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The major hei'!lth hazard from uranium mill tailings is presumed 
to be respiratory cancer resulting from the inhalation u[ radon 
daughter products. A review of. st~dies on inhalation of radon 
and its daughters indicates that the hazard from the tailings is 
extremely small. If the assumptions us~d in the studies are 
correct, one or two people per year in the United States may 
develop cancer as a result of radon exhaled from all the Uranium 
Mill Tailings Remedial Action Program sites. The remedial· 
action should reduce the hazard from the tailings by a factor of 
about 100. 
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URANIUM MILL TAILINGS AND RADON 

Introduction 

Sansia National Laboratories is assisting the Department of 

Energy in the Uranium Mill Tailings Remedial Action Program 

(UMTRAP).. The purpose o[ UMTRAP is Lo impleHteut the provisions of 

Title I uf Puullt..: Ldw 95-604, ''Uidiiiulll Mill Tailings .Radiation 

Control Act of 1978." Among other things, the act provides for 

remedial action to prevent or minimize radon diffusion into the 

environment at designated inactive uranium mill tailings sites. 

The objectives of this report are: (1) to assist UMTRAP 

personnel in gaining a perspective of the potential hazards from 

radon which is being exhaled from uranium mill tailings, and (2) to 

provide related information which may be useful when dealing with 

other organizations and the public. 

The major health hazard from uranium mill tailings is presumed 

(by EPA and DOE) to be respiratory ca.ncer which may result from 

inhalation of radon daughter products. The solid radon daughters 

are much more easily retained in the lungs than is radon gas7 their 

inhalation may result in potentially significant alpha radiation 

doses to the respiratory system. The radon flux from uncovered 
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tailings at Ur.1TRAP sites can :be hundreds of times greater than that 

from typical soils. Hence, as the radon from the tailings disperses 

and decays, the air concentrations of radon daughter products beyond 

the site are increased above normal background levels. However, 

dispersion is usually rapid, and except for areas in proximity to a 

tailings-site the concentrations are typically only fractionally 

above background levels. Information in the Ford, Bacon and Davis 

Utah engineering assessments
1 

of the sites indicate that usually 

within one mile of the tailings radon concentrations are down to 

background levels. 

Working Level Concept 

·:::·· ~;..\,'• 
Exposure to radon daughter products is usually expressed in 

terms of working level months (WLM). One working level (WL) i~ 

defined as any combination of short-lived radon daughters (Po 218 or 

RaA, Pb 214 or RaB, Bi 214 or RaC, and Po 214 or RaC') in one liter 

of air leading to-total emission of 1.3 X 10 5 MeV of alpha 

energy. One WLM is defined as exposure to one WL for 170 hours (tlJe 

number of working hours in a month.)* The short-lived radon 

daughters can approach secular equilibrium whenever there is no 

.. opportunity for separation from the source radon. 

*The Environmental Protection Agency does not use this relationship 
in evaluating exposure of the general population because of the 
difference in the amount of air breathed by the average person as 
compared to a man performing hard labor. · 
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can exist outdoors during a ternper.ature inversion and indoors in an 

unventilated structure. If equilibrium exists, 100 pCi/liter of 

radon is equivalent to one WL. Radon daughter concentrations (RDC) 

are usually assumed to be 50 percent of equilibrium (100 pCi/liter 

of radon -results in 0.5 WL) if actual rne~surernents are not 

available. The 50 percent equilibrium condition appears to be 

characteristic of residences which normally have about one air 

ch.:mgc per hour. 

If 50 per cent equi 1 ibr ·i urn and continuous (not just working 

hours) exposure are assumed, the following approximate relationships 

exist: 

1 pCi/liter radon = 0.005 WL 

0.005 WL = 0.25 WLM/year. 

'J.'l"Ie ra~iatiun uu~e lu ll!t! lung i::.; Lhe importa11t f~.ctol:' in 

estimating the risk. The uncertain but commonly used relationship 

is: 

1 WLM = 5 rem (lung dose). 

Risk Estimate 

Evidence that respiratory cancer can-result from exposure to 

radon has been determined from studies of uranium and other 

underground miners who were exposed to high WLs for varying lengths 
-4-



of time. The studies revealed that miners exposed to more than 100 

WLMs experienced significantly higher rates of respiratory cancer 

than would have been expected without such exposure. The data are 

inconclusive as to the effect at lower exposures. The approach used 

to establish an estimate of risk assumes that the dose response 

curve is linear, i.e., the same cancer rate per unit exposure 

observed at high exposures occurs at all levels of exposure down to . 

and inc~uding background. The· major effort in establishing risk 

estimates for radon and other radi~active haza~ds was performed by 

the National Academy of Sciences Committee on the Biological Effects 

of Ionizing Radiation (BEIR). The BEIR committee in their 1972 

report on "The Effects on Population of Exposure to Low Levels of 

Ionizing Radiation•• 2 emphasized that the assumption of linearity 

could overestimate or, conceivably, underestimate the actual hazard 

at low exposures. Because of numerous factors which differ between 

miner and general population exposure,. there is uncertainty about 

the applicability of the miner data to the general popula-

tion. 3 .However,. it seems generally agreed that the miner data and 

the assumption of linearity provide the best available basis for 

developing an estimate of risk from radon exposure, in spite of the 

many uncertainties. 

In the· 1972 BEIR report it was indicated that the· best estimate· 

of risk appeared to be one lung cancer per year for every 10 6 

person-rem exposure. However, it was also stated that, because 

additional cancers could develop in the miners being studied, in the 
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final analysis the absolute risk could approach 2 cases/10 6 

person-rem-year. The miners did devel.op additional cancers, aqd in 

1976 an ad hoc committee of the BEIR Committee presented an estimate 
. 6 6 

of .2 lung cancer cases/10 person-rem-year (10 cases/10 person-

WLM-year) for .use in evaluating the risk from radon exposure. 4 

This appears to be the most recent authoritative statement on this 

hazard and is the risk estimate used by the EPA in their Draft 

Environmental Impact Statement on uranium mill tailings. 5 

Ford, Bacon, and Davis Ut~h used an estimate of 6 cancers/10 6 

person-WLM-year in their Phase II-Title I engineering assessments of 

the UMTRAP sites. This estimate, which was derived from informa-

tion presented in the 1972 BEIR report, has been superseded by the 

1976 BEIR estimate. It should be noted that the number of health 

effects or cancers predicted by FBDU in reference 1 and EPA ir1 refer-

ence 4 does not exactly differ by the 6:10 ratio of the risk esti-

mates because their models tor ~r~~icting cancer are not· thP RAm~. 

Hazard Perspective 

Several quotes from the 1972 BEIR report help place their risk 

estimates· in ~erspective: 

"Given the estimates for genetic and somatic risk, the 
question arises as to how this information can be used as 
a basis for radiation protection guidance. Logically the 
guidance or standards should be relaled to risk. Whether 
we regard a risk as acceptable or not depends on how 
avoidable it is, and, to the extent not avoidable, how it 
compares with the risks of alternative options and those 
normally accepted by society." 
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"It is not within the scope of this Committee to propose 
numerical limits of radiation exposure. It is apparent 
that sound decisions require technical, economic and 
sociological considerations of a complex nature." 

"The pubiic must be protected from radiation but not to 
the-extent that the degree of protection provided results 
in the substitution of a worse hazard for the radiation 
avoided. Additionally, there should not be attempted the 
reduction of small risk even further at the cost of large 
sums of money that spent otherwise would clearly produce 
greater benefit." 

"It is emphasized that the risk estimates lack precision 
but do indicate that the mean dose both to the population 
and to each individual mu$t be kept as low as practicable." 

The EPA also recognizes the uncertainty of the risk estimates 

used in setting standards, as the following extracts from the "EPA 

Policy Statement on Relationship Between Radiation D6se and Effect" 

(41 FR 28409) indicate.· 

"Although much is known about radiation dose-effect 
relationships at high levels of dose, a great deal of 
uncertainty exists when high level dose-effect rela­
tionships are extrapolated to.lower levels of dose, 
particularly when given at low dose rates." 

"It is the present policy of the Environmental Protection 
Agency to assume a linear, nonthreshol~ relationship 
between the magnitude of radiation dose received at 
environmental levels of exposure and ill health •... " 

"In adopting this general policy, the Agency recognizes 
the inherent uncertainties that ~xi~t in estimating health 
impact at the low levels of exposure and exposure rates 
expected to be present in the envir.onment due to human 
activities, and that at these levels~ the actual health 
impact will not be distinguishable from natural occur­
rences of ill health, either statistically or in the forms 
of ill health present .. " 

nit is to be emphasized that this policy has been esta­
blished for the purpose of estimating the potential human 
health impact of agency actions regarding radiation 
protection, and that such estimate~ do·not necessar.ily 
constitute identifiable health consequences." 
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Uncertainties 

What are believed to be some ()f the more significant uncertain­

ties relative to the data on and analysis of the radon hazard are 

discussed below. 

The actual WL exposure is not known for many of the mining 

grnups studied. This is particularly true for the higher 

expos~re levels which occurred before there was concern over 

radon. The individuals performing the studies believe their 

estimated exposure levels are probably on the high side-­

meaning the risk per unit exposure could be higher than 

indicated. 2 ' 6 ' 7 

The best data available on u. H. uranium miners 1n~1caEe that 

in the 1950's and 1960's exposure levels of tens or even 

hundrcd::J of WL were not uncommoni tht:''.l'Jh thP nnrr:~t-inn nf 

exposure was generally short. Exposure rates of 100 to 200 WLM 

per year were apparently common. Then:! mcty be a significant 

difference between the effect of exposure at these high rates 

and that of exposure at much lower rates. 2 ' 3 ' 6 The rate from 

normal h~r.kgrotmn radon appears to be on the order of lO wr.M 

per lifetime. 

The data on u. S. uranium miners do not project a linear 

dose-response curve as per the assumption used in establishing 
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the risk estimate. Data were inconclusive regarding effeets 
~~ 

below 120 WLM.* Exposure in the 120 to 360 WLM range re·sulted 
:,i:} ; 

in a cancer risk per unit exposure that was significantly 

higher than that in the 360 to 1800 WLM range. The ·risk did 

begtn to.increase above 1800 WLM. The data suggest low 

exposures possibly could be more effective than high ones in 

. d . 4,6,7 1n uc1ng cancers. 

The WLM, which is a measure of the alpha energy in inhaled air, 

may not accurately reflect the dose to the respiratory system. 

The fraction of radon daughters which are attached or 

unattached to aerosols and the particle size distribution of 

aerosois are significant factors in determining dose. 

Unattached RaA is particularly significant because it readily 

0.eposits in the upper respiratory tract. Other factors which 

can affect dose include ventilation, humidity, and chemical 
: 

composition of aerosols. Variations in these factors can cause 

an order of magnitude change in estimated dose. 2 ' 3 ' 8 ' 9 

The miners were exposed to high levels of dust and were, in 

most cases, heavy smokers. The dust and smoke may have 

affected lung clearance and acted as cancer promoting 

3 7 agents. ' Thus, the miners may have been more susceptible 

than the general public to cancer initiation by radon daughters. 

*The earlier statement that data were inconclusive as to effects 
below 100 WLM took account of non-u.s. sources. 
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Most. cancers in the miners were of the small-cell anaplastic 

type. If it is assumed that radon induced cancers will be of 

that type and that the chances of developing such a cancer are 

proportional to radon exposure, background radon would be 

expected to induce a certain number of small-cell anaplastic 

cancers in a given population group. However, one Norwegian 

study found that the total number of such cancers in a non-

smoking population group was smaller than would have been. 

expected even if background radon were assumed to be the only 

. bl f h . 2 , 9 , 1 0 poss1 e cause o sue cancer. 

Uranium mill workers have not experienced an increased risk of 

lung cancer. The BEIR report suggested this may have been the 

result of good ventilation.
2

' 6 (While the mill ventilation 

may have been much better than that in the mines, it is haruly 

conceivable that the mill workers would not have experienced 

e xp~.,~ ur e level a conci der ably abovQ backiJrc'IJnd r~no a hove the 

levels that would be experienced by anyone currently residing 

in proximity to the UM'l'RA.P sites.) 

Absolute and Relative Risk 

The absolute risk is the excess of risk due to irradiation. It 

is expres~ed as the number of excess cancers per unit of time in an 

exposed population of given size per unit of dose. It is based on 

the assumption that the risk is directly proportional to the dose 
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received. The estimated risk discussed thus far in this report is 

an absolute risk. 

The relative risk is the ratio between the risk in the irra-

diated population and that in the nonirradiated population. It is 

expressed in terms of the percent increase in the cancer rate per 

year per rem. For example, the EPA estimat·es the relative risk for 

lung cancer to be a 0.6 percent increase in cases per year per 

5 The of relative risk is appropriate if the risk due to rem. use 

radiation increases in proportion to natural risk. Between 1950 

and 1976 the incidence of lung cancer among u.s. males increased by 

a factor of 3.3. Hence, the relative risk concept would have pre-

dieted a 3.3 times higher risk from a lung dose of one rem in 1976 

than it would have predicted in 1950. Factors affecting the chances 

·of developing cancer include age, sex, race, where a person lives, 

and life-style. Any or all of these factors can be considered in a 

relative risk model--again, if it is believed there.is a correlation 

between radiation risk and natural risk. 

The cancer rate in the areas where the study group miners lived 

is low in comparison to the average rate in the u.s. In those parts 

of the country where the natural risk is higher than that it is in 

the mining areas, a relative risk model will predict more cancers 

than will an absolute risk model. Hence, in most parts of the u.s., 

relative risk estimates of numbers of cancers are higher than those 

predicted using absolute risk. 
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Among population groups which were exposed to high levels of· 

radiation to the lungs, there were periods of years between the 

exposure and the appearance of significant increases in the number 

of clinically detectable cancers. This interval is called the 

latent period. The cancer incidence rate remained elevated for many 

years and then began to diminish. The period during which the 

inci.dence rate remains at the undiminshed level is known as a pla-

teau. In the 1972 BEIR report, a latent period of 15 years and a 

2 plateau of either 30 years or a lifetime were suggested. 
c 

Several points should be kept in mirid in order to understand 

the significance of the risk estimates: 

Radiation induced cancers are indistinguishable from those 

occurring naturally. 

The actual cause of cancer (of any kind) is not known. 

Evidence of radiation induced cancer is statistical, not 

medical. 

All people are exposed to natural and man-made sources of 

rnnintion and some to occupational sources, but only a small 

percentage ever develop what are postulated to be radiation 

induced cancers. 

-12-
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In using absolute or relative risk estimates, it appears appro-

priate to consider a latent period and plateau. However, this does 

not mean radiation induced cancers could not occur before or after 

the plateau period. 

Radon Exposure and Risk 

Estimates of the risk from exposure to various levels of radon 

were calculated (Table 1). These were derived from EPA estimates in 

reference 5. The EPA. analysis considers the following factors and 

assumptions: 

Continuous exposure to one WL results in 27 WLM per year rather 

than 50 WLM. This is based on the fact that, on the average, a 

member of the general population breathes a smaller volume of 

air than does a working miner. 

Children breathe more air in relation to lung mass than do 

adults and, hence, receive higher doses from exposure to any 

given WL. 

Ten-year latent p~riod. 

Lifetime plateau. 

Age distribution and mo~tality rates are considered. 
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Table 1 
Estimated Lifetime Cancer Risk from Exposure to Radon 

Radon 
Concentration 

(Pci/1) 

0.3 

'0. 6 

0.8 

1.0 

1.2 

1.4 

2.0 

3.0 

3.2 

4.8 

10 

67** 

WL 

0.0015 

0.003 

0.004 

0.005 

0.006 

0.007 

0.01 

0.015 

0.016 

0.024 

0.05 

0.33** 

Lifetime 
Chance of 

Cancer 
(Percent) 

0.11 

0.21 

0.28 

0.35 

0.42 

0.50 

0. 71 

l.l 

1.1 

1.7 

3.5 

2.1** 

Comments 

Average outdoor background· 
in u.s.ll 
ICRP MPC for general -
population.l2 

Outdoor background in Salt 
Lake City.l 

Average indoor background in 
u.s.5 
OUt~oor background in Grand 
Junction.! 

ICRP MPC for controlled 
offsite population.l2 

Average outdoor ha~~ground 
at 19 UMTRAP sites. 

Average indoor background in 
Norway.lO 
Average indoor background in 
Grand Junction.l3 

Surgeon General's Grand 
Junction Guideline for no 
action ( 0.01 WL above 
background) .14 

EPA Int9rim Offsite Cleanuo 
Standard - including 
background.l3 

Four times Gran~ Junction's 
uutcloor background.* 

Four times the 19 UMTRAP 
site average outdoor 
background.* 

Surgeon General'~ GranJ 
lunction Guideline for 
r~yuired action ( 0.05 WL 
above background) .14 
ICRP MPC for occupHtiunal 
_exposure .12 

Maximum permissible exposure 
fer n.G. miners - iet by 
Department of Labor. 

*The EPA indicates indoor WL may be four times outdoor WL.l5 
**Calculations based on occupational exposure age 25 to 55 rather 
than continuous lifetime exposure. 
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The EPA est~mates are similar to those made by FBDU, in refer-

ence 1, but this is fortuitous. The EPA analysis is more refined, 

and some of their assumptions increase while other decrease their 

estimates in comparison with those by FBDU. The EPA estimates 

appear reasonable, and it seems desirable for Sandia to be consis-

tent with EPA. 

It has been estimated th~t b~ckground radon may be res~onsible 

5 10 for about 10 percent of lung cancer deaths. ' The EPA indicated 

that the u.s. neath rate from lung cancer in 1970 was 2.9 per-

5 cent. On the basis of data from refe.rences 16 and 17, it appears 

that by 1976 the rate had risen to 4.6 percent. The estimates of 

lifetime chance Of cancer shown in Table 1 are reasonably consistent 

with an assumption of radon causing 10 percent of the lung cancer 

deaths. This places the table estimates in perspective~ however, it 

should be noted that: 

Background radon levels vary widely, and the actual average 

backgrouno level in the u.S. is not. r~c:c:nr~tely known. 

The validity of the estimates is dependent on how applicable 

the data on miners are to the general population. 

In Table 2 the estimated risk from the Salt Lake City (SLC) 

tailings are presented in terms .of deaths per year per 100,000 

peopl.e and lifetime chance of fatal cancer. The estimates for the 

-15-
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Table 2 

Estimated Risks - Exposure to Radon 
From SLC Tail£n::JIS and from Normal Background Radon 

I 
t-:' 

Source of 
Exposure Lccation 

SLC Tailings }Edge of Pile (0.05 Mile) 
(Current Condition) SLC (Ave·rage) 

SLC Tailings }Edge of Pile (C.JS Mile) 
(Covered in.Place)* SLC (Average) 

SLC Outdoors 

0"1 Normal · 
I 

Background US Outdoors 
(Av~rage) Radon 

.· 

US Indoors 
1 (Averarg:) 

Estimated Dea~hs/Year 
Per 100,000 ?eople 

41 
0.22 

0.41 
0.0022 

3 

1.3 

3 

Estimated Lifetime 
Chance of Fatal Cancer 

(Percent) 

3 
0.015 

0.03 
0.00015 

0.2 

0.1 

0.2 

*Three meters of s~i: is a~sumed to reduce the radon flux ana hazard by a factor of about 99 
percent - based on EPA hal~-value l~yer of 0.5 meters for typical w~stern soil.s 



tailings in their current condition are taken from the EPA DEIS. 5 

It is estimated that covering the tailings in-place would reduce the 

radon hazard by a factor of about 100. Table 2 compares the hazard 

from the tailings w"ith that from normal background radon (as calcu-

lated for Table 1). 

The EPA has estimated the total number of people that would 

develop fatal cancers due to radon emissions from all of the UMTRAP 

t~ilings piles. Their estimate using the absolute risk model is 1.7 

5 
people per year. Their model considered radon disperson patterns 

and population distributions in evaluating the risk to the total 

U. S. population. 

Table 3 presents some death rate statistics for several fami-

liar hazards faced by people in the u. S. and in Utah and SLC. The 

information in Table 3 is npt directly comparable with the estimates 
' 

in Table 2 because the estimates do not take into consideration age 

considerations that are reflected by the statistical data. Hence, 

the tailings hazard estimates in Table 3 are use~ul only for a "ball­

park" com pari son with other data. It is_, however, inter es ti ng to 

note that the hazard from the SLC tailings appears to be "in the 

same ballpark" as being struck by lightning. 

-17-· 
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Cause 
of Death 

Lung Cancer 

Motor Vehicle 

Falls 

Lightning 

SLC Tailings 
(Current Conditior:) 

SLC Tailings 
(Covered in Placet 

*Estimated lifetime 

Table 3 

Death Rate Statistics 

Population Actual Deaths/Year Percent of Tota.l Deaths Year 
Group Per lOO,QOO People From this ·:ause of Data 

us Males 63 7 1976 

us 22 2.5 1976 
Utah 29.2 4.9 1978 
SLC 19.4 1978 

us 6.6 7.4 1976 
Utah 8.1 1.~ 1978 

us 0.04 0.004 1976 
U-:at . 0.1 0.013 1978 

SLC 0.22 (Est.) 0.015* 

SLC 0.0022 (Est. ) 0.00015* 

cha::1ce of fata:::. cancer. 
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Standards for Radon Exposure 

The I nterna tiona! Commission on Radiological Pr.otection ( ICRP) 

maximum permissi'ble concentration (MPC) for the general popula­

tion--0.33 pCf/liter
12

--would be applicable to the radon exhaled 

from the UMTRAP piles. This MPC is in addition to background and 

does not consider whether an individual is indoors or outdoors. It 

should be noted that the MPC is essentially the same as the 

estimated average outdoor background exposure. The proposed EPA 

criteria for disposal of the UMTRAP tailings would allow the flux 

from the disposal site to be about double what EPA postulates to be 

the average flux from soil in the u.s. Although the EPA criteria 

would appear to. be consistent with the ICRP guidelines, there are 

·two problems: 

The soil in the western u.s. where the tailings disposal sites 

will. be located may well exhale a higher radon flux, indepen-

dent of the tailings, than the EPA criteria allow. 

Only people living on top of the disposal site would experience 

the higher but acceptable MPC: offsite exposure levels would 

diminish rapidly with distance. 

The ICRP MPC of 1. pC i/li ter for controlled off site popula-

. 12 . 
t1ons would probably be applicable to the UMTRAP offsite cleanup 

program. The EPA interim cleanup standard of 0. 015 WL appears to be 
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reasonably compatible with the ICRP level if indeed the 0.007 WL for 

in-door background in Grand Junction is correct. However, varia-

tions in background and difficulties in accurately determining the 

WL in structures will create problems. 

Cancer Data 

It can be noted in Table 1 that background levels of radon in 

the areas where the UMTRAP sites are located are significantly 

higher than the average background levels in the u.s. Total extcr-

nal background radiation levels around the sites are also signifi-

1 11 cantly above the u.s. average. ' However, it is interesting 

that data on cancer rates in the u.s. show that the rates for both 

respiratory cancer and the total of all types of cancers are signifi-

cantly lower around th~ site::s Lhan for tha ovPri'lll u.s. Figure 1 

shows the rate for all cancers for white males by·state for the 

I:)t:riocJ 19~0-1969 18 as a fnnr.t.ion. of the total (terrestiu.l and 

cosmic) background radiation.* 

In the 1972 BEIR report it was estimated thut r·adiation of 100 
. - ~ 

mrem/year might cause about one percent of all cancer deaths. · 

The faut that the cancer rate is inversely proportional to radiation 

*Total external background radiation in the U.S. is estimated to 
average 84 mrem/year: terrestial, 40 mrem/year; cosmic, 44 
mrem/year.ll 
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Table 4 

White Male Cancer Rates (Per 100,000) 

Data from 1950-196918 

Location 

T.lS 

Colorado 

Gunnison Co. (Gunnison) 

La Plata Co. (Durango) 

Mesa Co. (Grand Junction) 

New Mexico · 

San ,Juan Co. (Shiprock) 

Utah 

Salt Lake Co. (SLC) 

Wyoming 

Fremont Co. (Riverton) 

Respiratory Cancer 
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37.98 

28.29 

23.2 

28.2 

28.3 

24.71 

29.0 

21.98 

26.2 

26.73 

25.2 

All Cancer 

174.04 

144.19 

127.4 

130.3 

139.8 

136.30 

114.8 

1 :n.l4 

112.6 

138.98 

138.01 
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levels is interesting but, because radiation is estimated to cause 

only this small percentage of cancer deaths, is statistically 

insignificant. 

Table 4 lists the total cancer and respiratory cancer rates for 

the U.S. and for several counties where UMTRAP sites are lo­

cated.18 As can be observed, the rates in these counties are 

comparable to the rates in their respective states and much below 

the u.s. rate; hence, the higher levels of radon exposure in those 

counties does not result in correspondingly higher cancer rates. 

While these data de~initely do not prove that low exposure to radon 

is not cancer inducing, it does seem reasonable to conclude that 

someone concerned about cancer would be better off living near an 

UMTRAP site than in some other part of the country where radon 

levels are much lower. 

Smoking and Cancer 

The following information gives some perspective on the relation 

·between cancer and smoking. 

Mortality rates are 1.7 times higher for male smokers than male 

nonsmokers. 17 

Males who smoke two or more packs of cigarettes a day have a 

mortality rate twice that of male nonsmokers. 17 
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Data indicate that cigarette smokers on the average are ten 

times as likely to develop lung cancer· as nonsmokers. 17 

Smoking is believed to be a cocarcinogen with radon in causing 

lung cancer in uranium miners, i.e., smoking promotes but does 

11 . . t. h 19 not actua y 1n1 1ate t e cancer. 

The d~tA on U.S. uranium miners was broken into several ranges 

of WLM exposure: 

Less than 120 WLM 

120-359 

360-839 

840-1799 

lB00-3719 

> 3720 

No excess cancers were observed in the less than 120 WL.M grqup; one 

cancer was observed versus 1.81 expected. In the 120-359 g0oup 

there were 12 observed cancer~ with only 2.57 expected. All 12 of 

these had smoked for an average of 40 years (the range was trom 25 

to 50 yP.ars) Two had stopped smoking for periods of 1 to 14 y~ctrs 

before death. 6 
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Summary and Conclusions 

Estimates of the hazard from radon are based on ·cancer rates of 

underground uranium miners who experienced large doses of radiation 

at very high dose rates. The validity of linear extr~polation of 

the miner data to low dose levels in the general population is 

uncertain; however, such an approach appears to be the best availa-

ble for estimating potential hazards of the radon from the UMTRAP 

sites. If the assumptions used in estimating the hazard are cor-

rect, radon appears to constitute an extremely small hazard: a per-

son in SLC has about the same chance of being killed by lightning as 

of developing cancer from inhaling tailings radon, and one or two 

people per year in the u.s. may d~velop cancer as a re~ult of the 

radon exhaled from all the UMTRAP sites. The fact that cancer rates 

in the western U.S., where natural background radiation is the high-

est in the country, are mucn lower than the national average is not 

supportive of a conclusion that low doses of radiation should be a 

major health concern. 
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