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ble air wmpling pumps with flow rates of 2 L/niin werc 
calibrated with the sampling train in linc prior to md 
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 i( I O  cm) were placed in 
the rooms before treatment to measure residues deposited on 
the carpet surface. Five squares were collected from each 
room i;iimcdiatcly following application (5  minutes). The 
wipc proccdurc 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 I O  cm cut-out 
interiors. A new plastic glove was worn 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 cm 
surgical gauze pad sprayed lightly with distilled water. This 
proccdurc WiI\ rcpcatctl with :\ second ~:\w.c piid. chilngine 
the wipc orientation 90". I ' d $  were plirced in glass storagc 
jar5 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 ml 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 ( I 0 0  
cpm) for 5 minutes on a IT ,:hanical shaking table. 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 ml 
of toluenc on the shaking table at high speed for 30 minutes 
and the extracts transferred into GC vials. 

Samples were analyzed on a Hewlett Packard 5890A gas 
chromatograph equipped with an electron capture detector. 
Hei-tachlor epoxide was added to all samples as an internal 
standard. The limit of detection for l - ~ l  injections was 
1 picogram/kl. The limi:s of detection for the sampling media 
were as follows: air samples, 83 nll/m3; foil and gauze 
samples, 0.6 ndcrn'. Solvent blanks run with each set of 
samples had no detectable chlorpyrifos. Fortification/ 
recovery studies were 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% k2.5; gauze wipes, 84.0% ~ 1 0 . 1 .  Data have been 
adjusted on the basis of these recovery values. Two air 
samples, thrce foil and three wipe samples were collccted in 
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broadcast application. The following assumptions were em- 

I .  Infant weight = 9.0 k p  
2. lnfant respiratory volume = 2.1 Llmin rcsting (16 

ployed: 

hours/day); 6.3 Umin active (8 hours/day)” 
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3. 100% respiratory absorption of chlorpyrifos vapors 
4. Total carpet contacted in one day = 2.3 mz (25 ft2) 
5. 100% transfer of available residues (wipe samplcs) to 

6. 3% dermal absorption of chlorpyrifos“34 
Estimated absorbed dermal doses for infants (Table 2) 

are the product of surface area contacted, available residues 
(Day 1 and Day 2 in Table I )  and percent absorbed, divided 
by body weight. The estimated dose in the nonventilated 
room is 0.120 mdkg on Day I ,  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 divided by body weight. Estimated Ray 1 
dose wi ilation is 0.038 m a g .  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 m a g  for ventilated and 
nonventilated rooms, respectively. Day 2 estimates are 
approximately 2-3 times lower. Dermal exposure represents 
on avcrugc 68 pcrccnt of thc lotot 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/cm2 
and maximum air concentrations following ventilation of 14 
pglm’.zs Crack-and-crevice or baseboard applications have 
resulted in deposition levels of from 1-3 pglcmz,ls.*2 and air 
concentrations of 1-2 pg/m3.*o.21 Termiticide applications 
have produced air concentrations of < 144.5 pg/m3.11-13 
Broadcast applications thus appear to produce deposition 
levels 5-10 times higher and peak air concentrations approx- 
imately one to 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 3-7 hours post-application. 

The extent to which indoor pesticide applications might 
produce intoxications among residents is lavely unknown. A 
recent risk assessment calculation of a 2.68 mg/kg absorbed 
dose for infants in chlorpyrifos-treated residences was based 
on several conservative assumptions, induding 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 
treated surfaces to skin and the amount of surface contacted 
over time are not known. Research has been initiated to adapt 
fluorescent tracer and video imaging techniques used in 
occupational exposure studies to address these issues.35.36 
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 &~m’,~7 whereas the average dose 
applied to the skin in the chlorpyrifos absorption study was 
>4000 p@cm2.34 High topical doses result in relatively low 
percent absorbed v a l u e s . ~ ~ ~ ~ 9  An estimate of the rate of 
chlorpyrifos penetration through the skin is needed to more 
accurately cstimate absorbed dermal dose. Second, infant 
skin niay be more permcable than the adult skin used to 
estimate chlorpyrifos absorption. Although the stratum cor- 

skin 
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TABLE 2-lotel Ertlmated Abrorbed Chlorpyrlfos Dose for Infants: Day of Appllmtlon (Day 1) and Day 
followlng Appllcstlon (Day 2) 

Dermal Respiratorj Total Percent 
Room Dose x Dose Yo Dose of 

Condition (mg'kgl Total (mgkg) Total ( m g W  NOEL' 

Day 1 
Ventilated 0 052 69 0.023 31 0.075 250 
Nonventilated 0.120 76 0 038 24 0.158 527 

Day 2 
Ventilated 0 022 58 0 016 42 0.038 127 
Nonventilated 0 037 67 0.018 33 0.055 183 

'Human No Observable Efled Level = 0 03 mgikgldBy 

neum of the infant is considered to be fully developed, the 
permeability of infant skin in humans has not been 
measured.39 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 chlorpyrifos is absorbed by the 
oral route more efficiently than by the dermal route.34 Finally. 
skin conditions to which infants may bc particularly susccp- 
tible (e.g., dryness and rashes) are known to reduce the 
bam'er properties of the skin.39 

The no observable effect level (NOEL) for chlorpyrifos 
is based on measurable changes in plasma acetylcholinest- 
erase. The NOEL in humans is 0.03 mdkglday.41 All of the 
absorbed dose estimates in Table 2 exceed the NOEL, with 
doses 2.5-5 times the NOEL on Day I ,  declining to 1.2-1.8 
times on Day 2. The US Environmental Protection Agency 
has derived a "human reference dose" of 0.003 m&g/day for 
chlorpyrifos by applying a IO-fold safety factor to the human 
NOEL.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.30 Since the 
potential exposures calculated here would be intermittent, 
their toxicological significance is 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 aerosoUfogging applications 
of acutely toxic insecticides may result in dermal and respi- 
ratory exposures sufficient to cause measurable toxicological 
responses in infants. While such exposures are not likely to 
produce recognizable symptoms Gf cholinesterase inhibition, 
the possibility of cases with subclinical effects cannot be 
ruled out. Confirmation of such exposures would requirc 
biological monitoring (e.g., detection of 3,5,6-!richIoro-2- 
pyridinal in the urine for chlorpyrifos). 

The potential for exposures great6.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 nonexistcnt in most states. I t  is not 
unreasonable to assume that accidents and cases of inadvert- 
ent over-application will occur under these circumstanccs, 
albeit with low frequency. Furthermore, repeated applica- 
tions for fleas and other household pests are not uncommon. 

Current federal regulatory requirements for indoor pes- 
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ticide applications are limited to label instructions. The label 
for broadcast applications of the compound under study here 
is typical (K. Lunchick, USEPA; personal communication); 
Le., 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 HS B 1-2 hour reentry 
period. 'rhc finding of elcvatcd air conccntrations 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. 
Recommendations for broadcast applications of acutely toxic 
compounds such as chlorpynfos might 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 application 
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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I ‘Late Breaker’ Session on Injury Control Invites Abstracts 1 
The Injury Control and Emergency Health Services special primary interest group ofthe American 

Public Health Association has announced it will again feature a “late breaker” session during the APHA 
upcoming 118th annual meeting in New York City. ‘The session will be held on Tuesday. October 2, $30 
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 to: Richad 
Waxweiler, Division of Injury Control, Centers for Disease Control, Mail Stop F-36, Atlanta. GA 30333. 
Tel: 404/488-4695. 


