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alons marine and freshwarter shorelines of King County, Washington. Over 3000
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preferences. Exposure distributions {e.g., event time and event frequency) were de-
veloped for fifteen unique recreational activities and for seatood consumption rates.
“The mean consumption rates for consumers of marine fish and shellfish and fresh-
water fish were 32, 22, and 10 grams/day, respecrively. Results indicate thar the
consumption patterns of marine anglers from King County have remained consis-
tent since the mid-1980s. Recreational activity and freshwarer fish consumpron in-
formarion was previously unavailable for King County, WA and these surveys pro-
vided site-specific dara for use in defining exposure. The survey results were
incorporated into the exposure maodels of risk assessments (marine and treshwater)
that were used in watershed planning activities in King County. In addition. the
treshwater fish consumprion survey results have been mmrpomrcd into a fish con-
sumption advisory for Lake Washingron, Seatte. These results provide current
recreational and fish consumption exposure data for the general population living

in King County, WA.

860 ESTIMATING SOURCE CONTRIBUTION INSIDE
SCHOOL BUSES

. R.Ireson”, L. Liv’, D. Lawson', B. Zic]imkag, 1. Ondov",
Weaver . M. Davey®, C. Lapin® and ‘I Hesterberg”.  EnSIGHT, Walnut Creek,
CA. “Air Quality Manﬂq:’me;/l @ llmu/tmq, CGrreenbrae, CA, 'lr’mbrr;itv of
Winslington, Seattle, WA, * National Renewable FEnergy Laboratory, Golden, Co.,
“Desert R('JLW(/I Institute, Keno, NV, 'Uml,wrm/ of Maryland, Ba/nm(uf, MD,
Engine Fucl € Emussions blgmeerma Inc., Rancho Cordova, CA. *Lapin &
Associates, Los Angeles, CA and *International Truck and FEngine Corp.. Chicago, 1.

Many studies identifying levels of diesel-related atr pollutants inside school buses
have been reported. some claim to have been able to derive quantirative estimares of
Sself-pollution”, Le.. source contribution from the engine powering the bus. In-
cabin exposure 1o crankcase emissions of lube-oil products released from road draft
tubes located inside the engine compartment (non-tail pipe emissions) have also
been reported. Reports of exposure to student passengers from source contribution
have resulted in heightened concern among parents, school officials, and regulatory
agencies. The reliability and accuracy of quantitarive estimares of source contribu-
tion 1s dependent upon the approach and methodology employed ro measure
source contribution.

To compare the results of prior source contribution studies, we conducted a study
using three distinct methodologies to measure source contribution in two school
buses operating on two school bus routes. Methods used in this study include an
explicit fuel-borne tracer (iridium); measured DPM-related constituents; and a
deuterated-alkanc tracer placed into the lube oil. In addition to these methods, an
on-board dilution tinnel was used to collect exhaust samples to derive estimates of
DPM emission rates over an actual roure. This study is unique in that it:

(1) Used three separate methods to evaluate potential source contribution inside
the same school bus;

(2) Will provide quantitative estimates of potential exposure t non-tailpipe
crankcase emissions: and

(3) Will estimare DPM source conrribution based on acrual on-road measurements
of DM and crankcase emissions.

Samples are undergoing analyses and anticipated to be complete in January.

861 PYRETHROIDS EXPOSURE IN THE CANADIAN
POPULATION: A CASE STUDY IN MON'TREAL
M. C. Fortin'. M. Bouchard” " and G. Carrier'. fm’mmmenta/ and Occupational

Heulth, Universite de Moniréal, Monréal, QC, Carada and “Institut national de
Santd publique du Quebec, Montréal, QC, Canada

Pyrethroids are widely used in agriculture. horticuleure, in and around the house
and for the trearment of head lice and fleas. The general population is therefore
ubiquitously exposed to those pesticides. The aim of the present study was to deter-
mine the extent of pyrethroid exposure in an urban and suburban population such
as thar of the Montreal area through measurements of urinary merabolires. This
scudy was approved by the ethics board on human research of the Universicé¢ de
Montréal. A total of 120 adults (43 males and 77 females) aged berween 18-64 y.o.
and of 120 children (60 males and 60 females) aged between 6-12 y.o. were ram-
domly recruited by phone by a survey company. Their admissibility was verified
and personal information was gathered. Adults were asked to provide a 24-h urine
collection and children a (more or less) 12-h collection. They were also asked o fill
out a questionnaire. The urines were kept in the refrigeracor ac all times by the par-
ticipants and, once at the ]abommry, frozen untit the analysis. The urines were ana-
lyzed by HPLC-MS-MS for the f()ll«)wing specific and semi-specific metabolites: 4-
fluoro-3- phenoxybenzoic acid, ¢15-3-(2,2-dibromovinyl)-2,2-dimethylcyclopropane
carboxylic acid. 3-phenoxybenzoic acid and cis and trans-3-(2.2-dichlorovinyl)-

xlimct}\y]gy(]opr(»p:xne L:u'lx(\xy]ic acid. Rnug}\ly R0% of adults and children com-

PNEE 1 oF 1

pleted the study. The percentile distribution and geomertric mean of metabolite
concentrations were determined for each group. The results were similar to those
obrained by the CDC ranging from below the detection limit to 3.25 pg/l. Based
on the questionnaire data, the most common source of exposure appeared w© be
contaminated food as all the other sources, including residential use, were rarely re-
ported in the questionnaires. The present case study provides greater insights for
the management of pesticides exposure by Canadian public health authorities.

ASSESSING EXPOSURE LEVELS OF CHILDREN TO
FLEA CONTROL INSECTICIDES (CHLORPYRIFOS,
TETRACHLORVINPHOS, AND PERMETHRIN) FROM
THE FUR OF DOGS

M. K. Davis, M. Russak, J. W. Tyler, ]. 8. Boone, M. K. Ross and J._E.
Chambers. Center for Fnvironmental Health Sciences, Mississippi State University.
Mississippi State, MS.

Organophosphorus and pyrethroid insecticides have been extensively used for con-
trol of fleas and other pests on pets, leading o potential exposures of children. tn
the present study, per dogs were treated with over-the-counter collars conraining
chlorpyrifos (CP) or tetrachlorvinphos (FCVP), or a spot treatment with perme-
thrin (PER). Dislodgable insecticide residues were quantified on cotton gloves used
to pet the dogs for 5 minutes, and on cotton e-shirts worn by a child for a 4-hour
(average) period at selected time points after insecticide applicarion. First morning
urine samples were also obtained from adults and children tor metabolite quantifi-
cation. Twenty-four dogs were used for the CP and TCVP treatments, and 15 dogs
were used for the PER trearment. Transferable residues for all compounds were
highest near the neck of the dogs and were lowest in arcas most distant from the
neck. During a S-minute rubbing on the third week after application, the average
amounts of CP and TCVP transferred from the fur of the neck (rubbing over the
collar) to a glove were 469 + 83 and 12,957 + 2029 mg/glove, respectively, and the
average amounts of CP and TCVD transferred from che fur of the back to a glove
were 8 t 2 and 81 £ 26 mg/glove, respectively. The average amount of PER trans-
ferred to a 510Vc from the fur of the neck (location of treatment) 4 hours post ap-
plication was 44,746 £ 19,314 mg/glove while the average amount transterred at
14 days post application was 991 + 299 mg/glove. T-shirts worn by the child for 4
hours (average) on the day following application showed levels in ngfg shirt of 156
+ 83, 1678 + 892, and 8297 + 3421 for CP, TCVDP, and PER, respectively. There
were no significant differences between adults and children in the levels of urinary
metabalites of CP: however, children typically had somewhat higher urinary levels
of metabolites than adults. (Supported by EPA R828017)

863 DDE LEVELS BEFORE AND DURING HUMAN
PREGNANCY: A LONGITUDINAL STUDY

S ). Rothcnbxr% L. Torres Sanchez', M. E, Cebridn®, C. del Rio Garcia', R,
sarcia Hernandez' and 1. Lopez Carril Wo'. Instituto Nacional de Salud Publica,
Cuernavaca, Morelos, Mexico and *CINVESTAV, DF and Merida, Mexico.

Background: p.p-DDE (DDE) is 2 roxic metabolite of the insecticide DIV, per-
sisting in soil and fatty tissue, and long outlasting active use. Mexico prohibired
DDT in 1998 after decades of use. Some studies show DDE in pregnant women or
in maternal milk damages child development.

Objective: Develop models describing d\an;,c in maternal DDE from before preg:

nancy through the third trimester to estimate timing and sources that could influ-
ence fetal exposure. Methods: We recruited non-pregnant women planning preg-
nancy from one urban and three farming arcas in Morclos State, Mexico during
legally-required prenuptial counseling after they signed an IRB-approved informed
consent. We analyzed blood from the pre-nuptial session and from cach trimester of
pregnancy for wet basis of serum DDE and p,p’-DDT by electron caprure gas-lig-
uid chromatography. Questionnaires assessed sociodemographic data, dietary
habits. and changes in maternal weight before and during pregnancy. We modeled
change in DDE over the four time periods using mixed models. Resules:297
women supplied dara. Geometric mean DDE was 11.1 ppb (range: 0.05- 185.1).
Only one DDE sample was found at the detection limic. 757 DDT samples from
the same women were measured at the detection limit (0.005 ppb). Third trimester
DDY was up to 20% higher (p<0.04) than in pri()r phases. Urban women had up
to 1.2 times less DDE (p<0.0005) than women in farming areas. Women with
prior breast-feeding history had 45% lower DDE than women without. Each dou-
bling of age and wught was associated with a 63% (p=0.001) increase and a 55%
decrease (p=0.003) in DDE, respectively, through all phases. Self- rcponcd dier was
not significantly related to DDE. Conclusions: Measurable levels of DDE remain
in pregnant women years after DDT use stopped. Older women living in agricul-

tural areas have higher levels. especially during the third trimester. Diet may no
longer be a source of DDT residues in this population, though this apparent ab-

sence requires continued vigilance.
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NCER Assistance Agreement Final Report Executive Summary

Date of Final Report: August 28, 2006
EPA Agreement Number: R828017

Title: Assessing levels of intermittent exposures of children to flea control
insecticides from the fur of dogs.

Investigators: Janice E. Chambers, J. Scott Boone (partial), John W. Tyler
(partial), Carolyn R. Boyle, Mark Russak (partial)

Institution: Mississippi State University
Research Category:
Project Period: 4/10/2000 - 4/9/2005

Description and Objective of Research: The majority of insecticide residues
reported are from drinking water, food, surfaces and dust. Information has not
been available for determining the levels of insecticide from topical flea control
products on pet dogs that might be dislodged and transferred to people,
especially children. These dermal exposures could easily become oral exposures
when children place their contaminated hands in their mouths.
Organophosphorus insecticides or synthetic pyrethroids are among the most
common types of insecticides used for flea control with over-the-counter
products. Our calculations from a previous study, from dislodgable residues on
white cotton gloves used to pet the dogs, estimated that transfer of these
dislodgable residues could result in exposure levels exceeding the adult
reference dose (R¢D), which does not account for the greater sensitivity of
children. There are a very large number of dog-owning households in the United
States (about 37%) and about half of pet-owning households have children in
them. Consequently, the opportunity for large numbers of children to contact flea
control insecticides on pets is high. Because of this lack of information and the
likelihood of appreciable insecticide residues being present on dog fur, this
project was designed to determine the dislodgable residues from dog fur onto
white cotton gloves (obtained by a 5 minute petting of the dog on a defined area
of the fur) from flea control collars containing either chlorpyrifos or
tetrachlorvinphos (TCVP) or permethrin from a spot-on treatment. Additionally,
the residues on a white cotton tee shirt worn for 4 hours by a child in the
household of the dog were obtained, as were the insecticide metabolites in the
urine of these children and also adults in the same household.

Summary of Findings: Our calculations from a previous study indicated the
time at which peak dislodgable residues would be obtained from the chlorpyrifos
collar product, and they also indicated that dislodgable residues were similar



throughout the sampling period after about 2 weeks following placement of the
collar. Therefore this study took samples during the first 3 weeks after collar
placement. Results indicated about 1 pg chlorpyrifos on the gloves prior to collar
placement, and average residues of about 8, 317 and 469 g on the gloves used
to pet the back, the neck and the neck over the collar. Residues on tee shirts
were significantly greater after the collar was placed on the dog than before.
Because chlorpyrifos is used widely, the urinary metabolite TCP routinely is
observed in much of the population and TCP was present in the urine of both the
adults and the children at about 8 and 13 ng/ml, respectively. There were slight
increases in urinary TCP in both adults and children after placement of the collar,
but these were not statistically significant compared to the pretreatment values.
Few statistical correlations were found between time of contact with the dog, fur
length, fur density, glove residues, tee shirt residues and urinary TCP levels. A
moderate correlation was found between tee shirt residues and urinary TCP
(non-creatinine adjusted) in children.

Previous studies with a TCVP collar indicated that the peak time for dislodgable
residues from the dog’s fur was 7 days with a decline after that. Therefore in this
study, samples were taken between days 5 and 12 post-treatment. There were
no residues of TCVP from the fur or the tee shirts prior to the placement of the
collars. The TCVP collar yielded substantial residues on the gloves following
placement of the collars on the dogs, approximately 22,000 ug/glove for over the
collar samples. There was a 30% decline in detectable TCVP residues obtained
from the over the collar samples during the 7 days of the test interval. The
residues from the back of the dog were considerably lower, about 80 ug/ glove,
and did not vary appreciably during the test interval. There were no TCVP
residues on the tee shirts prior to placement of the collar. A wide range of tee
shirt residues were obtained during the course of the study, from about 5 to 6500
ng/g shirt. There were no residues of the metabolite trichloromandelic acid in the
urine of either adults or children in the pre-treatment samples. Following
placement of the collar, maximum metabolite levels were observed on day 11

post-treatment for children (about 200 ng/ml) and on day 12 for adults (about 100
ng/ml).

Transferable residues of permethrin from the spot-on treatment over the region to
which the treatment had been applied were highest at 4 hours after application
(about 160,000 pg/glove) and these residues declined 99% by 20 days post
treatment. All of the observed tee shirt residues were significantly greater than
pre-treatment levels and decreased throughout the duration of the study. Urinary
metabolite levels are not finalized at the time of this report.

In all cases, the data were highly variable, reflecting the diversity of individual
dogs, children and adults in their contact and behavior with the dogs, and the
variability of the sampling.



Conclusions: Overall variability among all of these studies was high, and was
expected because of the use of a variety of dogs, families and samplers. This
information should be informative to any probabilistic risk assessment
calculations. Different patterns were observed with the two different collars, with
the chlorpyrifos collar yielding a more consistent pattern of dislodgable residues
and urinary metabolites over time, and the TCVP collar yielding a peak with a
reduction of residues over time. Children had higher urinary levels of the
metabolites of chlorpyrifos and TCVP than the adults tested.

Because of the widespread use of chlorpyrifos, people had the chlorpyrifos
metabolite, TCP, in their urine prior to the placement of the flea collar on the dog.
There was a slight but not statistically significant increase in urinary TCP after
placement of the collar. If this increase is real, this seems to be a trivial amount
compared to the baseline levels of urinary TCP. Although dislodgable residues
of chlorpyrifos were observed in both gloves used to rub the dogs and in tee
shirts worn by the children, these residues did not seem to result in appreciable
increases in urinary TCP, and suggests that chlorpyrifos is not absorbed well
following this type of exposure. Therefore it appears that exposure to chlorpyrifos
from use of this chlorpyrifos-containing flea collar on dogs adds little, if any, to
the overall chlorpyrifos exposure level of either adulits or children.

Because TCVP is not used widely, people did not have residues of it or its
metabolite prior to the collar placement. High levels of dislodgable residues were
obtained shortly after the collar placement, and these dislodgable residues
declined quickly. However, because there is no baseline occurrence of this
compound or its metabolite, the relevance of the presence of TCVP in
dislodgable residues or speculations about how readily TCVP is absorbed cannot
be made from these data. However, this source of exposure should be taken
into account during aggregate and cumulative risk assessments.

Relatively high amounts of permethrin occur as dislodgable residues shortly after
the placement of the spot-on treatment. However, these levels dissipate
substantially relatively quickly. Because the urinary metabolite data are
incomplete at this time, conclusions cannot be drawn yet.

Overall, it appears that over-the-counter flea control remedies can result in
dislodgable residues that have the potential to cause exposure of people. The
likelihood of this resulting in internalization of the insecticide does not appear to
be consistent among products. The exposure resulting from flea control products
should be taken into account in aggregate and cumulative risk assessments.
While there is insufficient information from these studies to accurately assess the
actual exposure levels from these products, it is probably wise to exercise
caution in contacting pets recently treated with similar products because
apparently high levels of dislodgable residues occurred shortly after product
application on some of the dogs.
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Research Article

Transferable residues from dog fur and plasma cholinesterase
inhibition in dogs treated with a flea control dip containing
chlorpyrifos.

J S Boone, J W Tyler, and J E Chambers

Center for Environmental Health Sciences. College of Veterinary Medicine. Mississippt State University, Mississippi State
Mississippl 39762-8100. USA_jshoone@cvm.msstate edu

Abstract ;

We studied chlorpyrifos, an insecticide present in a commercial dip for treating
ectoparasites in dogs, to estimate the amount of transferable residues that children could
obtain from their treated pets. Although the chlorpyrifos dip is no longer supported by the
manufacturer, the methodology described herein can help determine transferable residues
from other flea control insecticide formulations. Twelve dogs of different breeds and
weights were dipped using the recommended guidelines with a commercial, nonprescription
chiorpyrifos flea dip for 4 consecutive treatments at 3-week intervals (nonshampoo
protocol) and another 12 dogs were dipped with shampooing between dips (shampoo
protocol). The samples collected at 4 hr and 7, 14, and 21 days after treatment in the
nonshampoo protocol averaged 971, 157, 70, and 26 microg chlorpyrifos, respectively; in
the shampoo protocol the samples averaged 459, 49, 15, and 10 microg, respectively. The
highest single sample was about 7,000 microg collected at 4 hr. The pretreatment specific
activities in the plasma of the dogs were about 75 nmol/min/mg protein for
butyrylcholinesterase (BChE), and 9 nmol/min/mg protein for acetylcholinesterase (AChE).
BChE was inhibited 50-75% throughout the study, and AChE was inhibited 11-18% in the
nonshampoo protocol; inhibition was not as great in the shampoo protocol. There was no
correlation (p<or= 0.05) between length of hair and residues measured that would explain
the residue differences among dogs. Transferable residues had largely dissipated during
the three weeks after treatment, with the largest decrease occurring during the first week.
Greater plasma ChE inhibition was observed at 7 days than at 4 hr, probably reflecting the
bioactivation of chlorpyrifos to chlorpyrifos-oxon. Plasma cholinesterase activity did not
return to control levels during the 3-week period. The differences between the shampoo
and nonshampoo protocols were explained by differences in the techniques of the dip
applicators.

Full Text |

The Full Text of this article is available as a PDF (516K).
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Assessing transferable residues from intermittent exposure to flea control collars
containing the organophosphate insecticide chiorpyrifos.

Chambers JE, Boone JS, Davis MK, Moran JE, Tyler JW.

Center for Environmental Health Sciences, College of Veterinary Medicine, Mississippi State
University, Mississippi State, Mississippi 39762, USA. chambers@cvm.msstate.edu

Children can be exposed to pesticides from numerous residential sources such as
carpet, house dust, toys and clothing from treated homes, and flea control
remedies on pets. In the present studies, 48 pet dogs (24 in each of two studies) of
different breeds and weights were treated with over-the-counter flea collars
containing chlorpyrifos (CP), an organophosphorus insecticide. Transferable
insecticide residues were quantified on cotton gloves used to rub the dogs for 5 min
and on cotton tee shirts worn by a child (Study 2 only). First morning urine samples
were also obtained from adults and children in both studies for metabolite (3,5,6-
trichloro-2-pyridinol) quantification. Blood samples were obtained from treated dogs
in Study 1 and plasma cholinesterase (ChE) activity was monitored. Transferable
residues on gloves for all compounds were highest near the neck of the dogs and
were lowest in areas most distant from the neck. Rubbing samples (over the collar)
at two weeks post-collar application contained 447+/-57 microg CP/glove while
samples from the fur of the back contained 8+/-2 microg CP/glove. In Study 2,
cotton tee shirts worn by children at 15 days post-collar application for 4 h showed
CP levels of 134+/-66 ng/g shirt. There were significant differences between adults
and children in the levels of urinary metabolites with children generally having
higher urinary levels of metabolites than adults (grand mean+/-SE; 11.6+/-1.1 and
7.9+/-0.74 ng/mg creatinine for children and aduits, respectively, compared to
9.4+/-0.8 and 6.9+/-0.5 ng/mg creatinine before collar placement). Therefore,
there was little evidence that the use of this flea collar contributed to enhanced CP
exposure of either children or adults.
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Transferable Residues From Dog Fur and Plasma Cholinesterase Inhibition in
Dogs Treated with a Flea Control Dip Containing Chlorpyrifos

J. Scott Boone, John W. Tyler, and Janice E. Chambers

Center for Environmental Health Sciences, College of Veterinary Medicine, Mississippi State University, Mississippi State, Mississippi, USA

We studied chlorpyrifos, an insecticide present in a commercial dip for treating ectoparasites in
dogs, to estimate the amount of transferable residues that children could obtain from their treated
pets. Although the chlorpyrifos dip is no longer supported by the manufacturer, the methodology
described herein can help determine transterable residues from other flea control insecticide for-
mulations. Twelve dogs of different breeds and weights were dipped using the recommended
guidelines with a commercial, nonprescription chlorpyrifos flea dip for 4 consecutive treatments
at 3-weck intervals (nonshampoo protocol) and another 12 dogs were dipped with shampooing
between dips (shampoo protocol). The samples collected at 4 hr and 7, 14, and 21 days after
treatment in the nonshampoo protocol averaged 971, 157, 70, and 26 pg chlorpyrifos, respec-
tively; in the shampoo protocol the samples averaged 459, 49, 15, and 10 pg, respectively. The
highest single sample was about 7,000 pg collected at 4 hr. The pretreatment specific activities in
the plasma of the dogs were about 75 nmol/min/mg protein for butyrylcholinesterase (BChE),
and 9 nmol/min/mg protein for acetylcholinesterase (AChE). BChE was inhibited 50-75%
throughout the study, and AChE was inhibited 11-18% in the nonshampoo protocol; inhibition
was not as great in the shampoo protocol. There was no correlation (p s 0.05) between length of
hair and residues measured that would explain the residue differences among dogs. Transferable
residues had largely dissipated during the three weeks after treatment, with the largest decrease
occurring during the first week. Greater plasma ChE inhibition was observed at 7 days than at 4
hr, probably reflecting the bioactivation of chlorpyrifos to chlorpyrifos-oxen. Plasma
cholinesterase activity did not return to control levels during the 3-week period. The differences
between the shampoo and nonshampoo protocols were explained by differences in the techniques
of the dip applicators. Key words: acetylcholinesterase, butyrylcholinesterase, chlotpyrifos, dog
fur, flea control, organophosphate insecticide, pesticide monitoring, transferable residues.

Environ Health Perspect 109:1109~1114 (2001). [Online 19 October 2001}
http:/fehpnetl . niehs.nib.gov/docs/2001/109p1109-11 14boonelabstract.html

Exposure of children to pesticides is a major
health concern. Children could be exposed
to pesticides from carpet, house dust, and
toys from treated houses, from clothing of
parents who are farm workers and pesticide
applicators, and from playing outside in
trcated tawns and gardens (7-3). Onc over-
looked but important potential source for
pesticide exposure to children is pets treated
with parasite control products. These prod-
ucts often contain carbamate, pyrethroid,
and organophosphate insecricides.
Organophosphate (OP) compounds
have been used commonly as insecticides in
and around houscholds, on farm and domes-
tic animals, and on agricultural lands. These
compounds arc used widely in the United
Stares because of their relatively low mam-
malian toxicity, their short halt-lives, and
their case of use. These insecticides have
been used residentially for the control of ter-
mires, ants, roaches, ticks, fleas, and other
insect and arachnid pests. Thus, there is
increased opportunity for children o be
exposed by muleiple routes, and these aggre-
gate exposures could contribute to signifi-
cant toxicity. Identification of all possible
routes of exposure and the quantification of
the magnitude of these exposures may

contribute to a more accurate calculation of
pesticide risk, and thereby decrease the
reliance on uncertain default assumptions in
risk assessment.

The amount of exposure data to OP
insecticides for children is limited. Most of
the risk calculations are for adults and may
not consider the potentially greater absorp-
tion and sensitivity of children. poorer per-
sonal hygiene, potentially lower capacity tor
detoxication, developing organ systems, and
a greater body surface area to volume ratio.
Human potential exposures to organophos-
phate compounds have been documented
from several sources. such as carpeting and
household dust (2). Children have also been
potsoned by OP insceticides through expo-
surc to contaminated items, such as bed
linens, clothing, and burlap sacks (3-5).
However, the amount of exposure to
organophosphate compounds from fica and
tick control products on pets, such as dogs
and cats, has not been documented.

A demographic survey of companion
animals by the American Veterinary Medical
Association (6) indicated thar in 1991
approximately 34.6 million households
{36.5%) in the Unired States owned a dog
or dogs, a number cssentially unchanged

Environmental Health Perspectives « volume 109 | numaer 111 November 2001

from 1987. More houscholds had dogs as
pets than other types of animals. There was a
mean of 1.52 dogs per dog-owning house-
hold, yielding an estimated national popula-
tion of 52.5 million dogs. Fifty percent of
pet-owning houscholds were parental house-
holds with children; in comparison, 40% of
total households have children. The authors
of that study projected that there would be
53.6 million dogs in the United States in
1998 (7). These dogs could be a source of
exposure to millions of children who live in
the same environment and come into direct
contact with dogs treated with flea control
products. Also, millions of cats and other
pets or domestic animals, such as horses or
cows, are also treated for insect pests and
could serve as additional sources of intermit-
tent insecricide exposure to children. The
control of fleas and ticks on pets is a high
priority for pet owners. Dips, flea and tick
collars, treatment of yards with powders,
sprays, and granular forms of insecticides,
and the use of sprays and foggers in the
home are all insecticide methods used by pet
owners to control pests associated with pets.
Chlorpyrifos is one of the most com-
monly used organophosphate insecticides in
the United States. This broad-spectrum
insecticide effectively controls a wide variery
of insects, primarily as a contact poison, and
is used in flea control products such as tlea
collars, sprays, and, until recendy, as a dip.
When this study was conducted, chlorpyrifos
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was used in dip products, but this formulation
has been withdrawn by the manufacturer.

This study was designed to determine
the amount of chlorpyrifos that could be
rransterred to humans from dogs treated
with a flea and dck dip. We quantified trans-
ferable residues from corton gloves, which
were used to rub the fur of the back of the
dogs for 5 min according ro a standard pro-
tocol and at set intervals after application of
the dip. We investigated the time course of
dlxsxpa[mn of these residues after initial
treatment, considered the influence of differ-
ent fur lengths on transferable residues, and
studied rha effects of baching the dogs
berween dips. We also determined the
amount of plasma cholinesterase inhibition
in the dog as a biomarker of insccticide
absorption and persistence within the dog.

We also performed a test (reproducibility
test) to determine whether rubbing with a
cotton glove removed a significant amount
of pesticide from the dog, which would bias
subsequent samples. The reproducibility rest
determined residues after 7 days on two
locations afrer an initial residue test on only
onc location ar 4 hr.

Methods

Chemicals. We obrained the dip, shampoo,
and eye drops from a veterinary supply com-
pany. The Adams Flea and Tick Dip (chlor-
pyritos 3.84%, 2 oz/gal, SmithKline
Beecham Animal Health) and the shampoo
(Mycodex Pearlescent) were manufactured by
SmithKline Beecham (Wesr Chester, PA).
The eye drops (Akwa Tears) were manufac-
tured by Akorn, Inc. (Abita Springs, LA). All
solvents used for the pre-extraction and
extracton of the gloves were pesticide grade.
The chlorpyrifos standard was obrained from
Chem Service and was greater than 99%
pure. All other reagents were purchased from
Sigma Chemical Company (St. Tous, MO).
Animals. Care and use of the dogs were
in accordance with the Guide for the Care
and Use of Laboratory Animals (8) in a facil-
ity accredited by the Association for
Assessment and Accreditation of Laboratory
Animal Care, overseen by J.E. Harkness,
University Laboratory Animal Veterinarian,
Office of Rescarch, Mississippi Stare
University, The collection of blood, collec-
tion of transferable residues, and the dipping
ot the dogs occurred in rooms in the College
of Veterinary Medicine Animal Health
Center. The dogs were monitored by the
direcring veterinarian of the project (J.
Tyler) and veterinary students. Dogs were
selected from pet owners at the College of
Veterinary Medicine, Mississippi Starte
University, and met the following criteria:
'I‘}IC}' ha({ hJ’J no ]\'”()er ()l'gﬂl]ophos’?hatf
compound exposurc onc month before
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inception of the project: the dog must weigh
> 10 lbs; and the owner must comply with
the experimental protocol, induding hous-
ing the dog at the College of Veterinary
Medicine when needed and not using any
other organophosphate compound during
the study. Dogs used in the study are
described in Table 1. Dogs were tested in
two groups of six for cach protocol because
of space and time constraints. The dogs rep-
resent many sizes, ages, and inside/outside
conditions. There were 12 replicates (indi-
vidual dogs) for cach of the two protocols.

Protocols. We employed two protocols in
this study, one not involving shampooing
berween dippings (nonshampoo protocol)
and the sccond involving shampooing
inmmediately before cach dipping (shampoo
protocol). We designed the latter protocol to
determine whether intermediate shampooing
would reduce potential accumulation of
residue levels.

Petting. The dogs were rubbed in ante-
rior and posterior directions (back and forth
motions) in a firm patern but not one that
would cause discomfort to the dog. The
dogs scemed to enjoy the attention and pet-
ting. The dogs were petted in a 10 x 4 inch
area marked with a readily removable adhe-
sive tape on the back just caudal t the neck
tor 5 min (fur samples) with 100% cotton
gloves that had been precleaned. The gloves
were inverted when removed and placed into
a clean, labeled glass jar.

Collection of samples. Handlers who
dipped the dogs wore eye protection,
shoulder-length rubber gloves, and a rubber-
coated cotton apron. Dogs were bathed onc
day before the start of the study and were
dipped according to the directions on the
product label. Eye drops were placed into
the eyes of the dogs before dipping. The dip
was diluted to 2 oz/gal and sponged over the
dog untl the undc,rmar was wet (approxi-
mately 2 min). A fresh dip was prepared for
each subsequent dog and dipping; cach dog’s
coat was saturated with the dip, and no dip
solution was reused. The dogs were placed in
cages and dricd with cage dryers on high fan
setting with low heat (approximarccly 2 hr for
complete drying).

For the nonshampoo protocol, we col-
lected fur samples before dipping (0 hr), 4 hr
after dipping, and at 1, 7, 14, and 21 days
after the dip. At 21 days the dogs were sam-
pled (21-day sample), dipped, dried, and sam-
pled 4 hr after the dipping (4-hr sample) and
at 7, 14, and 21 days later. This process was
completed 2 more times, so there were four
sequential dips per replicate. We collected
blood samples in evacuated blood collection
tubes with no anticoagulant. Blood samples,
taken at the same time as fur samples, were
centrifuged after collection and stored at 4°C
overnight, and cholinesterase activity was
determined within 24 hr after collection.

For the shampoo protocol, we collected

the fur samples before dipping (0 hr), at 4 hr

Table 1. Dogs used in the transferable residue and cholinesterase experiments, including breed, weight,
fur length, and percent change from average within protocol at 4 hr.

Dog,” breed (sex) Weight (ibs) Fur length Percent of average”

Nanshampoo protocol
1 German shepherd (F) 772 medium 47.39
2 Labrador x Greyhound (1) 485 short 13574
3 Mix {F) 19.0 fong 57.14
4 Labrador x Mix (M) 62.3 long 59.31
5 Boston terrier x Mix (Fi 225 short 62.99
& Border collie x Greyhound (F) 445 medium 89.62
7 Rottweller (F) 430 short 65.17
8 Labrador (F) 743 short 301.77
9 Mix (F) 231 long 78.90
10 Rottwetler x Mix (M) 733 short 109.74

1 Mix (F) 18.7 short 58.09

12 Rottweiler x Mix (F) 725 short 12415

Shampoo protocol
13 Rottweiler {F) 1071 short 199.29
14 Rottweiler (F) 1095 short 175.32
15 Border collie {M) 55.5 long 2225
16 Mix {F) 333 short 26.13
17 Labrador {F) 735 short 47.46
18 Boxer (M) 86.1 short 46.46
19 Mix {M} 48.0 short 167.78
20 Schnauzer x Poodie {F) 134 med/long 6873
21 Spitz x Poodle (M) 132 long 52.14
22 Weimaraner {F) 85.0 short 147.64
23 Weimaraner (M) 880 short 13550
24 Husky x Mix (F) 339 long 111.30

Abbreviations: F, female; M, male; med, medium; Mix, mixed breed; x, cross breed
#Dogs identified by number. ¥This number represents the percent of the average over four dippings at 4 hr from each pro-
tocol shown in Tabies 2 and 3. For example, dog 1 averaged 47% of the tota! average (1,229 ig), or 578 yg over the four

dippings at4 hr
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and 1. 7, 14, and 20 days after dip, and the
day after shampooing (21 days). The dogs
were shampooed the day before each dip-
ping. fur samples were taken on day 20, and
the dogs were shampooed and allowed to dry
overnighe ar home. Ar 21 days the dogs were
sampled (to check for shampoo removal of
chlorpyrifos), dipped. dried, and sampled at
4 hr after dip. The sampling was repeated (4
hr and 7, 14, 20 and 21 days) for a total of
tour dips. Blood samples were collected at
the same time points as the fur samples,
except a postshampoo blood sample between
dips was not taken (day 21).

Reproducibility test. We developed this
test 1o check collection of samples o make
sure the decrease seen in the levels of chlor-
pyrifos over time was caused by the dissipa-
tion and not removal by the rubbing; we
conducted two tests. In this study, 4 dogs
were dipped. dried, and then sampled along
the dorsal cervicothoracic spine (back/neck)
in 4 40-square-inch arca ac 4 hr as described
previously. Ac 7 days the dogs were again
petted along che dorsal cervicothoracic spine
(back/neck), the same area as the 4-hr sam-
ple. Also at 7 days an additional fur sample
was obtained trom the fur along the dorsal
lumbosacral region (back/wail) in a 40-
squarc-inch area for comparison. If the sam-
ple from the dorsal cervicothoracic spine
region at 7 days was not significantly differ-
cnt from that of the dorsal lumbosacral
region at 7 days, this would indicate that the
rubbing did not cause the decrease over
time; the 4-hr rubbing had no significant
effect on the sample collection ar subsequent
rimces.

In the reproducibility test, there was no
significant difference (general linear model,
least significant difference, p < 0.05)
between the back/neck sample and the
back/cail sample at 7 days (back/neck, 93 +
12 pg; back/tail, 92 + 10 pg); samples at 4 hr
had originally been 1,113 = 195 pg ac the
back/neck arca.

Determination of chlorpyrifos on gloves.
The gloves used for rubbing were 100% cot-
ton. They were washed once with laundry
detergent, three times without detergent,
pre-extracted for 8 hr with methylene chlo-
ride. dried. and stored in glass jars washed
and prerinsed three times with water, ace-
tone, and petroleum ether. After sampling,
the gloves were extracted with petroleum
cther using an Accelerated Solvent Extractor
(ASE) by Dionex (Sunnyvale, CA). The
operating conditions were heat for 5 min at
100°C and 1.500 psi; static for 2 min; flush
50% of volume; static for 2 minutes; purge
with nitrogen for 150 sec; and a final purge
for 60 sec. For every 20 samples three addi-
(i()nfll 8'1)\'€'§ were qlﬂi‘((fd \'Vitl1 20 },l[ "\EXZII]C,

10 ug chlorpyrifos, or 1,000 pg chlorpyrifos

ac the time of sampling and stored and
extracted with the samples.

During method development, we quan-
tified gloves from dogs and applied various
concentrations from 1 to 5,000 pg of chlor-
pyrifos to different gloves to check for recov-
ery rates and extraction parameters. All
spiked gloves yielded 90-100% recovery.
After collection, the sumpling gloves and the
spiked gloves were stored at 4°C until extrac-
tion. After extraction by the ASE. the extract
was evaporated and cransferred to hexane
under a nitrogen stream using an N-EVAP
{(1-3 ml,; Organomation Associates, Inc.,
Northborough, MA). and then was rans-
ferred to graduated test tubes, and the vol-
ume was adjusted to 10 ml.. We analyzed
[hC extract by gil\‘ L_‘l]r()lnatogmphy/c[cct1‘()n
capuure detection using an Rix-5 Amine col-
umn (30 m, 0.53 mm 1D, 1.0 pm df; Restek
Corporation, Belletonte, PA). Injector tem-
perature was 280°C; oven temperature was
180-200°C (ramp 2 degrees/min for 5 min);
and detector temperature was 325°C. The
recovery rate for the spiked gloves through-
out the study was 90-100%. The level of
detection (LOD) and level of quantitation
(1LOQ) were 0.6 pg/pl and 2.7 pg/ul for 1
ul injections. The 1.OD and LOQ were
determined by the methods deseribed by
Taylor (9), and we used spiked gloves.

Cholinesterase assay. The cholinesterase
(ChE) assay was a modification of the proce-
dure described in Chambers and Chambers
(10), which is based on Ellman et al. (/1).

" We determined cholinesterase by four differ-

ent means using various combinations of

inhibitors and substrates to investigate
S Ve diluted the plasma i

plasma enzymes. We diluted the plasma in

(.05 M Tris-HCI buffer, pH 7.4 at 37°C.
We used 14 test tubes for cach plasma
sample. Each test tube contained 0.05 M
Tris-HCl buffer, pH 7.4 at 37°C, and the
plasma sample. We added eserine sulfate to
four of the test tubes to determine non-
cholinesterase-mediated hydrolysis of
acetylthiocholine (ATCh) 1odide. To four of
the test rubes we added tetraisopropyl
pyrophosphoramide (iso-OMPA) to deter-
mine nonbutyrylcholinesterase (BChE)-
mediated hydrolysis of butyrylthiocholine
(BTCh) iodide. We added ATCh fodide
(final concentration 1 mM) to seven of the
tubes, which were vortexed and returned o a
37°C shaking water bath for 15 min. The
seven test tubes comprised 3 for uninhibited
assays, 2 with eserine sulfate, and 2 with iso-
OMPA. We assayed a parallel sct of tubes
with BTCh todide (final concentration 1
mM). We added sodium dodecyl sulfate
(SDS) and 5,5 -dithio-bis(2-nitrobenzoic
acid) (DTNB) (final concentrations of
0.44% and 0.02%, respectively) 10 cach tube
to stop the reaction (SDS) and for the chro-
mogen (DTNB) to react with the thio-
choline released from ATCh or BTCh
hydrolysis; tubes were vortexed and the
absorbance was read ar 412 nm. We deter-
mined acetylcholinesterase {AChE) activity
by subtracting the eserine sulfate readings
from the iso-OMPA readings in the
acetylthiocholine iodide set. We determined
total ChE activity by subtracting the eserine
sulfate readings from the uninhibited read-
ings in the ATCh set. We determined
butyrylcholinesterase activity with ATCh by
subtracting the iso-OMPA readings from the
uninhibited readings in the ATCh set. We

Table 2. Transferable residues of chlorpyrifos from fur after four consecutive treatments of dogs with flea

control dip during the nonshampoo protocol.

95% Confidence intervals Range
Time Amount on glove (pg)? Lower Upper Lower Upper
Pretreatment 0.1583 (1.0697 03600 <003 073
4hr 97118 48193 1817.34 157 6,999
7 days 15700 7952 309.96 4 2,584
14 days 01 3551 138.39 1 2,472
21 days 26.63 13.48 5257 1 1,468

aGeometric means are significantly different at p < 0.05. Each point is the average of 12 dogs (replicates) over all of the

four treatments.

Table 3. Transferable residues of chlorpyrifas from fur after four consecutive treatments of dogs with flea

control dips during the shampoo protocol.

95% Confidence intervals _ _Range _

Time Amount on glove {ug)? Lower Upper Lower Upper
Pretreatment 01078 (3 0560 02078 <0.03 097
4 hr 45878 27893 754.40 17 2674
/ days 4926 79.96 81.02 9 479
14 days 14.86 903 24.48 | 190
20 days 962 584 15.83 1 130
Shampoo

71 days 798 1.78 5.00 <003 72

“Gegmetric means are significantly different at p s 0.03. Each peint is the average of 12 dogs {replicates) over all of the

four treatments.
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derermined BChE activity with BTCh by
subtracting the iso-OMPA readings from the
uninhibited readings in the BTCh set. We
determined protein by the method of Lowry
ctal. (/2) for standardization.

Statistics. We analyzed data using gen-
eral lincar modec!l analysis of variance
(ANOVA) for a randomized complete block
design with a control and a 4 x 4 (nonsham-
poo protocol) ora 4 x 5 {shampoo protocol)
factorial arrangement of treatment and time
after treatment application. The individual
dog was the block; multiple obscrvations at
cach time point were averaged. We exam-
incd the residuals from cach ANOVA using
frequency histograms and normal probabil-
ity plots: the data were logarichmically trans-
formed and reanalyzed if the normalicy
assumption appeared to be substantially vio-
fated. This was true for the residue data but
not tor the ChE daw. If significant effects
were tound, we separated the means using
the Least Significant Difference Test. We
pertormed calculations on a personal com-
puter using the SAS System for Windows,
Version 8.0 (SAS Institute Inc., Cary, NC);
all stacistical rests used the 0.05 level of sig-
nificance. There was no interaction beeween
trcatment and time for the residue studics.
There was an interaction between treaement
and time for the 4-hr ChE measurements
because of the inttial inhibition onset. We
determined terminal half-life of dissipation of
trransferable chlorpyrifos residues from linear
regression of cach sample from 7 to 21 days.

Results

Table 1 describes the dogs used in this study,
including different breeds, weights, and fur
length. There was no correlation berween
transferable residucs and fur length ac p
< 0.05. The type of fur and amount of
undercoat were not quantified. In the non-
shampoo protocol, dog #8 had the highest
transterable residue, 6,999 pg afeer dip 1,
and in the shampoo protocol, dog #13 had
the highest transferable residue, 2,676 pg
after dip 4 ac 4 hr. Comparable breeds of
dogs within cach protocol did not exhibit
the high residues found with dogs #8 or #13.
In neither of the protocols did a single dog
exhibit consistently the lowest transferable
restdue as was seen with the high residues.

In both protocols, the levels of chlorpyri-
fos dissipated quickly after cach of the four
dippings. Tables 2 and 3 conain the averaged
transferable residues and ChE inhibition of all
four dippings of the nonshampoo and sham-
poo protocols, respectively. Figure 1 shows
the amount of transferable residue for each
dipping in succession for the nonshampoo
and shampoo protocols. For the nonshampoo
and shampoo protocols, the terminal half-
lives of dissipation of transferable chlorpyrifos

tr12

residuces from 7 to 21 days followed first-
order kinerics and were 5.38 days and 5.40
days. respectively.

In both protocols, the plasma ChE was
inhibited maximally at 7 days (Tables 2 and
3, average of all four dippings). Figures 2. 3,
4, and 5 show the inhibition of ChE follow-
ing each of the four dippings for the two
protocols. In both protocols. the pretreat-
ment BChE activity was 7- to 10-fold higher
than AChE acdivity (Tables 2 and 3: Tigures
2 and 3). The BChE was inhibited to the
greatest extent, whercas AChE in boch the
protocols was minimally inhibited (Tables 2
and 3; Figures 2 and 3). The inhibition of
the measured activity of total ChE and
BChE (using ATCh) reflects the same pat-
tern of inhibition as BChE using BRTCh
(Tables 2 and 3; Figures 4 and 5).

Discussion and Conclusions

By designing this experiment to use a variety
of breeds of dogs and several people for the
trcatments and sampling, we anticipated that
variability in chlorpyrifos residues from dip-
ping (differences in formulation and applica-
tors), dog physiology (differences in breeds
and coats), dog activity (rolling in yard,
swimming), and petting (pressure, motion,
and skin conditions) would reflect the range
of values that pet owners might expect to
encounter when using a chlorpyrifos dip in
the recommended manner for routine pee
flea and tick control. The differences among

2,200
all booal

1,600

1,400 l

Chlorpyrifos (ug)

1.000 l i ‘ -EJ

800 '
600
400
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0 20 40 60 80
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Figure 1. Transferable residues of chlorpyrifos
from cotton gloves used in petting dogs for 5 min
over a 40-square-inch area. The residues are
from 12 dogs treated with four sequential dippings
of chlorpyrifos every 21 days {A) without sham-
pooing between dips and (B8} with shampooing
between dips. The sample times are 4 hr, 7 days,
14 days, and 21 days after dipping. Arrow repre-
sents times of subsequent dippings. The graph
represents geometric means with 5% confi-
dence intervals.

the dogs, as seen from the percent change in
Table 1, demonsrtrate the differences in
amounts of transferable residues that might be
expected from flea control products caused by
the diversity of the animals and handlers. The
differences between the shampoo and non-
shampoo experiments probably derived from
the differences in fur saturation during dip-
ping and in rubbing pressure among sam-
plers. The two protocols were conducted by
two differenc groups of workers and used 12
different dogs in each protocol.

There was a 73-87% average decrease in
transferable residue by 7 days after dipping in
both protocols. This rapid decrease was not
anticipated in the original protocol design, and
subsequent studies should include time points
between 4 hr and 7 days o fully understand
residue dissipation from dog fur. Within the
shampoo protocol there was an average
decrease of 32% in chlorpyrifos residues after
shampooing, but this did not affect the level of
cholinesterase inhibition. Although this per-
cent decrease following shampooing appears
large, the amount of transferable chlorpyritos
had declined about 97% 20 days from the ini-
tial 4-hr levels. The shampooing was not sig-
nificant in preventing accumulation of
chlorpyrifas or decreasing cholinesterase inhi-
bition because the transterable residue had
decreased to almost negligible levels by the end
of the time period between approved dippings.

The reproducibility test showed that the
decrease in transferable residues is a result of
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Figure 2. Percent inhibition of BChE {using BTCh
as a substrate and iso-OMPA as an inhibitor) from
the plasma of 12 dogs treated with four sequential
dippings of chlorpyrifos every 21 days {A) without
shampooing between dips and (8) with shampoo-
ing between dips. The sample times are 4 hr, 7
days, 14 days, and 21 days after dipping. Arrow
represents times of subsequent dippings. The
graph represents geometric means with 95% con-
fidence intervals.
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dedine in the levels by degradation or wear
and not the result of removal by the sam-
pling procedure. These data showed that the
use of cotton gloves for sampling cransferable
residues leads to reproducible resules and
that the gloves do not remove all of the pes-
ticide available for exposure.

Maximum observed inhibition of plasma
ChE activities measured in both studies
occurred at 7 days and not at 4 hr probably
because of the required activation of the par-
ent compound. Maximum inhibition may
have occurred at 2, 3, or 4 days, but blood
samples at these time points were not taken
because of the experimental design. As with
the residue monitoring, subscquent studies
should menitor the blood ChE between 4 hr
and 7 days. The BChE in the plasma gave the
highest enzyme activity and would serve as
the most eftective biomarker of insecticide
action and persistence after an exposure to
chlorpyrifos flea and tick control in dogs.
Mecasuring AChE would not be a useful indi-
cator of chlorpyrifos exposure in dogs because
AChE levels are low and apparently not as
sensitive to inhibition as BChE. Measuring
BChE using BTCh gave the highest activity
and is the most useful of the several ChE
measurements performed for determining
decreases in ChE levels after exposure to
chlorpyritos. The study demonstrated also
that BChE hydrolyzed ATCh better than
AChE hydrolyzed BTCh, and was the reason
that inhibition of total ChE using ATCh
retlects the inhibiton pattern of BChE.
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Figure 3. Percent inhibition of AChE (using ATCh
as a substrate and eserine sulfate as an inhibitor}
from the plasma of 12 dogs treated with four
sequential dippings of chiorpyrifos every 21 days
{A) without shampooing between dips and {8)
with shampooing between dips. The sample times
are 4 hr, 7 days, 14 days, and 21 days after dip-
ping. Arrow represents times of subsequent dip-
pings. The graph represents means with 39%
confidence intervals.

The ChE activity in the blood was
depressed substantially after the first treat-
ment, recovered incompletely by the time of
the next treatment, and became substantially
inhibited again with cach subsequent treat-
ment. Inhibition was maintained at 60-80%
throughout the experiment. These resules
were surprising. Although the status of the
dog was not the goal of the experiments,
there is some concern that dogs with this
level of inhibition would be vulnerable to
additional exposures to anticholinesterases.
Although this information would be used to
caution dog owners, chlorpyrifos dips are no
longer on the market.

The information gained from this study
shows that humans are ac greatest potential
risk of exposure to chlorpyrifos shortly after
dipping. Because children spend time with the
pets and are potentially more sensitive to expo-
sures than are adults, plausible exposure levels
to caleulate risk are needed. As an example,
calculating from the 4-hr geometric means, it
a child played with a dog for 5 min over an
80-square-inch area {(twice the surface area
sampled in this study), and the transfer was
comparable to that transferred to our experi-
mental gloves, the child could be exposed to
an average of 0.9-1.9 mg of chlorpyrifos.
With an absorption rate of 3% (1.3) the child
could have a potential dosage of 0.027-0.057
mg. In a 25-kg (55 1b) child the absorbed
dosage could be 0.0011-0.0023 mg/kg, In an
80-kg (175 1b) adult the absorbed dose could
be 0.0003-0.0007 mg/kg.
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Figure 4. Percent inhibition of BChE {using ATCh
as a substrate and iso-OMPA as an inhibitor) from
the plasma of 12 dogs treated with four sequential
dippings of chlorpyrifos every 21 days (A) without
shampooing between dips and (B) with shampoo-
ing between dips. The sample times are 4 hr, 7
days, 14 days, and 21 days after dipping. Arrow
represents times of subsequent dippings. The
graph represents means with 953% confidence
intervals.
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The 21-day repeated exposure no-
observed-effect level (NOEL) for chlorpyri-
fos is 0.03 mg/kg/day and the reference dose
(R(D) is 0.003 mg/kg/day (/4,15). The
numbers calculated above for the potential
exposure from a flea dip are in the range of
the NOEL and R;D, but the child would
probably not rub the dog wich as much pres-
sure as the workers were trained to do, and
would probably be cautioned not to play
with the dog for the first day after dipping.
However, the 5 min data obtained here are
believed to be an appropriate surrogate for a
much longer handling by a child. Wichin 1
week the residues declined substandially. Ac7
days after che inidal dipping using the geo-
metric means, the exposure to the child in
this same scenario would decrease to
0.00006-0.0002 mg/kg. Also the numbers
calculated from this example are from one
cime point, and the NOEL and R¢D are cal-
culated for 21 days. By extrapolating the
geometric mean data throughout the study
on a per day basis, the 21-day exposure
would range from 0.005 to 0.012 mg/kg,
which is 0.0002 to 0.0006 mg/kg/day. Wich
the worst-case-scenario daca (the highest
level at each time point independent of indi-
vidual dog) the dosage would be 0.0077
mg/kg/day. The worst-case-scenario Jevel is
below the NOEL but slightly above the RD.
If time points such as 1, 3. and 5 days were
taken to predict more accurately the decline
of transferable residues, chen the predicted
exposure would be lower. Also, the habits of
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Figure 5. Percent inhibition of total cholinesterase
{using ATCh as a substrate and eserine sulfate as
an inhibitor) from the plasma of 12 dogs treated
with four sequential dippings of chlorpyrifos every
21 days (A) without shampooing between dips
and {B) with shampooing between dips. The sam-
ple times are 4 hr, 7 days, 14 days, and 2] days
after dipping. Arrow represents times of subse-
quent dippings. The graph represents means with
95% confidence intervals.

1113



Articles « Boone et al.

children vary with age, the amount of contact
with body areas other than hands and fore-
arms, the amount of dothing, and length of
time the child plays with the dog. The
absorption potentials vary greatly with the site
of exposure from 8.6% to 50% for parathion
(10). Also, the amount of occlusion, skin
damage, and skin binding of the chemical will
determine the risk of exposure (17).

We chose the use of cotton gloves as a
measurement device for potential exposure w
increase the reliability and reproducibility
over hand washes. Hand wash protocols vary
in time., number of washes, and the wash itself
(2-propanol, 10% cthanol/water, 10% iso-
propanol/water, and 95% echanol/water)
(18-22). Because this was an experimental
study and not a ficld monitoring study, we
could not wash one sampler’s hands several
times over a few hours with a solvent because
of skin damage and absorptive problems of
the chemical. and we did not wish to expose
the samplers to the chemical directly, espe-
clally when the treatment was fresh. Tt has
been stated that gloves overestimate hand
exposure up to S times, but that study did not
test for the pereent recovery of hand washes
(23). A test for percent recovery of hand
wiashes would include exposing a person’s
hand to a known amount of compound, wait-
ing for a specified amount of time, washing
the arca, and caleulating percent recovery. In
many published articles, the percent recovery
of compounds was not assessed, and exposure
could be underestimated by up to 5-fold with
chlorpyritos (24) and 3-fold with captan (25).
The pereent recovery and residue removal of
chlorpyrifos was not consistent and decreased
with decreasing levels of loading (24). Also,
skin absorption makes standard hand wash-
ing procedures inefficient at removing com-
pounds (/7). If hand washes are to be
employed, care must be taken to estimate
accurately the amount of residue recovered
with standardized methods for removal efh-
ciency. If glove dosimeters are slighdly
higher than hand washes, the more conserv-
ative numbers will help risk management
better protect our children. For industry,
the glove extractions are a conservative,
quick, and relatively inexpensive test.

1it4

The data gencrated by this rescarch are
useful in determining the amounts of
pesticides that children could be exposed to
from pets treated for flea and rick control
with a dip formulacion. Tt is unknown how
representative these data will be for ocher
types of formulations sdll on the market; our
faboratories are currently assessing transfer-
able insecticides from other dips and Hea col-
lars using similar methodology. However,
more information is needed regarding behav-
ior of children, including their play time with
pets and their hand-ro-face and hand-to-
mouth patterns. Many more types of insecti-
cidal agents with different formulations and
application techniques need investigation.
The differences between the length of fur and
amount of transferable residues were not sig-
nificant, but we may need further evaluation
of fur composition differences among dogs,
i.c., undercoac. The data generated from this
study demonstrate that BChE measurements
are cffective biomarkers of insecticide action
and persistence following chlorpyrifos flea
and dack control in dogs.

There is no perfect measurement tech-
nique for determining the amount of pesti-
cide exposure, nor is there a perfect method
for determining risk. Given the lack of infor-
marion in this arca and the large number of
pesticides in use, the cotton glove dosimerter
maodel is a quick, reliable, and very useful ool
in determining potential pesticide exposure.
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