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The information in this document has been funded by the United States Environmental Protection Agency under
(Contract Number 68-D0-0007) to Battelle and Subcontract No. 34501(2173)-2135 to Southwest Research
Institute. It has heen subjected to the Agency’s peer and administrative review, and it has been approved for
publication as an EPA document. -Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.



Foreword

The National Exposure Research Laboratory, Research Triangle Park, North Carolina, conducts
intramura) and extramural research in the chemical, physical, and biological sciences. This research is intended
to characterize and quantify environmental pollutant levels and the resulting exposures of humans and
ecosystems; to develop and validate models to predict changes in poliutant levels; to determine source-receptor
relationships affecting ambient air quality ar d pollutant exposures; and to solve scientific problems relating to
EPA’s mission through long-term investigations in the areas of environmental measurement methods, quality
assurance, biomarkers, spatial statistics, exposure assessment, and modeling. The Laboratory provides support
to Program and Regional Offices and state and local groups in the form of technical advice, methods research and
development, quality assurance, field monitoring, instrument development, and modeling for quantitative risk
assessment and regulation. The Laboratory also cczcts, organizes, manages, and distributes data on
environmental quality, human and ecosystem exposures, and trends for the Program and Regional offices, the
Office of Research and Deveiopment, the scientific community, and the public.

Human exposure to pesticides after application in the home is an area of concemn to EPA because of
the toxicity of these chemicals. Dermal exposure through direct skin contact with treated surfaces may be
important, especially for toddlers, but is poorly understood, because sampling m#*%0ds have not been validated.
The work described in this report evaluates and validates inechanical methods for determining the amount of
pesticide residue on floors which transfers to the hands through direct contact.

Gary J. Foley

Director

National Exposure Research Laboratory
Research Triangle Park, NC 27711



Abstract

Comparisons were made of transfer of formulated pesticide residues from treated carpets and vinyl
flooring by three dislodgeable residue methods and by human skin. The Dow drag sled and the Southwest
Research Institute polyurethane foam (PUF) roller performed better than the California cloth roller.
Moistening the sampline media increased the transfer by the drag sled and the PUF roller, but substantially
increased measurement variability. An isopropanol handwipe method efficiently removed dried pesticide
residues from the hands of volunteers (104% of chlorpyrifos, 92% of pyrethrin I).

Both the drag sled and the PUF roller were found to be acceptable dislodgeable residue methods
on the basis of these studies. The transfer efficiency of the drag sled consistently exceeded the transfer
efficiency of the PUF roller, which consistently exceeded the transfer efficiency of human hand presses. This
relationship was otserved for a variety of pesticides, loadings, application methods, and surfaces. The pliable
polyurethane foam sampling surface of the PUF roller with its rolling action is likely to better simulate human
skin in its transfer via contact with surfaces than is the denim cloth of the Dow sled with its drag action.
Either mechanical method can be used to estimate dermal transfer of pesticide residues from recently treated
floors. Round-robin testing of the drag sled and PUF roller by potential registrants under strict QA/QC
guidance from EPA is recommended. The work reported herein was performed by Southwest Research
Institute under U.S. Environmental Protection Agency Contract No. 68-D0O-0007 to Battelle Memorial
Institute. '
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Section 1
Introduction

Demnal transfer through contact with residues of pesticides applied to floors and subsequent skin
absorption or ingestion through hand-to-mouth activity are routes of human exposure which need better
evaluation, especially for young children. The Dow drag sled (Vaccaro and Cranston, 1990), the California cloth
roller (Ross et al., 1991), and the Southwest Research Institute (SwRI) polyurethane foam (PUF) roller
(Hsu et al, 1990) (Patent No. 5,243,865) are dislodgeable residue sampling methods which have recently been
developed to estimate the transfer of a chemical from a contaminated surface to the skin. This work assignment
compared these methods to provide some of the data to determine which provides the most accurate, reproducible,
economical, and facile performance. Precision and bias relative to human skin pick-up were also investigated.
The goal was to obtain data from which st.adardized methods can be established for use by registrants and
researchers.

The first phase of this work assignment compared both the rate (ng/cm? of carpet contacted) and the
variability of transfer from carpet after broadcast spray application of a chlorpyrifos formulation by each of these
methods as currently employed by the developer. Three experiments were performed:

Exp. 1. Transfer comparison of the three methods using dry sampling media on new plush cut-pile nylon
carpet.

Exp. 2. Transfer comparison of the dm:e methods using dry sampling media on new level-loop
polypropylene carpet.

Exp. 3. Transfer comparison of the better two methods using both dry and moist sampling medna on
new plush cut-pile nylon carpet.

In the second phase of the work assignment, transfers determined by human skin contact were compared
to transfers obtained by the better-performing mechamcal methods (ie., the drag sled and the PUF roller).
Experiments 4 through 8 were performed:

Exp. 4. Determination of ‘ae wipe removal efficiency by an isopropanol handwipe method of two
pesticides (chlorpyrifos and pyrethrins) that have been applied to the skin of the hands.

Exp. 5. Experiments SA through 5E investigated the effects of sampling variables on the am»unt and
variability of dislodgeable residue transfer of formulated chlorpyrifos from plush carpet when



Exp. 6.

Exp. 7.

using the drag sled and PUF roller. The sampling vanébles which were evaluated included
traverse distance, number of repeat passes over the same section of carpet, speed, and transfer
pressure.

Comparison of the transfers of formulated chlorpyrifos, pyrethrins, piperony! butoxide, and
methoprene residues from plush nylon carpet obtained by the drag sled, the PUF roller, and
human hand presses.

Comparison of the transfers of formulated chlorpyrifos, pyrethrins, and piperonyl butoxide
residues from sheet vinyl flooring obtained by the drag sled, the PUF roller, and human hand

" presses.

Exp. 8.

Evaluation of the effect of air/carpet temperature on the transfer of fresh and aged residues of
formulated chlorpyrifos, pyrethrins, and piperony! butoxide residues by the drag sled and the
PUF roller from plush nylon carpet.
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Section 2
Conclusions

Transfers as currently performed by the developer were largest for the Califomia cloth roller, intermediate
for the drag sled, and smallest for the PUF rclier when using dry sampling media on two types of carpet.

The California cloth roller is less practical and more variable than the drag sled or PUF roller methods.

Transfers with moist media are larger, but substantially more variable, than transfers with dry media, for
both the PUF roller and the drag sled.

An isopropanol hand wipe method efficiently removed dry pesticide residues from the bands of two
volunteer subjects within the first minute after their transfer from aluminum foil to the L1nd. Wipe
removal efficiency was determined by mass balance after accounting for extraction and elution efficiency.
The mean wipe removal efficiencies were 104% (s=11%, n=12) for formulated chlorpyrifos, and 92%
(s=28%, n=12) for pyrethrin I (formulation fortified with analytical standard).

Both the drag sled and the PUF roller transferred an amount of formulated chlorpyrifos residue from plush
carpet which was generally proportional to the length of carpet traversed. An essentially constant amount
of chlorpyrifos appeared to transfer to the PUF roller on each of the first 20 passes over a 1 m strip of

plush carpet.

Increasing the pressure applied to chlorpyrifos-treated pluéh carpet through the sampling medium had
little effect on chlorpyrifos transfer by the drag sled, but produced a nearly proportional increase in
transfer by the PUF roller.

As the carpet temperature increases, the drag sled and PUI-‘ roller both transfer slightly larger amounts
of fresh and aged residues from plush carpet.

The transfer efficiency of formulated pesticide residues from treated carpets and vinyl flooring was
consistently highest for the drag sled, intermediate for the PUF roller, and lowest for human skin.

The flooring material and application method and/or formulation had major effects on t-ansfer, but the
specific active ingredient had virtually no effect.

The observed mean * standard deviation of the multiplier ¢f hand press transfers obtained by the
mechanical methods was 7.4 + 2.8 for the drag sled and 3.3 £ 2.1 for the PUF roller. Either mechanical

. method can be used to estimate dermal transfer of pesticide residues from recently treated floors.



Section 3
Recommendations

Both the drag sled and the PUF roller were found to be acceptable dislodgeable residue methods on the
~ basis of this study.

Round-robin testing of the drag sled and PUF roller is recommended under strict QA/QC guidance from
EPA. '

Dermal transfer of pesticide residues can be estimated from transfer by the drag sied or PUF roller.
Ratios which appear to apply to measuremenss on recently treated floors were obtained in this study.



Section 4
Materials and Methods

4.1  Facility Preparation

All experiments were performed on the SWRI campus. All except Experiment 4 were performed in an
empty room (9 ft x 15 ft) in a 42 ft x 10 ft 3-room trailer, and in half of the ad&acem empty room for
Experiments 1 and 2. Virgin flooring was installed prior to some experiments: a DuPont® Stainmaster®™ 100%
nylon continuous filament textured plush cut-pile carpet and padding prior to Experiment 1, a Shaw Mark®
Provider 26 polypropylene tufted textured level-loop carpet and padding prior to Experiment 2, an Fvans and
Black® Scotch, 100% nylon Saxony plush cut-pile carpet and padding prior to Experiment 3, and
Armstrong Explorer Solarian No. 66510 sheet vinyl installed on % in. wood underlayment p=ior to Experiment 7.
The plush cut-pile nylon carpet used for Experiment 3 was reused for succeeding experiments. It was cleaned
- using a commercial water extraction system prior to the conduct of Experiments 5A, 5B, 5C1, 5C2, 5E1, 5E2,
SD, 6A, 6B, and 8B. Each cleaning consisted of application of a spot cleaner to remove marks, extraction using
a chemical carpet cleaner, rinsing with clean water, and drying for 48 hours with rapid air ventilation. Experiment
4 was performed in three extraction laboratories.

4.2  Dislodgeable Residue Methods

In Experiments 1, 2, and 3, the dislodgeable rzsidue methods were performed as employed by their
developers. Relevant characteristics of these dislodgeable residue methods are summarized and contrasted in
Table 1.

The Califcmia cloth roller was constructed and the method performed as described by Ross et al. (1991).
A soap-washed and precleaned dry 17 in. x 17 in. cloth of percale bed sheet was placed on the carpet and covered
with a sheet of plastic. A 2 ft long by 4 in. diameter sewer pipe, filled with 25 pounds of steel shot ballast and
wrapped in a sheet of high density PUF, was rolled forward and backward over the plastic/cloth/carpet sandwich
ten times (Figure 1). After the 20 passes, the percale cloth was picked up and analyzed.

The drag sled method was performed using the initial configuration described by Vaccaro and Cranston
(1990). Briefly, a precleaned dry 4 in. x 4 in. denim weave cloth supplied by B. Shurdut, Dow Chemical
Company, was attached beneath foil under a 3 in. x 3 in. plywood block and an 8-Ib weight mounted (Figure 2).
The sled was dragged once overa 3 m.x4ﬁcaxpetstnp at 6-8 cm/s. After the single pass, the denim cloth was
removed for analysis.



Foam Cover
{61 cmL x 1 cm thick)

\

Weighted PCV Cylinder
(63cmx 13cmdia.)

Handle

(13cmx25cmdia)
/
,’ Percale Bedshest
{€3cmx43cm)
Plastic Bag
Figure 1. California cloth roller.
ét— Weight
Wooden Block
Cotton Denim
Collection Media

Figure 2. Dow drag sled



The onginal PUF roller sampler (Hsu et al., 1990) was used for Experiments 1 and 2. A precleaned dry
FUF ring (3 in length. 3.5 in. OD, 1.62 in. ID) was secured on the 8 in length x 2 in. OD cylindrical 7.2 Ib
stainless steel roller. The new (October 1992) model of the PUF roller sampler was constructed and used for
Experiment 3 and later experiments. A precleaned dry PUF ning was secured on the 3 in. leagth a 1.75 in. OD
cviindrical 0.37 kg aluminum roller (F'gure 3). The PUF roller was rolled once over a 3 in. x 1.0 m carpet strip

at 10 am s once in both directions. After the two passes, the PUF ring was slit and removed from the roller for
analysis.

‘Stainless Steel
Woeight

Snap-On
PUF Ring

- Figure 3. PUF roller sampling instrument (1992 model).

In Experiment 3, PUF rings and denim cloth were used which had been moistened with deionized water.
A precleaned PUF ring was uniformly moistened with 5.0 + 0.1 g of water in the laboratory by spraying the ~ng
surface with an atomizer, compressing with a squeeze tool to obtain uniform water diswribution, weighing and
sealing in a steel canister until use. The sampling surface of the denim cloth was moistened with 0.5 £ 0.1 g of
water from the atomizer and weighed just prior to mounting under the drag sled. When moistened at these levels,

the PUF ring and denim cloth were observed to produce equivalent moisture trails at method pressure on a glass
surface.

Later experiments involved only the drag sled and the PUF roller dislodgeable residue methods. To allow
more direct cross-comparisons of these methods with each other and the human hand press, a single pass over
a floor traverse distance of 1.0 m was used as a standard floor sampling technique for both methods. Relevant
characteristics of the methods as employed in Experiment 7 are presented in Table 2.
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4.3  Hapd Press and Wipe Methods

In Experiments 6B and ~, a set of ten presses of the aeated floorinz was made w.th each hand by three
subiects on three days in a raproducible manner. Prior to each daily pair of hand presses, eac subject thoroughly
washed his hands with soap and water. The subject was cautioned to avoid touching any surfaces duning the hand
press and wipe sequence. The subject then placed a disposable nitrile glove over the non-test hand. The second
hand was gioved to prevent contamination while performing the press and wipe procedure on the first hand and
to prevent the isopropanol from dryving out the skin of the second hand prior to the hand press (avoiding an
abnormal skin condition that could affect hand press transfer efficiency). A rar.'siock template was placed over
the designated area for floor sarpling to expose a 3 in. (7.6 cm) x 25 in. (63.5 cm) treated saip. While kneeling
on a cardboard mat, each subject performed a senes of ten presses of the palm of the test hand to adjacent
sections of flooring exposed by the template a* a pressure of ca. 1.0 psi for 1 sec each with fingers held off of the
surface. An isopropanol handwipe of the hand was performed as described by Camann et al. (1995) in a clean
area in another building. After washing both hands with soap and water. the glove was removed from the second

test hand and a clean glove placed over the second non-test hand  The press and wipe procedures described above -

were then repeated using the second hand.

The handwipe utilized two Sof-Wick® 4 in. x 4 in. 6-ply dressing sponges which had been pre-cleaned
prior to use. Each sponge was laced with 10 mL of Optima grade isopropanol. The subject was asked to perform
a general wipe of each hand with the first sponge. The second sponge was used to wipe around and between each
digit Both sponges were then placed in a single container and an additional 50 mlL of isopropanol was added.
The subject performed all direct handling of the sponges from preparation to placement in the sample container,
although handling via forceps was also permitied Immediately following each handwipe procedure, the SUbjeC!
thoroughly washed his hands to remove any remaining pestcides residues.

4.4  Pesticide Application

Application of the formulated pesticide to test flooring was conducted by a licensed pest control applicator
according to label instructions for flea control weatment. The active ingredients of the formulations applied for
each expenment are listed in Table 3. Each applicanon was accomplished in 2-3 min.

Chlorpyrifos was broadcast applied in the early experiments. The formulated product, Dursban® L.O.
(EPA Regismation No. 464-571) which cnntains 41.5% chlorpyrifos (O,0-diethyl O-[3,5,6-trichloro-2-
pyridyl]phosphorothioate), was applied approxxmatcly 40 cm above the carpet as a 0.50% aqueous spray (40
mL73.785 L water) at a rate of 1 gal‘1600 ft* with a hand-held fan broadcast nozzle attached to an air pressurized
tark.

For Experiments 6 and 7, which involved human hand presses of the treated flooring. a pesticide
formulated mixture was applied according to label instructions to control a light infestation of fleas. A
chlorpyrifos pyrethrins‘piperony! butoxide formulated mixwmre was broadcast applied for Experiments 6A, 8B,
and 7. The formulated emulsifiable concentrate products, Dursban® L.O. (EPA Registration No. 62719-55),
which contains 41.5% chlorpyrifos (0,0-diethy] O-(3,5,6-trichloro-2-pyridyl}phosphorothioate), and Kicker®
(EPA Registration No. 4816-707AA), which contains 6.0% pyrethrins and 60.0% techmcal piperony! butoxide
were tank mixed at 273 fl az. (20 mL) Dursban® L.O. and 0.5 fl. 0z (15 mL) Kicker® per gallon of water to yield
0.25% chiorpyrifos, 0.025% pyrethrins, and 0.25% piperonyl butoxide in the aqueous spray. The mixture was
applied approximately 40 cm above the floor at a rate of 1 gallon of diluted mixture per 1600 square feet with
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Figure 4. Sampling layout for Experiment 7.
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a hand-held fan broadcast nozzle attached to an air pressurized tank. For Experiment 6B. Vet-Kem?® Siphotrol?.
premuse spray (EPA Pegistration No. 2724-338-11785), which contains 0.015% methoprene, 0.20% pyrethrins,
and 1.0¢ < techmcal piperom1 butoxide, was applied from the aerosol can usmg a sweeping motion to supplement
the residues left on the carpet after Expeniment 6A.

The tajler was ventilated for 2 hr immediately after application. All windows were opened and window
air conditoning units were operated in fresh rewrn air mode. During the first 30 min and last 15 min of the
ventlaton penod, both doors were opened and a box fan was operated outside the test room doorway to allow
maximum cyoss ventilaton For experiments performed in warm weather, air condinoner units were retumed to
the usual recirculated air mode just prior to sampling and remained on throughout the sampling period of the
experiment.

45  Sampling Designs for Experiments on Floors

The designs to determine comparative method transfers in the floor sampling experiments emploved many
common design and QA‘QC elements. Adjacent samples using each compared dislodgeable residue and hand
transfer method and a deposition coupon were collected sequentially within a rectangular block of treated carpet
orviml Six replicate blocks were sampled in most experiments, although fewer were employed when there was
msufficient available treated surface. The block design of the sample layout for Expenment 7 is illustrated in

Figure 4.

Deposition coupons, consisting of absorbznt alpha-cellulose pads (4 in. x 4 in.) backed with aluminum
foil were placzd on the carpet (or teflon sheets on viny] flooring) prior to the pesticide application and picked up
before the adjacent dislodgeable residue/hand samples from the block were collected. Residues measured op the
coupon (or coupcn set) gave an estimate of the surface loading of residue remaining on adjacent carpeting/vinyl
during sampling in the block. A

Field blanks of each method were obtained by sampling prior to the application to assess contamination
potential during sampling and handling. Deposition coupon(s) were placed at the designated locations in each
sampiing block shortly before the application commenced. Field samples were collected in the first block upon
Iabel allowed re-entry, i.e., when the carpet was dry (which was operationally defined as 2 hours after application,
but checked by hand contact). The dislodgeabic residue samples of a block were collected from specific
randomized locations in the block after the deposition coupon(s) were picked up. All samples were collected in
one block before proceeding to the next block. Spikes of the precleaned dislodgeable residue media and of a
deposition coupon were made both before and after the set of replicate block samples were coliected; these field
spikes were used to assess and potentially adjust for losses during transport, storage, and extraction.

The design used for Experiment 1 on new plush cut-pile carpet and for Experiment 2 on new level-loop
polypropyiene carpet is presented in Table 4. The design used to compare transfers with dry and moistened media
is presented in Table 5. The designs used to evaluate the effects on transfer of PUF roller sampling variables in
Experiments 5A, 5B, and 5C and of drag sled sampling variables in Experiments SD and SE are given in
Tables 6-10. Tables 11 and 12 present the designs employed in Experiments 6 and 7 to compare transfers of
applied pesticides from phush carpet and from sheet vinyl obtained by the drag sied, PUF roller, and human hand
presses. The designs used in Experiments 8A and 8B to investigate the effect of temperature on transfers of aged
and fresh pesticide rzsidues by the drag sled and PUF roller are presented in Tables 13 and 14.
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4.6 Sampling Design for Experiment 4
4.6.]1 Task 44: Determination of Aluminum Foil Elution Efficiency

In order to determine the efficiency of removal of chiorpytifos and nawral pyrethnns from aluminum foil
squares. seven foils were spiked with 250 pl of the diluted formulated mixture. An additonal seven foils were
spiked with 25 pul of the formulated mixwmre. The factor of ten difference in spike levels was to determine if
alumipum feil ehution efficiency is independent of the amount of pesticide spiked. Two additional foils - -ere
extracted without spiking to serve as controi blanks. In order to verify the level of the pesticides in the spike
solution. two 300 mL portions of 1:1 ether-hexane were each spiked with 250 ul and with 25 L of the diluted
formulated mixwre.

4.6.2 Task 4B: Determination of Handwipe Extraction Efficie.:cy

The efficiency of the extraction method for removal of the target pesticides from the handwipes was
evahuated by spiking seven moistened, precleaned handwipes with 250 ul of the diluted formulated mixwre. An
additonal seven wipes were spiked with 25 ul of the diluted formulated mixture. The factor of ten difference
in spike levels was to determune if the handwipe extraction efficiency is independent of the amount of pesticide
spiked Two handwipes were extracted without spiking and served as control blanks. and two aliquots of
isopropano! were each spiked with 250 pl. and with 25 pL of the diluted formulated mixture.

4.6.3 Task 4C: Determination of Handwipe Removal Efficiency

* Handwipe removal efficiency experiments were performed using two human subject volunteers on each
of three days. On each day prior to sampling, the subject's hands were inspected for rashes, abrasions or cuts in
the skin  When any such sores existed, the experiment was postponed until the hand healed. On Days 1, 2, and
3, five aluminum foil squares were spiked with 50 ul of the diluted formulated mixture as described above, one
aluminum foil square was spiked with 25 uL of the diluted formulated product, and one foi! square served as a
~ control blank. Hand presses were performed on four of the SO uL spiked foil squares, correspeading to each hand

of each ~f the two subjects. A disposable nitrile glove was placed over the non-test hand for tne press and wipe
of the test hand. The order in which the two hands were sampled was altemated on the three days. The double
isopropan- | handwipe procedure described above was initiated immediately (within 1 min) following each hand
press. On each day, one additional handwipe (i.e., isopropanol-moistened pair of Sof-Wick® sponges) was spiked
directly with 50 pL of the diluted formulated mixture, one handwipe was spihed with 25 ul. of the diluted
formulated mixture and one handwipe served as a contro! blank. In order to verify the level of the pesticides in
the spike solution, one 300 mL portion of 1:1 ether-hexane each was spiked with 50 uL. and with 25 L of the
dihnted formulated mixture and one portion served as an extraction blank. A summary of samples for the three
described tasks is given in Table 15.

4.7 Protocols and Informed Consent

A protocol was wntie-. o describe each planned experiment in detail and was submitted to the project
officer prior to conc -t of the experiment. Estimates were made and documented in each protocol of the expected
dermal exposure of the volunteer buman subjects who participated in Experiments 4, 6, and 7. Prior to the
conduct of each of these experiraents, their protocols and consent forms were approved by the Institutional
Review Board of the University of Texas Health Science Center at San Antonio, and informed consent of each
volunteer subject was obtained. The protocols for Experiments 4 and 7 are given in Appendices A and B,

respectively.
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4.8  Sample Abpalysis

Dislodgeable residue samples were Soxhlet-extracted with 6% ethyl ether4% hexane: extraction
cormmenced within 24 hours after sampling. The parr of depositon coupons from a block were usually combined
and nnsed with 6%¢ ether-hexane as a smgle sample. Isopropanol-saturated handwipes were shake extracted with
1:1 diety] ether-bexane (Camanp et al, 1995).

Extracts from Experiments 1, 2, 3, and § were analyzed for chiorpyrifos by GC/ECD on two dissimilar
cohumns and quantitated from the DB-$ column results. Extracts from Experiments 4, 6, 7, and 8 were anahzed
for chlorpynfos, methoprene, piperonyl butoxide and-or pyrethrin I on a Fisons MD-800 GC/MS operating in
selected ion monitoring mode.

49 Data Adjustment

Crude results (ug'sample) from each field sample were adjusted for contamination by subtracting the field
blank result as appropriate. Extraction efficiency was evaluated by maintaining a control charn of the field spike
recovernies for each matrix. Since field spike recoveries were generally close to 1002, (see Results). the reported
dam have not been adjusted for extraction inefficiency, except as specifically noted.  This result was divided by
the sampled carpet area (see Tables 1 and 2) to determine the measured transfer rate (ng'cm? of carpet conzacted)
for dislodgeable residue samples and the measured surface loading (ng'cm?) for coupon samples.
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Section §
Results and Discussion

5.1 Conduct of Experiments

The experiments were conducted over a 13-month period from August 1992 through August 1993. The
sampling dates and times are given in Table 16. The temperature and relative humidity of the trailer room air
were momnstored during each sampling period beginning with Experiment §; mean levels are reported in Table 16.
The mean carpet temperature during each transfer sampling period of Experiments 7 and 8 is also presented in
Table 16.

5.2  Data Quality
821 Field Blanks

Field blanks were obtained with the cloth roller, drag sled, and PUF rolier before pes.cide applications.
The low amounts obtained on these field blanks in comparison with measurements after application established
that transfers from the floor were elevated substantially by each application.

The pesticide amounts recovered on each of the hand press/isopropano] handwipe field blank samples in
Experiments 4, 6,and 7 are presented in Table 17, along with the isopropanol gauze laboratory blank results. A
field blank consisted of a hand press by a subject onto the test surface or a superimposed clean surface in the
same room where the hand press samples were subsequently collected, followed by the double isopropanol wipe
of the hand after the subjects walked to a clean area in another building. The field blank hand press consisted
of a single press/rub of clean aluminum foil in Experiment 4C, a single press through a cardstock template onto
48 an? of a commercially-cleaned reused plush carpet in Experiment 6A, and ten adjacent hand presses onto a
clean cardstock strip placed over the test flooring in Experiments 6B and 7. Chlorpyrifos was recovered in 41
of the 42 hand press field blanks, in amounts ranging from 0.10 to 0.88 pg/sample. Piperonyl butoxide was
detected in 2 of 34 hand press field blanks, but at levels (0.06 ug and 0.03 ug) similar to those in solvent blanks.
Pyrethrin | and methoprene were not detected in the hand press field blanks. Neither chlorpyrifos nor pyrethrin
1 were detected in the three isopropanol gauze lab blanks analyzed in Experiment 4C, which were the only lab
blanks performed.

Thesameofmechhp,ﬁmemmseminthehndmﬁewbhnksisumlm. Chlorpyrifos
is used extensively in the southern United States for indoor and outdoor insect control. The chlotpyrifos levels
were similar on both hands of all subjects on cach day that hand press field blanks were obtained. The mean

chiorpyrifos blank levels collected on Day 2 of Experiment 7 and on Day 0A of Experiment 6A were higher than
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on the otazr davs. The subiects alwavs performed their presses of the same hand in the sequence A. B.and C.
Subject A had elevated chlomytifos levels in the first (nght) hand press blank be perfermed on Day 2 of
Expenmen: 4C. on Day 0A of Experiment 6A. and on Day 2 of Experiment 7. Through monthly chlorpynfos .
dip reatments of his dogs. and by perang therr before work, Subiect A is likely w0 have had some chlompynifos
residue on hus hands each mommg, However, be washed his hands with soap and water several imes before the
da’s field blank samplmg commenced. Subject A carmied the bar of Ivory'8 soap to the sink where the subjects
~ used 1t o wash thzir hands before and after each hand press. It is possible that chlorpytifos residues were
transferred to, and fom. the faucet handle or the soap bar during hand washing by the sampling wam or subjects.
Another possibility is that these hand blanks reflect ambient chlorpyrifos residues which were previousiy
transferred to th2 skin. Chlorpyrifos in fats and oils which are deeply embedded in the skin may not be removed
by washing with soap and water. However, the more efficient double isopropanol handwipe procedure may
remove the fats and oils containing the chiorpyTifos, to yield the residues seen in the hand press field blanks.

522 Field Spikes

Series of field spikes were obtained across the eight experiments for alph- cellulose depositon coupons.,
denim drag cloths, PUF rings. isopropanol-moistened Sof-Wick® gauze handwipes, 2nd aluminum foil squares.
The field spike recovenies of chlorpyrifos, methoprene. piperonyi butoxxde and pyr..ann | for each of these senes
are presented by matix in Tab'es 18 through 22.

Chlorpymifos recoveries from alpha-cellulose coupons, drag cloths, PUF rings. and aluminum foil were
essentially quantitative. with mean field spike recoveries near 100%. ChlorpyTifos ncovery from isopropanol-
moistened gauze was slightly lower, averaging 86%. Mean recoveries of methoprene, piperonyi butoxide. and
pytethrin | from these media were generally within one standard deviation of 100%:, although recoveries of
piperonv] butoxide from alpha-cellulose and of methoprene from isopropanol-moisiened gauze were lower.

The field sample results for most individual experiments have not been adjusted for field spike recovery.
as onginally planned  Adjustment was not needed because the mean field spike recoveries were so close to 100%..
Due 10 the vanability of spike recoveries and the presence of outliers in the spike recovery senes, it was felt that -
adjustment for field spike recovery on a per experiment basis would have increased the vanability of the fisld
sample results without improving their accuracy. .

53  Traosfers from Carpet by Methods as Described by Their Developers

The first two experiments compared the transfers of freshly dry chlopyrifos residues frum carpet by the
cloth roller, the drag sled, and the PUF roller. Each transfer sampling method was performed as described in
Table 1, Le., as conducted by its developers: Ross et al. (1991), Vaccaro and Cranston (1990), and Hsu et al.
(1990). This was done to permit intercomparison of transfers among prior studies which employed one of these
methods 10 suppon registration of pesticides used in the bome. It should be noted. however, that these sampling
methods differed in characteristics which are likely to affect transfer, such as 20 passes of a roller over a cloth
laid on the carpet vs. 2 passes of the PUF roller and 1 pass of the drag sled over a carpet strip.

The transfer method comparisons were conducted on two popular types of new carpet a nylon plush cut-
pile carpet in Experiment 1 and a polypropylene level-loop carpet in Experiment 2. Results of the transfer
umhodowpamommpnsancmeableZJforthenylonpmshcarpctandm‘rableuformepolypropylene

level-loop carpet.

14



The professional applicator, who performed these applications as well as those for later experiments, was
observed to glance over his shoulder frequently to avoid stepping on the deposition coupons, as instructed, as he
stepped backward while performing the broadcast application. In addition, it appeared that the applicator
sometimes inadvertently applied a double dose of the formulation to the boundary areas between adjacent
segments along his application pathway. The variation in deposition coupon amounts and their surface loading
estimates sometimes reflected this deposition variability, as for example in Experiment 1. However, in other
experiments the deposition coupons may fail to reflect the non-uniformity in the amount applied due to the chance
effect of its occurrence relative to the coupon placement The applicator was never asked to change these
practices which contributed to deposition variabiiity on the test flooring.

The variability in formulation deposition produced an inherent variability in the transfer measurements
from the test carpets and sheet vinyl. Transfer measurement variability was also affected by the size of the area
sampled, due to the averaging effect of sampling a larger area. Thus, measurement using a deposition coupon
of a small area was susceptible to greater variation than the mechanical transfer measurements, which
encompassed much larger areas of carpet. For example, the coefficient of variation of the deposition coupon
measurements was substantially larger than for the mechanical measurements in Experiment 1 (see Table 23).
However, transfer measurement va: iability is reduced by increasing the sampled surface area only to the extent
that the deposition variation was randomly distributed over the treated test flooring. Application practices limited
the excess deposition to specific overlap locations whose area could exceed the contacted surface area of a
transfer measuremert. The amount of variation in transfer measurements obtained by a specific method could
itself vary substantially from one experiment to another, due solely to whether excess deposition occurred in one
or more of the flooring areas pre-designated for collection of the replicate transfer samples. Thus, in this study,
inferences based on transfer measurement variability must be drawn with caution. Such inferences may only be
warranted when the observed pattern of variation persisted across several experiments.

When performed as described by the method developers, transfers per cm? of contacted carpet were
highest for the cloth roller, intermediate for the drag sled, and lowest for the PUT ruiler, both fru.n plush nylon
carpet in Experiment 1 and from level-loop polypropylene ca:pet in Experiment 2. As shown by the coefficient
of variation, all three mechanical surface transfer methods gave more repeatable performance on the plush nylon
carpet than on the level-loop polypropylene car )ct. However, this observation may be an artifact caused by non-
uniform application of the chlorpyrifos formulation, as discussed above.

The cloth rolier displayed more variation in the transfer of chlorpyrifos residue from the plush nylon
carpet than did the drag sled or the PUF roller. However, the coefficients of variation of the rates, in ng/cm?, of
transfer of chlorpyrifos from level-loop polypropylene carpet by the three methods were quite similar in
Experiment 2.

Transfers obtained with the cloth roller were larger for rolls oriented with and against the lay of the plush
nylon carpet fibers (x+ s = 780 * 140 ng/cm?, n=4) than for rolls across the lay o the fibers (430 £ 10 ng/cm?,
r=2) in Experimert 1. In ~ontrast, transfers with the drag sled and the PUF roller were not observed to vary with
the orientation of the drag/roll relative to the lay of the carpet fibers in these or later experiments. The additional
transfer variation observed with the cloth roller in Experiment 1 can largely be attributed to this directional

sampling effect.
84  Modification of PUF Rollex:' Sampler

In 1988 SwRI developed a foam roller instrument to simuiate pesticidc exposure to infants. It was
demonstrated that the foam pressed by the roller with a contact rolling mouon across an aluminum foil surface
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has similar characteristics to the human hand in terms of transfer of dried pesticide analvtical standard residues
(Hsu et al, 1990). EPA evaluated the PUF roller sampler and other methods for monitoring the potential
exposure of young children to pesticides in the residential environment in a nine-home pilot studv (Lewis et al.,
1994). EPA alsc suggested that a pesticide manufacturer use the instrument to measure dislodgeable residue
from nrf. The pesticide manufacturer expressed difficulty in using the SwRI instument, and the EPA evaluation
recommended hardware improvements for easier field use. Consequently, SwRI modnﬁed the instrument to
address the concerns and make it easier to use.

54.1 Original Design

The original roller sampler consisted of a ring of polyurethane foam (PUF) surrsunding a 3.2 kg stainless
steel cylinder. The ring was brought from the laboratory in a glass jar, removed and placed on the cylinder at
the sampling site. The cylinder was then bolted to a roller assembly which allowed the user to roll the PUF across
the floor. Tke roller assembly had wheels and was desigred to transfer ary pressure from the user through the
handle to the wheels instead of the PUF ring. Thus, the cylinder ren.ained in cozmct with the floor at a constant
pressure. To acquire samples, the roller assembly was pulled along the {loor for a specified distance at a specified
speed When the sampling was complete, the PUF rings were removed and placed in jars for transport to a lab
fc T extraction and analysis.

Comments from users of the instrument indicated some problems. One common concern expressed was
that the instrument was (ifficu.. to transport to the field due to hulkiness, and it was dif icult to assemble at the
field site. A ring stand was required for assembly, and bolts had to be removed with a wrench each time a new
PUF ring was used Another user complaint was that there was potential for contamination of the rings when they
were removed from the cylinder. - ,

The most important criterion for the new design was that the redesigned instrument should be simple to
assemble in the field, preferably with no extra pieces of equipment A means of rapidly mounting the PUF ring
on the roller and removing the PUF ring after sampling while preventing contamination was also important.
Other criteria for the redesign included maintaining the concept of the wheels and bandle being connected,
allowing the wheels t0 take any excess force exerted on the handle, while the PUF ring maintains a constant force
on the surface.

5$4.2 Design Modifications

The first major design change was 10 replace the large stainless steel cylinder with a smalier aluminum
cylinder and a separate weight block. The cylinder is the same width as the foam ring, preventing the foam from
being contaminated when it is slid on or off the cylinder. This is particularly importaat if the instru.aent is used
outdoors where the potential for cylinder contamination would be greater. The weight of the original stainless
steel cylinder created the desired pressure through the foam onto the surface. With a smaller aluminum cylinder,
» separate weight was necessary to create the required pressure. The weights were fashioned of stainless ste2]
blocks and mounted on arms supporting the aluminu~. cylinder (see Figure 3). By having separate weight blocks,
the pressure exerted on the surface could be varied (see Experiment 5B).

Another feature that was modified was the method of attaching e cylinder to the instrument. The
original design used hex nuts which zre cumbersome and time consuming to remove aad replace. The new
design utilizes spring clips and grooves which hold the cylinder in place when it is being rolled acrosc a surface,
but allow the user to “snap™ the cylinder in and out of the instrument. The support bars to which the cylinder
amdnslnvegmovesondmmdasdewholdmecyhnda ‘l'hcsupponbatscanbeangledbackwardstoallow
the cylinder to be replaced easily. " ais is shown in Figure 5.
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PUF Ring

. d
Figure 5. Detils of cylinder/frame assembly of modified PUF roller
sampler.

The original PUF roller sampler was redesigned ro allow for easier uce on indoor surfaces as well as for
outdoor use. We decided to enlarge the wheels to provide easie: rolling across uneven surfaces often experienced
outdoors. If a rock or other obstacle gets in front of the wheels, the larger diameter and higher axle allow the
instrument to rol! over the obstacle with little resistance.

Tofacxhtatcmnsponmaﬁeldsm,ﬂ:handlewasﬁbﬁwedtobedmhable. The handle was made
in two pieces which screw together, and the lower handle piece screws into a fitting on the axle. The handle
pieces are 54 and 59 cm long. When disassembled, the length of the base is 32 cm. In addition, since the long
stainless stee] cylinder was replaced by a shorter aluminum cylinder, the overall width of the instrument could
bereducedto23cm. (The original model has a base of 72 em x 37 cm, which includes the non-removable
handle.)

88 Effect of Moistened Contact Media on Transfers from Carpet: Experiment 3

' Moistening the medium in contact with a treated carpet should provide an indication of the transfer which

ooccurs when a child crawls on a carpet with hands which s/he has recently mouthed. The effect on transfers of
chlorpyrifos residues from a new plush nylon carpet of pre-moistening the contact surfaces of the denim drag
cloth and the PUF roller cover were investigated in Experiment 3.
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The results of t.is experiment are presenteu in Table 25. After moistening the contact surface with a
water aerosol spray, the mean transfer rate increased moderately (ca. 60%) with the drag sled, but markedly (8-
fold) with the PUF roller. The greater proportional increase using the moistened PUF roller appears to reflect
the 10-fold larger moisture content of the moistened PUF ring (5 g) than the moistened drag cloth (0.5 g), rather
than their similar moisture transfers onto a glas: surface. As indicated by the coe_licient of variaticn, the
measurement variabil.y ot both methods increased substantially when moist contact media were used. The
increased measurement variation with moistened media may be a serious impediment to the use of moistened
media in £eld studies, since many more replicates would be required to detect a difference in transfer rates. The
increased variability was a factor in our decision to perform all subsequent floor transfer experiments using dry
contact media.

5.6 Field Performance of the Transfer Sampling Methods Using Dry and Moistened Contact Media

The strengths and weaknesses of each 0. the three dislcdgeable residue methods which were observed
while conducting these experiments are suwamarized in Table 26. Though it is simple in design and configured
from readily available materials, the Califomia cloth roller method consistently showed some inherent
weaknesses. It was difficult and cumbersome to op: -ate due to the heavy weight of the roller and the fact that
operation required the user to be on his-aer knees during sample collection. Additionally, during the rolling
process, the cloth sample collection merum hz.d a tendency to shift on the ca: pet out of the targeted sample area,
and the plastic sheet between the clow and the roller would adhere to the roller due to static electricity. The drag
sled is also simple in desizn and constructed from readily available niaterials. Operation of the dray sled was
simplest of the thre: methods, thrugh the transfer mode from carpet to sample medium relies on friction from
rubbing of two surfaces rather than on the rolling contact of the two other methods. For small surfaces or in areas
of limited access, the drag sled requires the least amount of room to collect a surface sampie. The PUF roller i§
the most compiex device and is expensive to builc or purchase. However, it should show the fewest
inconsistencies between operators since it is si-aple to use and has the fewest operational variables.

In the experments using moistened media with Jue drag sled and PUF roller methods, uniform moistening
of the sample media may not have been achieved. 'Even though the medium was cor:.tacted with a known mass
of water, the uniformity of its distnbution on the sampling surface of the medium could not be verified.

5.7 Effects of PUF Roller Sampling Variables on Chlorpyrifos Truanster from Carpet

Transfer sampling with the PUF roller had usually been performed by making two passes (over and back)
or one pass over a 1.0 m strip of the sampled carpet, at a pressure of 7,300 to 8,300 Pa through the PUF ring and
at a speed of about 0.10 m/s over the carpet. Althcugh the number of passes, the length of the carpet strip
contacted by PUF roller, the contact pressure, and the rol'er sneed may affect the amount transferred, the effects
of these sampling variables on transfer had not previously been studied. Experiments SA, 5B, and 5C were
performed to investigate the effects of these PUF roller sampling variables on transfer of freshly dried
chlorpyrifos residue from plush carpet. The designs of the experiments were given in Tables 6, 7, and 8.

57.1 Effect on Transfer of Number of Passes by PUF Roller over a Carpet Strip: Experimens 5A

The transfers obtained with incn. 1sing number of PUF rriler passe; over a 1.0 m strip of treated carpet
are presented in Table 27. Since th: PUF roller is usually placed on the sampled surface in the starting location
for several seconds before sampling commences, the mean amount transferred to the PUF roller while staticnary
on the carpet for 3 s (127 ug, from Experiment 5C) was subtracted from each crude transfer amount. The mean
adjusted chlorpyrifos amounts transferred were 9.9 pg for one pass, 26 ug for two passes, 45 pg for four passes,
77 ug for eight passes, and 172 pg for twenty passes. Transfer variability :unong replicates remained large,
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presumably due to non-unifonn deposition. The additional amount transferred to the PUF roller with each
additional pass remained approximately 10 pg/pass, from the first pass through th: twentieth pass. At the
applied chlorpyrifos loading (23 pg/cm?), each sampled carpet strip contained about 18 mg of chlorpyrifos. This
reservoir of chiorpyrifos in the nylon plush carpet was sufficient to yield a relatively constant additional transfer
of about 10 pg with each pass of the PUF roller sampler. ‘

57.2 Effects on Transfer of Contact Pressure and Speed of PUF Roller: Experiment SB

The contact pressure of the PUF ring with the treated carpet was varied by removing the weight blocks
(2,400 Pa) and by adding additional weights (18,000 Pa). The results of Experiment 5B are summarized in Table
20. The transferred chlorpyrifos amount increased from 8.0 £ 1.4 pg at 2,400 Pa, t0 26.8 £ 5.2 pg at 7,300 Pa,
andt046.6 £ 17.8 ugat 18,000 Pa. The increase in PUF roller transfer amount was propurtional to the contact
pressure.

Replicate runs at a more rapid sampling speed of 30 cm/s were also performed, while using the standard
7,300 Pa pressure. PUF roller transfer was sligitly less (21.4 £ 5.8 pg) at 30 cm/s than at 10 cm/s (26 8 +

5.2 ug).
5.7.3 Effect on Transfer of Length of Carpet Strip Traversed by PUF Roller: Experiment SC

The carpet strip traversed by the PUF roller to collect a sample was lengthened from 9 cm (stationary for
3s)t025cm, 1.0m, 3.0 m, and 10.C m to evaluate its effect on transfer. After subtracting the mean stationcry
transfer of 1.27 ug, *he mean transfer amount increased from 2.1 ug over 25 cm to 11.4 pg over 1.0 m, 57 pg
over 3.0 m, and 79 ug over 10.0 m. The amount of transfer to the PUF ring increased quite uriformly with
distance traversed over the first 3 m of treated plush nylon carpet, but increased slowly as more carpet was
traverseq. '

S8 Effects of Drag Sled Sampling Variables on Chlorpyrifos Transfer from Carpet

The effects of varying the contact pressure, traverse speed, and traverse distance of the drag sled cn the
transfer of fresh dry chlorpyrifos residues from uylon plush carpet to the dragged cloth were investigated in
Experiments 5D and SE.

581 Effects on Transfer of Contact Pressure and Speed of Drag Sled: Experiment SD

. Increasing the contact pressure exerted by tne drag sled on a treated nylon plush carpet bad very little
effect on the transfer of chlorpyrifos residue to the cloth: from 36 £ 13 pug at 2,100 Pa, to 5o £ 28 ug at 4,5¢0 Pa,
and to 43 z 10 pg at 15,600 Pa (Table 30). Increasing the traverse speed of the drag sled at 4,500 Pa appears
to reduce the amount of chlorpyrifos transferred, from 56 + 28 ug at 7 cm/s to 31 £ 21 ug at 20 cn/s (Table 30).

582 Effect on Transfer of Length of Carpet Serip Traversed by Drag Sled: Experiment SE

V/her placed stationary on the carpet for 3 s (as is often done before sampling commences). a 1nean of
0.63 pg of chlorpyrifos transferred to the cloth beneath the drag sled (Table 31). This is about half the mean of
1.27 pg transferred to the PUF ring beneath the stationary PUF roller in 3 5. The mean transfer amount to the
drag cloth increased from 4.2 pg over the first 17 cm traversed, to 0.86 pg over 92 cm, 124 pg over 2.9 m, and
302 pg over 9.8 m.  Although it was low on the 92 cm traverse, the amount of transfer from the treated plush
carpet increased relatively uniformly with distances up to 10 m traversed by the drag sled.
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5.9 Effect of Temperature on Transfer of Pesticide Residues from Carpet

Experiments 54, through SE were intentionally performed over a 9°C range of indoor air temperatures
to permit an estzate of the effect of air temperature on transfer of fresh chlorpyrifos residue from plush-carpet
by the PUT roller ard the drag sled. However, application variability and possible effects of uncontrolied
vanabl:s between the experiments confounded the apparent effect of air temperature. Consequently, additional
experiments were designed and conducted to investigate the specific effect of temperature on transfers by the PUF
roller and by the drag sled of both aged residues (applied 31 to 37 days earlier, Experiment 8 A) and fresh residues
(Experiment 8B) of chlorpyrifos, piperonyl butoxide, and pyrethrin I from nylon plush carpet.

59.1 Effect of Tempercture on Transfer oﬁ? Régi'dues: Experiment 84

The plush carpet had been treated with chlorpyrifos, piperonyl butoxide, and pyrethins 37 days prior to
Experim>nt 8A (for Experiment 6A) and again with piperonyl butoxide and pyrethrins 31 days before
Experiment 8A (for Experiment 6B). Experiment 8A imvolved triplicate transfer sampling of the carpet with both
the drag sled and the PUF roller, first at cool carpet and indoor air temperatures, followed by repeat sampling at
moderate and hot temperatures (see Table 13). The mean indoor air temperature increased from 17°C to 27°C
to 34°C, while the mean carpet temperature increased less rapidly from 22°C to 27°C to 31°C during the three
sampling blocks. Transfer results are discussed i relation to the carpet temperature, which we consider the more
relevant temperature measurement. The results are presented in Tables 32 (chlorpyrifos), 33 (piperonyl
butoxide), and 34 (pyrethrin I). Substantial transfer measurement variability obscures clear trends. Mean
transfers of aged ch'orpyrifos residues increased by approximately a factor of 2 as the carpet temperature was
raised from 22°C to 31°C: from 0.46 pg to 1.05 ug with the drag sled and from 0.43 pg to 0.78 ug with the PUF
roller. Transfers with the drag sled also increased by about a factor of 2 for aged piperonyl butoxice and a factor
of 1.5 for aged pyrethrin I with this rise in carpet teraperature. However, transfers with the PUF roller of aged
piperonyl butoxiue and pyrethrin I were basically unchanged with this rise in carpet temperature. Air samples
taken during the cool and hot sampling periods showed that the indoor air concentrations of chlorpyrifos and
piperony] butoxide more than doubled with this temperature rise.

59.2 Effect of Temperature on Transfer of Fresh Residues: Experiment 8B

After a formulated mixture of chlorpyrifcs, piperonyl butoxide, and pyrethrins had dried on the plush
carpet, triplicate transfer samples were again collected with the drag sled and the PUF roller at cool, moderate,
and hot indoor temperatures (see Table 14). The mean carpet temperatures were 23°C, 27°C, and 30°C during
the three sampling periods. Coupon-adjusted transfers of chlorpyrifos increased from the cool to the hot carpet
temperature by 21% (from 11.2 pg at 23°C to 13.6 pg at 30°C) with the drag sled and by 35% (from 5.1 pg to
6.9 pg) with the PUF roller (Table 35). The comresponding increases in coupon-adjusted transfers of piperonyl
butoxide wers 47% (from 15.0 ug 10 22.1 ug) with the drag sled and 37% with the PUF roller (Table 36). The
increase in pyrethrin I transfers was slightly larger: 61% with the drag sled and 54% with the PUF roller
(Table 37). The larger transfers obtained in the fresh residue experiment may be responsible for the more
consistent transfer increase with rising carpet temperature observed for fresh residues than for aged residues.

5.10 Reduction in Transfer of Pesticide Réddues from Carpet with Time after Application

Transfer samples of residues remaining on the plush carpet were usually coilecued in duplicate with the
drag sled and the PUF roller just prior to cleaning the carpet for the next experiment. One objective was to obtain
an estimate of the reduction in transfer of the residue with time after application. This was achieved by
comparing the mean transfer amounts ~n the day of application and on the subsequent day before cleaning. All
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of the data relevant to reduction in chlorpyrifos transfer with time after application is presented in Table 38. In
the seldom-used trailer, chlorpyrifos transfers from the plush carpet with the drag sled were reduced by an order
of magnitude within a rionth after application and by two orders of magnitude after three months. Chlorpyrifos
transfers from the same carpet with the PUF roller declined more gradually with time after application, but still
approached two orders of magnitude after three months. The simultaneous reduction in transfers of piperonyl
butoxide (Table 39) and pyrethrin I (Table 40) from the same plush carpet was similar to the reduction in
chlorpyrifos transfer within the first month afier application.

5.11 Effect of Carpet Cleaning on Transfer of Chlornyrifos Residues

The plush nylon arpet used in Experiment 3 was commercially cleaned by water extraction before each
of eight subsequent chlorpyrifos applications. The pair of duplicate chlorpyrifos transfer samples collected by
the same method just before cleaning and again just before the application (usually 48 to 72 hrs after cleaning
to allow the carpet to dry) can be used to assess the effectiveness of the ~arpet cleaning in reducing chlorpyrifos
residues on the carpet surface. The mean chlorpyrifos transfers before an. after cleaning are shown in Table 41.
The first three cleanings produced substantial reductions (4- to 15-fold) in chlorpyrifos transfer from the carpet.
However, the fifth, seventh, and eighth cleanings did not reduce surface chlorpyrifos transfer from the carpet at
all. It is unclear whether residue build-up in the trailer or incomplete drying after cleaning contributed to the
apparent ineffectiveness of the later cleanings.

5.12 Efﬁciehcy of Removal of Chlorpyrifos snd Pyrethriz 1 Residues from Human Skin by the
Isopropanol Handwipe Method

5.12.1 Determination of Wipe Removal Efficiency

The merits and limitations of a mass balance approach to determination of removal efficiency for hand
washes and wipes have recently been discussed by Fenske et al. (1994). Initial experiments were performed to
determine the efficiency of the procedure for the removal of pesticides from human hands. Natural pyrethrins -
and chlorpyrifos were selected for this portion of the study since they are common pesticides used in the home.
Natural pyrethrins is a mixture of six compounds. Toe most abundant, pyrethrin I, was selected to be quantitated
for this experiment. The removal efficiency (RE) for a particular pesticide is calculated by:

RE = (Myipe /Eex)/[Mypp - Mgi/Ee)]

where M., is the mass of pesticice found on the wipe, M., is mass of the pesticide applied to the foil, Mg,
is mass of pesticide remaining on the foil, E, is the mean extraction efficiency of the pesticide from the wipe
material and E,; is the efficiency of eluting the pesticide from the aluminum foil square.

E., for chiorpyrifos and pyrethrins from the aluminum foil squares was determined by spiking seven foil
squares, each with two levels of the pesticides using the procedure described above. The foils were then extracted
and the amounts of the two compounds recovered were calculated. The recovery for each foil was calculated by
dividing the recovered amount by the spiked amount, which was determined by three replicates of direct analysis
of the spiking solution dissolved in 10% ether in hexane. The means and standard deviations for E,, for each
analyte at each level were then calculated. These results are given in the upper half of Table 42. Mean E,, for
chlorpyrifos were 105 + 18% and 100 + 7% for 1.86 pg and 23.9 ug spiked respectively. Pyrethrin I recoveries
were 103 £ 26% and 100 £ 11% for 17.5 pg and 246 pg spiked. For both chlorp rifos and pyrethrin L, the
recovery decreases from replicate 1 to replicate 7. This is most likely attributed to calibraiion drift of the GC/MS.
To partially compensate for this drift, standards were analyzed at the beginning and end of the sequence and the
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response factor was taken as the average of the response factors for the two standards. Within the experimental
error, both analytes were quantitatively recovered from the aluminum foil.

E . was determined for chlorpyrifos and pyrethrin I by spiking seven replicates each with two different
amounts of the formulated mixture. The wipes were then extracted and the amount of chlorpyrifos and pyrethrin
1 extracted was determined by GC/MS. The lower half of Table 42 shows E,, for each wipe replicate, and the
mean and standard deviation for each analyte spike level. Pyrethrin I was extracted with mean recoveries of 97
% 14% and 101 = 9% for spiking levels of 16.1 and 319 pg. Chiorpyrifos was extracted with recoveries of 88
% 6% and 100 * 4% for spike levels of 1.93 and 25.2 pg. Within experimental error, pyrethrin 1 was
quantitatvely extracted from the wipe material at both high and low levels. Chlorpyrifos recovery was
quantitative at the higher spike level. Howeve, it is apparent that the extraction procedune was not as successful
in removmg the chlorpyrifos when applied at a level near 2 pg. ‘

At each stage of the wipe process, blanks were analyzed No target pesticides were found at a level above
the detection limit in exaaction solvent, blank foil squares or blank dressing sponges when these materials were
extracted and analyzed by GC/MS. In addition to these matrix blanks, handwipe contro] blanks were performed
on two days during the hand-press experiments. In this experiment, the subjects hands were pressed onto clean
aluminum foil squares then wiped using the handwipe procedure. These results are shown in Tabl2 17. No
pyrethrin I was found in the control blanks above the detsction limit. However, chlorpyrifos at levels ranging
from 0.10 to 0.38 g were found in each of the eight control blanks. At this time, the source of the chlorpyrifos
in the controls is unclear. Chlorpyrifos is used extensively in the southern United States for indoor and outdoor
insect control. One possibility is that the chlorpyrifos was introduced onto the subjects hands by touching a
contaminated object, such as the faucet or the soap bar during hand washing prior to the experiment. A more
likely explanation is that these blank values represent ambient levels of chlorpyrifos. The chlorpyrifos may not
be semoved with soap and water since it is deeply imbedded in the fats and oils in the skin. However, these fats
and oils containing the chlorpyrifos are removed from the hands using the 2-propanol wipe.

Once E,, E,,. and blank levels for each portion.of the experiment were understood, the RE for
chlorpyrifos and pyrethrin I were experimentally determined using the procedure described above. Results for
the RE of chlorpyrifos are given in Table 43. The amount of chlorpyrifos spiked on the foil was determined from
the of six analytical results, obtained from three analyses each of two solutions prepared by dilution of the
spiking solution in 1:1 diethy] ether:hexane. The amount of chlorpyrifos left on the foil was determined by
exvaction of the foil square and has been corrected for E,, and blank results. The amount of chlorpyrifos placed
on the hand was calculated as the difference between the amount spiked on the foil and the amount remaining on
the foil. The amount removed by handwipe was the analytical result obtained from the handwips corrected for
blank and E.,; results. The percent removed was the amount of chlorpyrifos placed on the hand divided by the
amount removed by the handwipe. The RE ranged from 85 to 119% over the course of the three days of the
experiment. The mean RE for chlorpyrifos was found to be 104 £ 11% for the twelve measurements. RE results
for pyrethrin I are given in Table 44. A wider varniation in the removal efficiency was observed with results
ranging from 56 to 144%. The mean RE for the twelve measurements was 92 + 28%.

5.12.2 Discussion

Hand washes have been employed to monitor hand exposure to pesticides, but they require the handling
of large volumes of solvent and are also difficult to use on young chi'dren (Lewis et al. 1994). Hand wash studies
using chlorpyrifos showed recoveries of 30°% with ethanol and 43% with 10% 2-propanol in water after
immediate exposure to dried formulatior: T >nske et al. 1994). Our results for wipe removal efficiency using 2-
propano} are significantly higher. We attribute the high removal efficiency of our technique to a combinatioa of
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the solvation of the pesticides by the undiluted 2-propanol and the mechanical removal by the wiping action.
Once the wipe has been performed, the dressing sponges are kept moist with 2-propanol. This prevents strong
- bonding of the polar pesticides to the cellulose material and enhances extraction efficiency. -

At this time, removal efficiencies following an extended period of time after exposure (i.e., 30 min) have
not been performed. However, based upon control blank results presented in Table 17, it is anticipated that the
described controlled double wipe procedure may efficiently extract pesticides deeply embedded in the skin.

The efficiency of dermal penetration of a particular pesticide depends upon the type and concentration
of the pesticide, the solvent and surfactant used and the physical form of the formulation. Concerns have been
raised that a 2-propano! wipe .aay enhance the penetration of certain pesticides through the skin. Experiments
should be performed to investigate possible penetration effects and to compare the removal efficiency of a wipe
using 100% 2-propanol with wipes using other solvents such as mild aqueous surfactants or diluted alcohol
solutions. We would anticipate, however, that these alternative solvents would not bz as efficient in removing
pesticides that have been incorporated into the fats and oils in the skin.

5.13 Comparison of Transfers of Pesticide Residues from Flooring by the Drag Sled, PUF Roller, and
Human Hand Presses '

A major objective of this project was to compare mechanical dislodgeable residue methods to presses by
the human hand with respect to transfer of formulated pesticide residues from treated flooring. The data to make
* these transfer comparisons of the drag sled and PUF roller with human hand presses was developed by

performing Expeniments 6 and 7.

5.13.1 Comparison of Transfers fro Plush Carpet: Experiment 64

Transfers from treated plush carpet by the drag sled, the PUF roller, and a single press of a human hand -

in Experiment 6A are given for chlorpyrifos residues in Table 45, for piperonyl butoxide residues in Table 46,
and for pyrethrin I residues in Table 47. It was difficult to detect the amount transferred to the subjects’ hand by
a single press through the template onto 48 cm? of the treated carpet. The hand transfer of chlorpyrifos was
usually less than the mean hand wipe background of 0.26 pg on Experiment 6A field blanks. Similarly, the hand
transfer of piperonyl butoxide seldom exceeded the detection limits of the hand press sample and the hand wipe
field blank. Pyrethrin I was not detected in any single hand press samples. It would have been desirable to
determine hand transfer based on a single press, as attempted in this experiment, in order to avoid the possibly
non-additive accumulation of residue transfer with additional presses onto adjacent carpet sections. However,
Iack of ransfer detection with a single hand press rendered this approach infeasible. Instead, Experiment 6B was
planned and conducted to obtain the needed transfer comparison of the drag sled and PUF roller to the hand press.
However, Experiment 6A did demonstrate that a single pass of the drag sled gave a 3- to 4-fold greater transfer
of all three formulated pesticides from the treated plush carpet than did a single pass of the PUF roller.

5.13.2 Comparison of Transfers from Plush Carpet: Experiment 6B

For Experiment 6B, a formulation of methoprene, piperony] butoxide, and natural pyrethrins was applied
by aerosol spray can to the same plush carpet used in Experiment 6A on the fourth day after its completion,
~ without recleaning the carpet. The same sampling design was used, except that each hand palm was pressed onto
ten adjoining areas of the treated carpet through an elongated template. The transfer comparisons from
Experiment 6B are given for clcrpyrifos, methoprene, piperonyl butoxide, and pyrethrin 1 in Tables 48 through
51, respectively. The transfer rate of each pesticide from the plush carpet was largest for the drag sled,
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intermediate for the PUF roller, and smallest for the human hand press. For example, the average transfer rates
m ng./c:m2 were 9.2 (drag sled), 2.9 (PUF roller), and 1.3 (hand press) for chlorpyrifos, and 128 (drag sled), 58
(PUF roller), and 17 (hand press) for piperony! butoxide. Transfer rates appeared more variable for the hand
press than for the drag sled or PUF roller.

5.13.3 Comparison of Transfers from Slleet Vinyl: Experiment 7

The same experimental design was also used to compare pesticide residue transfers from sheet vinyl. The
transfer comparisons from Experiment 7 are given for chlorpyrifos, piperony] butoxide, and pyrethrin I in Tables
52 through 54, respectively. Similar to the transfers from carpet, the transfer rate of each pesticide from the sheet
viryl was largest for the drag sled, mtermedxate for the PUF roller, and smallest for the human hand press. For
example, the average transfer rates in ng/cm? were 1890 (drag sled), 780 (PUF roller), and 255 (hand press) for
chlorpyrifos, and 192 (drag sled), 116 (PUF roller), and 39 (hand press) for pyrethrin I.

5.13.4 Summary of Transfer Comparisons

The means and standard deviations of the *ransfer rates obtained in Experiments 6A, 6B, and 7 are
presented in Table 55. This table illustrates that the transfer rate was consistently largest for the drag sled,
intermediate for the PUF roller, and smallest for the human hand press, for all types of flooring and pesticides
examined.

5.14 Comparison of Percent Mean Transfers of Pesticide Residues from Flooring by Mechanical and
Hand Press Methods

5.14.1 Percent Mean Transfers of Chlorpyrifos

Chlorpyrifos transfers from flooring were measured in most of the sampling experiments. The mean
transfer of the applied chlorpyrifos residue, defined as the ratio of the mean transfer rate (ng/cm?) to the mean
surface loading (ng/cm?) is given by experiment and transfer method in Table 56. The percent mean transfer of
chlorpyrifos is much greater from sheet vinyl than from carpet Inspection’ suggests that the percent of
chlorpyrifos transferred from new carpet (Experiments 1-3) may be larger than the percent transferred from used
carpet (Experiments 5A-SE, 6A, and 8B), since this pattern was observed both with the drag sled and the PUF
roller.

5.14.2 Comparison of Percent Mean Pesticide Residue Transfers in Experiments 6 and 7

The percent mean transfers of the pesticides applied to carpet and sheet vinyl in Experiments 6 and 7 are
presented in Table 57. A given method (drag sled, PUF roller, or hand press) transferred virtually the same
percentage of applied residue of all the formulation': active ingredients from the treated flooring in a given
experiment. The percent transferred from sheet viny! after broadcast application (Experiment 7) was nearly an
order of magnitude larger than the percent transferred from plush carpet after aerosol can application (Experiment
6B), and two or more orders of magnitude larger than the percent transferred from plush carpet after broadcast
application (Experiment 6A). There was more than an order of magnitude greater transfer of dried residues from
plush carpet after application of an aerosol can formulation (Experiment 6B) than after broadcast application of
a water-based formulation (Experiment 6A). These major effects of flooring and application method (or
formulation) on percentage transfer were found by all three methods.
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5.14.3 Suability of the Ratio of Mechanical and Hand Press Transfers

Table 57 indicates that the transfer efficiency is about three times higher for the drag sled than for the PUF
roller, and about three times higher for the PUF rolier than for the hand press, for every active ingredient, flooring.
and appiication method investigated. To obtain a more precise estimate of this relationship, the ratio of the
mechanical method transfer mean (r=2) to the simultaneous hand press transfer mean (n=6) was calculated for
the 17 specific sets of pesticide within day within experiment for which hand transfers were measurable. The
transfer rates and ratios are presented in Table 58. Both the drag sied/hand press ratio and the PUF roller/hand
press ratio are quite stable over the broad range of transfer rates obwined in these 17 sets. The mean * swandard
deviation of these ratios were 7.4 + 2.8 for drag sled/band press and 3.3 £ 2.1 for PUF rolier/hand press.

These observations indicate that the PUF rolier and the drag sled can both be used to estimate transfers
of formulated pesticide residues from flooring to a human hand by press contact. Crude estimates of the transfer
to human skin of residues of pesticides recently applied to a floor surface can be calculated from drag sled or PUF
roller measurements of the surface, by dividing by the appropriate mean transfer ratio given in Table 58.
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Table 1.  Characteristics of Dislodgeable Residue Methads as Deacribed by Devetoper and Used for Lxperiments 1 amd 2

Property California Cloth Roller Dow Nrag Sted SwRI PUF Roller

Sampling medium (material) Percale bedsheet (50% cotton, 50% Denim weave cloth Polyurethane foam nug fpolycther,
polyester) - (preminantly cotton) 0.029 g/cm")

Surfuce of ssmpling med:um Square (429 em)? Square (10.2 cm)? Curved exterior of ting, (OD = R9cm,

fength = 7.6 cm)

Contact motion Roll Drag Roll

Face (intantancous contact area pressed 440 cm? = 42.9 cm = 10.2 cm 58cm? = (7.6 cm)? 386cem?=7.6cmx 5.1 cm

through sampling medium)

Mass exerting pressure through 144kg 3.46 kg 3.25 kg;* 3.10 kg

eampling medium

Preasure exerted throvgh 2,300 Pa = (14.4 kg}9.8 nvs’Y 5.900 Pa = (3.46 kg}(9.8 m/s?Y 8300 Pa;* 8,000 Pa’ = (3.10 kg)

ssmpling medium {(0.61 m)O0.10 m)} (0.076 m)! .8 m/s’)1(0.076 m}0.05 m)]

Sampled carpet ares 0.184 m? = (0.429 m)! 0.093mi=0076mx1.22m 0076 m?=0.076 mx 1.0m

Number of passes over mmpled 20 | 2

carpet area

Sampling speed over campet 023 mvs 0.07 m/s 0.10 m/s

a  Originsl PUF roller smampler
b 1992 model of PUF roller sampler
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Table 2.  Characteristics of Dislodgeable Rexidue and Hand Press Mcthods as Used for Experiment 7
PUF Roller
Drag Sled {October 1992 Model) Human Hand Preas
Sampling medium Denim weave cloth (predominantly Polyurethane foam (PUF) ring Skin on palm of hand
cotton) (0.029 g/cm". polyether)
Surface of sampling medium Square (10.2 cmy? Curved exterior of ring{OD = 8.9 cm, Palm (ca. R cm % 8 cm)
: length = 7.6 cm)
Contact motion Drag Roll Ten presses (for | 8)
Face (instantancous pressed contact 7.6 cm x 7.6 cm = SR cm? 7.6cm x 5.1 cm = 3R.6cm? 7.6cm x 7.6cm = 58 cm?
area through sampling medium)
Mass exerting pressure through JA6kg 310kg NA
sampling medium
Pressure exerted through sampling $.900 Pa = (3.46 kg)9.8 vy 8,000 Pa=(3.10kg) (9.8 m/dy 6,900 Pa= 1.0psi
medium  ~ (0.076 m)! (0.076 m) (0.05 m))
Sampled carpet area 7.6cm x 1.0m=0.076 m? 7.6cm x 1.0 m = 0.076 m? 10 x 7.6 cm x 6.3 cm = 0.048 m?
Number of pm over sampled 1 | 1
carpet area

Sampling speed over carpet

0.07m/s

0.10mh

NA
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Table 3.  Pesticide Applications to Flooring for Experiments

Deposition Ratc®
Treatment Flooring Applied Active (x15)
Experiment Date Material Formulation Ingredients pg/em?
t 8-4.92 Plush carpet (new) Dursban L.O. Chlorpyrifos (0.5%)b 13.5+£8.2
2 8-10-92 Level-loop carpet (new) Dursban L.O. Chlorpyrifos (0.5%) 106+1.2
3 11-24-92 Plush carpet (new) Dursban L.O. Chlorpyrifos (0.5%) 198433
5A 3.2.93 Plush carpet (used) Dursban L.O, Chlorpyrifc ; (0.5%) 234+ 1.1
5B 3993 Plush carpet (used) Dursban L.O. Chlorpyrifos (0.5%) 266+ 1.3
SCi 3-16-y3 Plush carpet (used) Dursban L.O. Chlompyrifos (C.5%) 12.8+0.8
5C2 3-25-93 Plush carpet (used) Dursban L.O. Chlorpyrifos (0.5%) . 23.5+42
SEI 4-20-91 Plush campet (used) Dursban L.O. Chlorpyrifos (0.5%) 24.0:11.1
SE2 4-27-93 Plush carpet (used) Dursoan L.O. Chlorpyrifos (0.5%) 31.3+0.04
sD 5-19.93 Plush carpet (used) Dursban L.O. Chlorpyrifos (0.5%) 31256
6A 6-16-93 Plush carpet (used) Dursban L.O. Chlorpyrifos (0.25%) 54+09
Kicker Piperonyl butoxide (0.25%) 53+£1.0
Pyrethrin § (0.025%) 085+0.15
6B 6-22-93 Plush carpet (used) Siphotrol® Methoprene (0.015%) 0.11 £0.04
Piperony! butoxide (1.0%) 5406
Pyrethrin [ (0.2%) 18403
8B 7-29-93 Plush carpet (used) Dursban L.O. Chlorpyrifos (0.25%) 56%1.6
Kicker Piperonyl butoxide (0.25%) 45+14
Pyrethrin 1 (0.025%) 0.684£0.20
7 8-10-93 Sheet vinyl (new) Dursban L.O. Chlorpyrifos (0.25%) 83105
Kicker Piperony] butoxide (0.25%) 73112
Pyrethrin . {0.025%) 1.4 £ 0.0!

s From deposition coupons collected on day of application

b Composition in aqucous spray
¢ Acrosol spray can




Tadie4  Samphing Design of Expeniments | and 2

Number of Replicates, by Method

e -Cellulose Clcth Drag PUF Toml
Sampie Category Deposinon Coupon ~ Roller Sled Roller  Samples
Fieid Slank (pre-applicarion) | S ) 1 4
Field samples (begin 2 bours post 6 6 6 6 24
spphcavon) ,
F:2id spikes (at start and end of field 2 ' 2 2 2 8
samzling)
Tot! Samples 9 9 9 9 36
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TableS.  Samphng Dsign of Experiment 3

Number of Replicates, by Method

Drag Sled PUF Roller

e-Cellulose Dry Moist Dry Moist Total
Sample Category Leposition Coupon  Cicth  Cloth PUF PUF Samples
Field blank (pre-application) B L | I 1 1 5
Drussban LO applicasion
Replicate field samples (begin 5 4 s 4 s 23
2 bours post applicanon) : . .
Field spikes (at start and end b o 2 2 : 2 2 10
of fi- }d samplmg) :
Toral Samples 8 7 8 7 R 38

8 Two a<celiulose pads laid out in the block are combined as one sample
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Table 6.  Sampling Design of Experiment SA: Effect of Number of Passes of PUF Rolier Sampler® on
Chlorpyrifos D.siodgeable Residoe Transfer

Sampling Varisbles _ Number of Samples by Type
Indoor Air Rolier " PUF Ruller Deposition
Temp. Passes Replicaxs Coupons =  Total
Cool | 1 3 [
(-20°0) ||
2 3 | |
|
4 3 {3}
P
8 3 I |
L J
20 3
Field Spikes 2 1
» before carpet cleaned & 0 .
Ficld Blanks | poroee chlo.pyrifos «pplication 4 0 —
25 4 29

© Normal pressure (7,300 Pa) and speed (0.1 m\s) over 1 m length of carpet

The room will be segmented into north, central, and south blocks

¢ Four a-cellulose coupons laid out in quadrr uts of block are combined as one sample for extaction and
snalysis

@ Two background level samples taken using PUF roller and two background levels taken with the drag

sled

oe
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Table 7. Sampling Design of Expesimeat 5B: Zffect of Sampling Pressure and Speed of PUF
Rolier Sampler® on Chlorpyrifos Dislodgeable Residue Transfer

Sampling Variables - N.mber of Sample: by Type

Indoor " PUF Roller PUF
Air Roller Deposition
Temp. Pressure Speed Replicares® Coupons Towl
Wam 2,400 Pa 0.1.Js 3 [
(-30°C)  (No weights) |

©3¢ psi) } :

Normal 0.1 m/s 3 i

(Child weight) |

7300 Pa |

(1.05 psi) {5}

3 I

18,000 Pa 0.1 m/s [T

(Adult weight) P

(2.6 psi) { {

Normal Fast 3 b

7.300 Pa (~03 nvs) L)
Ficld Spikes 2 1

before carpet cleancd 2 0
Field Blanks | pefore application 2 0 _
18 4 2

a Single pass over 1 m length of carpet
b Segment room into north, ceatral. and south blocks

¢ Four a-cellulose coupons laid out in quadrants of block are combined as one sample
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Table 8.  Sampling Design of Experiment 5C: Effect of Carpet Length Traversed by PUF Roller Sampler®
on Chlorpyrifos Liisiodgeable Re.idue Transfer

Number of Samples by Type
Sampling Variat'es Day 1 “Day 2
Indoor Air Traverse Roller  Depos. Roller Depos.
Temp. Leagth - } Repl®  Coupons Repl®  Coupons  Toul
Moderatz 00 m , 2 [ 2 [
(-25°C)  (stationary-3 5) : : ! {
025 m 2 I 2 P
(1 revolution of || | |
compressec PUF ring) } : ! :
10m- 2 {2} 2 {2}
(. |
3m 2 || 2 I
I o
10m 1 [ 1. I
L) L)
Fiel¢ Spikes 2 I° 2 0
before carpet cleaned 2 0 2 0
Ficld Blaoks | pefore application 2 0 2 0 -
15 3 15 2 35

a  Single pass at normal pressure (7,300 Pa) and speed (0.1 m/s)
b Secgment room into north and south blocks
¢ Four a-cellulcse coupons per block




Table 9.  Sampling Design of Expenument 5D: Effect nf Sampling Pressure and Speed of Drag
Sled® on Chlorpyrifos Dislodgeble Residue Transfer

Sampling Variables Number of Samples by Type
Indoor Drag Sied ~ Dmg -
Air Sled Deposition
Temp. Pressure Speed Replicates® Coupons Total
Warm Light weight 007 m/s - 3 ()
(25-30°C) 2,100 Pa = :
Normal | !
4,500 Pa 0.07 m/s 3 b
(Child weight) P
(0.87 psi) ||
: {34
Adult weight 3 [ |
15.600 Pa 0.07 nv's P
2.2 psi) } I
Normal Fast I
4,500 Pa (0.2 m/s) 3 [
{ )
Field Spikes ' . 2 1€
. before carpet cleaned 4 0
Ficld Blanks before application &£ £ —
22 4 26

Single pass over 1 m length of carpet

Segment room into nor h, central, and south blocks

Four a-cellulose coupr.ns laid out in quadrants of block are combined as one sample

Two background levei sampl~s taken using PUF rolicr and .wo background levels taken with
the dnag sled

anoae
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Table 10. Sampling Design of Experiment SE: Effect of Carpet Lengih Traversed by Drag Sied" on

Chlorpyrifos Dislodgeable Residue Tranofer

Number of Samples by Type

Sampling Variables Day 1 Day 2
Indoor Drag ‘ Drnag
Air Traverse Sled Depos. Sled Depos.
Temp. Lengh Repl.' Coupons Repl." Coupons Total
Cool 00m 2 (1 2 [
20-25°C)  (statiopary-3 5) } { : I
025m 2 I 2 I
- I | I
10m 2 |1 2 I I
b .
3Im 2 {} 2 {2¢}
| P
10m 1 I | 1 | |
(I I
| b
L) (|
Field Spikes 2 1€ 2 0
before carpet cleane 2 o 2 o
Feld Bunks | (5 application 2 0 2 0 _
15 3 15 2 35

s Single pass a1 pormal pressure (4,500 Ps) and speed (0.07 a/s)

b Segment room into north and south blocks
¢ Four a-cellulose coupons per block
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Table 11, Sampling Design of Experiment 6: Comparison of Chlompyrifos and l‘yrclhnm Residue Transfers from Camet by Drag Sled Sampler, PUF Roller Sampler,
and Hand Press by Three Human Subjects’

Le

Number of Saniples by Type
Hand Press
. Subject A Subject B Subject C
Deposition PUF '

Day Sample Category Coupon Drag Sled Roller L R L R L R Total
0A Field blanks 0 2 2 ! I N t - ! | 10
on FildWanks ()} 0 0 | ! ! ' | I 6
1-AM Pesticide spplication '
1-AM Field matrix spikes " | 1 t | 1 5
1-PM DR samples® - ' 2 2 2 1 | 1 t | t 12
2-PM DR samples® 2 2 2 ! ! 1 1 | I 12
3-PM DR mmples® 2 2 2 | | [ 1 (. 12
3.PM Field matrix spike L 1 1 | 1 s
Tota! DR Samples 6 6 6 6 6 6 36
Total Field Blanks 0 2 2 ) 4 4 16
Total Field Matrix Spikes 2 2. 2. 2. 2 0 A0

Total Samples 8 10 10 12 12 10 62

a  The two a-cellulose coupons in a block are combined and extracted together as s single sample
b The samples collected from different treated carpet areas within each block are two deposition coupons, one drag sled, one PUF roller and one press/wipe by each
subject of the same hand




8¢

Table 12.  Sampling Design of Bxperiment 7: Comparison of Chlomyrifos and Piperanyl Butoxide Residue Transfers from Sheet Vinyl Flooring by Drag Sted Sampler,

PUF Raller Sampler, and Hand Press by Three Human Subjects

Total Samples 8 10

Number of Samples hy Type
Hand Press
Subject A Subject B Subject C
Deposition

Day Sample Category Coupon Drag Sled PUF Roller L R L R L R Total
| Field blanks (] 0 0 1 - 1 | | 1 6
2 Fieldblanks - 0 2 2 ! | | | | | 10
3.AM  Pesticide application .
3-AM  Field matrix spikes 1 | | ! [ 5
3.PM DR samples® 2 2 2 1 | to | | 12
4PM DR mmples® 2 2 2 | | | | 1 | Y

. S-PM DR mmples® 2 2 2 1 1 1 1 1 1 12
S-PM  Field matrix spike L R L 0 S - _5
Toal DR Samples 6 6 6 6 6 6 36
Total Field Blanks ] 2 2 4 4 4 16
Total Field Matrix Spikes 2. 2 2 2 L2 0 _1o_

10 12 12 10

62

8 The two Teflon coupons in a block are combined and extracted together as a single ample
b The samples collected from difTerent treated vinyl areas within each block are two depozition coupons, one drag sled, one PUF roller and one press/wipe by each subject

of the same hand




Table 13.  Sampling Design of Experiment 8A: Effect of Temperature on Transfer of Aged Residues

Number of Samples by Type
Category Condition (Time) Drag Sled PUF Roller Air Sample Total
Field Maurix Spike Sun (AM) 1 o 2
Dislodgeable Residue Samples® Cool (~20°C) 3 3 1 (16b) 7
(Lae AM)
DR Samples® 'Moderate 25-27°C) 3 3 6
(Earty PM)
DR Samples® Hot (30-35°C) 3 3 1 (4b) 7
(Laie PM)
Field Matrix Spike Finish 1 1 _ 2
Total Field Samples ' 9 9 2 20
Tota! Field Marrix Spikes - 2 2 o 4
Total Samples 11 1 2 24

a  Measure temperature of air (6 in. above carpet) and carpet at beginning and end of each sample set
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Table 14.  Sampiing Design of .Fxperimem 8B: Effect of Temperature on Transfer of Fresh Residues®

s

Number of Samples by Type

_ Deposition Drag PUF Air
Sample Category Conditon (Time) Coupon Sled Roller Sample Toul
Field Blanks Pre-application 0 3 3 0 6
(-8 AM)
Pesticide Application® (~830 AM)
Field Matrix Spike St
(~10:30 AM) 1® 1 ] (] 3
Disbdgeable Residue Samples* Cool (~20°C) 2® 3 3 1 @b)* 9
: (Laze AM) _
DR Samples® Moderate 2® 3 3 0 8
(25-27°C)
(Earty PM)
DR Samples® Hot (30-35°C) 2® 3 3 1 @b 9
(Lawe PM) .
Field Mauix Spike Finish 1> 4 € 9 3
Towl Ficld Samples 6 9 9 2 26
Toral Field Blanks 0 3 3 0 6
Toul! Field Matrix Spikes 2 2 2 2 S
Total Samples 8 14 14 2 38

s Chiompyrifos (025%), pyrethrins (0.025%). and p.2eroay! buzoxide (0.25%) broadcast at 1 gal/1600 f2

b The two a-cellulose coupoas in 8 block are combined and extracted ogetber as a single sample

¢ Measure tempenanue of air (6 in. above carpet) and caspet at beginning and end of each sample set




Ta=e 15, Sampiing Design of Experiment 4: Determinanion. of Handwipe Removal Efficiency

Number of Replicates. by Spike Amount

250 ul 25ul
Formulated Formulated Total
Task-Day Sample Type Mixture Mixture Blank Samples
4A - Aluminum Foil Elution Efficiency
Aluminum foil squares 7 ? 2 16
Extraction solvent spikes 2 2 2 6
4B - Handwipe Extraction Efficiency : .
Isopropanol handwipes 7 7 2 16
Extacuon solvent spikes 2 2 2 6
4aC - Handvn‘pe Removal Efficiency
4C - Day !
Aluminum foil squares 5 1 1 7
Hand presses - subject A: LR
subject B: LR
Isopropanol handwipes 4+] 1 1 7
Extraction solvent spikes 2 2 1 ' 5
4C - Day2
Aluminum foil squares 5 | 1 7
Hand presses — subject A: LR
subject B: LR
Isopropanol handwipes 4+] 1 4+1 11
Extraction solvent spikes 2 2 l S
4C - Day 3
Aluminum fo1l squares : 5 1 ! 7
Hand presses — subject A: LR
subject B: LR
Isopropano! handwipes 4+] ] 4+1] 11
Extaction solvent spikes 2 2 L -3
Toul Samples 54 30 25 109
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Tatie i< Samrlng Penods aa2 Emvirozmera! Measiremens Made During Transfer Sampling
Roox Ar
Sampling Peniod Mear
. ‘ Mean Relauve Meao Carpet
Experme  Da Date Time Temp®,°C Humidin®, °C - Temp. °'C
! 84-92 1042-1229 30° 61°
2 810-92 1048-1238 3¢ SB°
3 11-24-92 1047-1231 20° 29°¢
4C 1 3-3.93 1065-1055
4C 2 3-17-63 1130-113¢
ac 3 3.24.93 1126-1142
LY 3.2-93 1102-1285 18 54
‘B 3-693 1305-140! 27 40
C 1 3-16-93 1105-1158 23 62
sC 2 3.25-93 1220-1303 24 66
SE 1 4-20-93 1125-1220 2 6l
‘E 2 4-27-93 1048-1145 22 6s
D 5-15-93 1108-1222 byl 50
6A 1 6-16-93 1316-1410 22 58
6A 2 6-17.93 1413.1452 23 54
6A 3 6-18-93 1325-1502 23 53
6B 1 6-22-93 - 1330-1416 22 56
6B 2 6-23-93 1328-1411 22 6!
6B 3 6-24-93 1550-1639 22 60
&A 7-23-93 Cool: 1044-11C] 17 2
Mod: 1316-133¢ 27 71 27
Hot 1614-1634 34 716 31
8B 7-29-93 Cool: 1125-1153 21 58 23
Moc: 1329-1355 30 2 27
Hot: 1607-1634 k7 s1 30
7 3 8-10-93 1541-1620 22 52 24¢
7 4 11-93 1324-1403 b 24 49 23¢
7 5 -12.83 23.1402 3 49 2a¢
s  Collected 1S cm above floor
b Sling psychrometer, | 5 m above floor
¢ Ambent (ousdoos) condidons
é Sheet vinyl floonng wmperstre
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Table 17.  Isopropanol Handwipe Laboratory Blanks and Field Blanks* (ug/sample)

7-1-CR 024 <0.40 <0.45

. Piperonyl
Exp-Day-Subj/Hand Chlorpyrifos '~ Mezthoprene Butoxide Pyrethrin I
Lab Blarks: Isopropanol Sof-Wick® Gauze
4C-1 <001 _ <0.05
4Cc-2 <0.01 <0.05
4C-3 <0.01 _ <0.05
Field Blanks: Single Hand onto Aluminum Fo
4C-2-AR 038 _ _ <0.05
4C-2-BR 0.12 _ __ <0.05
4C-2-AL 023 — - <0.05
4C-2-BL ' 0.14 _ _ <0.05
4C-3-AL 0.10 - . <0.05
4C-3-BL 020 - . <0.05
4C-3-AR 0.11 _ _ <0.05
4C-3-BR 0.13 . - <0.05
6A-0A-AR 0.60 <0.05 0.06° <0.05
. 6A-0A-BR: 026. <0.05 <0.05 <0.05
6A-0A-CR 0.45 <0.05 <0.05 <0.05
6A-DA-AL 024 <0.05 <0.05 <0.05
6A-0A-BL 025 <0.05 <0.05 <0.05
6A-0ACL 0.19 <0.05 <0.05 <0.05
6A-0B-AR 0.15 <0.05 <0.05 <0.05
6A-0B-BR A 0.16 <0.05 <0.05 <0.05
6A-0B-CR 0.14 <0.05 <0.05 <0.05
6A-0B-AL 022 <0.05 <0.05 <0.05
6A-0B-BL 026 <0.05 <0.05 <0.05
6A-0B-CL 0.15 <0.0$ <0.05 <0.05
6B-0-AR 022 <0.05 <0.05 <0.05
6B-0-BR 022 <0.05 <0.05 <0.05
6B-0-CR 0.17 <0.05 <0.05 <0.05
6B-0-AL 0.13 <0.05 <0.05 <0.05
6B-0-BL 0.15 <0.05 <0.05 <0.05
6B-0-CL 0.11 <0.05 <0.05 <0.05
6B4-AL 0.11 <0.03 0.03° <0.02
6B4-BL 0.19 <0.03 <0.03 <0.02.
6B4-CL 0.17 <0.03 INT* <0.02
6B-4-AR 0.11 <0.03 <0.03 <0.02
6B-4-BR 0.16 <003 <0.03 <0.02
6B-4-CR 0.16 <0.03 INT <0.02
7-1-AL <020 . <040 <0.45 <0.90
7-1CL 025 <0.40 <0.45 <0.90
1-1-AR 023 <040 <045 <090
<0.90
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Taziei”. Comicued

Pyrethrin ]
7-2-AR 0.88 <0.40 <D 45 <0.90
7-2-BR 025 : <040 <0.45 <0.90
7-2CR 024 ' <0.40 T <D.A4S <0.90
7-2-AL 027 <0.40 ' <0.45 <0.90
7-2-BL 031 ' <0.40 <0.45 <0.90

<0.90

7-2LL 024 <0.04 <0.45

s ALﬁcndbhnkhmdprem‘mpcrformedabow(oo.mExp ﬁA)mesmcemthesnmemmnwberehmdpns

|mmples were collecied op other days
b  Presem ic solvent blank at similar level
¢ INT = Quantation obscured by interference




Tabie'i8.  Field Spike Recoveries (%:) from Alpha-cellulose Coupons

Piperony!

Experoment Cblomymifos Methoprene Butoxide Pvrethnin |
Range of spike amounts, £527-3000) (163-18.9) (856-1430) (33.5-119)
B
I-1 88
}-2 N
2-1 93
2-2 98

} 106
3.2 110
LT 103
SB 9s
SCi s6*
sC2 86
sD 108 -
SE!} 118
SE2 94
6A 98 67 122
6B-2 108 160
6B-3 93 137
8B-1 92 69 102
§B-2 103 78 109
No. samples. n 16 (15 2 3 5
Mean, X 949 (97.5 100.5 7.3 1260
Sid dev., s 15.1 (1140 10.6 59 232
Coef. of vananon 0.159 (0.117 0.106 0.082 0.184

a3 Exclude; apparent outhier
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Table 19.  Field Spike Recoveries (%) from Denim Drag Cloths

. v Piperony]
Expenment Chlorpyrifos Methoprene Butoxide Pyrethrin |
Range of spike (0.24-500) 0.04-0.17) (5.1-88) (0.31-0.68)
amounts, ug
i-1 115
12 88
2 m
2-2 208*
3-1 98
32 101
SD-1 86
SD-2 88
SE1- 133
SE1-2 116
SE2-1 - 104
SE2-2 91
6A-2 %0 7 87
6A-3 97 7 118
6B-2 1 9% 145
6B-3 116 120 NDb4
7.5 82 115 105
8A-1 154* 153
8A-2 203* 132*
§B-1 89 75 92
8B-2 93 76 121
No. samples. n 2118 42® 5 7(6)"
Mean. & 113.1 (100.6)* 125.2 (108.0* 83.0 95.4 (111.37
Sid. dev., s 3530139 23.8(17.00 17.9 4642138
Coef. of variation 0.312(0.138) 0.190(0.157p* 0216 0.486 (0.192)*

s Excludes apparent outlier(s)

b ND = Not detected




Tabic 20.  Field Spike Recoveries (%) from Dry PUF Rings

: Piperonyl
Experiment Chlorpyrifos Methoprene Butoxide Pyrethrin |
Range of spike amounts,  (0.24-500) (0.04-0.17) (5.1-8.8) (0.31-0.68)
He
1-1 108
1-2 34
2-1 117
2-2 144
3-1 107
32 108
5A-) .90
5A-2 103
SB-1 138
5B-2 . 104
sCi-1 o
5C1-2 103
5C2-1 77
5C2-2 84
6A-2 86 27 99
'6A-3 89 3 9]
6B-2 107 105 160
6B-3 93 9% 133
73 98 18 104
7-5 100 : 105 143
8A-1 - 118 128
8A-2 120 118
8B-1 97 - . 85 © 107
8B-2 97 84 101
No. samples. n 24 (23 ' 4 6 8
Mean, & 101.0(103.9)* - 111.8 89.5 1122
Std. dev., s 21.1 (159" 14.1 18.3 248
Coef. of vanation 0209 (0.153)* 0.126 0205 0.212

a8 Excludes spparent outlier
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Tabie 21.  Field Spike Recoveries (%) from Isopropanol-moistened SOF-WICK& Gauze Handwipes

Piperony!
Experiment Chlorpyrifos Methoprene Butoxid. Pyrethrin |
Range of spike (0.95-25.2) 0.17 (4.5-74) (0.31-319)
amounts, ug ,
4B-L1 95 97
4B-12 86 109
4B-13 96 4 1
4B-L4 79 81
4B-LS ‘ 84 ‘ 83
4B-L6 91 110
4B-L7 84 86
4B-H! 105 13
4B-H2 97 103
4B-H3 106 12
4B-H4 96 97
4B-H5 101 100
4B-H6 97 . %
4B-H7 95 ‘ . 93
6A-2-1 69 70 122
 6A-22 75 7 117
. 6A-3-1 79 78 98
6A-3-2 59 56 53
6B-2-1 54 58 84
6B-2-2 58 68 85
6B-3-1 ~ 70 ' 87 : 99
6B-3-2 69 8 100
7-3-1 95 141 291*
7-3-2 101 150 155
7-5-1 86 . 167 228
7-5-2 9 126 171
No. samples, n 26 4 8 26 (24
Mean, & 8s.5 745 1075 1149(102.9)
Std. dev., s 149 139 43.] 49.1 237
Coef. of variation 0.175 0187 , 0.401 0.427 (0.231)

a  Excludes spparent outliers
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Table 22.  Spike Recoveries (%) from Aluminum Foil Squares®

Experimcm' 4A Replicate Chlorpyrifos Pyrethrin I

Low Spike Amount® 1.86 pg 17.5 ug
4All 137 - 153
4AL2 119 C122
4AL3 90 - 94
4A14 108 101
4A-LS 99 88
4A-L§ 92 80
4A-L7 90 84
n 7 ‘ 7
X 105 103
s 18 26
High Spike Amount® 239 ug 246. g
4A-HI 107 116
A-H2 110 112
4A-H3 100 106
4A-H4 91 89
4A-HS 95 95
4A-H6 92 . 87
4A-H7 : 104 95
n 7 7
x 100 100

s 7 11

a Spiked formulated mixture allowed to dry on foil before
extraction

b Spiked amount determined from the mean of the analysis of
three replicates each of two solvent spikes
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Table 2).  Comparison of Transfers of Chlomyrifos Residucs from Plush Nylor Carpet in Experiment | by Cloth Roller, Drag Sted, and PUF Rolle?

Deposition Cloth Roller Drag Sled PUF Roller
' Coupon Surface - Transfer Transfer Transfer Transfer Transfer Transfer
Sampled Amount  Loadin Amount Rate Amount Rate Amount . Rate
Block Direction® g ng/cm ueg ng,/t:m2 ng ng/cm? ng ng/em?
1 - AW 2,960 2R.800 1,10 605 182 196 106 140
n AW 660 6,400 1,430 775 138 148 79 104
m X 750 1300 780 424 165 177 81 - 106
v X 1,560 | 15,200 820 443 149 160 96 126
v AW 1,390 1:),500 1,450 786 218 234 70 92
| Vi AW 990 9,600 1,760 958 161 173 13 172
No. samples, n 6 6 6 6
Mean, X 13,470 665 181.3 123.2
Std. dev., s 8.240 211 30.5 | 294
Coef. of variation 0.61 0.32 0.1 0.24

a Sampled carpet area, number of passes, and pressure as defined in Table |
b Direction relative to lay of carpet pile: A — against, W — with, X —across
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Table 24.  Comparison of Transfers of Chlorpyrifos Residues from 1evel-loop Polypropylene Carpet in Experiment 2 by Cloth Roller, Drag Sled, and PUF

Roller*
Deposition Cloth Roller Drag Sled PUF Roller
Sampled Coupon Surface Transfer Transfer Transfer Transfer Transfer Transfer
Direction® Amount Loadin Amount Rate Amount Rate Amount Rate
Block Bg ng/cm ' ng ng/cm? ug ng/cm? ug ng/cm?
1 AW 1220 11,800 750 408 113 122 150 197
] AW 970 9.400 410 224 14 123 90 18
m X 1,000 11,700 8R0 476 138 148 134 176
v X 950 11,500 - 530 290 202 27 80 108
v AW 1210 9,800 280 154 285 306 83 109
AW 1,180 9,200 - 340 183 127 137 201 264
No. samples, n 6 6 6 6
Mesan, X 10,570 289 175.5 161.5
Std. dev., s o 1.236 129 73.0 63.0
Coel. of variation 0.12 0.45 0.42 0.39

'a  Sampled campet area, number of passes, and pressure as defined in Table |
b Direction relative to iay of carpet pile: A — against, W — with, X — across
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Table 25.  Comparison of Transfers of Chlorpyrifos Residues from Plush Nylon Carpet in Experiment 3 by the Drag Sled and PUF Roller Using Dry and Moistcned

Contact Media®
Dry Contact Medium (Standard) Moistened Contact Medium
Deposition Drag Sled PUF Roller Drag Sled PUF Rolles
Coupon Surface Transfer . Transfer Transfer  Transfer Transfer  Transfer Transfer  Transfer
Sllmp]edh Amount Loadin; Amount Ratc ) Amount Rate , Amount Rate ) Amount Rate )

Block Direction ug n_gL/cm e ng/cm MR ng/cm ug ng/cm Mg ng/cm
(. AW 4490 20,800 _° — - — 152 164 47 62
n X 4810 23,400 45 48 34 45 53 57 444 s
m X 4370 21,200 80 86 47 62 90 96 sos¢ . ssod
v A/W 3,260 15,800 S8 63 39 51 261 281 397 522
\ AW 3460 16800 16 125 kY 49 54 59 281 370
No. samples, n 5 4 4 5 5
Mean, X 19,800 804 51.6 131 421
Std. dev., 8 3,300 333 73 94 218
Coef. of variation 0.17 0.41 0.14 0.72 0.52

anoos

Sampled carpet area, number of passes, and pressure as defined in Table 1
Direction relative to lay of carpet pile: A — against, W — with, X — across
No data since no sample planned

Carpet area sampled was 870 cm?




Table 26. . Observations from Field Use of Dislodgeable Residue Methods

Stengths

Weaknesses

Cloth Rolier

€ Simple in design
® Inexpensive to build from available materials

Drag Sled

©® Simple in design
@ Inexpensive to build from available materials
® S:mple to use

PUF Roller

©® Consistent use across operators due to few
variables

® Relatively simple to use

® Foam roller contact is more like skin contact

©® Sampling cloth tends to bind and shift from
original position

@ Plastic bag cover may adbere to PUF sleeve on
rolier from static

@ Difficult to operate due to mass of roller

® Operator must contact treated surface

® Susceptible to added pressure from operator -

® Transfer affected by roll orientarion relative to lay
of carpet fibers

©® Drag contact unlike most skin contact with carpet
@ Drag contact is potentially directional relative to
lay of carpet fibers

® Expensive to build or purchase
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Table27.  Experiment S5A: Effect of Number of Passes® of PUF Roller Sampler on Transfer of Fresh Chlorpynfos

Residue from Plush Carpet
Number  Replicate Transfer Amount, pp Coefhicient Meai Transfer
of Sampler < of Rate
Passes  Direction® Crude  Adjusted  Mean  Sid. Dev. Variation HR/pass
1 A 5.7 44 9.9 6.6 0.67 9.9
W 18.6 17.3
X 9.1 7.9
2 A 46.6 453 26.2 17.8 0.68 13.1
w 114 10.1
X 245 232
4 A 264 25.1 48.5 209 043 12.1
W 66.4 . 65.1
X 56.7 55.4
8 A 529 " 516 76.8 22 029 96
w 86.5 85.2
X 94.8 935
20 A 128 127 172 90 0.52 8.6
W 114 113 .
X 276 275

Repeat passes over 1.0 m strip of weaied carpet

Direction relative to lay of carpet pile: A — against, W -- with, X - across

¢ Adjusied ransfer = crude transfer — mean stationary (3 s) ransfer (determined in Exp. 5C) = crude transfer -
1.27 pg

ow




Tabie 28.  Expenment 5B. Effect of Pressure and Speed of PUF Rolier Sampiei on Transfer of Fresh
Chiorpyrifos Residue from Plush Carper
PLUF Roller
"~ Apphed Replcate Transfer Amount, pg Coefficient
Pressure Speed Sample~ of
Pa ms Direction® Amount Mean Sud. Dev. Varation
2,400 0.1 A 89 8.0 14 0.18
{033 psi) w 6.4
X 88
7300 0.1 A 326 26.8 52 0.19
(1.05 psi) w 25.5 :
X 24
18.000 0.1 A 65.4 46.6 17.8 0.38
(2.6 psil w 29.9
X 4.6
7.300 0.3 A 236 214 58 0.27
(1.05 psi) w 25.8
X 149

a Singic pass over | m length of carpet
b Direction relanive to lay of carpet pile: A — agunst, W — with, X — across
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Taz;e

Ctiomynifos Residue from Plush Carpet

2%, Experiment SC: Effect of Carpet Length Traversed by PUF Roller Sample?® oo Transfer of Fresh

UF Rolies Repixcate Transfer Amount, pg Coefficient  Mean Transfer
Traverse Day- ' of Rate
L Direcnioz? Crude  Adjusted® Mean Sid Dev.  Vananon ug'm
00m 1-W 0.89
{sanonary 1-X 1.10
for3s) 2w 2.03
2-X 1.08
025m 1-A 238 1 21 14 0.65 84
I-W 418 29;
2-A 2.08 0.8l
2-W 491 3.64
10m 1-A 18.3 170 114 49 043 114
1-W 9.8 85
2-A _¢ -
2-W 99 86
30m 1-A 456 473 572 8.3 0.)4 19.0
1-W 56.9 55.6
2-A 596 58.3
2.w 688 67.5
100m 1-W 1033 102.0 ™ k) 04l 79
2w 570 §8.7

s SmglepassunormlpresmOJOOPa)mdspeed(Olms)

b Halfnpenmemperfonredonwhofmodsu Direction relative to lay ofcarpetpllc A—upmst W

with, X ~ across

¢ Adjusied mansfer = crude transfer — mmsu.-onm(3s)u1nsfer(detammedror00ml=audemsfeto

1.27 pg -
d Lost dunng extraction




Table 30.  Experiment 5D: Effect of Pressure and Speed of Drag Sled Sampler on Transfer of Fresh

Chlorpyrifos Residue from Plush Carpet*

Drag Sied
Applied Replicate Transfer Amount, pg/m Coefficient
Pressure Speed Sampler of
Pa m/s Direction® Amount Mean Std. Dev. Variation
2,100 0.07 A 2 36.3 127 0.35
w 46
X 4]
4,500 0.07 A 86 55.7 27.6 0.50
w 32
X 49
15,600 0.07 A 45 433 9.6 0.22
w 33
X 52
4,500 0.2 A 24 30.7 20.8 0.68
w 54 )
X 14

a8 Single pass over I m length of carpet
b Direction relative to lay of carpet pile: A — against, W — with, X —across
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Tavie 2. Expenmen: SE. Effect of Carpe! Length Tmened by Drag Sied Sampler® oo Transfer of Fresh
Chlorpynifos Residue from Plush Carpet

Drag Sied Repicate Transfer Amount, ug Coefhcient Mear. Transfer
Traverse Day- of - kate
Leog Drecion®  Crude  Adjusted®  Mean  Std. Dev.  Variation uR‘pass
00m RS 0.88
(stanonany 1-X 083
for3s) 2-W 0.22
2-X 0.90
01" m I-A 5.1 45 42 06 0.13 248
1-W 4.1 35
2-A 47 4.1
2-W s.4 48
(Al 1-a 8.1 ' 7.5 8.6 20 0.24 9.4
J-W 6.9 6.3
2-A 10.8 10.2
2-W 1'.0 104
29m 1-A §2 52 124 68 0.55 424
1-W 216 218
2-A 110 109
2-% 120 119
97 m 1-W 266 265 302 52 0.17 31.0
W 3430 339

a2  Singic pass a1 norma! pressure (4,500 Pa) and speed (0.07 m's)
b Haif expenmen: performed on cach of wo days. Direcnon relanive w lay of carpet pile: A ~ against, W — with,

X - ac10o5s
¢ Adjusied mansfer = crude mansfer — mean sanonary (3 s) mansfer (determined for 0.0 m) = crude transfer -

.0.63 ug
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Takie 3. Effect of Temperature or Transfer of Aged Chlorpyrifos Residues from Plush Carpet by the Drag
Sled and PUF Roller in Experiment 8A*

Temp. Mean Temperature, °C - Room Air Transfer Amount, pg

Cond:non Coocentration Sampied

(Biock) Air Carpet pg'm’ Direction” Drag Sled PUF Roller

Coo! 17 22 43 A 037 0.49
w 0.50 0.29
X . 0.50 0.50
x 0.46 043
s 0.08 0.12

Moderate 27 27 ' A 1.09 0.74
w 0.85 0.10
X 0.98 0.74
X 0.97 0.53
s 0.12 0.37

Ho: 34 3] 9.5 A 0.98 1.04
w 122 0.53
X 0.95 0.76
X 1.05 0.78
s 0.14 0.25

a  Single pass over | m sirip of carpet as descnibed in Table 2
b Direcoon relative 10 lay of carpet pile. A —against, W — with, X — across
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Tabie 33.  Effect of Temperature on Transfer of Aged Piperony) Butoxide Residues from Plush Carpet by the
Drag Sled and PUF Roller in Experiment 8A®

Temp. Mear. Temperature, °C - Room Air Transfer Amount, ug
Condinion Concentration Sampled

(Biock) Air Carpet pg/m? Direction® Drag Sled PUF Roller

Cool 17 22 0.17 A 25 34

: w 1.7 29

X 33 2.8

X 25 3.0

s 08 0.3

Moderate 27 27 A 59 48

w 8.0 0.8

X 39 2.6

% 59 27

3 20 2.0

Hot 4 31 0.40 A 6.5 S0

w 5.5 2.1

X 24 3.5

48 3.6

s ' 2.1 ‘1.4

a Single pass over 1 m strip of carpet as described in Table 2
b Darection relatve to lay of carpet pile: A — <~ _inst, W — with, X — across




Table 34.  Effect of Temperature on Transfer of Aged Pyrethrin 1 Residues from Plush Carpet by the Drag Sled

and PUF Rolier in Experiment 8A®

Temp. Mean Temperature, °C Room Air Transfer Amount, ug

Conditon Concentration Sampled

(Block) Air Carpet pg/m’ Direction® Drag Sled PUF Roller

Cool 17 22 '<0.05 A 017 0.30
w 0.44 042
X 022 0.33
X 028 035
s 0.14 0.06

Moderate 27 27 A 0.49 0.64
w 0.59 0.05
X 0.29 0.17
X 0.46 0.41
5 0.16 0.33

Hot 34 3] <0.3 A 0.56 0.44

. w 0.31 0.24

X 0.36 0.26
3 041 0.31
s 0.13 . 0.11

s Single pass over 1 m strip of carpet as described in Table 2
b Direction relative 1o lay of carpet pile: A — against, W — with, X — across
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Tahle 3S.  Effect of Temperature on Transfer of Fresh Chlomyrifos Residues from Plush Camet by the Drag Sted and PUF Roller in Experiment RI®

(4

Mean PUF Roller Transfer, pg
Temperature, “C Deposition Drag Sted Transfer, pg :
Temp. Reom Air Coupon  Relative )
Condition Concentration  Amount  Coupon Sampled Coupon Coupon
Block Air Carpet pg/m’ ug Mcan® Dircction” Amount Adjustment! Amount Adjusiment®
Cool 1 n 6.1 A R\ . 5.7
NE 720 w 89 26
NW 1,400 X 139 5.7
Mean, % 1.060 0.92 10.3 11.2 47 5.1
Std. dev.. s 4R0 M 1.8
Moderate 30 27 : A 1.7 ' 45
CE 1.5%0 w 309 6.9
cw . 1,410 X 13.5 9.3
Mean, X . 1470 127 18.7 147 69 54
Std. dev.. s i 80 10.6 24
Mot 34 30 278 A 9.8 6.3
SE 830 w 6.6 48
SW 1030 X 166 5.8
Mean, X 930 0.81 1.0 13.6 55 69

Std. dev..s 140 5.1 08

Single pass over | m strip of carpet as described in Table 2

Dircction rlative to lay of carpet pile: A - apainst, W — with, X - across
MY x/n) .

Transfer mean/relative coupon mean . .

an o
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Table 36.  Effect of Temperature on Transfer of Fresh Piperony! Butoxide Residues from Plush Carpet by the Drag Sled and PUF Roller in Experiment g1f

Dcposiiion Drag Sled Transfer, ﬁg PUF Roller Transfer, jig
Temp. Mean Temperature, *C Room Air Coupon Relative
Condition Concentration  Amount Coupon  Ssmpled Coupon Coupon
Block Air Carpet pgim’ g Mean® Direction® Amount  Adjustmentd Amount  Adjustment?
Cool 21 23 0.10 A 10 78
NE 570 w 122 38
NwW 1,200 X 19.7 1.5
Mesn, % 890 0.95 14.3 15.0 6.4 6.7
Std. dev.. s . 440 47 2.2
Moderate 30 ry A 178 5.2
CE 1,190 w 410 8.0
cw 1,180 X 22.5 10.6
Mean,x 1180 1.27 27.1 213 79 6.2
Std. dev., 8 10 12.3 2.7
Hot M 30 0.44 A 15.5 8.2
SE 640 w 10.9 64
sSwW . ROO X 25.2 6.9
Mean, X 720 0.78 17.2 22.1 7.1 9.2
Std. dev., s ' 120 1.3 0.9
a Single pass over | m strip of carpet as described in Table 2
b Direction relative to lay of carpet pile: A —against, W ~ with, X — scross
¢ X(Exn) ’
d Transfer mean/relative coupon mean




Table 37, Effect of Tempersture on Transfer of Fresh Pyrethrin | Residues frém Plush Carpet by the Drag Sled and PUF Roller in Experiment RIf

Deposition Drag Sled Transfer, pg PUF Roller Transfer, ug
Temp. Mean Temperature, *C Room Air Coupon Relative
Condition Concentration Amount Coupon Sampled Coupon Coupon
Block Air Carpet ngm‘ 1.3 Mean® Direction Amount  Adjustment? Amount  Adjustment?
Cool 21 23 0.1R8 A 1.50 0.74
NE 78 w 1.49 0.40
NW 191 X 2.02 ' 0.83
Mean. % 134 0.96 167 178 0.66 0.69
Std. dev.. s 80 0.30 023
Moderate 30 27 ’ - A 1.80 -0.58
CE 167 w 475 1.00
cw 157 X 2.68 1.08
Mean, ' _ 162 118 3.08 267 0.89 0.77
Std. dev., s : ] 1.51 0.27
Hot 34 30 0.09 A 2.69 1.18
SE 1 w .39 0.74
Sw ' ‘ 140 X 346 0.90
Mesn, X 125 0.89 2.51 2.82 0.94 1.06
Sud. dev., s . 20 1.05 0.23
s Single pass over | m strip of carpet aa described in Table 2
b Direction relative to lay of carpet pile: A — against, W — with, X ~ across
c XIx/n) ‘
d Transfer mean/relative coupon mean




Tabie 38. Reduction in Chiorpyrifos Transfer from Plush Carpet* Using the Drag Sled and PUF Roller with Time
afier Application

Drag Sled Transfer PUF Roller Transfer
Date of  Days After Mean Relative Mean Relative
Experiment Application °~ Applicanon Mg Transfer ug Transfer
3 11-24-92 0 75 1.00 39b 1.00
93 027 0.004 0.56° 0.014
SA 3-2-93 0 27.s° 1.00
3 7.0° 0.25
SB . 3-9.93 0 258 1.00
3 42 0.16
5CI 3-16-93 0 14.0 1.00
- 6 3.0 0.22
5C2 3-25-95 0 9.9 1.00
15 2.6 0.26
SE1 4-20-93 0 7.5 1.00
3 45 0.60
SE2 4-27.93 0 10.9 1.00
» 17 0.62 0.06
sD 5-19-93 0 $5.7 1.00
23 1.02 0.018
6A 6-16-93 0 7.1 1.00 2.12 1.00
1 22 0.30 0.97 0.46
2 3.5 0.49 1.09 0.52
6 1.7 0.24 1.03 0.49
& 6.8 0.96 2.24 1.06
7 92 128 231 1.09
8 5.0 0.69 2.66 1.26
31 0.53 0.25
37 0.46 0.06 043 0.20
43 0.63 0.09 0.52 0.24

a Single pass over | m strip of carpet
b Two passes over | m stnip of carpet
¢ Aeroso} can apphcation of methoprene pyrethnns/piperony! butoxide formulation
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Table 39.  Reduction in Piperonyi Butoxide Transfer from Plush Carpet Using the Drag Sled and PUF Roller with

Tume afier Application

Drag Sled Transfer

PUF Roller Transfer
Date of Days Afier Mean Relanve Mean Relative
Experiment  Applicaton Application Mg Transfer Mg Transfer
6A 6-16-93 0 8.1 1.00 23 1.00
1 3.0 0.38 1.2 053
2 49 0.6} 14 0.61
6 24 0.30 1.1 048
6B 6-22-93 0 131 1.00 54 1.00
| 108 0.80 34 0.63
2 55.6 042 4 0.81
25 Ny 43 0.08
31 25 0.019 3.0 0.06
7 24 0.018 2. 0.04




Tadie 40.  Redu.non in Pyrethnin | Transfer from Plush Carpet Using the Drag Sled and PUF Roller with Time after

Apphcanon
Drzg Sled Transfer PUF Roller Transfer
Date of Days After Mean Relanve Mean Relative
Experiment  Application Application ug Transfer : 13 Transfer
6A 6-16-93 0 1.39 1.00 0.26 1.00
1 043 03] .0.15 0.59
2 0.54 0.39 0.12 0.46
6 0.45 032 0.18 0.67
6B 6-22-93 0 409 1.00 13.8 1.00
1 38.0 093 9.9 0.7
2 72 0.18 12.8 0.92
25 0.29 0.021
31 0.28 . 0.007 . 035 0.025 -
37 0.17 0.004 0.17 0.013
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Table 4.  Reduction in Chiorpyrifos Traasfer® from Used Plush Nylon Carpet After Commercial Cleaning
by Water Extraction

Mean Transfer (ug) by Methed

Drag Sled PUF Roller
Experiment

Date Carpet Performed Before After Before After
Cicaned® Afier Cleaning Cleaning Cleaning Cleaning Cleaning
2.25.93 sA 03 0.05° 0.6° 0.1¢
3-5-93 sB 7.04 04l
3-12-93 5C1 4.2 1.0
3-22-93 5C2 ' 3.5 16
4-9.93 SEl 0.7 0.8

4-23-93 SE2 4.6 1.0

5-14.93 SD 06 1.5

6-11-93 6A 1.0 12 0.7 08

a Single pass Sver 1 m stnip of carpet

b Cieaning consisted of applicanon of 8 spot cleaner 10 remove marks, extraction using a chemical carpet
cleaner, nnsing with clean water, and drying for 48 bours with rapid air ventillation

¢ Passoverd fismp

d Two passes over | m smp
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Tarie 42,  Elunor Efficiency from Aluminum Foil Squares and Extracnon Efficiency from Isopropanol-
moistened Gauze Wipes for Chlorpymifos and Pyrethrin | in Experiment 4

. Recoveny, %
Spiked No. of
Spiked Spike Amount®  Replicates Sud. Coefficient
Expenmen: Analyie Leve! Mg D Mean Dev.  of Variation
4A: Elution Efficiency from Aluminum Foil Squares®
Chlorpynifos Low 1.86 7 105.1 17.7 | 0.168
' High . 239 7 99.9 72 0.072
Pyvrethrm | Low 12.5 7 103.2 26.1 0.253
High 246. 7 99.9 1.3 0.113
4B Extrachon Efficiency from Isopropanol-moistened Sof-Wick® Gauze Handwipes
Chlorpynifos Low 1.93 7 87.8 6.2 0.071
High 25.2 7 99.7 45 0.045
Pyrethrin | Low 16.1 7 96.9 13.6 0.140
High 319. 7 101.1 8.8 0.087

s Spiked amount »as determined from the mean of the analysis of three replicates each of two solvent spikes
b Spiked formulated mixture was allowed to cry on foil before exoraction
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Tez 22> Wipe' Removal Effciency of Chiorpynfis Ressdue from the Human Hand by the Isopropanc!

Handwipe Method in Experiment 4C

Amount, ug
Remoral
Suhier Spiked Le® oz Foil Traasferred Removed by Efficienay
D Hand  onwoFoif  after Hand Press 1o Hand Handwiped .
3-3-§3 AL 432 0.63 3.69 314 8s.2
BL 432 0.78 34 317 §9.4
AR 432 028 407 419 105.0
BR 432 023s 4.06 4.1} 1013
3-17-93 AR 420 0.84 336 3.53 105.1
BR 4.20 0.97 3323 3% 1N
AL 420 0.24 3.96 4.69 118.5
BL 4.20 0.58 3.62 382 97.2
3-24.63 AL - 4.26 0.56 3.70 4.24 114.8
BL 4.26 0.90 3.36 3.2¢ 98.0
AR 4.26 0.18 411 48! 1169
BR 4.26 0.70 356 397 N3’
‘Ne repiicates, & 12
Remonal efficiency mean 1043
Remosai efficiency s1d den 10.7
CoefMicien: of vananon 0.102

Correcied for mean elunion efficiency of 105.1% = Mg, 1.05]

anNnoe

Wipe performed within one minuie afer band press mnto dned residue on aluminum foil
Spied amount was determined from the mean of the analysis of three replicates eacih of rwo solvent spikes

Corvected for mean handwipe fieid blank of 0.18 ug and for mean isopropanol SOF-WICK & gauze
exzacuor. efficiency of 87.8% dunng Expenment 4 = (M, - 0.18 yg)0.878
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Teble44. Wipe® Removai Efficiency of Pyrethrin I Residue from the Human Hand by the Isopropanol
Handwipe Method in Experiment 4C
Amount, ug
) Removal
Subject Spiked Left on Foil Transferred Removed b Efficiency
Date Hand  ontoFoil®  after Hand Press® to Hand Handwipe %
3-3-93 AL 40.5 6.4 34.1 19.0 55.6
BL 40.5 7.6 328 20.7 63.0
AR 40.5 4.1 364 24.6 67.6
BR 40.5 29 375 25.7 63.4
3-17-93 AR 51.1 13.1 38.0 29.2 76.7
BR 51.1 14.8 36.3 36.8 101.2
_AL 511 34 47.7 438 91.9
BL 51.1 74 43.8 38.0 86.8
3-24-93 AL 4.8 86 36.2 462 127.7
BL 448 10.4 344 40.0 116.1
AR 44.8 2.5 422 43.1 102.0
BR 4.8 115 333 48.1 144.4
No. replicates, n ' 12
Removal efficiency mean 91.8
Removal efficiency std. dev. 276
Cocfficient of variation 0.300
a Wipe performed within one minute after hand press into dried residue on aluminum foil
b Spiked amount was determined from the mean of the analysis of three replicates each of two solvent spikes
¢ Corrected for mean elution efficiency of 103.2% = Mg,;;/1.032
d Corrected for mean isopropanol SOF-WICK®: gauze extraction efficiency of 96.9% during Experiment 4 =

(Myipe - 0.0 12)/0.969
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Table 45.  Comparison of Transfers of Chlorpyrifos Residucs from Plush Carpet in Experiment 6A by Drag Sled, PUF Roller, and Human Hand Press

Deposition Drug Sled PUF Roller Human Hand Press
Coupon Surface Transfer Transfer Transfer Transfer Net Transfer
Amount Loadin Amount Rate Amount Rate Subject Amount*
Block MR ng/cm 173 m;:,/cm2 ng n;z/cm2 Hand ne
6-16-93 (Application)
NE 1,240 6,020 .49 1147 1.60 2.10 AR Lot
BR 0.03
CR (B
NW 970 4,680 5.717 7.60 2.64 147 Al - LB
Bl 1R}
CL, 0.06
6-17-93
CE 1,510 7320 1.RO .37 1.26 1.66 AL .t
. BL. .8
CL L.B
cw 1,360 6,590 2.51 1.30 0.68 0.89 AR LB
. BR 1.B
CR 0.04
6-18-93
SE 940 4,530 166 482 0.68 0.90 AR LB
. "BR LB
CR LB
Sw 1,200 5,790 i 43§ 1.50 1.98 AL .t
' BL 1.B
CL L
No. samples, n 6 6 6
Mean, % 5.820 5.60 1.83
Std. dev,, 3 , 1,080 325 0.96
Coef. of variation 0.19 0.58 0.52

a8 Net amount = Crude handwipe amount - mean handwipe background = X - 0.26 pg

b LB = crude amount is less than background amount
¢ Sample lost
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Table 46. Comparison of Transfers of Piperony! Rutoxide Residues fram Plush Campet in Experiment 6A by Drag Sled, PUF Rotter, and Human Hand Press

Deposition Deag Sled PUF Roller Human Hand Press
Coupon Surface Transfer Transfer Transfer Trans(lcr Net Transfer
Amount Loadin Amount Rate Amount Rate Subject Amount®
Block - 1] ng/cm ng ng/cm’ HE ng,lcm7 Hand g
6-16-93 (Application)
NE 1,240 6,020 (.19 14.72 1.64 215 AR .14
BR <{).2
CR <).2
NW 960 4,670 496 6.5} 104 4.00 Al 0.07
BL <0.2
CL <(.2
6-17-93
CE 1.520 7370 2.83 n 1.64 216 AL v
BL <0.05
. _ CL 0.08
CwW 1,380 -~ 6,660 3.25 428 0.82 1.08 AR <0.05
BR <().05
CR 0.06
- 6-18-93 .
SE 810 1,940 5.52 1.26 07 0.94 AR <0.03
BR <0.03
_ CR <0.03
swW 1220 5920 4.27 5.62 213 2.81 AL _b
BL <0.03
CL <0.03
No. samples, n . : 6 6 6
Mean, X 5,760 7.02 2.19
Std. dev,, s . 1,260 4.00 1.14
Coef. of variation 022 ' 0.57 0.52

a Since handwipe field blank amounts were <0.05 pg, no background is subtracted
b Sample lost
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Table 47. Comparison of Transfers of Pyrethrin 1 Residucs from Plush Carpet in Experiment 6A by Drag Sted, PUF Roller, and Human Hand Press

Deposition Drag Sted PUF Roller Human Hand Press
Coupon Surface Transfer  Transfer Transfer Teansfer Net Transfer
Amount Loadin Amount Rate Amount Rate Suhject Amoun*
Block ng ng/cm 1] ng/cm? ng ng/em? Hand 7]
6-16-93 (Application) _
NE 197 954 2.12 279 0.1R7 0.25 AR <0.2
BR INT®
CR <).2
NW 152 736 0.66 0.87 0.336 0.44 AL <(.2
BL INT
CL <0.2
6-17-93 :
CE 153 741 0.36 0.48 0.194 0.26 AL _=
pL INT
CL <0.05
cw 100 484 0.50 0.65 0.113 0.15 AR INT.
BR INT
_ CR INT
6-18-93
SE 29 140 0.55 0.73 0.072 0.10 AR <0.08
BR <0.05
CR <0.05
Sw 56 274 0.54 on 0.167 0.22 AL _S
BL <0.05
CL <0.05
No. samples, n 6 6 6
Mean, x 555 1.04 0.23
Std. dev., s n U.R7 0.12
Coef. of variation 0.56 0R4 . 0.51

a Since handwipe ficid blank amounts were <0.05, no background is subtracted
b INT = Elevated background due to interference

¢ Sample lost
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Table 48. Comparison of Transfers of Chlorpyrifos Residucs® from Plush Camet in Experiment 61 by Drag Sted, PUF Roller, and Human Hand Press

Deposition® Drag Sled ~PUF Roller Human Hand Press
Surface Transfer  Transfer Transfer  Transfer Net Transfer Transfer
l.oadin;z Amount = Rate Amount Rate Subject Amount” Rate
Block ng/cm ug mz/cm2 ug ng/em? Hand R ng/cm?
6-22-93
NE 7.84 10.32 2.3 2.67 AR 0.22 0.45
’ BR 0.49 1.03
CR 0.20 042
NW S.R0 1.6} 245 122 AL 0.38 0.80
BL 0.83 1.73
L 0.22 0.45
6-23.93 .
CE 11.35 14.94 2.50 129 Al 1.24 2.58
BL 0.51 1.06
CL 0.87 1.82
Ccw 6.97 9.18 2.1 278 AR 1.07 2.23
BR 0.95 1.98
CR 1.28 2.66
6-24-93
SE 7.31 9.61 2.4 2.69 AR 0.46 097
BR 0.74 1.54
CR 0.52 1.09
sw 2.60 142 127 430 AL 0.31 0.64
BL’ 0.09 0.18
CL 0.73 1.53
No. samples, n 6 6 18
Mean, X 9.18 293 1.29
Std. dev., s 118 0.30 0.76
Coef. of variation 041 0.10 0.59

a2 No chlorpyrifos was applied for Experiment 6B, but chlorpyrifos had been applied on 6-16-93 for Experiment 6A
b Net amount = crude handwipe amount - mean handwipe background = X - 0.16 pg
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Table 49. Comparison of Transfers of Methoprene Residues® from Plush Carpet in Experiment 68 by Drag Sled, PUF Rolier, and 1luman Hand Press

Deposition Drag Sled PUF Roller Human Hand Press
Coupon Surface Transfer  Transfer Transfer  Transfer Net Transfer Transfer
Amount Loadin Amount Rate “Amount Rate Subject Amount" Rate
Block $g ng/em ng ng/em? Hg ng/em? Hand PR ng/em’
6-22-93 (Application)
NE 20.0 96.7 2.25 2.96 092 1.20 AR 0.09 0.18
: BR 0.19 0.39
CR 0.13 0.27
NW 24.2 “117.0 2.45 3.22 092 1.20 AL 0.30 0.63
BL 0.45 0.93
CL 0.23 0.48
6-23-93 ,
CE 13.0 62.9 1.71 2.25 0.28 0.36 AL 0.1 0.32
BL 0.06 0.13
CL 0.06 0.13
CcwW 1.6 56.1 1.23 1.62 0.37 0.49 AR 0.10 0.21
: : BR 0.10 0.22
CR 0.10 0.22
6-24.93 ,
SE 16.8 81.3b 0.13 0.17° 0.4} 0.53% AR <0.05 <0.11®
BR <0.05 <0.11®
CR <0.05 <0.11°
swW 16.8 81.4b 0.15 0.20" 0.32 0.42" AL <0.05 <0.1®
BL <0.0$ <0.11®
CL <0.0$ <0.11®
No. samples, n g 4t 4 12b
Mesn, % 83.2b 2.54b 0.82° 034>
Std. dev., 8 8.7 0.72° 0.4sP 0.24°
Coef. of variation 0.34° 0.29" 0.56 0.7

a Since handwipe field blank amounts were <0.03 pg, no background is subtracted

b Excluded from summary statistics
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Table 50. Comparison of Transfers of Piperony! Butoxide Residucs from Plush Carpet in Experiment 6B by Drag Sted, PUF Roller, and Human Hand Press

Deposition Drag Sled PUF Roller Human Hand Press
Coupon Surface Teansfer  Transfer Transfer Transfer . Net Transfer Transfer
Amount Loadin, ‘Amount Rate Amount Rate Subjcct Amount* Rate
Block Mg ng/cm g ng/cm? pg ng/em? Hand MR ng/em?
6-22-93 (Application)
NE 1,029 4980 126.6 167 51.0 67 AR 6.0 12
: . BR RS 18
- CR 6.1 13
NW 1,200 5.810 135.6 178 56.8 75 Al 20.3 42
Bl 18.7 39
CL 10.2 21
6-23-93
CE 563 2870 121.8 160 34 41 AL 12.3 26
BL 59 12
CL 48 o
Ccw 51 2480 f8.1 116 36.3 48 AR 9.1 19
BR 8.2 17
CR 6.5 14
6-24-93
SE 850 4120 81 107 46.6 61 AR 8.3 17
: " BR 6.1 13
CR 5.2 1
Sw 826 4,000 296 39 40.6 53 AL 4.1 9
BL 25 5
CcL 7.8 16
No. samples, n 6 6 6 18
Mean, % 4,040 1279 576 174
Std. dev., s 1,250 52.1 12.5 9.7
Coef. of variation 0.31 0.41 0.22 0.56

a Net amount = crude handwipe amount - mean handwipe background = X - 0.1 pug
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Table 51. Co_mparison of Transfers of Pyrcthrin | Residues from Plush Carpet in Experiment 6B by Drag Sted, PUF Roiter, and Mluman Hand Press

Deposition Drag Sled PUF Roller Human Hand Press
Coupon Surface “Transfer  Transfer Transfer Transfer Nct Transfer Transfer
Amount l,oadinf Amount Rate Amount Rate Subject Amount” Rate
Block 174 ng/cm g ﬂg/cm2 ug ng/cm2 Hand ng nu/(:m2
6-22-93 (Application)
NE 339 1.640 19.7 52.3 1.6 15.2 AR INT®
) BR INT
CR INT
NW 415 2,010 422 55.5 16.4 21.2 AL INT
BL INT
CL INT
6-23-93
CE 173 836 4.2 58.2 8.7 1.5 AL <0.05 <0.10
: : BL <0.05 <().10
CL <0.05 <0.10
cw 146 707 - 319 420 11.0 14.5 AR <0.05 <0.10
BR <0.05 <0.10
CR <0.05 <0.10
6-24-93
SE 175 846 5.2 6.8 140 184 AR <0.05 <0.10
BR <0.05 <0.10
CR <0.05 <0.10
Sw 183 886 . 9.1 12.0 1.5 15.1 AL <0.05 <0.10
BL <0.05 <0.10
CL <0.05 <0.10
No. samples, n 6 6 6 12
Mean, X 115§ 37.8 16.0 <0.10
Std. dev., s 536 22.7 34
Coef. of variation 0.46 0.60

0.21

a Since handwipe field blank amounts were <20 ng, no background is subtracted

b Excluded from summary statistics
¢ INT = Elevated background due to interference
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Table 2. Comparison of Transfers of Chlomynifos Reudues from Sheet Vinyl Flooning i Ixpetiment 7 by Drag Sted, PUE Raller, and Human 1and Press

Deposition Drag Sted PUF Roller Human Hand Prexs
i Coupon Sutface Tranfer Teansfer Tmnsfee ‘Transfer Net Teansfer  Teanader
Amount 1 oadin Amount Rate Amaount Rate Subjnct Amount* Rale
Block g np/cm ] ng/cm’ R nglrm’ : Hand HR npjcm’
R-10-93 (Application) : :
NE 1,780 R.660 920 1.210 ns 440 AR RS.6 J78
HR RO 4 1R6
CR 1571 127
NW 1,640 7.990 1580 4 ROO 961 1,270 Al. MRO 726
) nl. RARXY) H9s
1. 916 198
R-11-93
CE 2,000 9,770 1.010 1.3 60 740 Al 75.2 17
fil. R29 [RA)
o CL 1R 275
cw 2,700 13970 1.040 1.360 29} Yon AR 136.2 284
BR 221.0 460
. R J0s 64
8-12.93 -
sw SRO 2.800 } .0R0 1,420 k2l 450 Al 69.0 144
BL 59.5 124
CL 45.0 94
SE 1,170 $.700 940 1.240 1.046 1.3R0 AR 1R6.0 18K
BR Cc 349 72
CR : 19.1 40
No. samples, n 6 6 6 18
Mean, 2 f.010 1.R90 778 258
Std. dev., s 1.540 1.430 442 201
Coef. of variation 0.44 0.7s 057 0.79

a8 Net amount = Crude handwipe amount - mean handwipe background = X - 0.3 pg




Table SV Compatison of Teansfers of Piperonyt Rutotide Residues fiun Sheet Vinyd Footng in Fapenment 7 by Drag Sied, PUE Roller, and Human Hand

08

Preas
Deposition ap Sled LU Rolles Human Hand Press
Coupon Surface Teanafer Transfer Tianafer Transter Net Toansfer Veamter
Amount L oadiny Amount Raie Amount Rate Subject Amount® Rate
Bluck ' HR np/cm’ MR np/cm’ ng np/em’ . Hand BR npfem’
£-10-93% (Application)
NE 1.670 R110 . AU 90 240 “o AR w 207
’ ’ nR 104 IR
CR 178 168
NW 1.0 . 6.R0 2,760 V640 624 R20 Al AR 74()
Bl 192 Rio
(R LI J0R
8-11.9) : ’
CE » 1 ARO 9.1%0 1.0%0 1.060 47 620 Al 100 208
Bl 106 220
CL 160 mm
CWwW 2,190 13610 900 1180 249 30 AR 16t 15
BR 242 S04
CR IR 7
R-12.93 : ) .
Sw 20 150 1170 1.540 219 o At 96 200
BL 90 187
CL 59 124
SE 960 4,680 970 1.270 990 1,300 AR 213 4R$
BR 59 123
CR 2 67
No. samples, n 6 6 6 ) IR
Mean, 1.580 1.660 626 m
Std. dev., s ’ 1620 990 W7 oam
Coef. of varistion : 0.48 0.60 : : 0.62 0.71

8 - Since handwipe ficld blank smounts were <0145 ug. no hackground is subtracted
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Tadble 4. Companson of Transfers of Pyrethtin § Reudues from Sheet Vinyt Floonng in Fapeniment 7 hy Diag Sted, fUOF Raller, and Human Hand Press

Deponition Drag Shed PUE Roller Human Land Press
Coupon . Surface Transfer Teansfer Transfer Teanser Net Transfer Trans(ler
Amount Voading Amuunt Rate . Amuount Rate Subject Amount* Rate
Block ug ng/cm’ PR ng/cm’ 0 np/cm’ Hand ng np/em’
£-10-91 (Application)
NE 2R4 1.IR0 o (AR 6R S 90 AR 148 I
BR 193} 40
, CR 414 R
NW 28R 1.390 168 22 1310 149 Al. 30.0 62
nl. 86.7 (LY
Ct. 269 L6
8-11-93
CE - 264 1.260 124 159 78 97 Al. 109 7
Bt 91 19
) CL 7.1 1
cw 3 1.510 127 167 45R 6 AR 184 iR
BR 26.2 hh]
CR 1.6 10
81293 ‘
Sw 122 90 204 268 4R 1 () - AL 86 1)
BL 42 R?
CL IR RO
SE 229 1.110 160 210 1R20 240 AR 223 46
BR s 1
CR 1.3 27
No. semples, n 6 6 6 18
Mean, } 1.210 192 6 19
Sud. dev., s 30 49 68 42
Coef. of variation 027 0.2% 0.59 1.08

a Since handwipe field blank smounts were <0.9 ug, no background is subtracied
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az.e 5 Companson of Transfer of Fresh Dned Formulated Pesticide Residues from Fioonng by Drag Sied,
PLF Rolier. ané Humar Hand Presses®

Transfer Rate (A 2 s¥. ng cm®. Using

Ten Hand
Apphed Actne Drag Sled: PUF Roller Presses
Expenment Fioonrg Inpredien: (p=6) (n=6) (n=18)
6A Piusk carpet (used) P
Chlorpynfos $6232 1821.0 o
Piperony! butoxde 70240 22211 d
Pyrethnn | 1.0209 02201
6B Plusk carpet (used|
Chiorpynfos® 2237 29203 13208
Meboprene 25207 082058 03202
Prperory | butoxide 128 =52 58 212 17.210
Pyrethnn | 38 =222 16 23
- Sheer viny! (new .
Chiorpynfos 1890. = 1430 780 = 440 250. 2 200
Piperony | butoxide 1660 2 990 630 2 390 300 2210
Pyrethnr | 192 =49 116 2 68 39 z42

Transfer by singie pass over floonng using dn conwst modium

Mear and stindard devanon of oansier rates from 0 1o 2 days afier application
Transfer razes from 6 10 § day s afier appircanon

Singic hand press

anowe

82




Tab.e & Perces: Mearn Transfer® of Fresb Chlorpynfos Residues by Fioonng and Transfer Method®

Mear. Transfer. *¢*

Cloth Human
Expenrmen: Floorng -Roller Drag Sled PUF Roller Hand Press
1 Piush carpet (ew 49 1.3 0.9
2 Level-loop carpet 27 1.7 1.5¢
(new )

3 . Piush carpet (new) 0.41 026° .
sa Piush carpet (used! ' S 0.063
‘B Piusk carpet (used) 0.13
C Piush carpet (used) 0.092
D Plush carpet (used) 0.23

SE Piush carpet (used) 0.044
6A Piush carpet (usedi 018 0.052

N Sheer vinyl (new | 361 103 4.6
§B Plush carpet (used: 0.31 o

%, mear: transfer = 100 » (mean transfer rate, ng cnT )(nean surface loading. ng-crr )

Transfer of & residue on day of spphication by single pass over floonng using dry contart medium
20 passes 0v+ floonng :

2 passes over floonng

an oe

83




Tadie §°  Percenm: Mear Transfer® of Fresk Dned Ressdues by Flooring. Actve Ingredient. and Transfer
Mezbod®
Mean Transfer, *.*
Apphcation Acove Drg PUF Human
Expenmen: Flooring * Method Ingredient Sied  Roller  Hand Fress
6A Plush carpet (used) Brosdcast Chlorpyrifos 0.10 0.03
Piperonyl butoxide 0.12 0.04
Pyrethnn ! 0.19 0.04
6B Plush carpet (used) Acrosolcan  Methoprene 3.0 10 04
. - Piperonyl butoxide 32 14 0.4
Pyrethnn | 33 14
7 Sheet vinyi (new ) Broal-ast Chilorpynifos 24 9.7 32
Piperony| butoxide 2 8.3 4.0
Pyrethin | 16 9.6 2

and surface loadings from 0 to 2 davs afier application.
b Transfer by sungle pass over flounng using dry contact medium

% mean manrsfer = 100 » (mean Jansfer rate, ng on? J(mean surface joading. ngf'an L Mean of gansfer rates




Jace sy Sasi.

Mear Transfer Rate. ng e

= o the Rano of Transfers v Drag Siec and PUF R lier 10 Transiens by the Human Hand Press

Transfer Rance®

Drag Sied PLF Rolier Human Hand 1 i PUF Rolier
Exp Dae Pesucide (=2} =2 Press (=6 Hand Press Hand Press
6B 62393 Chlorprifos 90 29 081 1.0 36
Methoprene 31 120 048 6.5 2.5
Piperony! butoxide 72 71 242 71 29
6-23-93  Chlorpynfos 21 30 2.06 59 1.5
"Metboprene 19 042 0.20 9.5 21
Piperonyi butexide 138 44 162 85 23
6-24-93  Chlomymfos 6% 38 099 66 s
: Piperony ! butoaide 73 b 11.8 6.2 49
= £-10-93  Chlompynfos 3000 860 384 7.8 2.2
"~ Piperony! buoxide 2300 £70 426 £4 11
Pyrethnn | 17" 119 76 23 l6
£-11-93  Chiorpynfos 1350 $60 236 57 24
Piperony | butoxide 1270 470 280 4% 1z
Pyrethnn | 163 78 254 64 31
§-12-95  Chiompynfos 1330 920 144 913 64
Piperony | butoxsde 1400 840 198 7.1 4.2
Pyrethnn | 238 182 187 R 9.6
No rauos. n 17 17
Mean' n 7.35 3.31
Std dev .. s 284 210
Coef of vanauon 0.39 0.63

a  Transfer ratio = Mean transfer rate by mechanical method (ng cnt ) Mean tansfer rate by humnan hand press (ng cnr )
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L INTRODUCTION AND OBJECTIVES

This is the fourth experiment of a study to compare sampling methods for the estmarion of
wransfer of chemicals from conraminated surfaces (iec. carpetng) to the skin. The methods are the
Dow drag sled, the California cloth roller, and the Southwest Research Instrute (SwRI) polyurethane
foam (PUF) roller. These methods must be compared with each other, then with human sian pick-up
before sardardized methods can be established Prior to the measurement of efficiency of the pick-
up of chemicals by buman skin, controlled experiments must be performed in order to determine the
efficiency of removal of each chemical by the handwipe procedure and the efficiency of extraction
of pestcides from the handwipe.

This experiment consists of three tasks. The experiment will be performed using pesticides
at the lowest levels feasible to obrain meaningful analytical results. The specific tasks are:

A. Determine the elution efficiency of chlorpyrifos and pyrethrins formulated products from
aluminum foil deposirion squares.

B. Determine the exmracton efficiency of chlorpyrifos snd pyrethrins from isopropanol
handwipes. .

C. Determine the efficiency of removal of chlorpyrifos and pyrethrins from human hands by
1soprOopano] wipes.

I MATERIALS AND METHODS
A. Facilities Preparation.

All tasks will be conducted in the Elder traile; outside Building 70 oo the grounds of
Southwest Research Instnute. A 2 ft x 6 ft piece of 1/4" thick plywood will be covered with solvent
washed aluminum foil that has been taped in place. ‘

6" x 6" Aluminum foil sampling squares will be cut from commercially available aluminum
foil then solvent washed and dried prior to use.

. Handwipes wili be prepared from SOFR-WICK 4" x 4" six ply dressing sponges. The sponges
will be pre-exuacted for 24 hours with hexane then for an additional 24 hours with acetone. Sets of
two sponges will then be packaged in aluminum foil to prevent contamination prior to use.

The pesticide formulated mixture will be prepared by adding sufficient Pyrethrins to Raid
Formula 1 (025 % chlorpyrifos and 0.08 % pyrethrins) to increase the pyrethrins levels t0 § %. A
diluted formulmed mixwure solution (1:25 dilution) will then be prepared thar contains 100 ng/Mpl
chlorpyrifos and 2000 ng/ul. pyrethrins.

B. Application of pesticides to Aluminum Foil Deposition Squares.

A volume of 50 sl of the diluted pesticide formulated mixture will be applied to each 6" x
6" aluminum foil square. Aluminum foil squares that will be used for the hand-press procedure will
be taped 1o the aluminum foil backing. The m’xwre will be applied in a fashion so that the pesticides
are concentrated in approximatcly a 2° diameter area in the center of the foil Prior to hand
application or extraction the aqueous solvent will be allowed to evaporate.
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C. Hand-press Method.

Since the purpose of this study is to investgate the wipe removal efficiency of the handwipe
and pot the uptake of pesticides onto the hand, a precise and reproducible procedure for the hand
press is not pecessary. However, a method is needed that will efficiently transfer most of the
pesticide from the foil to the hand. Prior to each hand press, each subject will be requested w0
thoroughly wash his or ber hands with soap and water. The subject will be cautioned to avoid
touching any surfaces prior to the handwipe procedure. Each subject will then place a powder-free
vinyl glove over one hand to prevent contaminarion while performing the wipe procedure on the first
hand and 10 prevent the isopropanol from drying out the skin prior to the handwipe resulting in an
aboormal skin condition tha: could affect wipe removal efficiency. Each subject will then be asked
to inirially to press and rotate the palm of the hand to the 2" dia. area of pesticides with fingers held
off of the surface.” The subject will then be asked 1o press and rotate the front and back of the fingers
oo the foil

D. Isopropano! Handwipe Method

Following deposition of the target pesticides onto the hand, an isopropano! handwipe of the
hand il be performed. The handwipe procedure will be that described by Camann et al. (1992).
The handwipe will consist of two SOF-WICK 4" x 4" 6-ply dressing sponges which have been pre-
cleaned prior to use. Each sponge will be laced with 10 ml. of OPTIMA grade isopropanol. The
subject will be asked to perform a general wipe of each hand with the first sponge. The second
sponge will be usec to wipe around and between each digit Both sponges will then be placed in a
single container and an additional 50 mL of isopropanol will be added. The subject will perform all
acral handling of the sponges from preparation to placement in the sample container. Immediately
foliowing each handwipe procedure, the subject will thoroughly wash his hands to remove any
remaining pesticides residues.

E. Exuaction of Pesticides from Aluminum Foil Depositon Squares

Following the deposition of the pesticide formulated mixture (in the case of control samples)
or following the hand-press procedure, the 6" x 6™ aluminum foil squares will be placed in solvent
washed and oven dried 1 1b wide-mouth jars fined with teflon lined lids. Any tape used to hold the
squares to the board will be removed prior to extraction. A 300 mL volume of 1:1 ether:hexane will
be added 1o each jar. Terphenyl-d,, will be added as a surrogate in sufficient quantity to resukt in a
concentration of 1.0 ng/pL in the final exract. The jars will then be shaken for 30 min. The ether-
hexane extract will then be concentrated to a volume of 1.0 mL in hexane for GC/MS analysis.

F. Extraction of Pesticides from Isopropanol Handwipes

Following the hand-press and handwipe procedures, the handwipes will be extracted for the
target pesticides using the method described by Camann et al (1992). Immediately prior to
extraction, terphenyl-4,, surrogate will be added and the jars will be shaken for five minutes. The
isopropano; will then be drained from the jar into a 250 mL flar bottom flask. The handwipes will
be extracted twice with two 50 mL portions of 1:1 diethyl ether-hexane by shaking for one minute.
The gauze pad will then be squeezed 1o remove solvent and the jar will be rinsed three times with
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hexane. Al rinsates and extraces will then be combined in the 250 ml round bottom flask The
ether/he xane/isopropano] cmacrswﬂltbcnbcconccnuued to a volume of 1.0 mL in hexane for
GCMS anaiysis.

G. Analysis of Pesticides Extracts

Each handwipe and aluminum foil extract will be analyzed for chlorpyrifos and pyrethrins on
a Fisons MD800 gas ckromatograph/mass spectrometer (GC/MS) operating in a selected ion recording .
mode. A primary quantitarion ion and secondary confirmarion ion will be selected for chlorpyrifos
and each of the six pyrethrins. The GC/MS will be calibrazed from 0.05 to 1.0 ng/ul for chlorpyrifos
and 1.0 ng/ul 1o 20 ng/ul for total pyrethrins. This comesponds to a quanttation limit of 50 ng per
handwipe for chlorpyrifos and 1 pg per handwipe for pyrethrins. Sample extracts contsining target
analytes ar levels beyond the calibration range will be diluted and reanalyzed.

L. EXPERIMENTAL DESIGN
A. Task 4A. Determination of Aluminum Foil Elution Efficiency

In order 10 determine the efficiency of removal of the target pesticides from aluminum foil
squares, seven foils will be spiked with 250 pL of he diluted formulsted mixmure. An additional
seven foils will be spiked with 25 pl of the formulated mixture. The factor of ten difference in spike
levels will determine if aluminum foil elution efficiency is independent of the amount of pesticade
spiked. Two additional foils will be extracted without spiking to serve as control blanks. In order
to verify the level of the pesticides in the spike solution, two 300 mL portions of 1:1 ether:hexane
will be spiked with 250 pL of the diluied formulaed mixture and two addirional pomions of
ether-hexane will be spiked with 25 pL of the diluted formulated mixture. All foils, control blanks
and solvent spikes will be exuacied and analyzed as described above.

B. Task 4B. Determination of Handwipe Extraction Efficiency

Efficiency of the extraction method for removal of the target pesticides from the handwipes
will be evalusted by spiking seven moistened, precleaned handwipes with 250 pL of the dihued
formulated mixture. An additional seven wipes will be spiked with 25 pL of the dihuted formulated
mixmre. The factor of wen difference in spike levels will determine if the handwipe extraction
~ efficiency is independent of the amount of pesticide spiked. Two handwipes will be exrracted without
spiking and will serve as control blanks, two aliquots of isopropanol will be spiked with 250 pL of
the diluted formulated mixture and two aliquots will be spiked with 25 pl. of the diluted formulated
mixuze. All handwipes and spikes will be extracted and analyzed as described above.

C. Task 4C. Determination of Handwipe Removal Efficiency

Handwipe removal efficiency experiments will be performed using two human subjects
vohmteers over a three day period. Mr. David E. Camane and Dr. Paul W. Geno of the Deparmment
of Environmental Chem.istry at SWRI will serve as the subjects. On each day prior to sampling, the
subject’s hands will be inspected by Dr. Nicholas Giardino for rashes, abrasions or cuts in the skin.
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Wher. ary such sores exist, the experimen: will be postponed und! the band beals. On Days 1 and
2. five alununur foll squares will be spiked with S0 pl of the diluted formulaied mixture as
described adbove, ope aluminum foil square will be spiked with 25 pl. of the diluted formulated
product and one foil square will serve as a conmol blank. Hand presses will be performed on four
of the 50 pL spiked aluminum squares, corresponding to each hand of each of the two subjects. The
order in which the rwo hands are sampled wil! alternate on the two days. On Day 3, three alumirum
foi! squares will be spiked with S0 pl of the diluted formulated mixnre and one aluminum foil
square wil! be spiked witk 25 pl of diluted formulated mxnre. Hand presses will be performed on
two of the 50 pL spiked squares. Isopropanol handwipes will be immediate performed following the
hand presses. On each day, one addiriona! handwipe will be spiked directly with 50 pL of the diluted
formulared mixture, one handwipe will be spiked with 25 plL of the diluted formulated mixwre and
one handwipe will serve as a control blank. In order to verify the level of the pesticides in the spike
solusion. one 300 mL porton of 1:1 etherchexane will be spiked with SO pL of the diluted formulated
mixrure. one additona! porton of ether-hexane will be spiked with 25 pl of the diluted formulated
mixture and one portion will serve as an exvactoe blank. All handwipes and foils will be extracted
as described above immediately following the handwipe procedure. A summary of samples for the
three 3sscribed tasks is given in Table 1.

IV. CALCULATIONS

Following completion of Task 4A, the eluban efficiency (E,) of the aluminum foil extraction
procedure for cach pesticide will be calculated by: '

E. = MM,

where M, is the amount of each pesticide determined to be exmracted from each foil by analysis and
M, is the amount of each pesticide applied from the foil. The mean (E,) and coefficient of variation
of the elution efficiency will then be calculated over the ten replicates a1 each level

Following the completion of Task 4B, the extraction efficiency of the handwipe extraction
method (E,,) will be calculated by

Ee =M/ Ma

where M___ is the amount of each pesticide determined 10 be extracted from each handwipe by
analysis and M, is the amount of each pesticide applied to the handwipe. The mean (E_) and
coefficient of vanation of the extraction efficiency will then be calculated over the ten replicates a1
each level ' v

The wipe removal efficiency (RE) can then be calculated for each replicate handwipe of Task
4C using the following equarion:

RE = (M, JE_ VM, - (M E,)) |
where M, is the analytically determined amount of each pesticide wiped from the hand, E_ is the
mean extracuon efficiency of the handwipe extraction method determined in Task 4B for the low

!evelspike.M.,,isd)eknownumomxofacbpesticid:appliedtothefoilpriortobmdp!us.Mu
u&mﬂyucaﬂydemmhedmmdewbmﬁcﬁemhhgm&efoﬂfoﬂowhghmdpms
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and E_ is the mean elusion efficiency of the aluminum foil extraction determined in Task 4A for the
low leve! spike. The mean removal efficiency and coefficient of variarion for each subject, and the
mear remova! effiziency and coefficient of variarion for all samples will be calculated.

V. ESTIMATION OF HUMAN EXPOSURE

ThemnmmexposmwmbpcssSpglhmdofdﬂapynfosmdlwpglhmdfm
pyrethrins. This estimate assumes 100% of the pesticides applied to the foil are picked-up by the
hand and absorbed through the skin. According to our modeled results for flux through the dermal
layer of the hand, we determined for each hand press that 0.09 ng of pyrethrins and 1 pg of
chlorpyrifos will be absorbed (Droz, er al (1991) and Fiserova-Beberova, et. al (1989)). &t is assurned
the wotal surface area of the hand is 900 cm? (within the range of surface areas provided by the EPA
Interim Report on Derma! Exposure, January 1992), and that the exposure time is 5 minutes. The
modelnsuutsthaawmpkwlymmwdwwwhmmofmcchemalxs:pplndwtheshnof
the hand.

In these experiments the dried pesticide residue will be wiped from the hands using
isopropanol. This solvent is likely to enhance the absorption of the pesticides into the skin.

One must be cautious whenever using and interpreting modeled results. However, this model
has been used and extensively tesied by others (see above references) and was a good predictor for
dermal absorpuon of chemicals with molecular weights below S00. According to the modeled results
the absorbed amoum of pyrethrins for the entire experiment is negligible. The predicted absorpaon
of chlorpyrifos is higher, but is stll low.

The rabbir LDy, dermal for chlorpyrifos is 2000 mg/kg and rat dermal LDy, for pyrethrins
greater than 1800 mg/kg (Farm Chemicals Handbook "92). There is very linle chance for severe
adverse health effects to occur.

For shor-term exposures, pyrethrins are contact allergenic compounds, can cause dermatitis,
and may mildly untate the eyes, nose, and throat. Long-term exposure can lead to organ toxicity,
excluding the nervous, respiratory, hematological, or reproductive systems. Chlorpyrifos can cause
nervous system disturbances, and represents an acute and chronic hazard. These health advisories
were uaken from Patty’s Industrial Hygiene And Toxicology, Volume IIA (1985) and concemn
workplace exposures. h is expected that these workplace exposures are substantially hig -r than
those predicted during this set of experiments.

The acute exposures predicted o be received during this experiment for chlorpyrifos are 1
pg/hand for a weal of 2 pg, and for pyrethring 0.09 ng/hand for a tocal of 0.18 ng. Since all the
recognized industrial bygiene organizations (ACGIH, OSHA, NIOSH, MAK) have a skin notation for
chlorpyrifos, those participating in the experiment will wash their hands immedistely after exposure
10 cither of the pesticides. The skin notation for bealthy workers addresses adverse health effects

occurr.>g if a worker comes into contact with the pure chemical. Industrial and agriculmral exposines
(Cmmad(lm»wouldhemaﬂudmdmmnemmmepuwpmmm
experiment will receive.

Lastly, those with any abnormal skin condition such as eczema, a rash, abrasions, cuts, or any

breaks in the skin will not be eligible t participate in the experiment.
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Tabie 1. Experimental Design for the handwipe removal efficiency study.

250 ul Formulated 25 ul Formulated Blank
Jask 4A Mixture (H) Mixture (1) B

AlFoil Sq.(FS) 7 ° | 7 2
Extraction Solvent

Spikes (SS) 2 2 2
250 gL Formulated 25 uL Formulated Blank
Isopropanol
Handwipes (HW) 7 7 2
Extraction Solvent
Spikes (SS) 2 . 2 2
S0 uL Formulated 25 uL Formulated Blank

JTask 4C Day 1. Mxture (H) Mixture (L) - B
Al Foil Sq. (FS) S 1 1
Hand presses
Subj. A(HALR) 2
Subj. B(HBL/R) 2
I1sopropanol
Handwipes (HW) 4+1 1 1
Extraction Solvent o
Spikes (SS) 1 1 1
Task 4C Dav 2
Al Foil Sq. (FS) S 1 1
Hand presses
Subj. A(HALR) 2
Subj. B(HBL/R) 2
lsoproganol '

- Handwipes (HW) 4+1 1 1
Extraction Solvent

Spikes (SS) 1 1 1
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Table 1. Cont.

JTask 4C Dav 3 ‘

Al Foil Sq. (FS) 3 1 . 1 5
Hand presses -

Subj A(HALR) 1

Subj. B(HBL/R) 1

Isopropanol

Handwipes (HW) 2+1 1 , 1 ‘ 5
Extraction Solvent

Spikes (SS) 1 1 1 3
Totai Analyses | 91

Sampie 1.D. will be the task number followed by the medium followed by the spike level
followed by the replicate (or the cay for Task 4C), eg. the foil square for the right hand
replicate of Subject B hand press on Day 2 would be labeled 4C-FS-HBR-H-2.
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L INTRODUCTION

Dermal contact with residues of pesticides applied to carpets and subsequent skin absorption
or ingestar through hand-to-mouth activity are routes of human exposure which nzed bener
evaluarion, especially for young children. The Dow drag sled, the California cloth roller, and the
Southwes: Research Instinute (SwRI) polywrethane foam (PUF) roller (SwWRI invention disclosure
#2061, paien: pending) are dislodgeable residue sampling methods which have recenty been
developed 10 estimate the oransfer of a chemical from a contaminated surface to the skin. These
methods peed to be compared to determine which provides the mos: accurate, reproducible,
economical, and facile performance. Precision and bias relarive to human skin pick-up must also be
determined before standardized methods can be established for use by registrants and researchers.

Afier chlorpyrifos which was broadcast-sprayed on carpet had dried, troasfers by the drag sled,
the cloth roller, and the PUF roller were compared in Experiments 1 to 3 (Camann et al, 1993). On
plush nylon carpet, mean chlorpyrifos transfers were 4.5% by the cloth rolier, 1.1% by the drag sled,
and 0.65% by the PUF roller (Experiment 1). On level-loop polypropylene carpet, mean wansfers
were 255 by the cloth roller, 1.4% by the drag sled, and 1.2% by the PUF roller (Experiment 2).
The cloth roller was found to be less snitable than the other methods be cause its transfers exhibited
greater variability and were akered by oriemarion of the roll relative to the lay of the carpet fibers.
Moistening the sampling media increased the transfer by the drag sled and the PUF roller, but
substantially increased the measurement variability of both methods (Experiment 3).

Experiment 4 determined the removal efficiency of two pesticides (chlorpyrifos and
pyrethrins) that had been applied to buman skin. Experiment § evaluated the effects of sampling
pressure, traverse distance, number of repeat passes over the same section of carpet, speed, and air
temperature on dislodgeable residue transfer of chlorpyrifos by the PUF roller and drag sled.
Preliminary results indicate that air or carpet temperature had a marked effect on transfer, especially
by the drag sled, but this effect was deduced from a series of tests performed on different days.
Experiments are being conducted to compare human hand presses and mechanical dislodgeability of
several pesticide residues (chlorpyrifos, pyrethrins and piperonyl butoxide) from plush carpet
(Sxperiment 6), and to determine the direct effect of the temperanure of the air and carpet on transfer
of chlorpyrifos, pyrethrins, and piperonyvl butoxide residues from plush carpet using both the drag sled
and the PUF roller in tests performed on the same day (Experiment 8).

This protocol describes Experiment 7, in which comparisons will be made between hand
presses and both the drag sled and the PUF roller in the wansfer of chlorpyrifos and piperonyl
bmondcmxdusfmmnew:heetvmylﬂoomg

IL MATERIALS AND METHODS

A Facility Preparation

An empty room (9° x 15°) in a 42’ x 10"3-room trailer on the SwRI Campus will be used to
do the experiment. The plush cut-pile nylon carpet and pad will be removed and Armstrong Explorer -
Solarian sheet vinyl installed on a wood underlayment over the old floor. ‘1‘h°shectvmylwxllbc
rinsed with clean water.



B. Dislodgeable Residue Mcthods

Relevant characteristics of the dislodgeable residue methods (i.e., the Dow drag sled and the
SwRI PUF roller) and the human hand press are summarized and contrasted in Table 1.

TABLE 1. CHARACI'ERIS’I‘ICS OF DISIDDGEABLE RESIDUE AND HAND PRESS METHODS

SWRI PUF ROLLER HUMAN HAND PRESS
Sampling Medium | Denim weave cloth Polymuhnneﬁom(PUF) Shnonpalmofhmd
(predominantly cotton) ring (0.029 g/cm’, polyether)
Surface of Square (102 cm)® Curved exterior of ring(OD « | Palm (ca. 8 cm x 8 cm)
Sampling Medium 8.9 cm, lencth = 7.6 cm)
“ C.niact Motion Drag Roll ‘Ten Presses (for 1s)
Face (Instantaneous | 7.6 cmx7.6cm=58cm’ | 7.6 cmx Sl cm=38.6cm® | 7.6 cm x 7.6 cm = 58 cm?
_ || Pressed Contact '
Area through
Sampling Medium)
Mass Exerting 3.46 kg 3.10 kg NA
Pressure Through
Sampling Medium
Pressure Exerted .5.900 P2 = 8,000 Pa= 6,900 Pa = 1.0 psi
Through Sampling | (3.46 kgX9.8 m/s*V(0.076 | (3.10 kgX9.8 m/s*V(0.076
Medium m) m)0.05 m);
Sampled Carpet 7.6 cm x 1.0 m = 0.076 7.6 cm x 1.0m = 0.076 m* 10x76cmx63cm=
Area m? 0.048 m?

1

The drag sled method will be performed using the inirial configuration described by Vaccaro
and Cranston (1990). Briefly, a precleaned dry 4" x 4" denim weave cloth supplied by B. Shurdut,
Dow Chemical Company, is artached beneath foil under a 3" x 3" plywood block on which an §-1b.
weight is mounted (Figure 1). From a stationary position an aluminum foil, the sled is dragged once
over a 3" x 1 m carpe: strip &t 6-8 cm/s. Aﬁerthesinglcpass.thedenimclothismovedfor
analysis. Except for the weighted plywood block (current model unavailable since in use at Dow),
'Dowsunpcﬁormsmdmgsbdmethodasmmnydcsmbed(pasmﬂcommmnmon.B Shtn'dm.

July 1992).



" The new (October 1992) model of the PUF roller sampler (Camann et al, 1993b) will be used
instead of the original PUF roller sample~ (Hsu, et al., 1990). A precieaned dry PUF ring (3" length,
35" OD, 1.62" ID) is secured on the 3" length x 1.75" OD cylindrical 0.37 kg aluminum roller
(Figure 2). From s stationary position on aluminum foil, the PUF roller is rolled once over a 3" x
1.0 m carpet strip at 10 cm/s. After the pass, the PUF ring is removed from the roller for analysis.

C.  Hand Press and Wipe Methods

A set of ten presses of the treated vinyl will be made with each hand by three subjects on
three days in a reproducible manner. Prior to each daily pair of hand presses, each subject will be
requested o thoroughly wash his hands with soap and water. The subject will be cautioned to avoid
touching any surfaces during the hand press and wipe sequence. The subject will then place a
disposable nitrile glove over the non-test hand. The second hand is gloved to prevent contamination
while performing the press and wipe procedure an the first hand and to prevent the isopropanol fror:
drying out the skin of the second hand prior to the hand press (avoiding an abnormal skin condition
that could affect hand press transfer efficiency). A card-stock template will be placed over the
designated area for vinyl sampling to expose a 3 in (7.6 cm) x 25 in (63.5 cm) vinyl strip. While
kneeling on a cardboard mat, each subject will perform a series of ten presses of the palm of the test
hand to adjacent sections of vinyl exposed by the template at a pressure of ca. 1.0 psi for 1 sec each -
with fingers held off of the surface. An isopropanol handwipe of the hand will be performed as
described by Camann et al. (1992) in 8 clean area away from the trailer. After washing both hands
with soap and water, the glove will be removed from the second test hand and a clean glove placed
over the second non-test hand. The press and wipe procedures described above will then be repeated
using the second hand.

The handwipe will utilize two SOF-WICK® 4" x 4" 6-ply dressing sponges which have been
pre-cleaned prior to use. Each sponge will be laced with 10 mL of OPTIMA grade isopropanol. The
subject will be asked to perform a general wipe of each hand with the first sponge. The second
sponge will be used to wipe around and berwesn each digit. Both sponges will then be placed in a
single container and an additional 50 mL of isopropanol will be added. The subject will perform
all direct handling of the sponges from preparation to placement in the sample container, although
handling via forceps is also permitted. Immediately following each handwipe procedure, the subject
will thoroughly wash his hands to remove any remaining pesticides residues.

D.  Broadcast Application of Chlorpyrifos/Pyrethrins/Piperonyl Butoxide Formulated
Mixtwre and Ventilaticn While Drying

Broadcast application of a chlorpyrifos/pyrethrins/piperonyl butoxide formulated mixmure to
test vinyl flooring will be conducted by a licensed pest control applicator according to label
instructions to control a light infestation of fleas. The formulated emulsifiable concentrate products,
Dursban® L.O. (E.P.A. Registration No. 62719-55), which contains 41.5% chlorpyrifos (O,0-diethyl
O-[3,5,6-trichloro-2-pyridyljphosphorothioate), and Kicker® (EPA Registration No. 4816-707AA),
which contains 6.0% pyrethrins and 60.0% technical piperonyl butoxide will be tank mixed at 2/3 fl.
oz. (20 mL) Dursban® L.O. and 0.5 fl. oz (15 mL) Kicker® per gallon of water to yield 025 %
chlorpyrifos, 0.025% pyrethrins, and 0.25% piperonyl butoxide in the aqueous spray. The mixture
will be applied approximately 40 cm above the vinyl at a rate of 1 gallon of diluted mixmure per 1600

3



square feet with a hand-held fan broadcast nozzle anached 1o an air pressurized tank. Application
will be accomplished in ca. 2 min.

_ The wailer will be ventilated for 2 h immediately after application. All windows will be
opened and window air conditioning units operated in fresh return air mode. During the first 30 min
and last 15 min of the ventilation period, both doors will be opened and a box fan operated outside
the test room doorway to allow maximum cross ventilstion. Air conditioner units will be remurned
tod:eusualmcmhmdmmodrmpnorwsamphngmdnmmunthroughoutthe sampling

period.
E.  Experimental Design

Adjacent samples using both dislodgeable residue methods, a hand press by each subject, and
two deposition coupons will be collected sequentially within a rectangular block of treated vinyl. Six
replicate blocks will be sampled over threz days so that each hand is pressed and wiped only once
per day (to limit dermal exposure and to allow retumn of normal levels of natural oils to the skin
before each hand press). The experimental design is presented in Table 2 and the physical layout for
sampling is shown in Figure 1. Sampling will be performed at approxiomately the same floor
temperat._re (~25 °C) and room air temperature each day.

Deposition coupons, consisting of Teflon squares (4 in. x 4 in.) will be placed on the vinyl
prior to the pesticide application and picked up before the adjacent dislodgeable residue samples from
the block are collected. Residues measured on the coupon pair give an estimate of the surface
loading of residue remaining on adjacent vinyl flooring during sampling in the block.

Field blank wipes of both hands of each subject will be made in the clean area after a set of
ten presses with the hand on the untreated viny! on Days 1 and 2. Two field blanks of both
mechanical methods will be obtained by sampling on the vinyl on the day prior to the pesticide
application (Day 2). The field blanks will assess residues transferred via air and contamination
potential during sampling and handling. Deposition coupons will be placed at two designated locations
in each sampling block shortly before the application commences on Day 3. Field samples will be
collected in two blocks each on the aftemoons of Days 3, 4, and § after label allowed re-entry on Day
3 (ie., when the vinyl is dry). The disloageable residue and hand press samples of a block will be
collected from specified locations in the block after the deposition coupons are picked up (see Figure -
1). All samples will be collected in one block before proceeding to the next block. Spikes of the
precleaned dislodgeable residue and wipe matrices and of a deposition coupon pair will be made both
before (Day 3) and after (Day 5) the replicate block sample sets are collected; these field splks will
be used to assess and adjust for losses during transpon, storage, and extraction.

F. Sample Analysis

Dislodgeable residue samples will be Soxhlet-extracted with 6% ethyl ether/94% hexane;
extraction will commence within 24 hours after sampling. The pair of deposition coupons from a
block will together be rinsed with 6% ether-hexane as a single sample. Isopropanol-saturated
handwipes will be shake extracted with 1:1 diethyl ether:hexane (Camann et al., 1992). Extracts will



be analyzed for chlorpyrifos, pyrethrins and piperonyl butoxide on a Fisons MD 800 GC/MS
operaring in selected ion monitoring mode.

G. Data Adjustment

~ Crude wipe results will be adjusted for wipe removal efficiency from the hand by dividing
by the mean removal efficiency determined in Experiment 4. k is anticipated thar hand wipe results
for pyrethrins may be less than the detection limit. The wipe removal efficiency for piperonyl
butoxide will be assumed to be between the mean removal efficiecies determined for chlorpyrifos and
pyrethrins.

Crude resuls (mg/sample) from each field sample will be adjusted for contamination and
extraction inefficiency by subtracting the field blank mean and dividing the difference by the mean
recovery proportion of the field spikes for that method. The adjusted result will be divided by the
vinyl area (see Table 1) to determine the measured transfer rate (mg/m? of vinyl contacted) for
dislodgeable residue and hand wipe samples and the measured surfase loading (mg/m?) for coupan
samples.

I ESTIMATION OF HUMAN EXPOSURE
A. Selection and Recruitment of Subjects

Three normal male subjects, 35 to 49 years of age, have volunteered to perform the hand
presses of treated vinyl as described berein. They are Mr. David E. Camann, principal investigator,
Dr. Paul W. Geno, investigator, and Dr. Jong-Pyng Hsu, Director, Department of Environmental
Chemistry. Informed consent will be obtained from each subject by Mr. Camann before the
experiment commences; the consent farms will be kept in Mr. Camann’s office in Bldg. 70, Office
17. ,

Those subjects with any abnormal skin condition such as eczema, a rash, abrasions, cus, or
any breaks in the skin will not be eligible to participate in the experiment, until the condition heals.

B. Estimated Exposure of Subjects

In Experiment 1, broadcast application of a8 0.5% aqueous spray of chlorpyrifos at 1 gal/ 1600
fr* during summer produced a loading of 154 mg/m? on the plush cut-pile nylon carpet (Camann et
al, 1993b). Thus, an aqueous spray of 025% chlorpyrifos, 0.025% pyrethrins, and 0.25% piperonyl
butoxide in Experiment 7 applied by the same application method at the same rate in the same season
should produce loadings of approximately 77 mg chlorpyrifos/m?, 7.7 mg pyrethrins/m?, and 77 mg
piperonyl butoxide/m’ during sampling on the application day, Day 3. Fenske et al (1991) found that



TABLE2.  EXPERIMENT 7: COMPARISON OF CHLORPYRIFOS AND PIPERONYL BUTOXIDE RESIDUE TRANSFERS FROM

SHEET VINYL FLOORING BY DRAG SLED SAMPLER, PUF ROLLER SAMPLER, AND' HAND PRESS BY THREE

HUMAN SUBJECTS

Sample Analyses
Hand Press
Subject Subject Subject
Delmmm A B L

Day, _I!LQI_EM Coupon ~ DragSled . PUFRoller L, R L R L R Toul
1 Field Blanks 0 0 0 1 1 to1 1 1 6
2 Fleld Blanka 0 2 2 1 11 1 1 10
3-AM  Pesticide application
3.AM  Field Matrix Spikes I ] 1 1 1 .
3PM DR Samples® 2 2 2 1 11 1 1 12
4PM DR Samples® > 2 2 11 1 1 11 12
S-PM DR Samples’ > 2 2 t 1 1 1 P 12
S.PM  Fleld Matrix Spike 1 1 1 1 s
Total DR Samples 6 6 6 6 ¢ 36
Total Field Blanks .0 2 2 4 4 16
Total Field Matrix Spikes -2 2 -2 -2 2 0 i
Total Samples 8 10 10 12 12 10 62

] The two Teflon coupons in a block are combined and extracted together as & single sample.
b The samples collected from different treated vinyl areas within each block are two deposmm coupons, one drag sled, on PUF roller,

and one press/wipe by each subject of the same hand.
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mean chlorpyrifos wipe residues from treated carpet after 24 hr were only 30-40% of the wipe
residies 1-7 hr post-applicarion. In two recent experiments, the mean amount of chlorpyrifos
transferred from a plush nylon carpet three days after application was 15% and 25% of the amount
transferred by thé PUF roller after drying on the application 4ay. Hence the loadings for Days 4 and
S of Experiment 7 can be anticipated 1o be about 35% and 27% of the Day 3 loadings, respectively:

Chlorpyrifos: 27 mg/n?® on Day 4; 21 mg/m® on Day §
Pyrethrins: 2.7 mg/m’ on Day 4; 2.1 mg/m? on Day §
Piperonyl butoxide: 27 mg/m* on Day 4; 21 mg/m’ on Day 5

The percentages of analytical standard residues of 13 pesticides (including chlorpyrifos) on
ahnninum foil which were transferred to skin by a series of ten sequential 1s hand heel presses by
two of the study subjects were nearly equivalent to the mean percentage transfers by the PUF roller
(e.g.. 7.7% by Subject 1 and 8.9% by Subject 2 vs. 7.1% mean by PUF roller for chlorpyrifos) (Hsu
et al, 1990). Thus, hand press transfers from sheet vinyl in Experiment 7 can be expected to be
similar 10, or less than, the mean 8.3% transfer of chlorpyrifos from aluminum foil by the two
subjects. To be conservatve, a transfer of 10% will be assumed. Using an exposed palm area of the
hand of 0.0058 m?, the residue on both palms of each subject after the hand presses on Day 3 can
be estimated as:

Chlorpyrifos: (77 mg/m?) x (0.10 wansfer/press) x (10 pmsss) x (0.0058 m?/press)
x (2 palms) = 890 pg
Pyrethrins: (7.7 mg/m’) x (0.10 transfer/press) x (10 presses) x (0.0058 m’/pn:ss)

x (2 palms) = 89 pg

Piperonyl] butoxide: - (77 mg/m?) x (0.10 transfer/press) x (10 presses) x (0.0058 m’/p!ess)
x (2 palms) = 890 pg

The residues on both palms of a subject after the hand presses on Days 4 and 5 are estimated
as 310 pg and 240 pg of chlorpyrifos, 31 pg and 24 pg of pyrethrins, and 310 pg and 240 pg of
piperonyl butoxide. '

C. Subject Monitoring

Since chlorpyrifos is a cholinesterase - inhibiting organophosphate insecticide, the American
Conference of Governmental Industrial Hygienists recommends monitoring cholinesterase activity in
red blood cells (RBC) as an index of biological exposure (ACGIH, 1991). Accordingly, blood samples
were collected from each subjec twice (except Dr. Hsu, who declined) at an interval of at least 24 hr
prior to Experiment 6, and wii’ be collected once before and after Experiment 7, for RBC
cholinesterase activity ¢ xermination. The ACGIH criterion of post-exposure activity <70% of
baseline activity will be used to monitnr if excess exposure occurred.



Linle reducrion in RBC cholinesterase activiry is expecied in the post-exposure sample.
Handwipes of farr.ers following single mixing/applicarion event show that residues of the applied
analyte of 100 pg to 15 mg (n=11) werc wiped from both hands (Camann et al, 1993a). However,
an RBC cholinesterase drop exceeding 20% was observed in only 30% (3 of 10) farmers who applied
organophosphate insecticides at least 10 days over the course of an application season (Poner et al,
1993).

D. Evaluarion of Risk

Pyrethrins kill insects by acting as a neurotoxin and causing paralysis. Most humans can
metabolize pyrethrins to nontoxic compounds in their liver, rendering harmless this knock down effect
seen in insects. There are a very few individuals with a disease known as motor neuron disease or
MND. Persons suffering from MND have an incapacity to breakdown pyrethrins through liver
enzymatic action (Steventon and Wadding, 1990).

Pyrethrins are used in a synergistic mix with piperonyl butoxide, both in undiluted form, to
weat head lice in children. This is one of the most susceptible subgroups of our population and no
adverse health effects were reported in a study involving 92 children, both boys and girls, 3 to 15
years of age (Fusia, et al.,, 1987). The pyrethrin synergistic mixture was applied thoroughly sc as to
soak the scalp and then allowed to dry for 10 minutes. This treatment was followed by a regular
shampooing and combing.

Wester et al. (1984) showed that if pyrethrins and piperynol butoxide were applied to the
foreman of individuals in formulated mixtures, the rate of absorption for pyrethrins was 1.9% and for
. piperonyl butoxide 2.1% judging by a seven day urinary collection following dose application. It is

evident from the above facts that neither naniral pyrethrins nor piperony] butoxide pose any adverse
health threat to the participants in this experiment.

Chlorpyrifos has been shown to be absorbed through the dermal layer of the forearm at a rate
of 3% (Nolan et al., 1984). Chlorpyrifos and its principal metabolites were quickly eliminated and
shown t0 have a low potential to accumulate in the human body. This study also showed that the
six healthy male volunteers involvad did not show any signs of toxicity nor any depression of plasma
or RBC cholinesterase after a single dermal dose of 5 mg/kg.

, In Experiment 7, the dried pesticide residue will be wiped from the hands using isopropanol.
This solvent is likely to enhance the absorption of the pesticides through the skin.

The maximum dose to subjects will be 27 pg/day of chlorpyrifos, 2 pg/day of pyrethrins, and
18 pg/day of piperonyl butoxide. These estimates are based on conservative, but realistic estimates
of the amounts of each pesticide absarbed through the skin of the palm (3% for chlorpyrifos and 2%
for pyrethrins and piperony! butoxide). '

The rabbit dermal LD, for chlorpyrifos is 2000 mg/kg (Farm Chemicals Handbook, 1993).
This high LD, means there is little chance of an adverse health effect to occur to the subjects in this
experiment.



Since all the recognized industral bygiens orgenizarians (ACGIH, OSHA, NIOSH, MAK)

have a skin notation for chlorpyrifos, those participating in this cxpcnmcm will wash their hands
immediately after exposure to the pesticide formulation. The skin notation for bealthy warkers
addresses adverse heahth effects occurring if a worker comes into contact with pure chlorpyrifos.
Industrial and agricultural exposures (Camann, et al, 1993) would be one to several orders of
magnitude above what the participants in this experiment will receive.

Iv.
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SUBJECT CONSENT TO TAKE PART IN A STUDY OF Page 1
COMPARISON OF TRANSFERS BY THE DRAG SLED, PUF ROLLER, AND
HUMAN HAND PRESS OF CHI ORPYRIFOS AND PIPERONYL BUTOXIDE FORMULATED
MIXTURE RESIDUES FROM SHEET VINYL FLOORING (EXPERIMENT 7)

Southwest Research Instinute, Department of Environmental
Chemistry, 6220 Culebra Road, San Antonio, TX 78228

We are asking you to take part in a study of the transfer by human hand press of a pesticide
formulated mixture residue (chlorpyrifos, narural pyrethrins, and piperonyl butoxide) from vinyl
flooring. We want to compare the transfer by hand press to the Dow drag sled and the SwRI PUF
roller. We are asking you 1o take part because you are a healthy adult male employee of the Division
of Chemistry and Chemical Engmemngwbohnexyxusedanmmmmbcmgamb)wfmms
study.

If you decide to take part, we will require that you expose the palms of both hands to an
estimated total of 1.4 mg chlorpyrifos, 140 pg pyrethrins, and 1.4 mg piperony! butoxide over three
days. The procedure for the study requires each individual's hands be inspected for any cuts,
abrasions, or breaks in the skin by Nicholas J. Giardino. Any volunteer with a lesion on his hands
will have to wait for it to heal Hand washing with soap and water will be done prior to and after
the hand presses. You will place a vinyl glove on one hand and then do ten presses of the palm of
the ungloved hand on an exposed 3 in. x 25 in. strip of the treated vinyl. You will do two hand
presses (one with each hand). Each hand press will be done on each of three consecutive days on
the carper that was tmatec with the pesticide mixture on the first day. After each hand press, you will
walk a shon distance to an uncontaminated area and wipe your hands with an isopropanol-sanurated
gauze pad. The towml elapsed time for the completion of hand presses and wipes will be
approximately thirty minnes each day. We will also require that you perform wipes of both hands
after doing hand presses on clean untreated vinyl on two days before the pesticide application. If you
are injured as a result of the research procedures, medical care will be provided.

We do not expect you will experience any discomfart during the sudy. We also expect that
no adverse health effects will occur.

Reduced cholinesterase activity in red blood cells (RBC) is one biological indicator of
exposure to pesticides (recommended by the American Conference of Governmental Industrial
Hygienists). Therefore, as a2 means of n.onitoring the condition of your health (ie., keeping your
exposure t0 8 minimum) we have arranged to have your bleod monitored for RBC cholinesterase
activity. Initially on two days befare exposure begins and once after the hand press experiments, fire
milliliter samples will be collected by a registered nurse at the SWRI medical clinic. Blood drawing
sometimes involves mild pain, or bruising, and may rarely cause infection at the place of the needle
suck.

Conserting to the blood draw involves minimel risk; however, there is a possible benefit to
you. In the event that your cholinesterase activity suggests an unhealthy condition of exposure,
additional steps will be taken to limit the exposure of yon and other subjects in similar future
experiments. We do not guarantee that you will benefit from taking part in this study.



SUBJECT CONSENT TO TAKE PART IN A STUDY OF Page 2
COMPARISON OF TRANSFERS BY THE DRAG SLED, PUF ROLLER, AND
 HUMAN HAND PRESS OF CHLORPYRIFOS AND PIPERONYL BUTOXIDE
FORMULATED MIXTURE RESIDUES FROM SHEET VINYL FLOORING (EXPERIMENT 7)

Southwest Research Instinnte, Depantment of Environmental
Chemistry, 6220 Culebra Road, San Antonio, TX 78228

Everything we leamn about you in the study will te confidential If we publish the resuls of
the study in a scientific magazine or book, we will not identify you in any way.

Your decision to take pan in the study is voluntary. You are free to choos: not tr take pan
in the study or stop taking part at any time. If you choose not to take part or to stop at sny time, it -
will not affect your stams in the Department of Environmental, Chemistry, Southwest Research
Instinute. . :

If you have any questions at any time, contact David Camann at 5§22-2673. The Un.versity
of Texas Health Science Center commirtee that reviews research on human subjects (Institutional
Review Board) will answer any questions about your rights as a research subject (567-2351).

We will give you a signed cony of this form to keep. |

YOUR SIGNATURE INDICATES THAT YOU HAVE DECIDED TO TAKE PART IN THIS
RESEARCH STUDY AND THAT YOU HAVE READ AND UNDERSTAND THE
INFORMATION GIVEN ABOVE. AND EXPLAINED TC YOU.

SIGNATURE OF SUBJECT:

SICNATURE OF WITNESS:

SIGNATURE OF INVESTIGATOR:




