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Residential Pesticide Applications
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Abstract: Atr and surtace chlorpynifos residues were measured
tor 24 hours following a 0.5 perceat Dursban® broadceast apphication
for feus inside o residence. Two of the three treated rooms were
ventifated following application. Maximum air concentrations were
measared 3-7 honrs post-application. Peak concentrations in the
infant breathing zone were 94 pe/m’ in the nonventilated room and
61 pe/m® in the ventilated room, and were substantially highes than
concentrations in the sitting adult breathing zone. Concentrations of
approximately 30 pg/m” were detected in the infant breathing zone
24 hours post-application. Surface residues available threugh wipe
sampling were 0.7=1.6 pp/cm® of carpet on the day of application and
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6.3-0.5 wg/em® 24 hours post-application. Estimated total absorbed
doses tarinfants were 0.08-0.16 mg/kg on the day of application and
0.04~0.06 mg/kg the day following application, with dermal absorp-
ton representing approximately 68 percent of the totals. These doses
are 1,2-5.2 times the human No Observoble Effect Level (NOELY.
Exposares to cholinesterase inhibiting compounds following prop-
erly conducted breoadeast applications could result in doses at or
above the threshold of toxicological response in infants. and should
be minimized through appropriate regulatory policy and public
edncation, (Am J Public Healtl 1990; 80:689-693.)

Introduction

The health nisks assoctaded with restdual pesticides moanr
and on surfaces in residences have oaly recently been
=xamined from a public health perspective. The Comnnttee
on Urban Pest Management established by the US National
Academy of Sciences noted that 5,600 health-retated inci-
dents involving pesticides were reported as occurring in
homes tn the US from 1966 to 19790 Home pesticide
applications may pose health risks for occupants, particularly
infants and children. A study of 20 adult residents caposed to
dichlorvos following crack-upd-crevice treatments found a
slight decrease in group mean serum cholinesterase, with
three resudents reporting a feeling of illness 24 hours post-
application.® Six of 21 children admitted to Arkansas Chil-
dren’s Hospital for organophosphate intoxication were
Judged to have been exposed following insecticide spraying
inside the home.? A review of 37 hospitalized pestcide
poisonings among infants and children at the Children's
Medical Centerin Dallas, Texas revealed that five cases were
due to pesticide absorption following spraving or fogging
inside residences.® California State agencies reviewed 44
illness reports in 1984 associated with residential pesticide
use.S and subsequently conducted a hazard asscssment for
acute intoxication potential among infants following indoor
pesticide treatments.” Concern also exists regarding the
chronic health effects of children™s exposure to pesticides.”

Residential monitoring studies have focused primariiy
on ambicnt air concentrations of pesticides following several
types of apphications, including termiticide applications ¢
DDVP resin strips hung in houscholds, -1 and crack-
and-crevice or bascboard treatmenis, V-2 Recentlv the US
Environmenti] Protection Agency intuated o migor study of
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pestichle air concentrations in homes.* Limnted studies of

two ndditional apphication methods have been conducted,
Wroadeast applications 212" involve the hond spraying of an
aquecus mixture directly onto target surfaces (e.g., rugs.
fivors, furniture). while total aerosol release applications
(foggers)¥% involve activation of a pressurized canister in
an unoccupied room, with the pesticide acrosel covering ali
surfaces twalls, floor, ceibng). Both of these methods pro-
duce residues on surfaces to be contacted by occupants. Flea
treatment by broadeast application was selected for study
here because of the potential for both high air concentrations
and substantal dermal exposure. A preliminary risk assess-
ment has been conducted for crawling infants (¢-10 months
of agel.

Meihods

Sampling was conducted according to guidelines devel-
oped by the Cunadian government’s Department of Health
and Welfare. ™ The study was conducted in three rooms of an
unoceupied apartment in New Jersey in June 1987, and
extended for 24 hours following application. All rooms were
carpeted wall-to-wall with 1.2 c¢m thick nylon pile. Total
surface area treated was 45.27 m=. No heating or air condi-
toning systems were inoperation during the study, Windows
or deors were open in two of the three rooms, while no
ventifation occurred in the third room,

Chlorpyrifos application for flea treatment was con-
ducted by a licensed pest control applicaior. The formulated
product, Dursban® L.O. (EPA Registration No. 464-571,
contains 41.5 percent chlorpyrifos (0,0-dicthyl 0-(3,5.6-
trickloro-2-pyridyl) phosphorothioate). The formulation was
applice approximately 40 ¢m above the carpet as a 4.50
pereent agieous spray (40 mi/3.785 L water) with a hand-held
fan broadeast nozzle attached to & CO, pressurized tunk,
mtions in the three raoms were identical, covenng the
re fleor and lasting 3-7 mnutes per room.

Air samples were coliceted in duplicate i each room
rrior (o application and ot the following time intervals
post-anpiicotion: 0-0.8 hours, .5-1, 1-1.5, 1.5-3, 3.5, 5-7.
An addittonal twe-hour sample was coilected 24 hours
post-application. The samplers were placed in the center of
cach room mouated 100 crm and 25 ¢m above the treated
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ble air sampling pumps with flow rates of 2 L/min were
calibrated with the sampling train in line prior to and
following the sampling pcriod. Chlorpyrifos vapors were
collected with ORBO-44 tubes (Supelpak 20). Tubes wcrc
capped and stored in an ice chest for transport to the
laboratory.

Aluminum foil squares (10 cm < {0 ¢m) were placed in
the rooms before treatment to measure residues deposited on
the carpet surface. Five squares were collected from cach
room immediately following application (5 minutes). The
wipc procedure was based on the standard method of the US
Occupational Safety and Health Administration."" Sets of
three wipes were collected in each room at eight time
intervals post-application: 20, 40, 80, 100, 170, 260, 380
minutes. and 24 hours. All areas to be wiped were marked by
disposable cardboard frames with 10 cm X 10 cm cut-out
interiors. A new plastic glove was wom for each wipe sample
to avoid cross-contamination of samples. The wipe consisted
of three strokes across the surface with a 7.5 x 7.5 c¢m
surgical gauze pad sprayed lightly with distilled water. This
proccdurc was repeated with a second gauze pad, changing
the wipc orientation 90°. Pads were placed in glass storage
jars in an ice chest for transport to the laboratory.

All samples were stored at —20°C until analysis. Gran-
ular contents of the Orbo-44 tubes were transferred into
serum vials filled with 10.0 m! of pesticide-grade toluene. A
subset of the samples were analyzed for breakthrough into
the secondary section of the tubes, but such breakthrough
was negligible. Capped vials were shaken at high speed (100
cpm) for5 minutes on am :hanical shakingtable. allowed to
sit for 30 minutes and the extracts transferred to GC vials for
analysis. Both the foil and the pads were extracted in 30 m!
of toluenc on the shaking table at high speed for 30 minutes
and the extracts transferred into GC vials.

Sampleswere analyzed on a Hewlett Packard S8%0A gas
chromatograph equipped with an electron capture detector.
Hegtachlor epoxide was added to all samples as an internal
standard. The limit of detection for 1-ul injections was
! picogram/ul. Thelimits of detection for the sampling media
were as follows: air samples, 83 ng/m®; foil and gauze
samples, 0.6 ng/cm?. Solvent blanks run with each set of
samples had no detectable chlorpyrifos. Fortification/
recovery studieswere conducted for all sampling media. The
mean and standard deviation from these studies were as
follows: air samples, 85.3% C6.0; aluminum foil squares,
98.6% =2.5; gauze wipes, 84.0% =10.1. Data have been
adjusted on the basis of these recovery values. Two air
samples, three foil and three wipe samples were coliected in

cach room prior to application. No background chlorpyrifos
levels were detected.

Results

Chlorpyrifos levels on aluminum foil samples collected
immediately (5 minutes) following application averaged 13.6
pg/em? (26.1) and levels in the three rooms were not
significantly different. ‘Measured deposition corresponded
well with the 13 pg/cm? value calculated from label recom-
mendations.

Chlorpyrifos residues available by wipe sampling in the
ventilated rooms dropped by more than one-half within 30
minutes, averaging 0.7 pg/cm? throughont the remainder of
Day 1 and 0.3 ug/cm® 24 hour post-application (Table 1).

- Surface residues in the nonventilated room followed the same

pattern, but were significantly higher at all time intervals.

Chlorpyrifos vapors measured in the sitting adult breath-
ing zone (100 cm above the carpet) increased over time
(Figure 1). While concentrations in the ventilated rooms
never exceeded 20 pg/m’, levels >60 ug/m® were measured
in the nonventilated room 3-5 hours post-application. The
eifect of ventilation was further reflected in samples 24 hour
post-application: >40 pg/m> with no ventilation compared to
<10 pug/m® with ventilation.

Substantially higher chlorpyrifos concentrations weie
measured in the infant breathing zone (25 cm above carpet),
with ventilation having far less impact (Figure 2). Concen-
trations reached 94 pg/m*® 5-7 hours post-application in the
nonventilated room and exceeded 60 pg/m> 3-5 hours post-
application in the ventilated rooms. After 24 hours an
equilibrium concentration in all rooms of approximately 30
ug/m* was reached. It thus appears that a vertical concen-
tration gradient developed following the application, with the
treated carpet serving as a source of volatilized chlorpyrifos.
Open windows provided mixing and dilution of air one meter
above the carpet, but had much less effect on concentrations
near the floor.

Time-weighted averages for the 24 hour post-application
period in the infant breathing zone were 41.2 and 66.8 pg/m’
for ventilated and nonventilated rooms, respectively, sub-
stantially higher than the corresponding values of 12.3 and
45.7 ng/m® for the adult breathing zone. All of these concen-
trations exceeded the National Academy of Sciences (NAS)
interim guideline of 10 pg/m* for chlorpyrifos in indoor air
following termiticide trcatments.®

A risk assessment was conducted based on the scenario
of a 9-10 month old infant playing .in a carpeted room
beginning at least one hour after a 0.5 percent chlorpyrifos

TABLE 1—Chlorpyrifos Residues Available by Wipe Sampling: Eftects of Time and Ventilation

Ventilated Rooms

Nonventilated Room

Mean Percent Mean Percent
Residue™ Initial Residue® Initiad
Sample Time (hr) N {1g'cm?) Depositt N (ng/cm?) Deposit
<0.5 6 1.69 3 3.90 286
Immediate
0.5-8.5 35" Q.69 18 1.56 11.4
Day 1
24 6 0.28 3 0.48 35
Day 2 .

a.b: alt ventilated room values significantly lowezr than nonventilated room values (ANOVA: Student-Neuman-Keuls Test: p < .01}

tdeposition Lo!lowing application ~ 13.6 pgicm
"25.2 pg'em® value excluded as outher
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FIGURE 1—Chlorpyrifos Air Concentrations In the Sitting Adult Breathing
Zone (100 cm)
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FIGURE 2—Chlorpyrifos Air Concentrations in the Infant Breathing Zone (25
cm)

broadcast application. The following assumptions were em-
ployed:
1. Infant weight = 9.0 kg*
2. Infant respiratory volume = 2.1 L/min resting (16
hours/day); 6.3 L/min active (8 hours/day)?*
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3. 100% respiratory absorption of chlorpyrifosvapors

4, Total carpet contacted in one day = 2.3 m? (25 ft?)

5. 1006 transfer of available residues (wipe samples) to

skin

6. 3% dermal absorption of chlorpyrifosé.34

Estimated absorbed dermal doses for infants (Table 2)
are the product of surface area contacted, availableresidues
(Day 1 and Day 2 in Table 1) and percent absorbed, divided
by body weight. The estimated dose in the nonventilated
room is 0.120 mg/kg on Day 1, 3.2 times the dose for Day 2.
Ventilation reduced the dose estimates approximately two-
fold. Estimated absorbed respiratory doses are the product of
time-weighted air concentrations, respiratory volume and
percent absorbed, divided by body weight. Estimated Ray 1
dose with no ventilation is 0.038 mg/kg, more than twice the
Day 2 dose. Ventilation reduced the dose on Day 1 by
approximately one-third, but had little effect on Day 2
estimates. Total absorbed dose estimates for the day of
application are 0.075 and 0.158 mg/kg for ventilated and
nonventilated rooms, respectively. Day 2 estimates are
approximately 2-3 times lower. Dermal exposure represents
on average 68 percent of the total absorbed dose,

Discussion

Chlorpyrifos residues following broadcast application
were substantially higher than those reported for other types
of residential applications. Total release aerosol applications
have produced deposition levels of approximately 2 pg/cm?®
and maximum air concentrations following ventilation of 14
ng/m®.28 Crack-and-crevice or baseboard applications have
resulted in deposition levels of from 1-3 wg/em?,18:22 and air
concentrations of 12 jig/m®.2021 Termiticide applications
have produced air concentrations of <1-8.5 ug/m?>.1+-13
Broadcast applications thus appear to produce deposition
levels 5-10 times higher and peak air concentrations approx-
imately one t0 two orders of magnitude higher than other
application procedures. Of further concern is the finding that
vapor concentrations increase over the first few hours,
peaking 3+ hours post-application. v

The extent to which indoor pesticide applications might -
produce intoxicationsamong residents is largely unknown. A
recent risk assessment calculation of a 2.68 mg/kg absorbed
dose for infantsin chlorpyrifos-treated residences was based
on several conservative assumptions, including complete
(100 percent) absorption of chlorpyrifos through the skin.¢
The risk assessment presented here avoids such worst-case
assumptions. but includes major uncertainties in the dermal

exposure estimates. The rate of transfer of pesticides from™ 7" ¢
treated surfaces to skin and the amount of surface contacted .~ =/

overtime are not known. Research has been initiated to adapt
fluorescent tracer and video imaging techniques used In
occupational exposure studies to address these issues.3s:36
Several factors not included in the dose calculations suggest
that chlorpyrifos abscrption could be substantially higher.
First. a 3 percent dermal absorption estimate may be low.
The conventional topical dose for pesticide absorption stud-
ies is approximately 40 wg/em?,37 whereas the average dose
applied to the skin in the chlorpyrifosabsorption study was
>4000 pg/em?®.3 High topical doses result in relatively low
percent absorbed values.3*3 An estimate of the rate of
chlorpyrifospenetration through the skin is needed to more
accurately estimate absorbed dermal dose. Second, infant
skin niay be more permcable than the adult skin used to
estimate chlorpyrifosabsorption. Although the stratum cor-
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TABLE 2—lotel Estimeted Absorbed Chlorpyrlfos Dose for Infants: Day of Application (Day 1) and Day
following Application (Day 2)

Percent

Dermal Respiratory Total
Room Dose % Dose % Dose of
Condition (mg/kg) Total (mg/kg) Total (mg/kg) NOEL'

Day 1

Ventilated 0052 69 0.023 31 0.075 250

Nonventilated 0.120 76 0038 24 0,158 527

ay 2

Ventilated 0022 58 0016 42 0.038 127

Nonventilated 0037 67 0.018 33 0.055 183

gt o e e

‘Human No Observable Efect Level = 0 03 mg/xg/day

neum of the infant is considered to be fully developed, the
permeability of infant skin in humans has not been
measured.? Studies in infant rats have demonstrated in-
creased percutaneous absorption of chlorpyrifos relative to
adults.40 Third, ingestion from deposits on hands would
increase the estimates, since chlorpyrifosis absorbed by the
oral route more efficiently than by the dermal route.** Finally,
skin conditions t0 which infants may be particularly suscep-
tible (e.g., dryness and rashes) are known to reduce the
barrier properties of the skin,»®

The no observable effect level (NOEL) for chlorpyrifos
is based on measurable changes in plasma acetylcholinest-
erase. The NOEL in humans is 0.03 mg/kg/day.4t All of the
absorbed dose estimates in Table 2 exceed the NOEL, with
doses 2.5--5 times the NOEL on Day |, declining to 1.2-1.8
times on Day 2. The US Environmental Protection Agency
has derived a *"humanreference dose"* of 0.003 mg/kg/day for
chlorpyrifosby applying a 10-fold safety factor to the human
NQOEL .42 The dose estimates in this study exceed the human
reference dose by 10-50 times.

NOEL values are commonly employed to determine
standards for human safety, but are based on an assumption
of continuous exposure {e.g., Acceptable Daily Intakes of
pesticide residues in foods). A similar assumption underlies
the NAS guideline for indoor air concentrations.*® Since the
potential exposures calculated here would be intermittent,
their toxicological significanceis difficult to interpret. As yet
no short-term toxicological measure analogous to the NOEL
is available.

Despite uncertainties in exposure/absorption estimatcs
and toxicological interpretation, the dose values derived in
this study raise a public health concern. Broadcast applica-
tions and possibly total release aerosol/fogging applications
of acutely toxic insecticides may result in dermal and respi-
ratory exposures sufficient to cause measurabletoxicological
responses in infants. While such exposures are not likely to
produce recognizable symptomscf cholinesterase inhibition,
the possibility of cases with subclinical effects cannot be
ruled out. Confirmation of such exposures would require
biological monitoring {e.g., detection of 3,5,6-trichloro-2-
pyridinal in the urine for chlorpyrifos).

The potential for exposures greats:r than those reported
here should also be noted. The training of many urban
pesticide applicators is minimal and surveillance of applica-
tion performance is nonexistent in most states. It is not
unreasonable to assume that accidents and cases of inadvert-
ent over-application will occur under these circumstances,
albeit with low frequency. Furthermare, repeated applica-
tions for fleas and other household pests are not uncommon.

Current federal regulatory requirements for indoor pes-
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ticide applicationsare limited to label instructions. The label
for broadcast applications of the compound under study here
is typical (K. Lunchick, USEPA,; personal communicationy;
i.e., the premises should be vacated during application, and
humans or pets should not contact treated surfaces until the
spray has dried, These instructions are normally communi-
cated by the applicator to occupants as a 1-2 hour reentry
period. The finding of elevated air concentrations 3-7 hours
post-application and the potential for dermal contact indicate
that this reentry period is inappropriate for infants and small
children.

Several strategies are available to reduce the risks
associated with indoor pesticide applications. First, notifi-
cation requirements could be established to inform occupants
of potential health risks and means for minimizing exposure. " .
Recommendationsfor broadcast applications of acutely toxic
compounds such as chlorpynfos mig%ht inciude thorough
ventilation prior to reentry regardless of seasonal conditions,
and well-defined reentry periods beyond 1-2 hours with
special warnings regarding contact with treated surfaces by
infants and small children. Second, more rigorous training
and licensing procedures for applicators and applicatiom
surveillance programs could be developed. Finally, product
registrations could be modified or withdrawn for specific
applications if an acceptable level of risk cannot be demon-
strated. .
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l ‘Late Breaker’ Session on Injury Control Invites Abstracts —‘

The Injury Control and Emergency Health Services special primary interest group of the American
Public Health Association has announced it will again feature a “late breaker” session duringthe APHA
upcoming 118thannual meeting in New York City. The session will be held on Tuesday. October 2, 8:3¢
am=10:00 am, and will feature work completed within the last few months—after the deadline for
consideration in the regular symposia of the APHA annual meeting.

Abstracts of 250 words or less will be accepted by the Injury Control SPIG until August 15, 1990.
Please send the abstract, title of the paper, authors’ name, address and telephone number t0: Richard
Waxweiler, Division of Injury Control, Centers for Disease Control, Mail Stop F-36, Atlanta. GA 30333.

Tel: 404/48R8-4695.
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