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INTRODUCTION 

In trying to relate exposure to radioisotopes in aerosol form to 

possible health consequences, the cause and effect are coupled by tvx) 

black boxes. Usually the radioisotope and the potential health 

effects are identifiable and/or quantifiable, but the coupling 

factors, the exposure atmosphere and the biophysics, are black boxes. 

One of these black boxes is slowly being opened. Many 

investigators are studying models of biophysics of inhaled radioactive 

aerosols and models of mechanics of radiation carcinogensis. Although 

models are crude, many aspects of the deposition and clearance of 

aerosols, distribution of the absorbed dose and the resultant tissue 

response are becoming clear, both for human and for animal models. As 

cells of origin for tumor induction (perhaps Kultschitziky type cells 

for oat cell carcinomas, type II alveolar cells for bronchiolo-

alveolar carcinomas) are established for all respiratory tumors, the 

models can be refined to incorporate this information into a 

comprehensive, comprehensible outline of tumor production. 

However, the black box of exposure atmosphere characteristics has 

not been opened yet. The concentration of a radioisotope in the 

atmosphere, in activity per unit volume, is often considered 

sufficient information to estimate the consequences of exposure. 

However, mechanisms of radiation carcinogenesis are not included in 

the biophysic models and probably will remain as a black box for some 
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time to come. While numerical values may be assigned arbitrarily to 

parameters characterizing the exposure atmosphere, this is a poor 

practice. It is essential that exposure studies characterize the 

exposure atmosphere so that assumptions in the deposition models can 

be adequately justified by experimental data. 

Atmospheric Characteristies of Importance 

The atmospheric characteristics of importance include: 

1. Air concentration of radioisotope, 

a) daughter chains, if any 

2. Concentration of aerosol particles of respirable size. 

a) aerosol size spectrum. 

b) aerosol chemical characterization. 

3. Distribution of free and attached ions in the aerosol. 

4. Relative humidity or degree of water saturation of the 

ambient atmosphere. 

5. Relative rate of movement of the ambient atmosphere. 

a) wind speed and direction. 

b) ventilation turnover rate in a structure. 

6. Temporal pattern of changes durinal and seasonal variations 

in the ambient atmosphere; barometer pressure, temperature, etc. 

While characterization of the atmopshere is of primary importance 

for 220Rn and ^^^Rn evaluation, it is probably also of importance for 

recoil and spallation nuclei of other radioisotopes and is of some 

interest in all radioactive aerosol models. 

The air concentration of radionuclide is usually given in mass 

per unit volxime of air or activity per unit volume. This value is a 
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prime requirement for using biophysical models to estimate health 

consequences. However, the data is often only for an instantaneous 

(grab) sample of the atmosphere or the integration of unknown 

magnitude fluctuations in the ambient atmosphere. Often a single 

sample is the only data on which an estimate of health consequences 

for lifetime exposure to the atmosphere can be based. 

The case of radon isotopes is futher complicated by the daughter 

chains since the daughter concentrations are related to, but not 

necessarily in equilibrium with radon; e.g., the working level is a 

rather imprecise quantity. Although either radon alone or radon with 

various concentrations of daughter isotopes have been shown to induce 

lung cancer in animals (1), human data is based primarily on mine 

atmosphere exposure (2) . When mine atmospheres are characterized for 

radon and radon daughter concentrations most are grab samples 

(3,4,5,6). Thus, they cannot show either average radon and radon 

daughter concentrations or maximum and minimum excursions at the 

sampling site. Also, many general atmospheric studies of radon have 

utilized grab samples (7) although some have utilized multiple or 

continuous sampling and have included partial characterization of the 

ambient atmosphere (8,9,10). Enough samples to characterize 

variations in radon and radon daughter concentrations is essential to 

developing a reasonable model. 

The concentration of respirable aerosol particles is also a 

parameter of prime interest in health consequence models. Numbers and 

sizes of particles are of particular importance for radon dosimetry. 

Bricard and Pradel (11) reported that about 80% of natural aerosol 
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radioactivity was associated with particles less than 0.1 u diam, and 

the size distribution of rhe condensation nuclei followed a Junge 

(particle number concentration) distribution. Raabe (4) analyzed 

natural aerosols and also found the distribution of radon daughter 

activity to follow a Junge distribution. He calculated that across a 

number of different aerosol particle concentrations, 70-95% of the 

radioactivity would be associated with particles less than 0.2 u diam. 

and more than 90% would be associated with particles 0.6 u or less in 

diam. George, et al. (12) found that in mine atmopsheres the radon 

daughter activity was associated with aerosol particles less than 

0.34 u in diameter. Since the activity distribution of natural 

radioactivity in aerosols is directly related to the aerosol particle 

concentration and size distribution, characterization of exposure 

atmospheres for these parameters would greatly aid the biophysical 

modeling process. 

In addition, the aerosol should be chemically characterized at 

least to the extent of whether the aerosol particles are hygroscopic 

or not (13,14). Hygroscopic chemical particles and condensation 

nuclei will increase in size as humidity increases. Since the 

relative humidity of the respiratory tract is 99.5% (13, 15) a change 

in particle size within the respiratory tract should be expected. 

Dautrebande and Walkenhorst (16) showed the effect of humidity, 

comparing dry NaCl with coal dust and NaCl-water droplets with coal 

dust. The NaCl-water droplet (in equilibrium with 99.3% relative 

humidity) would be 343 times the volume of a dry NaCl parent particle. 

A factor of seven apparent increase in particle size would correct the 
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dry NaCl deposition curve so that it would be comparable to that of 

respired NaCl aerosols (15). If an aerosol is hygroscopic it is 

important to know that fact in developing an adequate deposition 

model. 

The distribution of free and attached ions in an aerosol is 

important since free ions are more likely to be preferentially 

deposited in the nose than are attached ions or neutral particles 

(5,13,14) . For equilibrium times that are large (>100 min) and in the 

absence of winds or air currents that redistribute daughter ions, the 

ratio of attached to free ions is independent of the radon 

concentration (4,11). The ratio of attached to free ions is a 

function of aerosol particle concentration and size distribution 

(4,6,11). Mercer (6) has suggested that fe* calculations are 

unnecessary since both attached and free ion values can be calculated 

directly if the atmosphere is adequately characterized. This has been 

fairly well confirmed by the observations of George, et al (12) . 

Although the free daughter fraction was initially considered to 

deliver all but a small fraction of the dose to bronchi (17), the ICRP 

Task Group on Lung Dynamics pointed out conflicting data and stated; 

"Thus the importance of free ions is disputed; neither the 

concentrations occurring nor their deposition tendencies has been 

established" (18). In either case, George and Breslin (5) showed that 

the nasal trapping of free radon daughters was 5 to 12 times as 

efficient as trapping of attached radon daughters. Bricard and Pradel 

(11) calculated that ionic equilibrium in a natural aerosol would be 

almost reached and for Radium A the ionic distribution would be about 

fa is the fraction of the equilibrium amount of radon daughters 
which are not attached to particles. 
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74.1% large neutral particles, 18.5% large positive ions and 7.4% 

large negative ions and about 90% of the atoms of Radium A will be 

attached. 

The relative humidity of the ambient atmosphere is of importance 

in comparing two exposure atmospheres. George, et al. (12) and George 

and Breslin (5) have shown that particle size approximately doubles as 

relative humidity increases from about 50% to 100%. The size of the 

aerosol particles and the relative humidity of the exposure atmosphere 

will also influence the growth of the particles when they encounter 

the 99.5% relative humidity atmosphere of the respiratory tract, 

influencing deposition patterns. 

The relative rate of movement of the ambient atmosphere, whether 

due to wind velocity, air exchange in caves or structures, or forced 

ventilation in structures, is a consideration in assessing exposure 

atmospheres containing radon and radon daughters. Since the 

attachment coefficient of ions and the mobility coefficient of 

particles are characteristics of the aerosol components they do not 

change with motion of the atmosphere. However, since the length of 

time ions or particles have in which to react locally with the ambient 

atmosphere is related to the rate at which they are moved through the 

area, the relative rate of movement will affect local concentrations 

of daughter products and free or attached ions, and equilibrium 

conditions will not obtain (4,19,20,21). 

In the case of caves and structures, air flow (air exchange 

between outside and inside) will influence radon aerosol 

concentrations on the interior (22). In addition, external air 
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movement has an influence on the rate of internal-external air 

exchange in structures, especially those that do not have forced air 

ventilation (10). Forced air ventilation usually keeps the 

concentration of radon and daughter products within a structure closer 

to that of the outside air than would occur without the forced 

ventilation (9,10). Filtering the air will reduce the concentration 

of each radon daughter and the attached versus free ion ratios, so, a 

description of a sampling point within a structure with forced air 

ventilation should indicate the amount of makeup air, the number of 

air changes and if the air is recycled through a filteration system to 

supply that point in the structure (9). 

Other meteorological variables, and their temporal patterns (both 

durinal and seasonal variations), considered important are: 

a) Barometric pressure: As barometric pressure decreases more 

radon diffuses from materials and the air concentration increases 

(10). 

b) Temperature: As temperature increases radon concentration 

increases, both inside and out, although changes are not necessarily 

in step temporally. This is possibly a reflection of some other 

parameter such as drying of soil or relative humidity. 

c) Rain or snow: Both rain and snow cause a washout of radon 

daughter products from the atmosphere (10,19,21,23). In addition, 

Wilkening, et al. (24) showed radon and daughter ions disappear 

almost completely at ground level under an electrical storm due to 

an upward migration of the ions in the strong electric field 

associated with the storm. 
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All meteorologic parameters of the atmosphere exhibit both 

durinal and seasonal variations. Any investigator who has measured 

more than one sample a day or has repeatedly sampled at different 

times of the year can attest to that. In addition, the range of 

diurnal variation is about three times greater in the summer than in 

the winter (23). Grab samples or other single samples provide very 

little information unless atmospheric characteristics are also 

determined. Long term health consequences modeling would be improved 

if diurnal and seasonal variations could be considered in the 

assessment. 

Even if detailed measurements of the characteristics of the 

exposure atmospheric are not made, some descriptive observations vrould 

be helpful. For example: 

1. Is the sampling location a place where people smoke or are 

smoking? Lefcoe and Inculet (25) indicated that smoke from one 

cigarette could increase the concentration of aerosol particles 

smaller than 0.3u in a room by a factor of 50 to 100. Other types of 

activity or equipment that increase or decrease aerosol concentrations 

should also be mentioned. 

2. What is the ventilation rate at the sampling location? 

Structures range from tightly closed to well ventilated and this 

should be indicated. If the sample is taken in a relatively stagnant 

area in a well ventilated structure or if the sample is taken in a 

room which has a special air supply this should also be mentioned. 

The height above ground of the sampling station as well as the 

presence of any activity in the area which might influence ambient 
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aerosols should also be considered, e.g., excavating, blasting, smog 

or inversion conditions. 

While a description of the exposure atmosphere and locality is 

not as complete as numerical characterizations, it will allow a more 

reasonable interpretation of health consequences that if no data is 

available beyond the air concentration of radioisotopes. 

CONCLUSIONS 

Incomplete characterization of the exposure atmosphere, both for 

aerosol and meteorologic variables, has hampered development of 

adequate health consequences models. The "black box" characterization 

of the exposure atmosphere should be opened. Minimum characterization 

should include: 

1. air concentration of radioisotope and daughters; 

2. air concentration of ambient aerosol particles and a complete 

size spectrum from 0,005 to lOu diameter; 

3. aerosol particle density and hygroscopic properties; 

4. atmospheric characteristics; barometric pressure, relative 

humidity, air temperature, at a minimum (local wind speeds and 

precipitation data should also be available); and 

5. ventilation and/or air exchange rates in structures or caves. 

If possible, diurnal and seasonal variations should be included. 

With a more complete characterization of the exposure atmosphere, 

it should be possible to reconcile some discrepancies in health 

effects data and establish more adequate models of health 

consequences, 
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