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COMPARATIVE EVALUATION OF NOSE-ONLY VS. WHOLE-BODY INHALATION EXPOSURES FOR RATS

Abstract - Two types of rat exposure chambers,

nose-only and whole-body chambers, were evaluated PRINCIPAL INVESTIGATORS

simultaneously for the temporal and spatial distribu- H. C. Yeh

tion of the same test aerosols within the chambers, 11. B. Snipes

both with and without animals present. Results in- A. F. Eidson

dicated that both types of exposure chambers per- C. H. Hobbs

formed well, with coefficients of variation less than

10% for both temporal and spatial variations.

Although some performance studies have been reported for various designs of exposure

chambers'l-4 there are no direct comparisons of a nose-only chamber and a whole-body chamber

simultaneously using the same aerosol either with or without animals present. We conducted a

study to address the possible differences in exposure environment (aerosol size distribution and

concentration distribution) within the chamber volume and over time between these two kinds of

inhalation exposure systems. Two exposure atmospheres were used, each having aerosol mass

concentrations of about 0 mg/m3. The first exposure material was titanium dioxide (TiO2); the

second material was a respirable powder of Cu-Zn alloy.

METHODS

Twenty male and twenty female F344/N rats (17-wk old) from the Institute's colony were used.

Rats were housed individually in polycarbonate cages 20 cm H x 25 cm W x 45 cm L with filter

caps. Cages had hardwood chip bedding with food and water available ad libitum. Light was

provided on a 12 h daily cycle, temperature was maintained at 20-241C, and relative humidity was

30-50%. The rats were not conditioned to exposure systems prior to inhalation exposures to TiO2

or Cu-Zn alloy.

Aerosol Generation

The inhalation exposure systems included aerosol generation systems and animal exposure,

chambers. A Jet-O-Mizer model 0101-C65 (Fluids Energy Corp., Hatfield, PA) was used as the

generator for producing the powdered Cu-Zn alloy aerosol. The Jet-0-Mizer was equipped with an

AccuRate Model 300 screw-type feeder (AccuRate, Whitewater, WI). A Wright Dust Feeder was used to

produce the aerosols of TiO2. After aerosol exited the generator, it passed through an in-line

85Kr discharge tube to reduce the electrostatic charge on the particles to near Boltzmann charge

equilibrium. Before entering the exposure chambers, the aerosol was mixed with filtered air

saturated with water vapor to achieve a relative humidity of 30-50%.

Animal Exposure Chambers

Two 27-inch 69 cm) whole-body chambers5 and two 96-port nose-only chambers were used. The

flow rate through the whole-body chamber was about 120 L/min. The 96-port nose-only systems were

similar to the multipart systems described by Raabe et al.2 During nose-only exposure, each rat

was confined in a nose-only exposure tube with its nose projecting into one of the 96 ports of the

chamber. The flow rate was 40 L/min per chamber. Figure indicates the relationship of the

aerosol generation, delivery, and animal exposure systems.
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Figure 1. Schematic diagram of arrangement for aerosol generation, sampling, and animal exposures.

Aerosol Physical Characterization

Three types of aerosol samples were collected. Filter samples were collected for aerosol

concentration determination; Lovelace Multijet (LMJ) cascade impactors were used to collect

samples for aerosol size determination; and, point-to-plane electrostatic precipitator (ESP)

samples were collected for aerosol morphological evaluations. A RAM-Sib real-time aerosol monitor

(GCA Corporation, Bedford, MA) was used to continuously monitor the aerosol concentration, and as

a guide for making any necessary adjustments on the aerosol generation systems to maintain the

desired aerosol output during inhalation exposures.

Exposure Chamber Aerosol Distribution Evaluations

Without Animals Present

The following procedures were used to quantitate aerosol generator output and uniformity of

aerosol concentration within the exposure chambers for Cu-Zn alloy and TiO2 aerosols. Filter

samples were taken simultaneously at different sampling positions within both nose-only and

whole-body chambers3 and were weighed to determine the aerosol mass concentrations at those

sampling positions. For the whole-body exposure chambers, five simultaneous samples were taken at

locations close to the plane where the single layer of animals would be placed for exposure (see

Fig. 2). Sampling position number was used as the "reference point". Four samples were

collected per sampling point during each daily 4 h test run. The flow rate for each sampler was 4

L/min and the sampling duration was 40 min. The 60 filter samples taken per chamber during the

three-day test period were used to evaluate both the temporal and spatial concentration variations

in whole-body exposure chambers.3 In addition, LMJ impactor samples were taken at the beginning

and at the end of each test run for use in particle size determinations.

For the 96-port nose-only exposure chamber, 12 simultaneous filter samples were taken, six

from each side of the chamber. The pattern of sampling is indicated in Figure 3 Both sides of

the exposure chamber had the same identification scheme and were sampled at the same time.

Positions IIEVI served as reference points and were sampled for every run. An experiment consisted

of four "runs" for the nose-only system. Runs number and 3 included positions Al Hl , B4, E4,

G4, and D15; runs number 2 and 4 included positions 01 , B3, G3, E4, A6, and H6. Forty-minute

samples were collected with I L/min sampling flow rates. A total of 144 samples were collected

for each nose-only exposure chamber and were used for evaluation of spatial and temporal aerosol

distribution patterns. Impactor (LMJ) samples and ESP samples were also obtained for aerodynamic

size determination and morphological observations.
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With Animals Present

The experimental procedures were the same as described in the previous section, except that a

group of ten rats (five males; five females) was randomly placed in each of the four exposure

systems (Cu-Zn alloy and i2 aerosols; whole-body and nose-only exposure systems) for 4 to

determine if the presence of the rats would disturb the aerosol concentration, distribution, or

stability within the chambers.

The rats were randomly placed in the exposure chambers, except that for the 96-port nose-only

chamber, those ports assigned for the filter samples were not included in the randomization

procedure for assigning animals to exposure ports. There were 6 positions available for each

whole-body exposure system and 74 ports (excluding pre-assigned filter sampling ports) available

for each nose-only exposure system.

RESULTS AND DISCUSSION

Table 1 summarizes the temporal and spatial variations for the whole-body and nose-only

exposure chambers for Cu-Zn and TiO2 aerosols both with and without animals present. The temporal

and the spatial variations for the Cu-Zn alloy and TiO2 aerosols without animals present were less

than 10%. The average aerosol concentrations at various locations within the chambers are shown

in Figures 4 and for the case of Cu-Zn; similar results were obtained for the case of TiO2.

Again, the concentration distribution within the chambers was homogenous and a two-way analysis of

variance with two variables did not show any differences at the 95% confidence level. The aerosol

size distributions, as determined by the LMJ impactor samples, are listed in Table 2 The mass

median aerodynamic diameters (MMAD) of TiO2 aerosols were slightly smaller than the Cu-Zn

aerosols. However, except for the case of TiO2 in the nose-only exposure system, two-way analysis

of variance indicated that the MMADs were not statistically different (p > 0.05).

Table I also lists the temporal and spatial variation for the whole-body and nose-only

chambers for Cu-Zn alloy or TiO2 aerosols, with 10 rats present in each chamber. The temporal and

spatial variations for the Cu-Zn and TiO2 aerosols were less than 10%. However, location-to-

location variation was somewhat higher for the nose-only chamber. This may have been due to

random positioning of the animals, which could have disturbed the symmetry of the airflow within

the chamber. The average aerosol concentrations at various locations within the chambers are also

shown in Figures 4 and 5 for the case of Cu-Zn, and similar results were obtained for the case of

TiO2. The aerosol size distributions, as determined by the LMJ impactor samples during this phase

of study, are included in Table 2 Again, in general, the particle size distributions obtained

from both whole-body and nose-only chambers were similar. Statistically, there were no

significant differences (p > 0.05) in MMAD for these aerosols.

SUMMARY

For both test aerosols (TiO2 and Cu-Zn alloy), the coefficient of variation for temporal and

spatial variations was less than 10% for both types of exposure chamber. The size distribution

observed in this study indicated that the nose-only chamber could potentially have higher particle

loss in the transport lines due to lower flow rates (or higher transit times) as compared to the

whole-body chamber for the same aerosol. However, for the particle size of test aerosols used in

this study, the difference is relatively small.
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Table I

Aerosol Distribution With and Without Animals Present in Exposure

Chambers, Expressed as Mean Standard Deviation (Range) of the

Coefficient of Variation for Temporal Variation, and as the

Coefficient of Variation of Spatial Variation

Exposure Chamber Tpe

Whole-Body Nose-Only Whole-Body Nose-Only

Aerosol Measurement (With Animals) (With Animals) (Without Animals) (Without Animals)

Cu-Zn Temporal Variation 5.1 ± 20% 3.35 ± 27% 6.0% ± 19% 8.4 ± 29%

(2.2% to 71%) (0% to 8.8%) (3.9% to 8.0%) (3.3% to 13.0%)

Spatial Variation 1.6% 2.8% 4.9% 5.1%

Mean Concentration 103 mg/m3 100 mg/m3 99 g/m3 102 mg/m3

TiO2 Temporal Variation 4.0% ± 21% 7.4 ± .8% 3.9 ± .0% 5.2% ± 14%

(2.8% to 78%) (0.1% to 19.2%) (3.2% to 56%) (2.5% to 82%)

Spatial Variation 1.1% 5.4% 4.0% 3.0%

Mean Concentration 102 mg/m3 100 mg/m3 101 mg/m3 101 mg/m3
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Figure 4. Cu-Zn alloy aerosol concentrations
(mean ± SE) at sampling points in whole-body
exposure chamber with and without animals
present.

(94.5 � 2.7)a (97.3 ± 1.3 ),
(104 � 3.7)b (101 � .1)b

F �VARIATQy�

TEMPORAL: 6.0%a 5.1%b

SPATIAL: 4.9%a 1.6%b

F�thoutan,.�alspresent.
bigith )O animals present.

SIDE 1: SAMPLING LOCATIONS (Refer to Figure 3)

A B C D E F G

1 94.4 3.2a 94.3 * 4.4 96.3 .4.6
99.7 1.9b 102 * 4.2 96.0 t0.9

2

3 102 3.5 - - 108 1.9 -
103 1.2 104 *5.5

4 105 3.7 - - 95.8 t2.9 112 t3.0 -
103 0.9 99.8 *0.5 103 t3.2

5

6 99.4 ±2.7 103 t 3.2 97.2 t5.4
97.0 ±0.2 98.7 * 0.7 96.7 ±4.4

SIDE 2 SAMPLING LOCATIONS (Refer to Figure 3)

A B C D E F G H

1 105 4.4a 97.2 i 4.4 98.0 t3.7
102 2.6b 103 3.9 98.4 t0.5

2

3 93.1 2.0 - 110 4.5 -
102 0.0 104 4.2

4 102 1.9 - 103 3.7 108 4.1 -
102 6.4 97.0 2.7 97.4 0.0

5

6 105 1.9 107 1.4 103 * 4.7
I 103 4.0 94.9 1.6 101 ± 0.7

COEFFICIENT OF VARIATION:

TEMPORAL: 8.6%ac 8.2ad 3.(%bc 3.5%b.d

SPATIAL: 5.4% 4.91 2.9% 3.0%

aNithout animals present.
bwith 10 animals present.
CSide 1.
dSide 2.

Figure 5. Cu-Zn alloy aerosol concentrations (mean SE) at sampling points in 96-port exposure
chamber with and without animals present.
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Table 2

Aerosol Size Distributions Within Exposure Chambers

With and Without Animals Present

Exposure With Animals Present Without Animals Present

Aerosol Chamber MMADa vm) b MMADa v b

Cu-Zn Whole-body 1.11 ± 0.30c 3.26 0.14 1.42 ± 0.10c 3.20 0.05

Nose-only 1.14 ± 0.03c 3.30 0.02 1.27 ± 0.12c 3.36 0.14

TiO2 Whole-body 1.19 ± 0.26c 2.97 0.62 1.12 ± 0.15c 2.72 0.44

Nose-only 0.92 ± .Ogd 3.99 0.54 0.82 ± .05d 3.00 .030

aMass median aerodynamic diameter. Mean ± SE.

bGeometric standard deviation. Mean ± SE.

C > 0.05.

dO.Ol < p < 0.05.
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