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Opening Session Paper 

COMPARATIVE DOSIMETRY OF RADON 
IN MINES AND HOMES: AN OVERVIEW 

OF THE NAS REPORT 

by: Jonathan K. Samet, M.D. 
Deparcment of Medicin., 
and New Mexico Tumor Registry 
University of New Mexico Medical Center 
Albuquerque, NM 87131 

ABSTRACT 

'11le findings of the recent report by a National Academy of 
Sciences panel on radon dosim•try are reviewed. The committee was 
charged with compar1ng exposure-dose relations for the circumstances of 
exposures in mines and homes. 'n\e community £1.rst obtained data on the 
various parameters included in dosimetric lung models and then selocted 
values that it judged to be best supported by the available evidence. 
Oosimetric modeling was used to calculate the ratio of exposure to radon 
progeny to dose of alpha energy delivered to target cells for various 
scenarios. 'nle committee's modeling shows that exposure to radon 
progeny in home• d•livers a somewhat lower dose to target cells than 
exposure in mines; this pattern was found for infants, children, men, 
and women. 

The work described in this paper wa• noc funded by the U.S. 
Environmental Protection Agency and therefore the contents do not 
necessarily reflect the views of the Agency and no official endorsament 
should be inferred. 
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INTIODUCTION 

Radon, an inert 1••· 11 a naturally occurring decay product of 
radium•226, the fifth daughter of uraniwa-238. Radon decays with a 
half-11£• of 3.82 daya into a serie• of aolid, short·lived progeny: two 
of these progeny, polonium-218 and polonium-214, emit alpha particlaa. 
When radon progeny are inhaled and thea• alpha emisaions occur within 
the lunge, the cells lining the airwey• may be injured and damage to the 
genetic material 0£ th• calla may lead to the ~velopment of cancer. 

Radon has been linked to excesa case• of lung cancer in 
underground miner• since the early decades of the twentieth century. 
Epidemlologic evidence on radon and lung cancer, aa wall as other 
diseases i• now available from about 20 different groups of underground 
miner• (1,2). Many of these studiea include information on the miners' 
expoture to radon progeny ar\d provide eatimates of th• quantitative 
relation beeween exposure to progeny and lung cancer risk (2,3); che 
range of excess relative risk ooeff1c1ents, describing the increment in 
risk per unit of expo•ure is remark&bly narrow in view 0£ the differing 
methodolog1e• of these seudies (2). 

All information on air quality in indoor environments was collected 
during the last 20 years, it quickly became evident that radon is 
ubiquitous 1ndoora and that concentraeions vary widely and may be as 
high a.1 levels in underground mines in some homes. The well-documented 
and causal association of radon with lung cancer in underground mlners 
appropriately raised concern that radon exposure might also cause l ung 
cancer in the general population. The risk of indoor radon has been 
primarily assessed by using risk assessment approaches that extend the 
risks found in the studies of miners to the 1•n•ral population. Risk 
models that can be used for this purpose have been developed by 
committees of the National Council on Radiation Protection and 
Measurements (NCR.P) (4). the International Commission on Radiological 
Protection (5) (1987) , and the National Academy of Sciances (Biological 
Effects of Ionizing Radiation (Btll) IV Alpha Committee) (1). 

Extrapolation ot the lung cancer risks in underground miners to 
the general population ii subject to uncertainties related to the . 
differences between th• physical environments of homes and mines, the 
circumstances and temporal patterns of exposure 1n the two enviroru:ients, 
and potentially significant biological differences between miners and 
the general population (Table 1). A number of these factors may affect 
the relation between exposure to radon progeny and the dose of 
alpha-particle energy delivered to target cells in the tracheobronchial 
epithelium; these factors include the activity·aerosol size distribution 
of the progeny, the ventilation pattern of the exposed person, the 
morphometry of the lung, the pattern of deposition and the rate of 
clearance of deposited progeny, And the thickness of the mucous laver 
lining the air.1ays. 

'n\e activity-aerosol size distribution refers to the physical si:e 
distribution of the particles containing the alpha activity. !he term 
"unattached fraction" has historically been •pplied to progeny existing 



mo"l• th&c 1e jud1•d to be beat supported by th• available evidence~ ·· 
The comm1tt•• then utilized• doaimetrlc model, developed in pare by the 
Task Group of th• International Commi••ion for Radiological Protection, 
to compare exposure-doe• ralationa for exposure to radon pro1ony tn 
home• and in mine•. While the report provides the expoaure·doaa 
tlgure•, the committee expressed its principal t1nd1n11 as a ratio, 
termed Kin the BEll IV report (1). K, a un1tless meaaure, represents 
the quotient of th• dos• of alpha energy delivered per unit of exposure 
in a home to the dose per unlt exposure for a male miner ax;>osed in a 
mine. If tha K factor exceeds unity, th• delivered dose per unit 
exposure i1 greater indoor1vhereaa if it 11 less than unity, th• 
delivered dose per unit exposure 11 les1 indoors. 

Factor• o~her than lung doaimetry of radon progeny also 1ncroduca 
uncertainty in extrapola~ing risks from the studies of underground 
m1ner1 to th• general populae1on. The committee briefly reviewed the 
evidence on cigarette smoking, tissue damage, nge at expoaure, sex, and 
exposure pattarn. These sources of uncertainty ware considered in a 
qualitative r~thar than a quantitative faahion. 

THE COMMITTEE'S FINDINGS 

The committee selected several different sets of exposure 
conditions in homes and in mines (Table 2,3). The mining environn:.ent 
includes the areas of active mining, the haulage drifts, and less active 
and dwwty areas such as lunch rooms. In some analyses, the values for 
active mining and haulage ways were averaged to represent typical 
conditions. Separate microenvironments consid~red in the home included 
the living room and th• bedroom. Parameters for the living room and the 
bedroom were averaged to repreaent a typical scenario for the home, The 
effects of cooking and cigarette smoking on radon progeny aerosol 
characcer1st1cs were also considered. While the contrast between th• 
home and mining environments was somewhat variable across the scenarioa, 
home• were characterized •• having greater unattached fractions and 
smaller part1cle1. Higher average minute volume• were assumed fox th• 
mining environment (Table 2,3). 

The committee also examined uncertainties associated with other 
asswnptions in th• doaimetric modal. Do••• to basal and secretory cells 
1n the tracheobronchial epithelium were calculated separately, because 
all type• of cells with the potential to divide were considered to be 
potential prcgenito~ cell• for lung cancer. Th• committee also compared 
the con.sequences of considering: lobar and seg11ental bronchi rather than 
all bronchi as the target; radon progeny as insoluble or partially 
soluble in the epithelium: of breathing through the oral or nasal route 
exclusively; of varying the thickness of th• mucus lining the epithelium 
and cha rate of ~ucociliary clearance; and cellular hyperplasia leading 
to thickening or injury causing chinning of the epithelium. 

Across the wide range of exposure conditions and exposed pe~sons 
considered by the committee, mosc values of K were below unity (T~ble 
4), Fer both secretory and basal cells, K values indicated lesse~ doses 
of alpha energy per unit exposure, comparing exposures of infants, 
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a. iona, molecule•, or •mall cluatara; th• "attached fraction" 
deaignat•• ,rogany attached to ambient particle• (6). Uaing newer 
methoda for characterizing activity-aerosol siz• distributions, the 
unattached fraction ha• been 1dent1f1td a1 ultrafin• particle• in th• 
size rang• of 0,5 to 3,0 nm (6). T)'l'ically, mines have higher ae~osol 
concentrat1on1 than homes and th• unattached fraction would be expected 
to b• h1gher in home• than in mines. Because of differing sources of 
particle• in th• two environments, aerosol si:e distributions could also 
plausibly differ between homea and mines. 

Th• phyaical work involved in under1round m1nin1 would be expected 
to increase the amount of air inhaled in comparison with the generally 
sedentary activities of time spent at home. Th• greater minute 
ventilation of miners 1-l'ould result in a higher i•roportion of the lnhaled 
air passln1 throu&h the oral route, in comparison wlth ventilation 
during typical activitiea in rea1dence•. The phy1ical characteristic• 
of the lung• of underground miners, almost all adult males, differ 
significantly from thos11 of infants, children and thickness of the 
epithelial layer could 1also plausibly differ, c.o·mparing miners with che 
general population, b•eiause of the chronic irritation by dust and fwn1s 
in the minea. 

Hethoda are available for characterizing the effects ot these 
factors on che relation between exposure to radon progeny and the dose 
of alpha energy delivere:d to target cells in the respiratory tract. 
t1s1ng DI.ode la of the resp1iratory tract, th• dose to taraet cells in the 
respiratory epithelium can b• estimated for the circumstances of 
exposure in the mining s.nd indoor environments. One of the 
recommendations of th• 1988 BEIR IV Report (l) w11s that "Further studies 
of dosimecr1c modeling in the indoor environment and in mines are 
necessary to determine the comparability of risks per WLM [working levC!l 
month] in domestic environments and under1round minesn. The BEIR IV 
Report had included a qualitative assessment of th• dosimetry of progeny 
in homes and in minea, but formal mo~ling was not carried out. 

C~ns~q~er.tly, th~ U.S. EilY1~onmen~al Protection Agency asked the 
National Research Couneil to conduct a study addres11ng the comparative 
dosimetry of radon progeny in homea and in minea. This paper reviews 
the findings of th• recently published report of the committee (Panel on 
Oosimetric Asswnptions Affectina th• Application of Radon Risk 
Estimates). 'nle panel was constituted with the broad expertise, 
covering radon measuremer1t and aerosol physics, dosimetry. lung biology, 
epidemiology, pathology, and risk assessment, needed for this task. 

THE COMMITTEE'S APPROACH 

To address th• charge of undertaking further dosimetric modeling, 
the committee obtained data on the various parameters included in 
dosimetric lung models that contributed to uncertainty in assessing the 
risk of indoor radon. 'nle committee not only reviewed the literature, 
but obtained recent and unpublished information from several 
investigators involved in relevant research. After completing thts 
review, the committee selected values for paramecers in dosimecric 
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children, ••n and women in homea vith expoaur•• of male mlnera 
undergroUl'ld. Wh11• th• high••t value1 ot X w•r• calculated for 
children, che value• for children did not exceed un1ty, sugge1t1n& that 
children expo1ed to radon proa•ny are not ae greater risk tor 1\11\& 
cancer on a doalm9tric b .. 11. 

The committee explored the sensitivity of the K tactora to 
underlying assump~1ona in th• dosimetric mod•l. The general pattern of 
the findins- waa comparable for secretory and baaal calls. 'nl• K 
factor• remained below unity regardlesa of whether the radon progeny 
were assumed to be lnsc•luble or partially .11olub:te in the epithelium. 
The K factor waa alao not changed aubatantially with th• assumption that 
lobar and segmental bronchi, rather than all brunchi, are th• target, 
Assumption. re1ardin1 breathing route also had l.ittl• impact. After the 
coDUDittee had completed its principal analysis, new data became 
available au11••t1ng that recent hi&tiar value• for nasal deposition 
reported by Cheng et al. (7) might be preferable to lower value• from 
che 1969 report of George and lre•lln (8); other new evidence suggested 
that a value of 0.15 um should be used tor aeroaol size in th• haulage 
drifts. Inclu.1on of these two modUlcat1ona of the committee's 
preterr•d parmaeter values in che doaimetric model reduced the values of 
K by about 20 percent. 

Th• committee did not attempt to reach qua1:'lt1tat1ve conclusions 
concerning sources of un.certaincy not directly acSdresaed by the 
dosimetric modeling. It noted the paucity ot data on such factors as 
cigarette smoking, age at exposure and particularly the effect of 
exposure during childhood, and exposure pattern. The evidence on these 
factors received detailed review in the BEIR IV report (l) and thfl 
present committee did not reach any new conclus101ns on these sources of 
uncertainty. '11l• committee also commented on the potential effects of 
che miners' exposures to dust and fumes while underground. Increased 
cell turnover associated with these exposures may have increased the 
risk of radon exposure tor the miners. 

S'!JM!"_&,!tY 

TI'le Panel on Oo&imetric Assumptions Affecting the Application of 
Radon Risk Estimates comprehensively reviewed the comparac1ve dosi~ecry 
of radon progeny in homes and in mines. lbe committee's modeling shows 
that exposure to radon progeny in home• del1vera a somewhat lower dose 
to target cells than exposur• in m1nea; this pat~ern wa• found fe~ 
tnfants, children, man, and women. lbis finding was not sensitive to 
specific underlying assumptions in the committee's modeling. Assuming 
that cancer risk is proportional to dose of alpha energy delivered by 
radon progeny, the committee's analyses suggests that direct 
excrapolac1on of risks from the mining to the home environment may 
overestimate th• numbers of radon•caused cancers. 
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TABLE 'l. POTENTIALLY IMPOR.TANT I>IFFEUNCES BETtlEEN jXPOS'fJR.E TO 
· - · IAJ)ON IN THI MININC AN?> HOME ENVIRONMENTS 

Phvsical ra,torl 

Aerosol character is ties: Greater concentrations in mines; 
differing aize d1str1but1otui 

Attached/unattached fractiona: 
homes 

Greater unattached fraction in 

Equilibrium of radon/decay products: Highly variable in horees and 
mines 

Acc1yity Fact2r1 

Amount of ventilation: Probably greater for working miner3 than 
for persons indoors 

Pattern of ventilation: Patterns of oral/nasal breathing not 
characterized, but mining possibly associated with greater oral 
breathing 

Biological Factors 

Age: Miners have been exposed during adulthood; entire spectrum 
of ages exposed indoors 

Gender: Miners studied have been exclW1ively male; both sexes 
exposed indoors 

Exposure pattern: Miners exposed for variable intervals during 
adulthood; expo1ure is lifelong for the population 

Cigarette smoking: nte majority of the miners studied hava been 
smokers; only & minority of U.S. adults are currently smokers 

*Taken from Table 1·2 in reference (6). 
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TA!LI 2. ASSUMPTIONS FOR. EXPOSURE ICENAl.IOS ASSUMED 
FOR KINES AND HOMES 

SUMMAR.Y OF IW)ON PlOOEHY AEllOSOL CHARACTD.ISTICS ASSUMED TO 
R.!PlliSENT EXPOSUllE COlft>lTIONS IN MINES AND HOMES 

Exposure Scenario f p A.MD of Room AMO of Aerosol 
Aeroaol (~•) in resp1ra1:ory 

tract (Um) 

tll.nl 
M1n1ng 0.005 0.2, 0.5 
Haulage dr1f t1 0.03 0.25 0.5 
Lunch room 0.08 0.25 o.s 

Liying Room 
Normal 0.08 0.15 0.3 
Smoker - average 0.03 0.25 0.5 
- during smoking 0.01 0.25 0.5 
Cookina/vacuuming 0.05 o.02;0.1s+ 0.02/0.3 

(lS•/SO•) (lSt/SO•) 
Bedroom 

Norm.al 0.08 0.15 
High 0.16 0.15 

* Based on Tables 3-1 and 3·2 in reference 6. 

+ni.e radon progeny aerosol produced by cooking/vacuv.ming has 
three size modea; St of potenttal alpha energy i• unattached, 
15' has an AMI> of 0.02 m, and 80t has an AMD of O.lS um. 
TI1• 0.02 \Jll AMD mod• 1s hydrophobic and do•• ~o~ inere:~= in 
~i~• within th• reapiratory tract. 
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TAILE 3. ASstJKPTlONS FOR EXPOSURE !CENAR.IOS ASSUMED 
FOR MINES AND HOMES 

LEVELS OF PHYSICAL EXERTION AN!) AVERAGE MINUTE VOLUMES 
ASSVMED FOR 'UNDERGROUND MINERS AND FOR ADULTS IN THE HOME 

Exposure Scenario IAvel of Exertion Average 'OE 
(liters/min) 
Man Woman 

Underground Mine 
Mining 
Haulage way 
Lunch room 

Home-Living Roo~ 

2S• heavy work/75• light work 
lOOt light work 
SO• lighc work/SO• rest 

Normal and smoker 50' light work/SO• rest 
Cooking/vacuuming 75• light work/25• rest 

Home-Bedroom 
Normal and high lOO• sleep 

* Sased on Tables 3·1 and 3-2 in reference 6. 
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31 
25 
17 

17 
21 

7.5 

14 
17 

5.3 



TAIL! 4. S'OMMAllY OF K FACTORS FOR BRONCHIAL DOSE CALCULATE!) FOR 
NORMAL PEOPLE IN THE GENERAL ENVIRONMENT UU.TIVE 

TO HEALTHY UNDE!GROWD MINERS* 

Subject Cata1ory 

Infant, age 1 month 

Child, •I• 1 year 

Child, age S-10 years 

Female 

Male 

* Taken from Table 5·1 1n reference 6, 
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K Factor for Taraac Cella 
Sacratory Ba.al 

o. 74 

1.00 

0.83 

0.72 

0.76 

0.64 

0.87 

o. 72 

0.62 

0.66 
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