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I nt rO d u Ct I O n Monodisperse (GSD < 1.22) DEHS aerosols ranging in diameter between _ | "

3.5 to 5.5 um were produced by a condensation aerosol generator % | i

Knowledge of regional aerosol deposition in the lungs is (Model 3475, Topas, Dresden, Germany). Aerosol size was monitored ‘% :2 ) O
important in evaluating the efficacy of inhaled drugs and in using an aerodynamic particle sizer (Model 3321, TSI Inc., MN, USA). % | -
investigating the health risks of inhaled particulate matter. Aerosol and make-up air were drawn by vacuum through airway replicas g 25l = = 5 _
For adults, quantitative studies measuring aerosol deposition positioned in an exposure chamber. For adult replicas, steady flow rates ;ﬁ 15 & El'j - i i :
in airway casts, or replicas based on medical images, have of 60 I/min and 90 I/min were used. For child replicas, flow rate was E 10 - . O ;}F . :
resulted in empirical correlations that are used in engineering adjusted between 4.8 and 9.3 I/min to match expected mean inspiratory 5+ *D}FL i : i
models to predict deposition in upper and tracheo-bronchial flow rate during tidal breathing at rest for each subject. pe T T
airways. Aerosol deposition was determined by gravimetry using a calibrated Particle Stokes number (Stk = 2p_ ':I CQ/8muD; . )

analytical balance to weigh replicas and all downstream filters before

For children, similar studies that would allow general, Figure 6. Comparison of central conducting airway

and after each experimental run.

guantitative, generation-by-generation prediction of pediatric deposition measured in the adult and child replicas

airway deposition are lacking in the tracheo-bronchial region. olotted vs. the Stokes number in the trachea. Each

The present work was conducted to explore the extension of . Figure 2. Experimental experimental data point is the average of three runs.
set-up used to measure

an adult correlation? to predict deposition measured in central
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M a te ri a I S & M et h O d S Empirical Correlation:

Generational deposition in adult and child replicas was predicted using

0 <)
. o the Chan and Lippmann correlation®: n; = 1. 6065tk + 0.0023, where 10 mpaction parameter Q (. Limin) 10
Airway Replicas: Stk is the particle Stokes number based on mean generational diameter. ]
This StUd]}' \;1vas approved tzcy t|r|;e Health Research Ethics Board Total deposition in each replica was then determined as: Figure 7. Central conducting airway deposition in the
HREB) of the University ot Alberta.
( ) Y 3 idealized and realistic child geometries plotted against the
Five adult and eleven child airway replicas were built based Niotal = 1 1_[ (1—mn) impaction parameter. Error bars indicate the standard

on segmentation of CT scans of subjects with health
5 J Y deviation of three replicates. Where error bars are not

airways3. ,
| | | - Idealized Geometry: visible for a data point, they are smaller than the data
Generational airway diameters are summarized in Tables 1 _ . _ _ _ . ,
and 2 as the average of equivalent circular cross-section An idealized 4-8 year old child central conducting airway geometry was point in question.
diameters evaluated at 2 mm increments along the length of designed by scaling the idealized adult geometry proposed by Zhang K /

and Finlay (2005)%
An isotropic scale factor was determined using the

each airway segment.

Chan and Lippmann correlation to match the average
Table 1. Summary of subject information and airway

Conclusions

. . total deposition in the 4-8 year old child replicas.
diameters of adult repllcas. Generation 0 (Gen.0) is the trachea, Gen.1 are the

main bronchi, Gen.2 are the lobar bronchi, and Gen.3 are the segmental bronchi. Diameters Figure 3 The idealized geometry Dimensions are

are presented as average (standard deviation) for each generation. k reported in Borojeni et al (2015)4 Aerosol deposition in pediatric central conducting airways,
G DF . m g Genomm | (Cenn(mm | Genzmm) | (Gend)mm) at least for generations 0-3, may be predicted using an
Yom P e pacon 1023 (268) 53 (227) 518 (023 existing Stokes number-based correlation developed for
55 3a F 159 68 1494 (2.67) 14 (2.15) 9.45 (1.65) 7.46 (0.8)

62 4a M 168 91 14.47 (2.09) 13.63 (2.5) 7.8 (1.04) 4.69 (1.04) . o .

80  Sa M 173 76 1613 (219) 1427 (2.3) 6.89 (2.27) 4.47 (1.87) adult dlrway depOSIthn.

The validity of a Stokes number-based correlation across

Table 2. Summary of subject information and airway age groups permitted design of a child idealized central

a0

diameters of child replicas. Table headings are the same as described S | Qodeas . _ conducting airway geometry as a scaled version of an
T 80 ASubject 4a Figure 4. Comparison of predicted . : :
above for Table 1. 5 _ |Dadlears existing adult idealized geometry.
_ _ — _ _ _ c 70 vs. measured conducting airway
Age Subject  Sex Height Weight Diameter (stdev) Diameter (stdev) Diameter (stdev) Diameter (stdev) E
e BF o T cesew e commm cenmm g (generation 0-3) deposition in Experiments confirmed that aerosol deposition in the
2 8c F 82 11 5.15(0.24) 4.03 (0.06) 3.89 (0.36) 2.89(0.73) -
4 10c F 99 16 7.15 (0.04) 4.7 (1.19) 348 (0.27) 2.2(0.23) o3 . . . . . . . .
14c  F 100 16 7.16 (0.15) 647 (2.77) 446 (0.69) 223 (0.76) 5 O adult replicas. Each data point is idealized child central conducting airway geometry was
5 2c M 17 229 7.05 (0.09) 6.03 (0.7) 6.00 (1.4) 4.35(191) ﬁ
X mom a0 yeoon 644 087 226 (o) 338(105) 5 h f th E consistent with the average deposition measured in 10
6 5c F 12 18 7:99(0:42) 5:36(1..14) 5.35(1..41) 3:55(]:00) g=] t e average O t ree runs' rror g p
6¢ F 18 215 85(0.3) 6.75(132) 594 (132) 2.9 (1.47) ﬁ L. . . I ti I f hld 4—8 |d
, ke romoa o aael eaen i oo - bars, ~where visible, indicate realistic replicas tor children 4-c years old.
8 11c M 1245 245 10.49 (0.95) 7.43 (2.26) 623 (1.42) 3.02 (0.35) — . .
§ standard deviation between runs.
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