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vary in other citrus growing areas.
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Potential Benlate Fungicide Exposure during Mixer/Loader Operations, Crop

Harvest, and Home Use

Leighton P. Everhart and Richard F. Holt*

Potential exposure to Benlate fungicide was determined for three different agricultural use situations
involving different types of exposure. Total exposure to benomyl was minimal during the mixing of
Benlate for aerial application or during reentry into a treated field for crop harvest or during home use.
Average potential dermal exposures for these three situations were 26, 12, and <1 mg of benomyl,
respectively, with the major portion of the exposure on the hand and forearm areas. The average potential
respiratory exposures for the three use situations were 0.08, 0.003, and 0.003 mg of benomyl, respectively.
On the basis of the low dermal and respiratory toxicity of Benlate, these values do not contribute to

a significant body dose.

Benlate fungicide, which contains benomyl [methyl 1-
(butylcarbamoyl)-2-benzimidazolylcarbamate] as the active
ingredient, is widely used to control a range of fungus
diseases affecting over 30 different fruits, vegetables, field
crops, and ornamentals. This paper addresses the question
of potential human exposure to Benlate under a variety
of use situations representing the extremes of potential
exposure. These situations encompass mixing procedures
for aerial application, reentry into treated fields, and home
use (garden, ornamental, and greenhouse). They were
selected in order to evaluate the total use pattern safety
of Benlate.

Determination of potential exposure to pesticides has
previously been studied in detail by Durham and Wolfe
(1962). The procedures established in their studies have
been successfully applied and reported by other investi-
gators in the area of pesticide exposure (Staiff et al., 1975;

E. I. du Pont de Nemours & Company, Inc., Biochem-
icals Department, Wilmington, Delaware 19898.

Popendorf et al., 1979; Spear et al., 1977, Durham et al,,
1972; Wolfe et al., 1959, 1961, 1975). By use of these
established techniques in this study, Benlate potential
dermal exposure was assessed by attaching absorbent pads
to various parts of the body or clothing. Cotton gloves were
worn to assess exposure to the hands. Respiratory expo-
sure was monitored by the use of filter pads in specially
modified respirators.

The results from this research indicate only minimal
benomyl exposure in each of the three use situations
studied. Maximum values, as expected, were noted in the
mixing of Benlate prior to aerial application. In this use
situation, the average dermal exposure was 26 mg of be-
nomyl and the average total respiratory exposure was 0.08
mg of benomyl per mixing cycle.

EXPERIMENTAL SECTION

The materials and methods used in all three test situ-
ations have been described in detail by Durham and Wolfe
(1962). All samplings for the measurement of potential
exposure were collected under actual use conditions.
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Table II. Summary of Recovery Data

fortification recovery, %
level, ug no. of A
substrate of Benomyl determn av range
respirator pads 2.0-500 13 97 80-124
dermal exposure 3.0-5000 16 95 74-110
pads
gloves 20-5000 16 90 70-120

the wettable powder was more dense than average and the
tablespoons were rounded higher than average, giving at
least 4.5 g/spoonful. Analysis of typical suspensions
prepared by this method were calculated at 994 ppm of
active benomyl or 1988 ppm of 50% Benlate vs. a recom-
mended spray tank concentration of 1200 ppm of Benlate.

Dermal samples were taken from the forearms, face,
back (back of neck), chest, hands, upper thighs, and lower
legs. The leg areas were monitored because of the possi-
bility of an applicator in a home use situation wearing short
pants while applying the Benlate.

Analytical Methodology. All samples were trans-
ported from the field to the laboratory and maintained at
room temperature until analysis. A 4-in.? (0.002581-m?)
portion was cut from the center of each gauze pad and
filter paper backing for analysis. Extreme handling care
was taken to ensure no loss of residue from the pad surface.
The respirator pads and the gloves were both analyzed in
toto. :

The test pads and gloves were heated under reflux for
40 min in methanol-1 N HC1 (83%:17% v/v) (250 mL/
pad; 500 mL/gloves) and filteted through cotton, and the
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methanol was evaporated on a rotary evaporator at 60 °C.
After the aqueous solution was washed once with hexane,
it was made basic, and the residue was extracted into ethyl
acetate. After being dried with sodium sulfate, the organic
phase was evaporated to dryness with the final residues
being dissolved in 1 mL of 0.1 N H;PO,. Final determi-
nation was by liquid chromatography using a cation-ex-
change column (Kirkland et al., 1973).

RESULTS AND DISCUSSION

Table II summarizes the data from benomyl recovery
studies conducted concurrently with the analysis of the
exposure samples. For the dermal pads, respirator pads,
and gloves, the average recovery factors were 95%, 97%,
and 90%, respectively. Addtionally, samples of control
pads and gloves were fortified with benomyl at levels
ranging from 500 to 5000 ug and allowed to sit at ambient
temperature for as long as 12 days before analysis. No loss
of benomyl was detected in these samples. The 12-day
interval was twice the delay period experienced for the
exposure samples in the study.

Individual results from each of the three use situations
are listed in Tables III-V. Table VI summarizes the three
test areas. In all tables the results are expressed as total
micrograms of benomyl detected (in the sample portion
analyzed), as total milligrams of benomyl per square meter
of sampling area, and as total milligrams of benomyl per
body surface area, based on body areas listed by Durham
and Wolfe (1962). Respiratory exposure was measured
directly and is listed as total micrograms of benomyl on
the filter. The lower analytical limit of detection was 1

Table III. Potential Exposure during Mixing for Aerial Application

benomylresidue benomyl residue
trial mg/body trial mg/body
no. sampling area total ug mg/m? @ area no. sampling area total ug mg/m?* @ area

1 forearms 16 6.2 0.75 6 forearms 811 314 38
face <1 <0.4 <0.02 face 309 120 7.8
back <1 <0.4 <0.01 back 8.4 3.2 0.04
chest <1 <0.4 <0.01 chest 122 47 0.71
hands 3213 39 3.2 hands 10251 125 10
total dermal 3229 3.95 total dermal 11501 56.6
respiratory 6.1 respiratory 230

2 forearms 124 48 5.8 7 forearms 42 16 2.0
face 12 4.5 0.29 facw 58 22 1.4
back 4.0 1.5 0.02 back <1 <0.4 <0.01
chest 5.7 2.2 0.03 chest 8.9 3.4 0.05
hands 3672 45 3.7 hands 2295 28 2.3
total dermal 3818 9.8 total dermal 2404 5.8
respiratory 3.0 respiratory 50

3 forearms 23 8.8 1.1 8 forearms 155 60 7.1
face 12 4.5 0.29 face 54 21 1.4
back 2.6 1.0 0.01 back 98 38 0.42
chest 3.1 1.2 0.02 chest 20 7.7 0.12
hands . NS¢ NS NS hands 17136 209 17
total dermal 41 1.42 total dermal 17463 26
respiratory 31 respiratory 20

4 forearms 32 12 1.5 9 forearms 90 35 4.2
face 34 13 0.86 face 55 21 1.4
back 4.7 1.8 0.02 back 55 21 0.23
chest 10 3.9 0.06 chest 89 34 0.51
hands NS NS NS hands 4743 58 4.7
total dermal 81 2.44 total dermal 5032 11
respiratory 4.6 respiratory 218

5 forearms 343 133 16 10 forearms 303 118 14
face 114 44 2.9 face 45 17 1.1
back 26 10 0.11 back 34 13 0.14
chest 98 38 0.57 chest 38 15 0.22
hands 11016 134 11 hands 45288 552 45
total dermal 11597 30.6 total dermal 45708 60.5
respiratory 98 respiratory 135

@ Calculations based on a surface area of 0.002581 m? for the gauze pads. ? Body areas (m?): face = 0.065; back = 0.011

(back of neck); chest = 0.015; forearms = 0.121; hands = 0,082.

¢ NS = not sampled.
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Table IV. Potential Exposure during
Reentry (Hand Harvest)

benomyl residue

Everhart and Holt

Table V. Potential Exposure during Home Use

benomyl residue

mg/body
sampling area? total ug mg/m?2 b area®

Worker No. 1
forearms 8.6 3.3 0.40
face 1 <0.4 <0.,02
chest <1 <04 <0.01
thighs <1 <0.4 <0.09
lower legs <1 <0.4 <0.09
hands 6885 84 6.9
total dermal 6895 7.30
respiratory 4.4

Worker No. 2
forearms 21 8.2 0.99
face <1 <04 <0.02
chest <1 <04 <0.01
thighs 2.6 1.0 0.22
lower legs 2.3 0.89 0.21
hands 14688 179 15
total dermal 14714 16.42
respiratory 4.6

Worker No. 3
forearms 13 5.0 0.61
face <1 <0.4 <0.02
chest 1.2 0.46 0.01
thighs <1 <0.4 <0.09
lower legs <1 <0.4 <0.09
hands 11016 134 11
total dermal 11030 11.62
respiratory <1

@ No sample taken of back area. Y Calcualtions based
on surface area of 0.002581 m? for the gauze pads.
¢ Body areas (m?): forearms = 0.121; face = 0.065;
chest = 0.015; thighs = 0.225; lower legs = 0.238; hands =
0.082.

ug of benomyl. Exposure for the various body parts was
calculated as

mg/m? =
(mg of benomyl detected) /(dermal pad area sampled)

dermal pad area = 0.002581 m?

mg/body part =
mg/m? X [surface area of body part (m?)]

Dermal exposure measurements were made on body
areas which might be exposed during each of the three use
situations. This assumes that the worker wore an open-
necked, short-sleeved shirt and did not wear gloves. Al-
though most workers routinely wear additional protective
clothing, i.e., overalls, jackets, long-sleeved shirts, and
gloves, this conservative approach should provide an ov-
erview of the “worst” case of potential exposure.

The data from this study indicate minimal exposure to
benomyl in all three use situations. Maximum exposure,
as would be expected, was in the loading/mixing operation
for aerial application. The average potential dermal ex-
posure there was 26 mg of benomyl/mixing cycle; however,
90% of this was in the hand and forearm areas where
protective clothing and gloves are often worn. The average
respiratory exposure for this situation was only 0.08 mg
of benomyl.

For the field reentry situation, the average potential
dermal exposure was 12 mg of benomyl, and the average
potential respiratory exposure was 0.003 mg of benomyl.
On the basis of a 2-h exposure period while harvesting the
crop, the dermal and respiratory exposures were 5.9 mg/h
and less than 0.002 mg/h, respectively.

mg/body
sampling area total ug  mg/m?2¢ area
Vegetable Garden
forearms <1 <0.4 <0.05
face 8.0 3.1 0.20
back 4.0 1.6 0.02
chest <1 <0.4 <0.01
thighs 2.5 0.97 0.22
lower legs 4.3 1.7 0.40
hands 104 1.3 0.10
total dermal 123 0.94
respiratory 4.9
Ornamentals
forearms 1.4 0.54 0.06
face <1 <0.4 <0.02
back <1 <0.4 <0.01
chest 1.4 0.54 0.01
thighs 14 0.54 0.12
lower legs 1.5 0.58 0.14
hands 73 0.89 0.07
total dermal 79 0.40
respiratory 1.6
Greenhouse

forearms <1 <0.4 <0.05
face <1 <0.4 <0.02
back <1 <0.4 <0.01
chest <1 <0.4 <0.01
thighs <1 <0.4 <0.09
lower legs 2.4 0.57
hands 551 6.7 0.55
total dermal 557 1.12
respieratory 2.8

@ Calculations based on surface area of 0.002581 m? for
the gauze pads. Y Body areas (m?): forearms= 0.121;
face = 0.065; back = 0.011 (back of neck); chest = 0.015;
thighs = 0.225; lower legs = 0.238; hands = 0.082.

Table VI. Summary of Benlate Use Situations:
Potential Exposure

total mg of benomyl exposure

dermal respiratory
(I) Mixing for Aerial Application
trial no. 1 3.95 0.006
2 9.8 0.003
3¢ 1.42 0.031
44 2.44 0.005
5 31 0.098
6 57 0.230
7 5.8 0.050
8 26 0.020
9 11 0.218
10 61 0.135
av 26 0.080
(IT) Reentry (Hand Harvest)
worker 1 7.30 0.004
worker 2 16.42 0.005
worker 3 11.62 <0.001
av 12 0.003
(I1I) Home Use
vegetable garden 0.94 0.005
ornamentals 0.40 0.002
greenhouse 1.12 0.003
av 0.82 0.003

¢ Since the hand areas were not measured for trial no. 3
and 4, the dermal values from these two trials were not
considered when calculating the overall average dermal ex-
posure.

The third use situation simulated standard home use
of Benlate, i.e., home gardens, ornamentals, or greenhouse.
The average potential dermal exposure was less than 1 mg
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of benomyl, and the average potential respiratory exposure
was 0.003 mg of benomyl/application cycle.

The data obtained from this research indicate a rela-
tively low level of benomyl exposure. Additionally, a
“worst case” approach was taken in this study, since much
of the dermal exposure reported was from areas often
converged with protective clothing, i.e., gloves and long-
sleeved shirts. If the assumption of basic protective
clothing is made, the practical exposure levels would be
further reduced.
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A Multiresidue Procedure for the Determination and Confirmation of Acidic

Herbicide Residues in Human Urine

William M. Draper!

Chlorophenoxy acid herbicides (2,4-D, 2,4,5-T, 2,4-DP, 2,4-DB, and silvex), dicamba, pronamide, picloram,
and PCP were determined simultaneously in human urine. Samples were hydrolyzed with mineral acid
to liberate conjugated residues and to convert pronamide metabolites to 3,5-dichlorobenzoic acid. Acids
were isolated from the urine hydrolysate by acid/base partitioning and derivatized with ethereal dia-
zomethane. Pesticides were determined quantitatively by electron capture gas chromatography (EC-GC),
and structures were confirmed by computer-controlled gas chromatography-mass spectrometry (GC-MS).
Recoveries were 80~104% for fortifications at 0.1 mg/L, and detection limits for herbicides in urine
were 0.05-0.1 mg/L by EC-GC and 0.1-0.5 mg/L by GC-MS. Derivatization with pentafluorobenzyl
bromide was unacceptable for several reasons: it enhanced the electron capture response of urinary
acids and the specific detection of the PFB analogues by mass spectrometry was limited by the similarity

of their electron impact mass spectra.

The chlorophenoxy acid herbicides are widely used in
agriculture, commerce, and homes to control terrestrial and
aquatic broadleaf weeds. The halogenated benzoic acids,
pyridine derivatives, and other herbicide classes supple-
ment the biological activities of the phenoxyalkanoic
compounds and provide a variety of phytotoxic responses
in higher plants. Human exposure is an inevitable, but
controllable result of the widespread use of these com-
mercially important chemicals. For reliable assessment
of human exposure to pesticides, analytical methods with
a high degree of qualitative accuracy are required. Analysis
of biological fluids by EC-GC alone provides inadequate
qualitative information for positive identification of pes-
ticide residues. Supplemental cleanup techniques increase
specificity but cannot eliminate analytical ambiguity.

The chlorophenoxy acid herbicides are excreted largely
unmetabolized in the urine of animals (Clark et al., 1964),

Toxicology Program, Department of Animal, Dairy, and
Veterinary Sciences, Utah State University, Logan, Utah
84322.

!Present Address: Pesticide Chemistry and Toxicology
Laboratory, Department of Entomological Sciences,
University of California, Berkeley, CA 94720.

and the urinary levels are well correlated with the rates
of exposure (Shafik et al., 1971; Khanna and Fang, 1966).
For these reasons urinalysis is useful qualitatively and
quantitatively for determining occupational and extraneous
exposure to these herbicides. Exposure to pentachloro-
and other halogenated phenols can be determined by ur-
inalysis, but recoveries are unacceptable without hydrolysis
(Edgerton and Moseman, 1979; Shafik et al., 1971).

The objective of this investigation was to develop a
generalized, multiresidue procedure for trace analysis of
herbicidal acids in urine that would be readily adaptable
to confirmation by mass spectrometry. Acid hydrolysis
was utilized to increase the recovery of conjugated residues
and to include pronamide and its metabolites in the
multiresidue scheme. Finally, methyl and pentafluoro-
benzyl derivatives of urine extracts were examined to de-
termine their applicability to detection by both EC-GC and
GC-MS.
EXPERIMENTAL SECTION

Chemicals. Analytical reference standards of 4-
amino-3,5,6-trichloro-2-pyridinecarbozxylic acid (picloram,
99%), 3,5-dichloro-N-(1,1-dimethyl-2-propynyl) benzamide
(pronamide, 97%), 3,6-dichloro-2-methoxybenzoic acid
(dicamba, 99.9%), (2,4-dichlorophenoxy)acetic acid (2,4-D,
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