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Abstract

During the current reporting period experimental studies of aerosol

deposition in replicateNOPL airwayshave carriedout. A replicatemodel of a

4 week old infant nasal passage was constructed from MR scans. The model

completesthe age range from "newborn"to 4 years, there now being one child

model for 4 differentages.

Deposition studies have been performed with unattached radon progeny

aerosols in collaborationwith ITRI, Albuquerque,NM and NRPB, Chilton, U.K.

Overall measurements have been performed in adult and child nasal airways

indicatingthat the child nasal passage was slightlymore efficient than the

adult in removing i nm particlesat correspondingflow rates. A similarweak

dependenceon flow ratewas observed. Local depositionstudiesin an adultnasal

model indicatedpredominantdepositionin the anteriorregionduring inspiratory

flow, but measurabledepositionwas found throughoutthe model. The deposition

patternduring expirationwas reverse,greaterdepositionbeing observed in the

posteriorregion.

Localdeposi_tionstudiesof attachedprogenyaerosolsize(100-200nm) were

performed in adult and child nasal models using "technigas" and a gamma

scintillationcamera. Similar to the unattached size, deposition occurred

throughoutthe models, but was greater in the anteriorregion.
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ReplicateModel Construction

In the previous report period it was reported that two adult sandwich

replicated airway models of an adult and three child sandwich models were

constructedfromMR scans. These modelswere characterizedwith respectto cross

sectionalarea,volume,lateralsurfacearea, and flow resistance. Partialflow

resistancewas measuredby successiveremovalof elementsfromthe posteriorend.

During the present report period an MR scan of a 4 week old "newborn"

infant was obtained from the Johns Hopkins MRI facility. The scans were

performedto examinepossible Functionalchanges elsewherein the head and was

reportedto have a normal nasal passage. A sandwichmodel was constructedfrom

these MR scans which included the nasal airways from nostril entrance to

nasopharynx. The scan outlineswere measured by planigraphyto obtain cross

sectionalarea, volume,and lateralsurfacearea, and the model was measuredfor

flow resistanceat characteristicflows.

Replicatemodels obtainedeitherfrom in vivo MR scansor from post mortem

negativecastsare now representativeof ages from4 weeks to 53 years, including

o_e model of an "ersatz"6 year old obtainedby scalingdown the dimensionsof

the adult sandwichmodel. Oral passagereplicatesare only availableon the PM

cast and MR adultmodels. Methodsfor obtaininginformationon the oral passage

configurationof children are now under consideration. The findingsthat oral

passageremovalof attachedand unattachedradon progenyparticlesin the adult

are only about 15% smallerthan for nasal passage shouldbe comparedto that in

childrento providedosimetricmodels for childrenwhetherbreathingnasallyor

oronasally, lt can be hypothesizedthat upper airway infectionsin the child

nasal passagemay lead to oronasalor oral breathinginchildrenmore frequently

than in adults. In the remainingperiodof investigationfor the currentyear,

oral passagebreathingin childrenwill be investigated.



Studies of UnattachedRadon Progeny

The overallde,,_sitionof I nm radon progenyaerosolshas been measuredin

adult and child MR replicatemodels in collaborationwith Dr. Cheng,Yeh, and Su

at ITRI. The previouswork in cast models of the nasal and oral passage were

performeddown to 5 nm and the resultsas a functionof flow rate and particle

diffusioncoefficientwere fittedto anempiricalequationinwhich the flowrate

dependencywas to the -0.125power and the diffusioncoefficientwas to the 0.666

power. Extrapolationof the fitted curve to I nm led to a predictionat normal

breathingin adultsof 90-99%efficiencyof removalof unattachedI nm particles.

The experimentalstudiesperformedyieldeda somewhatlowervalue,75-80%,

with a similarflow ratedependence. When all the sizes from 1-200nmwere taken

into account, the resultswere better fit by a particle diffusioncoefficient

raised to the 0.50 power. The particleswere generated by the decay of Rn22°,

yielding progenywhichcould be used to quantifylocaldepositionby theirgamma

omission (discussedbelow).

Parallel studieswith the same models were performedat NRPB with Rn222

progeny in which overalldepositionwas measured as above, samplingboth inlet

and outlet aerosolconcentration. In thiscase, the resultsgave slightlylower

values of overall deposition,but still fit over the range of attached and

unattached particle size range by a particlediffusioncoefficientto the 0.5

power.

Local deposition studiesof unattachedparticleshave been performedat

ITRI using the sandwichMR adult nasal model. Both inspiratoryand expiratory

flow directions were studies at a single flow rate, characteristicof resting

breathing. The depositionpatternin inspirationwas foundto be greatestin the

anterior portion of the model, but depositionwas found throughout the nasal

airway. The reversewas true in expiration. When the inspiratoryresultswere

normalizedfor lateralarea, giving a localflux of aerosolparticles,there was

a peak deposition site about 2 cm posterior to the nostril entrance,

correspondingapproximatelyto the region just posteriorto the nasal orifice.



Studiesof Attached Radon Proqeny

A seriesof measurementsof the localdepositionof particlesinmodelsof

the nasal passage of adults and children was carried out at the Royal Free

Hospitalin London in collaborationwith John Strong,NRPB, and John Agnew,RFH.

These studies employed generationof technigas,an aerosol produced by pulse

evaporationof Tc99mfollowed by condensationto produce an aerosol of median

diameter 125 nra. After exposureto the technigasaerosolat a flow rate of 15

l min"I,the models were placed on the face of a gamma scintillationcamera to

measurethe depositionpatterns. In all cases,there was depositionthroughout

the nasal airway,but the predominantsite of depositionwas found to be in the

anterior region, consistent with theory for diffusion controlled aerosol

transport. The models used for these studiesincludedan adult sandwichmodel

(B), an adult post mortem cast model (C), an ersatz six year old model (scaled

down adult) (E) and a child model, 1½ years old (F). The qualitativecharacter

of local depositionof the aerosolwas similarin the models,as describedabove.

Studies of InertialParticles

The age effectof depositionof particlesin the 0.8-12 um diameterrange

has also been studied. The initialstudieshave been carriedout in both adult

and child models at flow ratesrepresentativeof rest and exercise. In contrast

to the unattached and attached radon progeny aerosols, the flow effect on

deposition of these large particles is significant,consistent with particle

inertialtheory. When the depositionefficiencyis plotted againsta pseudo-

Stokes number dA2Q,theory predicts that a single curve should be obtained for

each model over a range of sizes and flow rates. Experimentalobservationsdo

not confirm this, yielding rather a series of efficiency curves shiftingto

greater efficiencyfor a given size as flow rate increases.

This findingisobservedboth for the adultand child nasal airwaysand for

the adultoral passage. In comparingthe adultand child results,it isobserved

that the nasal efficiencyis approximatelyequal for equal states of breathing,

i.e., degree of rest or exercisecomparedto a referencestate for each age. lt

shouldbe noted that thesefindingsrepresentonly a singlemodel for eachchild
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age and only two adult models, thus the preliminaryfinding requires further

confirmation.

A study of the dimensionaleffectof the nasal orificewas carriedout on

the adult MR sandwichmodel. Nasal orifice segmentsrepresentingdecongestion

and congestionwere produced and depositionefficiencystudieswere performed

with the model in the threemodes. The curvesof depositionpercentvs dA2Qfor

eachmode were comparedand found to be different,the greaterefficiencybeing

found at the congestedstate. A Stokesnumber for eachmode was calculatedfor

the flow rate used, and when the three curves were replottedvs. Stokesnumber,

the data were found to fallon a singleefficiencycurve. These studiessuggest

that at a single flow rate, dimensionalchanges can be accountedfor with a

Stokes number, employing the theory of impactor used for filters and cascade

impactors.

Propos.edStudies

A proposalfor an additionalthreeyear periodis beingsubmittedwith this

report, lt enlargesthe activityof the researchproposalwith the continuation

of model studies being augmented by adult human volunteer studies for

confirmationof observationreported in replicatemodels.

The focus of the proposedstudiesis the variabilityof NOPL depositionin

humans,with the objectiveof providinga basis for a populationwide dosimetry

model. For this purpose, models and adult human subjectsrepresentinga wide

varietyof nasal dimensionsand configurationswill be soughtto determineunder

a variety of breathingconditionshow variable the penetrationof unattached,

attached, and inertial particles is in the adult and child population.

Additionally,the effect of dimensionaland configurationalchanges on local

depositionin the NOPL airwayswill be soughtto predictwhat fractionof aerosol

depositedin the NOPL airwaysis subjectto a particularretentionor clearance

mechanismand site.
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