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Newborn, juvenile, weanling and adult rats were exposed to aerosols of slCr-labeled micro

spheres with AMADs of 0.91, 1.4, 2.3, 3.4 and 4.4 ~m. Alveolar deposition was negligible in 
newborn rats for all particle sizes, and decreased to less than 6% at an AMAD of 2.3 ~m 

in juveniles and weanlings, and an AMAD of 3.4 ~m in adults. 

Previous studies of the deposition and 
translocation of inhaled plutonium in new
born and adult rats revealed that animal age 
and particle size markedly influenced aero
sol deposition, but not retention (Annual 
Report, 1976). Furthermore, while adult 
lung contained a wide range of particle 
sizes following exposure to an aerosol of a 
single AMAD distribution, newborn lung 
contained only the smaller particles of the 
size spectrum. Therefore, studies utilizing 
aerosols with more-specific, better-defined 
size ranges were initiated to determine the 
influence of the progressive development of 
the respiratory tree on deposition charac
teristics. 

Polystyrene, polyvinyl toluene, or styrene/ 
vinyl toluene microspheres with diameters of 
0.5, 1.1, 2.0, 2.8 and 4.3 ~m (Table 56) were 
labeled with 51Cr by emulsion polymerization 
of chromium acetyl acetone dissolved in a 
styrene monomer. Aqueous suspensions of the 
51Cr microspheres were nebulized and used to 
expose rats for 60 min. Groups of 50 newborn 
(less than 24 hr old), juvenile (13 days 
old), weanling (21 days old), and adult 
females were exposed to the 0.5-, 1.1- and 
2.0-~m microspheres; only adult rats were 
exposed to 2.8- and 4.3-~m particles. Six 
rats from each age group were killed imme
diately after exposure, at 2 and 6 hr, and 
at 1, 3, 7, 21 and 56 days after exposure. 

TABLE 56. Aerosol Properties 

Microsphere size, pm 

Aerosol Properties 0.481 1: 0.002 1.091 1: 0.008 2.020 1: 0.014 2.7701:0.14 4.330 1: 0.54 

neil£' 47.81:10.1 32.3 :t 6.25 18.7 :t 6.36 16.1 39.9 

AMAD, pm 0.91 1.42 2.34 3.40 4.36 

GSD 1.78 1.49 1.77 2.14 2.11 

MMD,pm 0.70 1.42 2.34 3.40 4.36 
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Tissue samples were analyzed for the 0.325-MeV 
gamma emission of 51Cr. Filter paper and 
cascade impactor samples were taken during 
exposure to determine aerosol concentrations 
and particle size distributions. To compen
sate for aerosol concentration differences 
among exposures (Table 1), all radioanalytical 
values were normalized for an exposure to an 
aerosol concentration of 40 nCi/£. 

Calculated values for alveolar deposition 
for each age group (Table 57) show the effects 
of age and microsphere size on alveolar 
deposition. Total deposition values, based 
on radioanalytical results for material 
balance (Figure 49), suggest that the aerosol 
concentrations may have been underestimated 
for the larger particle sizes. We have used 
these tentative values for adjustment of 
aerosol concentrations to 40 nCi/£ in order 
to facilitate age comparisons; more-precise 
values are being determined. Total deposited 
activities were significantly different for 
all ages and microsphere sizes, except for 
juvenile and weanling animals exposed to 
2.3-vm particles. Deposition in adults 
increased with increasing AMAD; values in 
newborns and juveniles were constant; and 
deposition in weanlings showed a significant 
peak wit~ microspheres of 1.1 vm. Partition 
of this deposited activity among the lung, 
gastrointestinal tract, and the head (which 
includes the nasopharnyx and mouth) is shown 

in Figure 50. Lung values for all ages 
decreased following exposure to increasing 
microsphere size. Correspondingly, at these 
larger microsphere sizes, the activity in 
the gastrointestinal tract increased in 
adult and weanling rats, but showed an 
apparent (but not significant) decrease in 
the younger age groups. Percentages of 51Cr 
activity in the head were extremely variable, 
so that temporal changes within each age 
group were not significant. However, a 
larger fraction of the deposited particles 
appeared in the heads of newborn and juvenile 
rats. 

Lung deposition was decreased to less 
than 5% of the total body burden when adults 
were exposed to microspheres greater than 
3 vm in size, or when weanling and juvenile 
rats were exposed to microspheres larger 
than 2 vm. Since lung deposition in newborn 
animals was extremely low, even at an AMAD 
of 0.9 vm, studies utilizing 0.2-vm micro
spheres have been initiated. 

Preliminary evaluations of retention data 
for the 0.9-, 1.4- and 2.3-vm microspheres 
indicated that the adults retained 25-35% 
of the deposited particles, while only 
10-15% of the 1.4- and 2.3-vm particles 
remained in weanling and juvenile lungs 
after 8 wk. 

TABLE 57. Respiratory and Alveolar Deposition Values for Rats of 
Different Ages (X ± s.E.) 

Adult Weanling Juvenile Newborn 

Body Weight, g 273 ± 3.6 43.7 ± 1.8 31.8:!: 0.9 7.09 :!: 0.20 

Minute Volume, cc/min(a) 144 ± 5.5 35.7 :!: 3.4 28.1 :t 1.9 9.12:!: 0.63 

Inhaled Activity, nCi(bj 346:!: 13.2 85.7 :!: 8.2 67.4 :!: 4.6 21.9:!: 2.98 

Alveolar Deposition, % 
AMAD: 0.9 ~m 17.6:!: 2.9 12.6:!: 4.8 7.59 ± 2.5 0.14 ± 0.07 

1.4 11.7 ± 1.5 20.2 ± 2.8 8.34 :!: 2.6 0.75 :!: 0.68 
2.3 11.9:!: 3.3 0.39:!: 0.1 2.76 :!: 1.5 0.76 :!: 0.56 
3.4 4.48 ± 1.0 
4.4 2.75 :!: 0.3 

(a) Minute volume = 2.10 (Body weight)0.75 
(b) Inhaled activity = minute volume x 60-minute exposure x 40 nCi/R, aerosol concentration 
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FIGURE 49. Total Deposited Activity in Rats Affer Exposure to 
51Cr-Labeled Microspheres of Different AMADs. 
(Mean values are adjusted to an aerosol concentration of 40 nCil Q. .J 
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FIGURE 50. Distribution of Deposited 51Cr-Labeled Microspheres 
in Adult, Weanling, Juvenile and Newborn Rats. 
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