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INTRODUCTION 

Robert F. Phalen 

Community and Environmental Medicine 
University of California, Irvine, California 

Pulmonary dosimetry models provide quantitative information on the 
locations and amou nts of deposition of inhaled toxins, both gaseous and 
particulate. T he specification of location may be qu ite broad, as in an 
entire region (head, tracheobronchial airways, or parenchyma), or very 
specific, for example with in each of t he many generations of the tracheo
bronchial tree. The uses for such information include proper selection of 
laboratory animal species in toxicologic studies, refined interpretation 
of laborato ry animal toxicologic data, and prediction of potential si tes 
of high local-injury from inhaled materials. Further, dosimetry models 
tend to identify the roles of relevant factors in potential lung in jury. Such 
relevant facto rs may be physical-chemical (particle size, gas water solu
bility, etc.), physiologic (air flow patterns, mucus characteristics, etc.), 
or anatomical (airway dimensions, branch angles, etc.). 

Predictive dosimetry models are of two major types, theoretical and 
empirical. In both types, the ultimate requirements for acceptability are 
the same; they must be realistic, must be validated, and must be of use 
in predicting what would occur in unexamined circumstances. Theoretical 
dosimetry models are constructs which usually begin with simplifications 
of the real world. Such simplifications occur in the selection of equations 
describing movement of gases and particles toward airway walls, use of 
manageable airflow descriptions, and incorporation of anatomical geome
tries that represent averages of actual lu ng morphology. Such models are 
later made more sophisticated by the incorporation of additional com
plexities. 

Empirical modeling usually involves analysis of dosimetric data ob
tained in constructed hollow models, or less often in actual lungs, which 
have been exposed to airborne material under conditions simulating 
breathing. The analysis of such data permits development of mathematical 
relationships that describe the distribution of material deposited. Such 
relationships are then used to predict deposition patterns in unstudied 
circumstances. In addition to their value for predic ting dose patterns, the 
equations that result from theoretical and empirical models can shed light 
on the mechanisms which control such dose patterns. Knowledge regarding 
mechanism is a fuel which fires scientific inquiry, stimulating the design 
of future studies. 
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Deposition studies using hollow airway models are used to study airflow 
patterns and deposition sites of airborne particles. Such model studies 
have led to recognition of secondary airflows within the bronchial tree, 
the function of the larynx in modifying airflow, and to a better under
standing of the detailed deposition patterns for particles. Representative 
publications in this area include those by Schroter and Sudlow {1969), 
Olson et al. (1970), Martin· and Jacobi (1972), Bell and Friedlander (1973), 
and Schlesinger et al. (1982). 

Validation of any model, theoretical or empirical, is essential to its 
utility and acceptance by scientists. Validation is a relative term because 
no model provides an exact descriptiqn of the great variety of structure 
and situations that occur in the real world. What is a sufficient validation 
for one purpose may be insufficient for another. Validation procedures 
are often more extensive for theoretical models than for empirical ones, 
and can include testing the predictions in simplified airway models, making 
airflow measurements in lung or lung-like structures, and performing 
morphometric measurements · on airways. Validation must however 
eventually include comparison of predicted phenomena with those which 
occur in living subjects. 

The papers presented in this part are examples of current research 
related to pulmonary dosimetry. The papers by Gehr (1984) and Leith 
(1984) do not present dosimetric models per se, but rather describe quanti
tative approaches for generating useful basic anatomical information and 
air flow information, respectively. In both papers, comparative mammalian 
biology is stressed. Such a comparative approach is an essential ingredient 
for the work of extrapolating data acquired in one species to another species. 

Because this topic covers a great deal of ground, many similar modeling
oriented anatomical efforts are not included. Among them are the detailed 
quantitative measurements by Jay Schreider and Otto Raabe on the 
mammalian nasal cavity and on the res·piratory acinus (Schreider and Raabe, 
1981a, 1981b), and on mammalian tracheobronchial airways published by 
a variety of scientists (Horsfield et al., 1971, 1982; Phalen et al., 1978; 
Weibel, 1963; Yeh and Schum, 1979, 1980; Klimet et al., 1972). Several 
authors have also published information on comparative mammalian venti
lation (Guyton, 1947; Crosfill and Widdicombe, 1961; Boyd and Mangos, 
1981; Mauderly, 1974; and Likens and Mauderly, 1979). 

The paper on pulmonary dosimetry models by Overton (1984) is repre
sentative of recent theoretical dosimetry modeling efforts for inhaled gases. 
Additional gas (or very fine particle) deposition models have been described 
by others (Morgan and Frank, 1977; Miller et a l., 1978; Hofmann, 1982). 

Particle deposition models are not covered, but because of their long 
history and usefulness they should not be overlooked. Among these models 
many are quite detailed in their dose pattern predictions (Findeisen, 1935; 
Landahl, 1950; Morrow et al., 1966; Mercer, 1975; Yeh and Schum, 1980). 
The foregoing references are merely a small portion of those available. 
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It is difficult if not impossible to predict the future of scientific re
search efforts as this future is influenced by the availability of scientific 
expertise, availability and targeting of research monies, and the ever
changing status of knowledge. Nevertheless, several potentially fruitful 
research problems are identified. Among them are the following: 

1. Additional morphometric information (of the type used as input to 
theoretical models) is needed on the nasal, tracheobronch ial, and 
parenchymal airways of various mammalian species. 

2. The nature of growth of the airways (particularly the human) should 
be quantitatively defined. 

3. Gas dosimetry models require additional validation and sophistication. 
(For examples, see nos. 4-9 below.) 

4. Measurements of gas uptake in whole animals (human and non-human) 
should be performed and compared to theoretical predictions. 

5. Hollow models should be used to study airflow and gas uptake phe-
nomena. 

6. Gas uptake models for the nose are in need of further development. 
7. Models are needed for the dosimetry of mixtures of gases and particles. 
8. The nature of airflow in small airways (terminal bronchioles, respiratory 

bronchioles, alveolar ducts, and alveolar sacs) must be better defined. 
9. The characteristics of normal airway mucus (with respect to dissolution 

and reaction chemistry) require better definition. 
10. Individual variations of dose within a species are important for future 

research. 
11. The persistence of deposited material, gaseous and particulate, in the 

respiratory tract warrants further study. 
12. Alterations in dose and dose patterns during exercise require additional 

attention. 
13. Abnormal situations such as occur in various disease states should be 

modeled. · 
14. Doses to specific cell-types within the respiratory tract should be given 

more attention. . 
15. Differences between males and females with respect to dosimetry of 

inhaled materials are potentially important. 

REFERENCES 
Bell, K. A. and Friedlander, S. K. 1973. Aerosol deposltion in models of a human lung bifurcation. 

Staub-Reinholt. Luft. 33: 178-182. 
Boyd, R. L. and Mangos, ). A. 1981. Pulmonary mechanics of the normal ferret. j. App/. Phys/of.: 

Respfr. Environ. Exercise Phys/of. 50:799-804. 
Crosfill, M. L. and Widdicombe, J. G. 1961. Physical characteristics of the chest and lungs and the 

work of breathing in different mammalian species. j . Physiol. (Lond.) 158:1-14. 
Findelsen, W. 1935. Uber das Absetzen klelner in der Luft suspendierter Tielchen In der menschlichen 

Lunge bei der Atmung. Arch. Gos Physiol. 26:367-379. 



234(54] R. F. PHALEN 

Gehr, P. 1984. Respiratory tract structure and function. j. Toxicol. Environ. Health 13:235-249. 
Guyton, A. C. 1947. Analysis of respiratory patterns in laboratory animals. Am. /. Physiol. 

150:78-83. 
Hofmann, W. 1982. Dose calculations for the respiratory tract from Inhaled natural radioactive 

nuclides as a function of age. Health Phys. 43: 31-44. 
HorsOeld, K., Dart, G., Olson, D. £., Filley, G., and Curmning, G. 1971. Models of the human 

bronchial tree. j. App/. Physiol. 31 :207-217. 
Horsfield, K., Kemp, W., and Phillips, S. 1982. An asymmetrical model of the airways of the dog 

lung./. Appl. Phys/of.: Resp/r. Environ. Exercise Phys/ol. 52:21-26. 
Klimet, V., Libich, ]., and Kaudersova, V. 1972. Geometry of guinea pig respiratory tract and appli· 

cation of Landahl's model of deposition of aerosol particles. }. Hyg. Ep/demlol. Mlcroblol. 
Jmmunol. 16:107-114. 

Landahl, H. D. 1950. On the removal of airborne droplets by the human respiratory tract. I. The 
lung. Bull. Moth. Biophys. 12:43-56. 

Likens, S. A. and Mauderly, J. L. 1979. Respiratory measurements In small laboratory mammals: 
A literature review, Inhalation Toxicology Research Institute Report LF-68. Available from the 
National Technical Information Service, Springfield, Va. 

Martin, D. and Jacobi, W. 1972. Diffusion deposition of small-sized particles in the bronchial tree. 
Health Phys. 23:23-29. 

Mauderly, ). L. 1974. Evaluation of the grade pony as a pulmonary function model. Am.: }. Vet. 
Res. 35:1025-1029. 

Mercer, T. T. 1975. The deposition model of the task group on lung dynamics: A comparison with 
recent experimental data. Health Phys. 29:673-680. 

Miller, F. J., Menzel, D. B., and Coffin, D. L. 1978. Similarity between man and laboratory animals 
in regional pulmonary deposition of ozone. Environ. Res. 17: 84-101. 

Morgan, M. S. and Frank, R. 1977. Uptake of pollutant gases by the respiratory system. In Res
piratory Defense Mechanisms, Part I, eds. J. D. Brain, D. E. Proctor, and L. Reid, pp. 157-189. 
New York: Marcel Dekker. 

Leith, D. E. 1984. Mass transportation in mammalian lungs: Comparative physiology./. Tox/col. 
Environ. Health 13:251-271. 

Morrow, P. E., Bates, D. V., Fish, B. R., Hatch, T . E., and Mercer, T. T. 1966. Deposition and reten
tion models for internal dosimetry of the human respiratory tract. Health Phys. 12: 173-207. 

Olson, D. E., Dart , G. A., and Filley, G. F. 1970. Pressure drop and fluid flow regime of air inspired 
Into the human lung.}. Appl. Physiol. 28:482-494. 

Overton, Jr., J. H. 1984. Physicochemical processes and the formulation of dosimetry models./. 
Toxlco/. Environ. Health 13:273-294. 

Phalen, R. F., Yeh, H. C., Schum, G. M., and Raabe, 0. G. 1978. Appllcation of an Idealized model 
to morphometry of the mammalian tracheobronchial tree. A not. Rec. 190:167-176. 

Schlesinger, R. B., Gurman, J. L., and Lippmann, M. 1982. Particle deposition within bronchial 
airways: Comparisons using constant and cyclic inspiratory flows. Ann. Occup. Hyg. 26:47-64. 

Schreider, J. P. and Hutchens, J. 0. 1979. Particle deposition In the guinea pig respiartory tract./. 
Aerosol Sci. 10:599-607. 

Schreider, J. P. and Raabe, O. G. 1981a. Anatomy of the nasal-pharyngeal airway of experimental 
animals.Anar. Rec. 200:195-205. 

Schreider, J. P. and Raabe, 0. G. 1981b. Structure of the human respiratory acinus. Am. j. Anot. 
, 62: 221-232. 

Schroter, R. C. and Sudlow, M. F. 1969. Flow patterns in models of the human bronchial airways. 
Resplr. Physlol. 7:341 -355. 

Weibel , E. R. 1963. Morphometry of the Human Lung. New York: Academic Press. 
Yeh, H. C., Schum, G. M., and Duggan, M. T. 1979. Anatomic models of the tracheobronchial and 

pulmonary regions of the rat. Anat. Rec. 195:483-492. 
Yeh, H. C. and Schum, G. M. 1980. Models of human lung airways and their application to inhaled 

particle deposition. Bull. Moth. Biol. 42:461-480. · 




