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Ms. #906

Comparison of Solvents for
Removing Pesticides from Skin
Using an In Vitro Porcine Model

This study compared four solvents (1-propanol, polyethylene glycol [avg. MW 400], 10% Ivory®
Liquid and water, and D-TAM®) for their ability to remove selected pesticides from an in vitro
porcine skin model using a solvent-moistened wipe. Wipes were performed 90 min after
pesticide was applied to the skin. The four pesticides selected (glyphosate, alachlor, methyl
parathion, and trifluralin) were chosen because of their differences in water solubility. This study
also determined whether pretreatment of skin with a solvent prior to pesticide application would
either increase or decrease recovery of the pesticide. Recovery efficiencies for all solvents and
pesticides were affected by the amount of contaminant on the skin. Although pesticide
recoveries from all four solvents were similar (range: 45-57%), on average 1-propanol had
significantly higher recoveries, followed by soap and water. There was no significant difference
between polyethylene glycol, and D-TAM. When skin was pretreated with any of the four
solvents before pesticide application, the recoveries of the more water soluble compounds,
glyphosate and alachlor, decreased. When pretreatment with solvent preceded application of
trifluralin, the pesticide with the lowest water solubility, recoveries increased. 1-Propanol or soap
and water were more effective in removing pesticides from skin than polyethylene glycol or
D-TAM, but the amount of pesticide recovered from skin was affected by the chemical
characteristics of the pesticide (such as water solubility) and the amount of pesticide originally
on the skin. This study provides information useful to the interpretation of skin wipe sample

results collected in field studies.

Keywords: dermal contamination, in vitro, pesticide, skin, wipe test

ermal contamination by pesticides can

be a major route of exposure resulting

in subsequent absorption of pesticides

among agricultural workers. Solvents
(including those used in handwashing) may in-
crease penetration of pesticides due to absorp-
tion of the solvent, delipidization of the skin, or
irritation of the skin. Hatanaka et al.® have
shown that in certain situations ethanol can in-
crease the penetration of both lipophilic and hy-
drophilic compounds. This enhanced penetra-
tion may increase the health risk to the worker
and decrease the accuracy of the contamination
assessment. An ideal wipe or handwash solution
for assessing worker dermal contamination
would accurately remove both hydrophilic and
lipophilic pesticides without severely affecting
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the skin. Geno et al.®) suggested that mild aque-
ous surfactants might have these characteristics.

Several methods are currently being used to
determine the amount of chemicals contaminat-
ing the skin of agricultural workers. The U.S.
Environmental Protection Agency® estimates
body surface contamination using dermal patch-
es and recommends determining hand contami-
nation with cotton glove dosimeters, a solvent
handwash, or skin wipe methods.® The sol-
vent-moistened wipe or swab has been evaluated
by Wester and co-workers”® to decontaminate
skin exposed to pesticides and polychlorinated
biphenyls, and by Geno et al.®® to assess pesticide
levels on hands. McArthur® published a thor-
ough review of these methods including dosim-
eter patches, coveralls, dosimeter gloves, and



TABLE I. Solubilities, Formulations, and Suppliers of the
Formulations

Solubility

in Water
Pesticide (mglL) Formulation Supplier
Glyphosate 12,000 Roundup® Monsanto Co.
Alachlor 240 Lasso® Monsanto Co.
Methyl parathion 55 Clean Crop® Platte Chemical Co.
Trifluralin 0.3 Treflan® DowElanco

hand rinses. Advantages of skin wipe sampling are that samples
can be quickly and easily taken directly from the skin.

The purpose of this study was to compare four solvents for
their ability to remove selected agricultural pesticides from an in
vitro porcine skin model. Polyethylene glycol (PEG, avg. MW
400), 1-propanol, soap and water, and D-TAM® (a commercial
decontamination product containing propylene glycol and surfac-
tants) were selected. These solvents were compared using a stan-
dard wipe technique to determine the recovery of pesticides ap-
plied to porcine skin. The four pesticides were chosen because of
their differences in water solubility and because of their wide use
in agriculture. Furthermore, to determine whether application of
solvent affects subsequent wipe recoveries, pesticide recoveries
from skin that was previously treated with solvent and skin that
was not previously treated with solvent were compared.

The chemical properties of each solvent used in this study are
different. 1-Propanol is a highly water soluble, low molecular
weight solvent that can solubilize many organic compounds. The
octanol-water partitition coefficient for 1-propanol is 0.3, making
it slightly lipophilic. PEG-400 does not penetrate the skin readily
and has low toxicity in humans.*® The terminal hydroxyl groups
make PEG water soluble, and the alkyl chain allows solubilization
of organic compounds. As shown by Ruddy and Hadzija,*V PEG
contains a range of molecular weight molecules and can solubilize
both hydrophilic and hydrophobic compounds. Similar to 1-pro-
panol, PEG-400 is more hydrophilic than lipophilic. D-TAM is a
mixture of surfactants in propylene glycol. The product is de-
signed for decontamination of skin and has properties similar to
that of PEG and soap and water.

METHODS

Pesticides and Solvents

Pesticides were chosen based on their range of solubilities in water,
and are listed with their formulations and suppliers in Table I. All
tables and figures show pesticides in descending order of water
solubility. Each formulation was spiked with the appropriate
14C-labeled pesticide (0.1 wCi/80 wL). Monsanto Co. donated
14C-alachlor and C-methyl parathion and DowElanco donated
4C-trifluralin. C-glyphosate was purchased from Amersham
Corporation (Arlington Heights, Ill.). The wipe solutions tested
were l-propanol (Fisher Scientific, Pittsburgh, Pa.), PEG (MW
400, Fisher Scientific), 10% soap and water (Ivory® Liquid, Proc-
ter & Gamble, Cincinnati, Ohio), and D-TAM (Colormetric Lab-
oratories Inc., Des Plaines, Ill.).

Tissue

A flow diagram of the procedure is shown in Figure 1. Dorsal
porcine skin, obtained from a local slaughter house and returned
to the laboratory on ice within 45 minutes, was trimmed to 40

Skin

» Cut to 40 cm x 60 cm
- Shaved and Rinsed
« Clamped into template

Pretreatment

+ Skin exposed to wipe
solvent 30 min prior to
pesticide application

Pesticides

« Applied as dilution of formulation
« Spiked with "*C-labeled pesticide
« Doses of 0.5, 2.0, and 8.0 pg/em®

l

Wipe Procedure

+ 90 min exposure period

+ 15 passes made with | in® gauze
pad moistened with one of four
wipe solvents

« Blotted using a gauze pad to
remove excess solvent from skin

Wipe Skin
« Placed in Scintillation Vial + Removed from template
+15 m!i LS Flnid added and - Representative samples
counted

digested in tissue solubilizer
and counted

FIGURE 1. Flow diagram of the in vitro wipe procedure

cm X 60 cm, rinsed with water and soap, and shaved with a razor.
The skin was visually inspected and if any deterioration had oc-
curred, the skin was not used. To provide a consistent working
surface, two pieces of 0.25-inch plexiglass (37 cm X 54 cm) were
used to clamp the skin in place. A layer of gauze, moistened with
a saline solution, was placed between the skin and the bottom
piece of plexiglass to maintain moisture. The top piece of plexi-
glass served as a template with 28 cells (diameter of 4.37 cm) of
25 cm? plexiglass removed, and the template was arranged in 7
columns with 4 cells per column. The template had an outside
border of 3 cm with 2 cm between cells or sampling areas. For
samples, one skin loading level of at least two pesticides was used
on cach skin.

To get an estimate of variation among the nine skins used in
the study, a control wipe of 1-propanol and alachlor (2.0 pg,/cm?)
was completed on each skin. The mean = two standard deviations
for the nine control wipes was 57.7% * 5.4% and the coefficient
of variation was 4.7%. Results for each individual skin were con-
sidered usable if the control wipe was within two standard devia-
tions of the average of all control wipes (52.3 — 63.1%). All por-
cine skins tested were usable by this criterion.

Treatments

Formulations were applied to the skin in two drops (40 pL each)
and spread over the skin surface with the tip of a closed-end glass
rod. An initial experiment was performed to determine the
amount of pesticide retained by the glass rod. The test was per-
formed by spreading 80 pL (final skin loading level of 2.0 ng/
mL) of a pesticide on the skin surface. After the pesticide was
spread, the tip of the glass rod was wiped with an alcohol wipe to
remove the pesticide. The amount of the *C-labeled pesticide on
the wipe was determined following the same procedure as that of
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FIGURE 2. Percentage wipe recoveries of glyphosate from an in
vitro porcine skin model (n = 3) using four solvents at three
skin loading levels (mean + SD). Recoveries within each wipe
treatment that are significantly different (p < 0.05) are denoted
with different letters.

the skin wipe samples. Each pesticide was tested in triplicate. The
amount retained by the glass rod ranged from 0.03 to 0.5% of the
total amount of pesticide applied to the skin.

To determine whether the amount of pesticide applied to the
skin affected the amount of pesticide recovered, three different
quantities were applied to the skin. Skin loadings of 0.5, 2.0, and
8.0 pg/cm? were used, which are within the range of values
(0.024 to 12.3 pg/cm?) reported by Fenske and Lu*? for hand-
washing. The pesticide sample was allowed to dry for 90 min.

For skin samples receiving solvent pretreatment, 0.5 mL of
wipe solution was spread over the sample area. Excess solvent was
removed by gently blotting with a piece of cotton gauze, and the
pesticide was applied 30 min later.

Wipe Procedures

After the pesticide had dried for 90 min, sample areas were wiped
with a 6.25-cm? cotton gauze moistened with 0.5 mL of 1-pro-
panol, PEG, 10% soap and water, or D-TAM. With each gauze
wipe, 15 passes were made using the same wiping pattern for all
samples. Each gauze was placed in a 20-mL glass scintillation vial
along with a second gauze, which had been used to blot any excess
solvent left on the skin after the 15 passes. After adding 15 mL
of liquid scintillation fluid (Scintiverse®, Fisher Scientific), the
wipes were sonicated overnight and counted in triplicate for 5 min
with liquid scintillation counting (Beckman LS5801, Beckman In-
struments Inc., Fullerton, Calif.). Counting efficiency for *C was
98%.

After completing the wipe procedure, skin sampling areas were
removed with a scalpel and kept frozen at —20°C until further
analysis. To determine the amount of radiolabeled pesticide re-
maining on the skin, representative tissue samples were solubilized
in Soluene-350® (1 mL/g tissue, Packard Instrument Co., Down-
ers Grove, Ill.). Once samples were completely solubilized, 1 mL
was placed in a 20-mL scintillation vial with 15 mL of Insta-
Fluor® (Packard Instrument Co.) liquid scintillation fluid. The fi-
nal volume (mL) of solubilizer and dissolved tissue was multiplied
by the amount of isotope determined in 1 mL to obtain the total
amount of C left on the skin. Each sample was counted in trip-
licate for 5 min.
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Calculations

Wipe recoveries were determined based on the total amount of
isotope (*C) applied to the skin surface. Recoveries were calcu-
lated by dividing the amount of *C on the wipe by the total
amount of *C applied to the skin. To account for all pesticide, a
mass balance was completed for one skin sample from each pes-
ticide /loading/solvent by combining the amount of isotope re-
covered from the wipe with the amount of isotope remaining on
the skin. This quantity was compared with the total amount of
isotope initially applied to the skin.

Statistical Methods

Each solvent, pesticide, and skin loading combination was repeat-
ed three times. Significant differences between wipe recoveries for
the three skin loading levels of pesticides and wipe treatments were
determined by analysis of variance (STATA, Stata Corp., College
Station, Tex.). Significant differences between wipe recoveries with
and without pretreatment of solvent were determined using an
unpaired t-test (STATA).

RESULTS

1l four solvents were compared for their ability to recover pes-

ticides from an in vitro porcine skin model. The amount of
pesticide applied to the skin had a significant effect on the amount
of pesticide recovered from the skin.

Wipe Recoveries

1-Propanol, PEG, and soap and water wipe solvents gave similar
recovery patterns for the pesticide glyphosate (Figure 2). These
solvents had significantly higher (p < 0.05) recoveries when gly-
phosate was applied at the higher concentrations, 2.0 or 8.0 ng/
cm?, compared with 0.5 pg/cm?. There was no significant differ-
ence (p < 0.05) in recoveries of glyphosate between the two high-
er skin loadings for any solvent tested. Recoveries of glyphosate
using D-TAM® had a slightly different skin loading dependent
pattern where the only significant difference (p < 0.05) was be-
tween the 0.5 pg/cm? and the 8.0 pg/cm? skin loadings of gly-
phosate.

For alachlor (Figure 3), there was a similar pattern of wipe
recoveries for 1-propanol and soap and water. When 1-propanol
or soap and water was used as a wipe solvent, the recoveries of
alachlor for the three skin loadings showed a skin loading-depen-
dent pattern in wipe recoveries, which was significantly different
(p < 0.05) at each skin loading. Using PEG or D-TAM, wipe
recoveries were not dependent on the amount of alachlor applied
(p < 0.05).

The recovery pattern for methyl parathion was similar for all
wipe solvents (Figure 4). When 1-propanol, PEG, soap and water,
or D-TAM were used to recover methyl parathion, there was a
significant difference (p < 0.05) between the lowest skin loading
and the two highest skin loadings. However, there were no sig-
nificant differences (p < 0.05) between recovery of the 2.0 and
8.0 wg/cm? of methyl parathion for any wipe solvent, which may
indicate a threshold skin loading level beyond which recoveries are
about equal.

The pattern of wipe recovery of trifluralin (Figure 5) was sim-
ilar to that of methyl parathion. The recoveries of the 0.5 pg/
cm? skin loadings were significantly lower (p < 0.05) than the
recoveries of the two highest skin loadings for all solvents. As with
methyl parathion, there were no significant differences (p < 0.05)
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FIGURE 3. Percentage wipe recoveries of alachlor from an in
vitro porcine skin model (n = 3) using four solvents at three
skin loading levels (mean + SD). Recoveries within each wipe
treatment that are significantly different (p < 0.05) are denoted
with different letters.

between recoveries of the two higher skin loadings of trifluralin
with any of the wipe treatments.

Table II shows the average recovery of the three skin loadings
for each wipe treatment and pesticide. The overall recovery of all
pesticides for each solvent is also shown illustrating the effective-
ness of using one solvent for different pesticides. The overall re-
covery of the four pesticides with 1-propanol was significantly
higher (p < 0.05) than recoveries with all other solvents. Soap
and water recovered significantly more (p < 0.05) of the four
pesticides than either PEG or D-TAM. For glyphosate, alachlor,
and methyl parathion, there were no significant differences (p <
0.05) among wipe recoveries of the four solvents. On average, the
greatest amount of trifluralin was recovered using 1-propanol
moistened wipes. However, the recovery of trifluralin using 1-pro-
panol was not significantly different (p < 0.05) from the recovery
with soap and water.
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FIGURE 4. Percentage wipe recoveries of methyl parathion from
an in vitro porcine skin model (n = 3) using four solvents at
three skin loading levels (mean + SD). Recoveries within each
wipe treatment that are significantly different (p < 0.05) are
denoted with different letters.
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FIGURE 5. Percentage wipe recoveries of trifluralin from an in
vitro porcine skin model (n = 3) using four solvents at three
skin loading levels (mean + SD). Recoveries within each wipe
treatment that are significantly different (p < 0.05) are denoted
with different letters.

Wipe Recoveries with Pretreatment

Three pesticides were selected for the pretreatment study based
on their water solubilities. Because glyphosate and trifluralin are
highly polar and nonpolar pesticides, respectively, they were in-
cluded in the pretreatment studies. Alachlor and methyl parathion
are both intermediate in solubility, and alachlor was chosen for
further study as a matter of convenience. Recoveries after pretreat-
ment are shown in Figures 6-8, and statistical comparisons were
between pretreatment recoveries and the previous recoveries done
without pretreatment (Figures 1-4).

For glyphosate, wipe recoveries were reduced after pretreat-
ment for all wipe solvents (Figure 6). Specifically, 1-propanol pre-
treatment significantly (p < 0.05) reduced the recovery of gly-
phosate at 2.0 pg/cm?. Recoveries of glyphosate at 0.5 and 8.0
png/cm? were significantly lower (p < 0.05) when soap and water
was used as a pretreatment, whereas the only recovery significantly
lower for D-TAM (p < 0.05) was at the 0.5 pg/cm? skin loading.

TABLE II. Average and Overall Solvent Wipe Recoveries for the Four
Pesticides with Each Wipe Treatment

Wipe Treatment
(Percentage Average Wipe Recovery + SD)

Soap and

1-Propanol PEG Water D-TAM
Pesticide (n=29) (n=29) n=29 (n=29)

Glyphosate 44 41 49 36
(+x12) (*x11) (+x14) (+9)

Alachlor 57 55 52 51
(%£13) (=8) (+12) (£6)

Methyl parathion 57 41 50 41
(x17) (£18) (+£19) (x15)

Trifluralin 697 518 5678 538
(+10) (+15) (+13) (+£14)

Overall recovery 574 47¢ 528 45¢
(n = 36) (+16) (x14) (+14) (%£13)

Note: Recoveries that are significantly different (p < 0.05) are denoted by different
superscript letters.
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FIGURE 6. Percentage wipe recoveries of glyphosate after
pretreatment of an in vitro porcine skin model with a wipe
solvent at three skin loading levels (n = 3). Recoveries within
each wipe treatment that are significantly lower (p < 0.05) than
the corresponding wipe treatment without pretreatment (Figure
2) are denoted with an asterisk.

For PEG, there was no significant difference (p < 0.05) between
recoveries with and without pretreatment.

Pretreating the skin with solvents affected wipe recoveries of
alachlor (Figure 7) more than glyphosate. Using 1-propanol as a
pretreatment, recovery of all three skin loadings were significantly
lower (p < 0.05) than the corresponding recoveries without pre-
treatment. Using PEG as a pretreatment significantly reduced (p
< 0.05) wipe recoveries of alachlor for the 0.5 and 8.0 pg/cm?
skin loadings, whereas using soap and water as a pretreatment
significantly reduced (p < 0.05) wipe recoveries of alachlor for the
2.0 and 8.0 pg/cm? samples. With D-TAM, only recovery of the
8.0 pwg/cm? skin loading was significantly reduced (p < 0.05)
from the recovery without pretreatment for alachlor.

Pretreatment of the skin with the four solvents had an effect
on wipe recoveries of trifluralin (Figure 8) that was different from
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FIGURE 7. Percentage wipe recoveries of alachlor after
pretreatment of an in vitro porcine skin model with a wipe
solvent at three skin loading levels (n = 3). Recoveries within
each wipe treatment that are significantly lower (p < 0.05) than
the corresponding wipe treatment without pretreatment (Figure
3) are denoted with an asterisk.
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FIGURE 8. Percentage wipe recoveries of trifluralin after
pretreatment of an in vitro porcine skin model with a wipe
solvent at three skin loading levels (n = 3). Recoveries within
each wipe treatment that are significantly higher (p < 0.05) than
the corresponding wipe treatment without pretreatment (Figure
5) are denoted with a double asterisk.

that of the other pesticides. In general, recoveries of trifluralin
after pretreatment were the same as or higher than recoveries with-
out solvent pretreatment. Pretreatment with 1-propanol and soap
and water gave recoveries that were significantly greater (p <
0.05) than those without pretreatment for 0.5 pg/cm?. When
PEG was used as a pretreatment, subsequent wipe recoveries of
trifluralin were significantly greater (p < 0.05) than those without
pretreatment for all three quantities applied. With D-TAM, pre-
treatment recoveries were significantly greater (p < 0.05) for 0.5
and 8.0 pg/cm? when compared with recoveries without pretreat-
ment.

Mass Balance

To account for all applied radiolabeled pesticide, a subset of skin
samples including all pesticides and solvents tested (48 samples)
were digested and counted. For these samples the quantity recov-
ered with the wipe was added to the quantity remaining on the
skin, and these totals were compared with the amount of radio-
labeled pesticide applied to skin. Overall, total recoveries for the
four pesticides were between 95 * 5% and 102 = 1% demonstrat-
ing that little or no pesticide was lost during the procedure.

DISCUSSION

he purpose of this study was to determine which of four se-

lected solvents was most effective for recovering both hydro-
philic and lipophilic pesticides from an in vitro porcine skin model.
Experimental studies of percutaneous absorption of compounds
indicate that binding or diffusion of the compound into the stra-
tum corneum occurs during the first 30 to 60 min.” To allow for
maximum binding to the stratum corneum, a 90-min delay was
used before sampling. Ninety minutes represents a reasonable
minimal time that might elapse before gathering samples from
agricultural workers (i.e., sampling of workers could be done dur-
ing breaks that normally occur about every 2 hours). Wipe recov-
eries for alachlor and glyphosate from dorsal porcine skin after 90
min were lower than those reported by Geno et al.®) on human
skin that was wiped immediately after loading of the pesticide.



This lower recovery is likely due to skin permeation. Because ag-
ricultural workers are not likely to be tested immediately after con-
tamination, the 90-min delay is more realistic to field conditions.
Also, more variation may occur under field conditions due to the
difficulty in constantly collecting samples in the same way (i.e., 15
swipes with gauze wipe).

The study compared recoveries using four solvent mixtures
(i.e., PEG, D-TAM, 10% soap and water, and 1-propanol). For
three of the four pesticides used in this project, no single wipe
solvent consistently removed more pesticide than the others re-
moved. However, for the most lipid soluble pesticide examined in
this study, trifluralin, 1-propanol consistently recovered more of
the pesticide than PEG or D-TAM.

Alcoholic solvents may have the propensity to increase the ab-
sorbed dose of compounds. Hatanaka et al.® used ethanol to en-
hance the absorption of both hydrophilic and lipophilic com-
pounds. To determine whether the solvents themselves alter
subsequent recovery of pesticide, the porcine skin was pretreated
with the appropriate solvent prior to pesticide application. Appli-
cation of 1-propanol or soap and water to skin prior to pesticide
application reduced the amount of glyphosate and alachlor recov-
ered. These wiping solvents may remove surface lipids from the
skin and increase partitioning of the more hydrophilic pesti-
cides.®13:1 Pretreatment of the skin with PEG or D-TAM did not
reduce recoveries as much as the other two solvents. Although not
a direct measurement, this observation suggests that PEG and D-
TAM affect skin properties less than alcohol and soap and water.")

For the most lipophilic pesticide, trifluralin, pretreatment ap-
peared to have an enhancing effect on recoveries with all wipe
solvents tested. 1-Propanol pretreatment might decrease the
amount of surface lipids on the skin or disrupt the intercellular
organization of the lipids, which would reduce partitioning to the
skin by highly lipophilic compounds.*®1® Geno et al.®) found in-
creasing recoveries with daily application of pyrethrin—a very li-
pophilic pesticide—followed by isopropanol wiping of the same
skin site.® Full recovery of skin lipids after organic solvent expo-
sure apparently can exceed 24 hours.'”? On the other hand, skin
pretreatment with PEG has been shown to reduce absorption of
lipophilic compounds, presumably because the compounds pref-
erentially partition into PEG.(1829 The net effect of each of these
processes would be to increase recovery of trifluralin. Based on
results from the pretreatment experiment, wipe solvents used in
this study can increase or decrease the amount of pesticide recov-
ered to varying extents.

Previously, there has been no study directly comparing several
solvents for their ability to recover pesticides with a wide range of
solubilities. This study has shown that solubilities of both solvents
and pesticides affect the amount of pesticide recovered from skin
and suggests that although there was a difference in the amount
of pesticide recovered for any solvent (45 to 57%), no single sol-
vent appears to be better at removing all pesticides. Because of
the wide range in chemical solubility of pesticides, solvents match-
ing the contaminants should be selected to achieve maximum re-
moval. On the other hand, solvents that are used to sample skin
must not be harmful or increase subsequent absorption of chem-
icals. These attributes apply to skin sampling for contaminant doc-
umentation, but can be applied equally to wash decontamination
requirements.

CONCLUSIONS

An in vitro porcine skin model was used to determine the effi-
ciency of using a solvent-moistened wipe to remove pesticides

from skin. In field conditions recovery efficiencies might be altered
by uncontrollable factors including ambient temperature, humid-
ity, or skin condition of the worker being tested. However, these
factors can be controlled in laboratory conditions using an in vitro
system. There was little variation in the porcine skin model due
to source of the skin.

In most cases, the specific wipe solvent used did not greatly
affect recoveries of the four pesticides studied. Overall, the four
solvents recovered approximately 50% of the pesticide applied to
the skin after a 90-min contact period. The most variable results
were found for 1-propanol, although on average 1-propanol re-
covered the greatest amount of all pesticides examined in this
study.

Pretreatment with any of the four wipe solvents affected sub-
sequent wipe recoveries, suggesting that the solvent itself affected
absorption of the pesticides. Pretreatment with any of the solvents
increased the amount of trifluralin recovered, whereas pretreat-
ment decreased recovery of both glyphosate and alachlor. Future
research should focus on the correlation of wipe recoveries to du-
ration of exposure and exposure level. By determining this rela-
tionship, it would then be possible to relate the amount of pes-
ticide recovered from the wipe to the amount of pesticide
originally on the skin surface.
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