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Opening Session Paper 

COMPARATIVE DOSIMETRY OF RIJ)ON 
IN MINES AND HOMES: AN OVEIVIEW 

OF THE NAS R.EPORT 

by: Jonathan M. Samat, M.D. 
Department of M•dicina, 
and New Mexico Tumor Registry 
University of New Mexico Medical Center 
Albuquerque, NK 87131 

ABSTRACT 

The finding• of th• recent report by a National Academy of 
Science• panel on radon dosimetry are reviewed. The committee was 
charged with comparing exposure-dose relations for the circwnst•necs of 
exposure• in mines and homes. 'nte community ftrst obtained data on the 
various parameters included in dosimetric lung models and then selected 
values that it Judged to be best supported by the available evidence. 
Do1imetric modeling waa used to calculate th• ratio of exposure to radon 
progeny to dose of alpha ener11 delivered to target cells for various 
scenario•. The committee'• modelin1 ahowa chat exposure to radon 
progeny in home• delivers a aomewhat lower dose to tar1et cells than 
exposure in mines; this pattern was found for infants, children, man, 
and women. 

The work described 1n thi• paper wa1 no~ f\.lnded by the U.S. 
Environmental Protection Agency and therefore th• contents do not 
necessarily reflect the views of the A&ency and no official endorsement 
should be inf erred. 
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INTllODUCTION 

Radon, an inart 1a1, 11 a naturally occurr1na decay product of 
radium•226, the fifth daughter of uraniwa-238. Radon decays with a 
half·11£• of 3.82 daya 1nto a 1eri•• of •olid, short-lived progeny: two 
of, these progeny, poloniwa-218 and polonium-214. emit alpha particles. 
When radon progeny are inhaled and these alpha amisaiona occur within 
the lun&•· the cells lining the airway1 may be injured and damage to the 
genetic material of the cells may lead to the development of cancer. 

R.adon baa been linked to exc•a• caa•• of lun1 cancer in 
underground miner• •inc• the early decade• of the twentieth century. 
Ep1demioloa1c evidence on r&don and lung cancer, aa well as other 
diseasea i• now available from about 20 different groups of underground 
miner• (1,2). Many of theaa studie• include information on the mlnera' 
axpoaura to radon progeny and provic:la eatl.matea of the quantitative 
relation between exposure to progeny and lung cancer risk (2,3); the 
rang• of excess relative risk coeff1cienta, describing the increment in 
risk per unit of exposure is ramark&bly narrow 1n viaw of the dif tcring 
methodolo1te1 of these atudie1 (2). 

,.. information on air quality in indoor environments was collected 
during the 111t 20 yeara, it quickly became evident that radon is 
ubiquitoua indoor• and thac concentrationa vary widely and may be as 
high &• level.SI in under1round mines in some hon1e•. The well-documented 
and causal association of radon with lune cancer in underground mlners 
appropriately raised concern that radon exposure might also cause lung 
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•neral population. lisk 
models that can be used for this purpose have been developed by 
committees of the National Council on Radiation Protection and 
Measurementa (NCB.P) (4). the International Commission on R.adiologlcal 
Protection (5) (1987), and the National Academy of Sciences (Biological 
Effects of Ionizing ltad1ation (BEIR) IV Alpha Committee) (1). 

E:tr~pwlat1on 0£ eh• lung cancer risks in underground miners to 
the general population 1• subject to uncertaintie• related ta the 
differences between th• physical environments of homes and mines, the 
circumttance• and temporal patterns of exposure ln the two envirotU:1enta, 
and potentially significant biological d1fferencea between miners and 
the general population (Table 1). A number of these factors may Affect 
the relation between exposure to radon pro1eny and the do•e of 
alpha-particle energy delivered to target cells in tha trachaobronchial 
epithelium; these factorm include the activity-aerosol size d1Jt~ibut1on 
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 layer 
lining th• airways. 

The •~tivity-aerosol 1ize distribution refers to tha physical si:e 
distribution of the particles containin& the alpha activity. The cerm 
•unattached frac~ion" ha• historically been applied to progeny ex~st1n& 
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aodal• th&c it Jwl1•d to be beat aupported by th• available evtdenci: 
Th• committee then utilized a do•imetrlc model, developed in part by the 
Task Croup of th• International Commi••lon !or Radiological Protection, 
to compare expos~•·doaa relation. for exposure to radon pro1ony tn 
homes and in mtnea. While the report provides the expoaura•doa• 
fisure1, the committee expressed its principal t1ndin1• as a ratio, 
termed Kin th• !Ell IV report (1). K, a un1tl111 mea•ure, represents 
th• quotient of th• dose of alpha energy delivered per unit of exposure 
in a home co the dose per u~it exposure tor a 111&le miner •XJ1osed in a 
mine. If the K factor exceed.a unity, th• delivered dose p•r unit 
expo1ure 11 greater indoor• whereat if it 1• l••• than unlty, th• 
delivered dose per unit 1xpo1ure 11 le•• lndoora. 

Factor• other than lung doaimetry of radon progeny alao introduce 
u.ncertainty in extrapolating riska from the studie1 of under1round 
mlnera to th• s•neral population. Th• committee br1efly reviewed th• 
evidence on cigarette amok1ng, t1asue dama1e, a&• at expoiure, sex. and 
exposure pattern. These aources of uncertainty were considered ln a 
qualitative r~ther than a quantitative fashion. 

THE COMMITTEE'S FINDINGS 

The committee selected several different seta of exposure 
conditions in homes and in mines (Table 2,3). "nle minin& environitent 
lncludea th• areas of active mining, th• haula5• dr1fta, and lei• active 
and du.sty area. such as lunch rooma. In aome analyses, the values for 
active mining and haulage ways were averaged to represent typical 
condition•. Separate microenvironment• con1id~red in the home included 
th• living room and th• bedroom. Parameter• for the living room nnd the 
bedroom were averaged to rapreaant a typical acenario for the home. The 
•ffecc1 of cooking and cigarette smoking on radon progeny aerosol 
character1st1cs were also considered, While the contra•t between the 
home and m1n1n& environment• wa1 aomewhat variable aero•• the scenario•, 
homes were characterized •• having greater unattached fractions and 
smaller part1clea. Hi&her average min~te volumea were aaaumed fox th• 
mining environment (Table 2,3). 

Th• committee also examined uncertainties as1ociaced with other 
assumptions in th• doa1matr1c model. Do••• to b .. al and secretory cells 
1n the tracheobronchial .ep1theliwza w11re calculated aaparately. because 
all type• of cells with the potential to divide were contidered to be 
potential progenitor cells £or luna cancer. Th• committee alao co~ared 
the consequences of considering: lobar and segmental bronchi rather than 
all bronchi as the target; radon progeny as insoluble or partially 
soluble in the epitheliu.m; of breathing through the oral or nasal route 
exclusively; of varying the thickness of th• muc\UI lining th• epithelium 
and th• rate of Ducociliai:y clearance; and cell.ular hyperplasia leading 
to thickening or injury cauaing thinnin1 of th• epithelium. 

Across the wide ran1• of exposure conditions and exposed pe~son• 
considered by the committee, moat valuca of K w•r• below unity (T3bla 
4), For both ••cratory and basal cells, K valu6s indicated lesseT doses 
of alpha energy per unit expoaure, comparin& exposures of infant•, 
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u iona, molecule•, or 1mal1 cluatara; the "attached fraction" 
de1ignate1 ~rogeny attached to ambient part1c1ea (6). Uaing newer 
method.I for characterizing activity·a•rosol size distributions, ch~ 
un&ttached fraction hat bean identified •• ultrafine particle• 1n the 
1ize rang• of 0.5 to 3,0 rm (6). Typically, mines have higher ae~osol 
concentrat1on1 than home• and th• unattached fraction would be exp~cted 
co be h1&her in home• than in mines. Because of differing sources of 
particle• in tha two envircmments, aero1ol aize d1str1bution5 could also 
plausibly differ between home• and mines. 

Th• phyaica1 work involved 1n uncter1round m1nin& would be expected 
to increase the amount of air inhaled in comparison with the genera.Uy 
••dentary activities of time apent at home, The greater minu~e 
ven~ilation of miners would result in a higher proportion of the tnhaled 
air paad.n1 throu&h th• oral rout•, in comparison w1 th ventilation 
during cyp1cal activities in rea1dence•. Th• phy1ical characteristic• 
of the lungs of underground minera, almo•t all adult ma1e1, differ 
s1cnificantly from those of infanta, children and thickness of the 
epithelial layer could also plau.sibly differ, comparing miners with the 
general population, because of the chronic irritation by dust and fwuea 
in th• m1ne1. 

Methoda are available for characterizing the et!acts ot the$e 
factors on the relation between exposure to radon progeny and the dose 
of alpha energy delivered to target cells in the respiratory tract. 
Using model• of the respiratory tract, the dose to target cells in the 
respiratory epithelium can be eatimated for the circwustances of 
exposure in th• minin& and indoor environments. One of th• 
reco11D11endation1 of the 1988 BEIR IV Report (1) was that "Further studies 
of doaimetr1c modeling in the indoor environment and in mines are 
necessary ta determine th• comparability of r1sk1 per WUf (workin' level 
month] in domestic environment• and under1rouncl mine•"· The BEIR IV 
Report had included a qu.11tat1ve assessment of th• dosimetry of progeny 
in homes and in mine•, but formal modelin& was not carried out. 

Conaaquently, th• U.S. Environmeni:al Procection Agency asked che 
N!t!o~..sl ~esearch C;w"iicil tY ~onduce a •tudy addres1ing the comparative 
dosimetry of radon progeny in home• and in m1nea. This paper revlews 
th• finding• of the recently publish•d report of ~he committee (Panel on 
Doaimetric Assumptions Affectina the Application of Radon Risk 
Eatimates). The panel was constituted with the broad expertise, 
covering radon measurement and aerosol physics, dosimetry, lung biology, 
epidemiology, pathology, and risk a1sessment, needed for this task. 

THE COMMITTEE'S APPROACH 

To address the charge of undertaking further do•imetric modeling, 
tha committee obtained data on che various paramecers included in 
do•imetric lun& models that contributed to uncertainty in assesslng the 
risk of indoor radon. The committee not only reviewed the literature, 
but obtained recent and unpubliahed information from several 
investigators involved in relevant research, After completing thf.s 
review, the committee selected values tor parameters in dosimetric 
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children, men and women in home• with exposure• of male miner• 
underground. Whil• the highest value1 ot K ware calculatad for 
children, the value• for children did not exceed unity, suggeatin' chat 
children expoaed to radon pro&eny are not at greater risk for lun& 
cancer on a doaimetric basil. 

Th• committee explored the sensitivity of the K tactora to 
underlying assumptiona in the dosimetr1c model. The 1eneral pattern of 
the f1ndin&a waa comparable for secretory and ba1al cells. Th• K 
factor• remained below unity regardless ot whether the radon progeny 
were assumed to be insoluble or partially aoluble in th• epithelium. 
The K factor waa also not chan&•d 1ubatantially with the assumption that 
lobar and segmental bronchi, rather than all bronchi, are the target. 
Aasumptiona re1arding breathing route al•o had little impact. After th• 
committee had completed its principal analysia, new data became 
available ausgeating that recent higher value1 tor n&aal deposition 
reported by Cheng et al. (7) mi&lit be preferable to lower v&lue1 from 
th• 1969 report of Geor1• and Breslin {S); other new evidence suggested 
that a valua of 0.15 wa 1houl.d b• used tor aero1ol aize in th• haulage 
drifts. Inclu.ion of these two modifications of the committee's 
preferr•d parameter value1 in the doaimatric model reduced the values of 
K by about 20 percent. 

Th• comm1tt•• did not attempt to reach quantitative conclu11ons 
concerning sources of uncertainty not directly addresaed by the 
doaimetrie modelinc. It noted the paucity ot data on such factors as 
cigarette smoking, age at exposure and particularly the effect of 
exposure dur1n& childhood, and exposure pattern. The evidence on these 
factors received detailed review in the B!Ii IV report (1) and thfl 
present committee did not reach any new conclusions on these sources of 
uncertainty. 'n\• committee also commented on th• potential effects of 
the miners' exposures to dust and twnes while underground. Increased 
cell turnover associated with the•• exposures may have increased the 
riak of radon exposure tor the miners. 

SUMMARY 

The Panel on Dos1metric Ass\lml)tions Affecting the Application of 
Radon Risk Eatimates comprehensively reviewed the comparative dosi~ecry 
of radon p~ogeny in homes and in mines. The committee'a modeling shows 
that exposure to radon progeny in homes del1vera a somewhat lower dose 
to target cells than exposur• in mine•: this pattern waa found for 
lnfants, children, men, and women. This findin& wa• not sensittve to 
specific underlying asaumptions in the committee'• modeling. AssU111ing 
that cancer risk is proportional to dose of alpha energy delivered by 
radon progeny, the committee'• analyses suggests that .direct 
extrapolation of risks from th• mining to the home environment may 
overestimate the numbers of radon•caused cancers. 

(q 



UFDDC:U 

1. National Research Council (Nl.C). 1988. Health Riska of R.adon and 
Other Internally Depoaited Alph&•Em1tt•r•. IEIR IV. Committee on 
th~ Biological !ffact• of Ionizins Radiation. Waahing~on, D.C.: 
National Academy Pr•••· 

2. Samet, J.M. Radon and lung cancer. J Natl Cancer Inat. 81: 
745-757, 1989. 

3, Lubin, J.H. Modal• for the analysis of radon-exposed populations. 
Yale J 11ol Med. 61: 195-214• 1988. 

4. National Council on Radiation Protection and Measurement• (NCRP). 
1984b. !valuation of Occupational and Environmental Expoaure ~o 
ladon and lladon Daustit•r• in the United States, NCRP Report 78. 
Bethesda, MD: National Council on !adiation Protection and 
Meaturemanta. 

5. International Comm1aa1on on Radiological Protection (ICllP). 1987. 
Lung Cancer l.11k from Indoor ~01ur11 to Radon Dau1htera. ICRP 
Publ. No. SO. Oxford: P•rsamon Presa. 

6. National ltasearch Council. Comparative dosimetry of radon in mines 
and homes, Panel on dosimecr1c •••umptions aftect1n& th• 
application of radon riak estimate•. National Academy Press, 
V&1hin1ton, D.C., 1991. 

7. George, A.C. and !re111n, A.J. Deposition of radon dau&hters in 
humans exposed to uraniwa mine atmospherea. Health Phys. 17: 
115-124, 1969, 

8. Chen&, Y.S., Swift, D.L., Su. Y.F. and Yeh, H.C. Deposition of 
radon progeny in human head airway•, In: Inhalation Toxicology 
Research Institute Annual Report 1988-89. t.ovelace B1omed1cal and 
Environmental R•aearch Institute, Albuquerque, NM, 1989. LMF-126. 

'll:> 

'~ 



TAIL! 1. l'OTENTlAU..Y IMPOl.TANT DIFFEUNCES IENEEN jXPOSTJP.E TO 
IAJ)ON IN THI MIRINC ANt> HOME ENVlaONMENTS 

Pbysi~al factor• 

Aero1ol characteri1tic1: Greater concentrations in mines; 
differing size d11tr1but1ona 

Attached/unattached tract1ona: 
homes 

Greater unattached fraction in 

Equilibrium of radon/decay product•: Highly variable in horees and 
mine a 

Acc1y1tv F1stor1 

Amount of ventilation: Probably greater for working minera than 
for peraorw indoors 

Pattam ot vent1let1on: Patterns ot oral/nasal breathing not 
characterized, but mining possibly associated with greatex- oral 
breathing 

Biological Factots 

* 

Age: Miners have been exposed durin& adulthood; entire spectrum 
of age1 exposed indoors 

Gender: Kin.era studied have been exclwsively male: both sexes 
uposed indoors 

Exposure pattern: Miners exposed for variable intervals during 
adulthood; exposure 11 lifelong for the population 

Cigarette s~oking: The majority of the miners studied havG bean 
smokers; only a minority of U.S. adults are currencly smokers 

Taken from Table l•2 in reference (6). 
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TA.It.I 2. ASSUMJ'TIONS FOi EXPOStJU ICENA&IOS ASSUMED 
POI MINES ANl> HOKES 

- stJMlWt.Y OF RADON noGENY AEllOSOL CHARACTElISTICS ASSUMED TO 
REPRESENT EXPOSUll CONDITIONS IN MINES AND HOMES 

Exposure Scenario f p AKI> of 1too11 AMD of Aerosol 
A•roaol ("111) in reapiratory 

~race (llm) 

ll1nl 
Kinlns 0.005 0.25 0.5 
Haulage drifta 0.03 0.25 0.5 
L'l.mch room 0.08 0.25 0.5 

Liyin1 Room 
Normal 0.08 0.15 0.3 
Smoker • average 0.03 0.25 0.5 
• during smokin& 0.01 0.25 0.5 
Cook1n&/vacuuming 0.05 0.02/0.15+ 0.02/0.3 

(1St/SO•) (15t/BO•) 
Btdroom 

Normal 0.08 0.15 
High 0.16 0.15 

* Based on Table• 3-1 and 3-2 in reference 6. 

+the radon progeny aerosol produced by cooking/vacuuming ha• 
three 1izt modea; S• of potent1&1 alpha energy i1 unactached, 
15• ha• an AMl> of 0.02 m, and 80• has an A.MD of 0.15 um. 
Th• 0.02 1.1111 AMD =ode 1• hydrophobic and do•• not increase in 
aiz• within th• respirato~ t !eee. 
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TAil.i 3. ASStJKPTIONS FOR EXPOSUU !CINARIOS ASSUMED 
FOi MINES AND HOMES 

t.1VELS OF PHYSICAL EXER.TlON AN!) AVERAGE MINUTE VOLUMES 
ASSVMED FOR 'UNDE!GlOtJND MINERS ANZ> FOR ADULTS IN THE HOM! 

Exposure Scenario Level of Exertion Average 'QE 
(liters/min) 
Kan Woman 

Under1round Mine 
Mining 
Haulage way 
Lunch room 

Hom•-L1ving Room 

25t heavy work/75t 11&ht work 
100t li&ht work 
50• li&ht work/50• rest 

Normal and smoker 50t light ~ork/SOt rest 
Cookina/vacuuming 75t li&ht work/25• rest 

Home-.Bedroo11 
Normal and h1&h lOOt sleep 

•Based 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 
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TAIL! 4. SUMMAllY OF K FACTORS FOR lltONCHIAL DOSE CALCULATE!) FOR 
NORMAL Pr.oPLE IN THE GENERAL ENVIRONMENT U:Ui.TIVE 

1'0 HEALTHY UNDD.GltOtJNJ) MINERS w 

Subject Cata1ory 

Infant, age 1 month 

Child, •&• 1 year 

Child, age 5·10 year• 

Female 

Mal• 

* Taken from Table 5·1 1n reference 6. 

rz... w., 

K Factor tor Tar1•t Cella 
Secretory lasa1 

o. 74 

1.00 

0,83 

0.72 

0.76 

0.64 

0.87 

0.72 

0.62 

0.66 
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