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DEPOSITION OF ULTRAFINE AEROSOLS IN F344/N RAT NASAL CASTS
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molds (models) were prepared from replica casts of the nasal passages of 344IN rats, using clear

casting plastic. Total deposition of ultrafine aerosols In these casts was then determined using

a unidirectional flow system. Measured pressure drops in the casts were a function of flow rate

to the power of 14-1.6, indicating that the flow through the nasal passage was not laminar.

Deposition data were obtained from these casts, using monodisperse sodium chloride aerosols with

particle size ranging from 02 to 0.005 p, at inspiratory and expiratory flow rates of 200 to 600

cclmin. Similar deposition data were obtained for the three casts studied. The deposition

efficiency was greatest for the smallest particles, and decreased with Increasing particle size

and flow rate, Indicating that diffusion was the dominant mechanism for deposition. At an

inspiratory flow rate of 400 cclmin, which is comparable to a respiratory minute volume of 200

cclmin for mature male F344IN rats, deposition efficiencies reached 40 and 70% for 0.01 and 0.005

pm particles, respectively. Turbulent diffusion was considered to be the dominant mechanism for

deposition of ultrafine particles In the nasal passage. This information is important for

understanding the toxicity and carcinogenicity of submicrometer particles, including diesel soot,

radon progeny and vapors.

Laboratory animals are used in inhalation toxicology studies of inhaled particles and vapors,

with the ultimate goal of extrapolating the results to humans. To apply these results to human

risk assessment, however, it is essential to consider differences in regional deposition

patterns. Various species exposed to the same aerosol may not receive identical doses in

comparable regions of the respiratory tract; thus it is essential to know the deposition patterns

in different animal species. The respiratory tract is commonly divided into nasal pharyngeal

(head airway), tracheobronchial, and pulmonary regions. Aerosol deposition in these regions

depends mainly on the particle characteristics, respiratory flow rates, and airway morphology.

Summaries of regional deposition data for human, monkey, dog, guinea pig, rat and mouse have been

reported.1-4 Theoretical deposition models have also been reported for human, dog, and rat.5-8

Deposition efficiencies in the nasal region for all species were derived from experimental

data. Previous studies in nasal deposition on different species of rodents including mouse, rat,

hamster, and rabbit have emphasized the role of inertial deposition as the dominant mechanism for

removal of particles whose aerodynamic diameters exceed 02 pm.2,3 However, a recent study at the

Institute on ultrafine aerosol deposition in a human nasal cast shows the importance of

diffusional deposition of ultrafine aerosols. The deposition efficiency increased with decreasing

particle size in the range of 02 to 0.005 um.9 No comparable data are available for laboratory

animals.

*Chemical Industry Institute of Toxicology, Research Triangle Park, NC.

67



The purpose of this study was to determine the total deposition efficiency of ultrafine

aerosols in F344/N rat nasal casts. Monodisperse particles in the size range of 0.005 to 02 m

were used. The result was compared directly with results previously obtained in human nasal casts.

MATERIALS AND METHODS

Three clear, polyester resin casts of the upper airways of adult male F344/N rats were made at

Chemical Industry Institute of Toxicology (Research Triangle Park, NC). Two molds (Cl and C2)

included the nasal turbinates, pharynx, and larynx (Fig. 1); while a third mold (A) included only

the nasal turbinate region. The pressure drop across the nasal airway between the entrance and

the trachea was measured by an inclined manometer at constant flow rates between 200 and 800

mUmin.

The experimental method has been reported elsewhere.1 Briefly, monodisperse NaCl aerosols,

ranging from 0.005 to 02 pm, were used in the study. The aerosol was generated by evaporation,

rapid condensation, and mobility classification, and was passed through a diffusion dryer,

resulting in the measured relative humidity of to 5%. The charged monodisperse aerosol was

neutralized in a 85Kr discharger. Antistatic spray was applied to the nasal cast to minimize the

potential effect of increased deposition due to electrostatic charges. Aerosol concentrations in

the inlet and outlet of the cast were measured by using a continuous flow condensation nucleus

counter (CNQ (Model 3020, TSI, St. Paul, MN). The deposition efficiency was calculated by = 

- Cout/Cin. Three sets of data were taken for each condition. The tested flow rates were between

200 and 600 mUmin, corresponding to minute volumes of 100 to 300 mL. Both inspiratory and

expiratory modes were used for the deposition study.

Figure 1. Photograph of F344/N rat nasal casts used in the study.
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RESULTS AND DISCUSSION

Flow Resistance

Figure 2 shows the measured pressure drop across three nasal casts for both inspiratory and

expiratory flow as a function of flow rate. The pressure drop AP (in pascal) in the nasal cast

can be expressed as a function of flow rate. Q (in mUmin):

AP a Qb.
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Table lists values of a and b for three rat casts. The pressure drop was not linearly

related to the flow rate (b > suggesting that the flow in the rat nasal passage was turbulent,

similar to the nasal flow previously reported in the human nasal cast.9 Slightly higher pressure

drops (5 to 10% higher), were measured for the expiratory flows in all casts, suggesting that the

expiratory flow patterns were somewhat different from the inspiratory flow patterns.

Table I

Values of Fitted Constant for Pressure Drop and Flow Relationship

Cast Breathing Mode a b

A Inspiration 0.000257 1.45

A Expiration 0.000125 1.52

Cl Inspiration 0.000171 1.51

C1 Expiration 0.000119 1.55

C2 Inspiration 0.000482 1.36

C2 Expiration 0.0000662 1.52

aAp (Pa) a Qb(L/min)

Deposition Efficienc

Figure 3 shows aerosol deposition efficiencies plotted as a function of particle size and flow

rate for inspiratory flow in the nasal cast Cl. lhe deposition efficiency icreased with
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decreasing particle size and flow rate for particles between 0.005 Pm and 02 Pm. Figure 4 shows

that particle deposition for the inspiratory flow was higher than for the expiratory flow.

Figures and 6 compare nasal deposition data obtained for all 3 casts at 200 and 600 mUmin

inspiratory and expiratory flow. Our data indicated that deposition for ultrafine particles in 3

nasal casts are similar, even though cast A did not have the larynx section.

As compared to previous studies of ultrafine aerosol deposition in a human nasal cast,1,9 the

deposition efficiency in the rat cast is slightly higher 20 to 30%), for the same particle size.
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Figure 5. Comparison of aerosol deposition Figure 6 Comparison of aerosol deposition

efficiency in 3 rat nasal casts for efficiency in 3 rat casts for expiratory flow.

inspiratory flow.

The relationship between deposition efficiency and the flow rate and particle size is similar for

rat and human nasal casts, indicating that for ultrafine particles the dominant deposition

mechanism in the nasal airways is turbulent diffusions
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