative study are provided in graphical and tabular
form. Statistical results for half-lives each month are presented in
Table 1. The location, grape variety, time of application, rate, irrigation
method, and half-1life for each of the fields monitored, are listed in
Table 2. Monthly dewpoint data for May through October from 1983 to 1988,
are presented in Table 3. Table 4 provides the monthly atmospheric
pollutant concentrations for May through October in 1988 for the Bakersfield
area (Oildale). Figures 1 and 2 display a more qualitative view of month
versus half-life values. Figure 3 illustrates the inverse correlation of
1/half-1ife versus temperature for both years (1988-89) of the study.
Figure 4 highlights the sampling site and weather station locations
topographically. The dissipation curves for each month and location are
provided in Figures 5 through 13 in 1989. This distinetion (location) was
provided to visually examine what importance geography may have on the
degradative behavior of methomyl. Figures 14 through 16 exhibit temperature
data for May to October. The bars denote the thirty year average, the solid
lines represent 1988 data, and the corresponding dashed lines display 1989
temperatures. All of the data is reported on a daily basis, presenting both
maximum and minimum temperatures for all three time frames. The filled in

portions of the figure present the days in 1989 which have higher
temperatures in comparison to 1988,

There was a noticeable increase in half-life values with the progression of
summer months (Table 1, Figure 1). The upward trend was not linear, instead
it appeared to follow a two stage pattern. June and July represented the
lower level, followed by a substantial jump to the higher plateau of August,
September, and October (Figure 1). A comparison with 1988 data tended to
support this observation linking the environmental persistence of methomyl
with the late growing season (Figures 1,2). The two year compilation of data
also confirmed the importance of September from both the purely scientific
and regulatory points of view. It represented the high point in half-1life
values, and the greatest potential health risk to fieldworkers. The month of
October was equally important for these reasons, though it did not signal
the omset of a substantially reduced dissipation rate as did September.

The sampling site was found to have a minimal effect on the degradation. rate
of methomyl according to Figures 6-11, and a comparison of half-life results
in the months of July and August for Madera, Fresno, and Delano (Table 2).
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The correlation between application rate and length of half-life for
methomyl was also examined in Table 2, and there was no apparent trend.
Several fields with rates of 0.5 1lb/acre had half-lives equal to or
exceeding other plots with application rates of 0.75 and 1.0 1lbs/acre.

Half-lives increased later in the growing season regardless of the initial
deposition and or application rate.

DISCUSSION

The findings of the 1988 and 1989 studies emphasize the potential health
risks to field persomnel working in methomyl treated fields late in the
growing season. The months of August through October are of particular
interest since they signal the onset and continuation of a higher trend in
half-lives (Figures 1,2). September is unique in having the highest mensal
half-life for two comsecutive years, according to dislodgeable foliar
studies conducted in 1988 and 1989 (Table 1). Consequently, September has
been established as the critical period for the implementation of the second
phase of the reentry interval. This 21 day reentry interval is to be

enacted to mitigate the greater health hazard associated with the continued
presence of methomyl in the field.

The dissipative behavior of methomyl during the months of May through July
(1988-89) follows a more predictable pattern, never exceeding a half-life of
two days. From a regulatory standpoint, this reduces the window of Yeentry
to seven days, the time correlated with a reduction of methoemyl
concentrations to levels equal to or less than 0.1 micrograms/cmz. :

Both phases of the regulation are significant in the respect that they are
the result of a two year compilation of data. Rarely has a chemical been so

closely monitored in an agricultural situation for one particular crop
(grapes). The findings also raise several questions pertaining to the

persistence of methomyl late in the growing season, a number of which will
be addressed in the body of the discussion. :

There are a number of factors in the environment which could explain the
seasonally linked dissipative "behavior" of methomyl. In the table grape
industry for example, the cultural practice of reducing or eliminating
irrigation in the fields late in the growing season is followed to promote
dormancy of the wvimes (6). This may also impede the rate of hydrolysis of
methomyl by a reduction of available water in the enviromment, and provide
some insight into explaining the extended half-life of methomyl later in the
growing season. Conversely, the two fields monitored during the September
precipitation (0.5 inch) had half-lives approaching two days (Table 2). It
certainly seems plausible the rain may have just washed the chemical off the
foliage, yet the instability of methomyl in the presence of water must also
be considered. Recent studies tend to confirm the substantial role
hydrolysis plays as a pathway of methomyl deactivation. The results of an
experiment monitoring the residues of methomyl in mint hay and oil concluded
such factors as location, application method, or plant species, were
inconsequential in the carbamate's dissipation. Instead, vapor pressure and

hydrolysis were believed to the primary contributors to pesticide
instability (2).

There are basically two types of irrigation practiced by the grape growers
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in our study. Flood irrigation, which involves filling the  furrows with
water, via the use of a standpipe. The furrows are interrupted by a series
of levies which contain the water to allow slow absorption into the soil,
and evaporation into the atmosphere. The second practice utilizes more
current technology and an efficient use of the irrigation water. Drip lines
are laid adjacent to the base of the grapevine along the length of the row.
Holes in the plastic tubing produce a steady drip of water within the root
zone of the plant. One would suspect the levels of available water to be
much higher in the case of flood irrigation. Higher levels of water, in
turn, should increase the rate of hydrolysis of the pesticide. Five growers
flood irrigate their wvineyards. However, a comparison of these and other
fields (using drip irrigation) monitored during the same period do mnot
corroborate this line of thought. Instead, the rate of dissipation was well
within the range of results for that particular month (Table 2). This
inconsistency may be partially explained by the chemical properties  of
methomyl. The carbamate has a high water solubility (5.8 g/100 ml) which
would retard its volatility in a humid environment (2). Therefore, the high
humidity produced by flood irrigation may have a negligible effect on
methomyl dissipation. Perhaps there is a specific level of water which
corresponds with the maximum rate of hydrolysis for methomyl. Any increase
in this level may not have any measurable effect on pesticide deactivation.
It is certainly an area of study which warrants further investigationm.

Temperature is another important consideration potentially affecting the
persistence of methomyl in the field. The average temperatures for the six
month period indicate a correlation with the half-life trend of the chemical
(Figures 1-3). That is, lower temperatures tend to prolong its presence in

the field. Under cold extremes the carbamate is quite stable. Methomyl
fortified corn fodder and silage could be stored four months at -15 degrees
C with no measurable loss of insecticide (3). Similarly, corn and tomato

samples stored at -17 degrees C and -3 degrees C showed no loss of the
insecticide after 111 days of storage (3). This represents extremes of
temperature which would never be encountered in an agricultural situation,
yet it is a viable example of methomyl's stability at lower temperatures.

The inverse correlation of temperature versus one over half-life was
examined for 1988 and 1989 in Figure 3. Except for the month of June in the
1989 study, there does appear to be a trend of higher half-lives with ccoler
temperatures. The same pattern is evident with 1988 data, the anomalous
results evident in the early season half-life data (May). Apparently,
temperature alome does not account for the transitory behavior of methomyl
early in the growing season. This certainly does not suggest the data
collected during these two months (May 1988, June 1989) are aberrant;
rather, there may be other factors such as dew formation, or atmospheric
oxidants which may adversely affect methomyl stability.

Dew point is defined as the temperature at which air reaches saturation, any
further decrease in temperature will result in water condensation (10). In
the case of methomyl, formation of water on the leaf surface would stimulate
hydrolysis of the pesticide and reduce the half-1ife. This would seem to be
a viable explanation for the lower t1/2 values in May and June in Delano
except for the discrepancy in mean monthly dewpoint results, and average
temperatures. More specifically, the minimum temperatures were rarely low
enough to reach dewpoint, therefore condensation of water on the grape
foliage was seldom a factor (Table 3). The average monthly temperature in
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May 1988 for the Delano area was 51.6 degrees F, the average monthly
dewpoint was 47 degrees F (Table 3). The few instances where dewpoint was
reached appear to have occurred early in the month; the study, however, was
not initiated until late May (1l). The same pattern was evident for June
1989, daily minimum temperatures never approached the mean monthly dewpoint
of 47 degrees F (Figure 3).

The smog levels may be significantly lower during the early summer months,
In Stanislaus county for example, the concentration of atmospheric oxidants
were found to be much lower in June in comparison to July. Secondly, there
was a highly significant correlation (one percent) between temperature and
oxidant level (7). Air quality data for 1987 and 1988 tend to support these
findings for ozone (03), which steadily increased from May through October,
followed by a substantial decline to non-detectable levels in November and
December. The atmospheric pollutant data for the summer of 1989 is not yet
available, yet ome would suspect the pattern (seasonal concentrations of
ozone) to be quite similar to that of previous years.

The correlation of ozone levels with the methomyl dissipation rate over the
six month period of the study is quite compelling (Tables 2,4). Perhaps the
higher concentrations of 03 late in the growing season induce plant foliar
damage, in turn disrupting the metabolic activities of the grape leaves.
Plant foliage damaged by ozone respond by closing their stomatal openings
(10). This would reduce the transpiration rate and the amount of available
water on the leaf surface. The most prevalent pathway of methomyl
dissipation (hydrolysis) may as a consequence, significantly decrease.
Other metabolic functions may be damaged as well, often resulting in. leaf
stippling (10). One can assume that this damage may alter the production of
extracellular enzymes or other by-products of cellular activity which can
potentially degrade methomyl. More sensitive plants show symptoms of ozone
damage at concentrations as low as 0.05 to 0.10 ppm within a few hours of

exposure. Readings from the Bakersfield area (Oildale) for the months of
September and October (1988) exceeded 0.09 ppm for 16 and 17 days
respectively (Table 4),. Therefore, the potential does exist that

atmospheric oxidants such as ozone may play a role in methomyl’s
environmental persistence in the late summer season.

The discussion would not be complete without some reference to the Intimate
association of methomyl with the plant surface. An understanding of the
pesticide’s chemical reactivity with the plant surface, and plant physiology
(e.g., turgor pressure) are invaluable in assessing the carbamate's
stability in the enviromnment. When creating the commercial preparation for
actual use, formulation chemists consider all of these aspects for best
results. Different formulations tend to affect the rate of absorption of
the pesticide into the plant. With water as a carrier, methomyl has
demonstrated the ability to penetrate the leaf cuticle. Surface residues in
one study were essentially depleted after 48 hours (4). Conversely, dust
formulations tend to persist much longer in the environment and have very
little translocative ability (4). This may be explained by the reduced
contact of methomyl with the plant surface when in the presence of dust
either as part of a formulation, or in the form of soil particles. It
certainly seems plausible then, that methomyl applied in the presence of
adjuvants such as spreaders, stickers, or buffers, would enhance leaf
cuticle penetration of the pesticide, and rapidly decrease surface residue
levels. Perhaps by altering the chemical formulation, growers can then
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effectively deal with the persistence of methomyl later in the growing
season. Sticker-spreaders were absent from all September and October
applications, providing credence to this theory.

In this discussion, a few theorizations were provided on the salient
physical and chemical properties of the environment which potentially affect
the dissipative "behavior" of methomyl. Other factors such as soil type,
microbial activity, and presence of other agricultural chemicals which may
interact with methomyl, are also worthy of mention. Pinpointing which
factor, and to what extent it contributed to the degradative pattern of
methomyl in the field would be difficult, if not impossible. Several
contributing elements acting in combination, would be the most likely
explanation. Whatever the case, there is a clear cut trend; methomyl does
persist in the field for extended periods later in the growing season.

Consequently, a revised regulation will be implemented to prevent further
illness incidents associated with the carbamate.
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TABLE 1

Methomyl Half-life Estimates (Days)

1989

Month Estimate + Estimate +
of Application Estimate Standard Error 95% Cl
June 2.07 1.99 2.24
2.15 1.92
July 1.89 1.83 2.01
1.95 1.78
August 3.52 3.33 3.95
3.72 3.17
September 4.55 3.88 6.94
5.50 3.38
October 4.39 4.20 4.81
‘ 4.39 4.04

1988

Month Estimate + Estimate +
of Application Estimate Standard Error 95% ClI
May 111 1.08 0.98
1.14 1.27
September 5.30 5.30 6.30
5.30 4.60
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TABLE 3

Mean Monthly Dewpoint

McFarland

Year May June July August  September  October
1983 43 41 40 60 57 55
1984 52 50 58 57 53 46
1985 44 51 54 50 51 44
1986 47 52 51 57 51 47
1987 49 53 55 49 50 52
1988 47 53 60 56 50 50
1989 44 47 55 58 55

Avg, 46.3 49.8 53.3 55.3 52.4 49.0

Visalia

Year May June July August  September  October
1983 25 48 55 63 60 54
1984 49 54 65 63 59 48
1985 46 56 59 58 56 50
1986 49 56 58 61 52 48
1987 51 55 53 58 55 53
1988 49 51 61 60 55 53
1989 43 46 54 57 56

Avg. 4486 52.3 57.9 60.0 56.1 51.0
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TABLE 3

Mean Monthly Dewpoint

Fresno

Year May June July August  September  Qctober
1983 48 48 48 56 54 51
1984 26 30 58 57 54 49
1985 47 55 56 55 55 45
1986 45 49 48 50 47 45
1987 44 44 43 47 45 51
1988 47 53 58 58 55 53
1989 51 52 58 59 857

Avg. 44.0 47.3 52.7 B54.6 52.4 49.0

(CIMIS, California Department of Water Resources)
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TABLE 4

1988 Annual Statistics and Number of Occurrences of Daily Concentrations
Greater than 0.02 ppm

1988

May June July August September October

OZONE 2 8 13 13 16 17
CARBON MONOXIDE 0 0 0 0 0 0
NITROGEN DIOXIDE 0 0 0 0 o 0
SULFUR DIOXIDE 0 0 0 0 0 0

(California Air Quality Data, 1988, California Air Resources Board)
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FIGURE 4 - Geographlc Locations of Sampling Sites
and Weather Stations
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FIGURES

Methomyl Dissipation Curve
Natural Log Values
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FIGURES 9-11
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