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In northern Virginia and southern Maryland, approximately 15% of the 
private homes use private water wells for potable water. A survey of 
drinking water consumed In 9 200 Ixmes w i t h  private water wells revealed 
that the dissolved in water wells ranged frcan less than 100 pCiL" 
to about 10,000 paiL'̂ana that the swage xell water radon was about 
2,500 pCiL" . A- waterborne radon in geological units ranges from 
about 1000 pCiL" rn quartzib (scamwhat higher in sandsbm) b w a  
3000 h granitic rocks. 

A conparison between the age of stxriy participants who have not 
wam-d*wa---mqe--m 
correlation, indicating that low-radon through high-radon water wells are 
randomly distributed among the without-cancer study population (i. e. , no 
tendancy for older people to consume higher concentrations of waterborne 
radon) However, a similar age-verses-radon ccroparison for people who have 
developed cancer shows that low-radon through high-radon water wells are 

-y amng the with- study population- For these 
~ l e ~ ~ ~ ~ ~ ~ ~ ~ f o r a t l ~ l O y ~ ,  
there is a positive correlation between the age of cancer developmk and 
the waterborne content of their drinking water. 

Recent suggestions by the U.S. Environmental Protection Agency 
encourage the operators of municipal water supplies (and by inference, 
hcmeowners with private water wells) -to limit their distribution-site 
waterborne radon to less than 300 pCiL"'. In northern Virg and 
southern Maryland, most of the water wells exceed 300 pCiL" . 
Consequently, considerable private and public expense may be associated 
w i t h  a naaonal attaipt to maintain potable water supplies at less than 
300 pCiL of waterborne radon. 



Zhe number of deam fmn tamer in the US. has doubled since 1950t 
abut 200,OOO/~ear t~ 400, O O O / ~ ,  *td 

10-fold since l900 (Moolenaar, l988) . 3his &=?mation is largely 
responsible for the upsurge in public fear and environmental regulation. 
m , ~ o f W ~ h - ~ i ~ h h b ~ ~ h  
a U.S. pqulatian. Also, is largely a disease of old age, ard the 
d y m j a a - o f - ~ i W ~ t W ~ i n - ~  
IO,OOO -tion s ime l950 is 1- -, which is believed be 
1-y due to -king. - mrmity, adjusted for im-sing 
population and age, and exclusive of respiratory cancer, has decreased by 
about 10% since 1950, and new stands at about 10/year per 10,000 
ppla t ion .  %e mrtaliw is M equally divided hetween breast, 
digestive glan3 (Moolenaar l988). 

Ihe identification of natural and industrial-age carcinogens has 
~ m - m ~ M * ~ l w - ~ . % ~ y  
used no--ld n d e l  of chemical -is, in d c h  mrtali ty a t  
high expsure lev& is extrapolated estimate m-ity at 1- 
l-, has M W  in pM.ic health policies inplbmtxd in the absmce 
of certainty on the scientific judgements. Current U.S. Eiwironroantal 
Protection Agency policy on indoor radon is currently the most widely 
known exainple of high-*low extrapolated risk estimates. 

The biological significancs of radon is related to the fact that radon 
and its radioactive daughter products conprise the major portion of the 
natural hbmal mdiation dose to man. Fbr the general population, access 
~ o f ~ d ~ m b ~ d ~ h U ~ ~ t w e  
soils w i t h  high radon emanation properties, or ingested by consuming well 
or spring water. 

The airborne radon Inside a hone originates from the geological 
material beneath the hone, as does the radon in the water  of homes with 
private water wells. The only difference is that the radon in well water 
originates fmn m t  d e p r  geolcgical ma-ial M t h  the ham. 
Differences in weather, home use and hone design strongly influence indoor 
radon derived fron the soil, but these factors probably do not 
significantly influence the quantity of radon in the hone water supply, 
nor the rate at which dissolved radon escapes the home water supply. 

Although the hxpstion of radon-enriched water supplies radionuclides 
to the blood, the possibility that cancer can occur due to drinking 
naturally radioacthe water has not been studied nearly as extensively as 
might be expected. Private and public water supplies are not regulated for 
radon. The alpha dose from drinking naturally radioactive water is 
primarily due to  the presmce of d m  decay c h i n  nuclides, inclm 
Fa-226, Rn-22zt -218 and -214. Of mdiomclides , radon mzst 
w U y - p h t h e ~ a - o f m ~ h ~ d ~ t h e & a ~  
of s e d i m e n t e t o e n t e r a r o u n d w a t e r ,  becauseradonisanoblegas. 
Forthis-, i e - t i o n i s m y q W ~ * m a  
other alpha emitters in drinking water. 

Few of the radionuclides occurring in natural wate r  are sufficiently 
studied to fac i l ib te  adoption of regulatory guides* T h e  interim 

Contaminant Ievel for the sum of -0226 an3 Ra-228 has been setw 



the U.S. EnvironÃˆEnta Protection agency a t  5 (tothern l987a). 
US-ERA drinking water standards have not yet been set for uranium or 
radon. In the sunnier of 1991, the U.S. 'on Agency 
p a m m t i a m - = h  
numapa l  wa* mi-. & w i l l  k d k u s e d  belw, mst of the pblic 
and private in northern Virginia aid southern Maryland greatly 

300 m- . 

Radm is a rxhle gas8 dwmica~y inert and highly soluble in 
groundwater. Alpha decay recoil and diffusion axe thought to be the 
m & W & m m = m m m - & a - *  
qmm3mW. B much of W UniW -test municipal wabr  -lies 
derived fron well water are usually law in radon, and the distribution 
site wa- radon is ewm 1- because a half-life of radon (3.8 
days) h l - m m - - - o f - * m w i q b  
hones (Brutsaert et al 1981, Smith et al 1961). However, our experience in 
the=-'pAfplal chians indicates that well water is cannonly well above 
300 v" , and that the interval between well water  removal and arrival 
a t  the distribution sites is usually less than the radon half-life. Of 
-# f o r - m n h  a m is w y  
always less the radon half-life. 

m ~ & M o r o f d u m d ~ ~ m ~ m f ~  
(Graves 1988), but radium is the parent radionuclide of radon, so radium 
enriched water can be enriched in radon (Smith et a1 1961). This close 
- t i o n o f ~ u m d - i n - o f ~ * ~ a n d *  
carcinogenic behavior serves to complicate health considerations of 
natural radionuclides. One example, which is probably not atypical, is 
that h h m a l l y  deposited radium and/or radon iIduces brain carcinmas 
(Wrenn et al 1987). Cecil et a1 (1987, 1988a, 1988b) noted a correlation 
between radium and radon in domestic water and the development of lung 
cancer in a study of several Texas counties. Hess et al (1982, 1983) noted 
a correlation between radon In home water  supplies in Maine and the 
h a o f  llqf-. n m m - a n d w m a ,  thecancer 
p m m h - t b b m - i n g o f  radonfmnwater, 
which thereby increases the airborne radon concentration and presumably 
the rate of lung cancer. 

A few studies have h e n  dhected the possibiliw of d ~ ~ e l o p i n g  
c a n c e r ~ ~ ~ ~ ~ f ~ d ~ m ~  (-&d. 1985, 
1987b). Early work irriicafasd that radon in water at a level of about 

1987b8 Mi.&& J m  1988, D b  and m8 l988) , and -US@ 
radon can be measurably enriched by the outqassing of the hone water 
supply (e-g. , Oothem 1987b, Prichard 1987) , it has been thought that the 
- e h m * t i o n o f * M m m m W m d m  
~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ t h e ~ & ~ ~ f ~ ~  
enriched drinking water. 



~ a ~ y ~ m ~ ~ . ~ ~ f U d & a p ~  
m q * w f d y W t h M & m ,  in-, theageofeach 
ham=-, t h e t h m ~ h ~ h a ~ ~  (i.e., whencâ‚¬id~personc 
toUiehcum), m a f w w - M -  (e.g., didany- 
M c p ,  &ifso, m = i t - m e t m ) .  

Although only a single pair of water sanples w s  analyzed for 
m - w h d b ,  m - t i m h - * b  
thought to usually show variation below a factor of t w o  (mi- atxl 
Gesell l981). M p i b t i c m  m mchrye rates affect t b  e n  
-t iah--&, = m M b - d u r * M #  
p=ipiation mods during dmqht periak Huweve, 
pmcipita12.0n in the study - temb b cccur the year. studies 
m h ~ & m b ~ M t h e l m ~ o f ~ ~ ~  
d t i m k - ~ m b ~ , m m ~ & h ~ * - t  

variation is a below a factor of m. 
~ ~ W ~ B ~ U t d = f f i l & & a ~ - ~  

m e m W w * w l y b B m  (e.g., frcm-bthe 
~m-, i f ~ a W b ~ d b f n a m y b m a 1 ,  
thewhr-ted, andifsohow, - 0 ) .  --=-mat 
W a * & ~ v i ~ ~ ~ t h ~ ~ o f  - w e l l  (Smitheta 
l961, Bean et al 1982, Cech et al 1988a m 1988b), a n i  we anticipate ' upm U&s d=iwation us* data f m n  c u r  study. However, the 
~ ~ * ~ ~ ~ b a ~ n ~ ~ m ~ - ,  
w i M m f - W ~ W ~ ~ b ~ ~ i ~ ~ ~ d  
m e s .  

S i m e  therehad- no ofwa* for its radon cmcentmtion 
h - ~ - , m - W M - r n m & w ~ p ~  
radoninwater, ~ & b ~ l a ~ b M b i & ~ W f o r & &  
ae-M-&m&bh-h-w- .  In the  
- l - b U a e m c i - ,  itwasnotedthatdrinkhg 
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Figure 1. Geological sketch map of 
Montgomery County (southern Mary1 and), 
the D i s t r i c t  of Columbia, and F a i r f i x  
and Pr ince W i  11 i am Counties (northern 
V i rg in ia ) .  



Table 1 

Geological - of 
unit 

Granitic Rdcs 
a 

61 
Ultramafic Ro&s 49 
-Uib 532 
Sand aml Clay 74 
s a r d s h ~  58 
Quartzia 0 

-----------.-.- 
A-ae Median 0 .  

2.9 2.4 0.9 
- &&m 

10-1  
3.7 2.3 0.6 L5.8 
4.6 3.5 0- 6 68-2 
2.5 2.2 0.6 7.4 
3.7 2.6 0.9 14.8 
0 0 - - 



AGE OF INDIVIDUAL 

0 504 PEOPLE 

Figure 2. People without cancer that consumed we1 1 water 
for at  least  5 years. 

AGE OF INDIVIDUAL 

0 318 PEOPLE 

Figure 3. People without cancer that consumed we1 1 water 
for at least 10 years. 



As-ihedabuve, ~ t i c ~ M b k a i ~ h ~ m ,  arki 
- y d a h e .  mmstcases, theuraniunatms (an i  
---dm&&) - w y l - w a w - s .  
When groundwater moves through the granitic rock, radon is relatively 
easily revived Â£ra its grain boundary locations. In the other rock types 
ofthestudyama, -m- -h l - -Mmw* 
-ar radioactivity never acumlalxd (e-g.,  the and 
quartzite) , or a radiactivity is chemically held (e.g. , schist and 
phyllitef ultmnafic mck) . In the radioactivity is present, but 
easily removed by percolating groundwater. 

It is unfortunaa that h b o r  radon of the geolqical units (Table 2) 
does nut correlate well w i t h  waterborne radon (Table 1). Prior to this m, we had hyp&hesizd Umt shoe inloor radon mainly originates fmn 
the haws *lying sou d rockf ard sime the imEdiamy mderlying 
m f i N & - s ~ b ~ ~ z - ~ W w ~ d g h ~ ,  
we would expect to find a correlation between indoor radon and waterborne 
radon. Were the correlation to exist, we could perhaps use 
~ a d d ~ ~ ~ & m ~ ~ a w ~ d t o + & M r  
radon (Moee et a1 1990). 

Unfortunately, indoor radon does not correlate well w i t h  waterborne 
radon ( ~ ~ l e S 1 ~ 2 ) .  Â ¥  

e e s  a m  designed to confirm 
or to disprove this observation. However, the correlation may sinply not 
exist. It nay be that variations caused by weather and ham construction 
may obscure potential correlations between indoor radon and waterborne 
radQn. I t n a y b a t m w ~ & ~ s a & m a e  
decomposes to form soil may be important: indoor radon is mainly derived 
fron the upper 10 meters of the Earth's surface; waterborne radon in 
Virginia and Maryland wells is probably mainly related to radon 
concentrations at depths approaching 100 meters. 

WATERBORNE RADON AND CANCER 

In order to examine the possible relationship between radon in water 
and cancer, we made the assumption that the body reaches an equilibrium 
w i t h  its normal level of radon (and other radionuclides) consumed by 

Water. B aSSUU&, d k ~ ~ &  in mckd GeseI.1 (19811, 
that radon and other radionuclides act in concert with other carcinogens 
bplxduoethe-. m - m t - a n d a a a l v d  
radionuclides move throughout the body, and while it is perhaps not 
possible to h o w  what fraction of these radionuclides decay before being 
removed frcm the body, this natural radiation could contribute in a 
measurable way to the developnent of cancer. 

The radon-in-water data reported in this paper are measurements that 
were accumulated in 1988-1991, using water taps in area hones. III these 
mre Um 1000 hmes, abcsut 2,500 i x u p m b s .  ?lowvex, data frcan 
~ 3 5 ~ - & & W b p d l = h W q l ~ ~ o r  
in the questionrake a-cy. A l l  irdividuals who had lived in W 
p ~ ~ f o r l - ~ 5 ~ - ~ ~ .  nxiividadswhohad 
smoked tobacco for more than 2 years and had developed lung cancer were 



AGE OF INDIVIDUAL 

c 146 PEOPLE 

Figure 4.  People without cancer that consumed we1 1 water 
for a t  least 15 years. 

AGE OF CANCER DETECTION 

0 19 PEOPLE 

Figure 5 .  People with cancer t h a t  consumed well water 
for a t  least 5 years, 



rxkaambd. ~ h l l y ,  w e b M - d m a d f & o f  
m a s  h tma- waw q l i @  municipal wabx 

trea- w. -y, of the a p p d t e l y  2,500 irdividual.~ 
who participated in our radon-in-water study, the following observations 
are based on 523 people who used well water. The correlations between 
- a n d m l d h - m * m M m M a t i - o f U  
-of---. 

Of the many variables involved in a study of this type, the two most 
significant are t2m effect of incmasitx~ age, whi& is associaW w i t h  
-ratesofcancer, d-w-h-m-, whi&may 
b m M a W b M * m W o f - .  % a b B & f & o f  
-wmtW523----dMW-, 
-of M W * - W w m m W f m a t l &  
5 years (523 people, of which 3.8% de!velcped cancer) , Mvidua ls  who 
consumed their present well water for at least 10 years (331 people, of 
which 3.9% developed cancer), and people who consumed their present well 
water for a t  least 15 years (157 people, of which 7.0 developed cancer). 
For people who had not develaped caxxz, the at-least-5, at-least-10 
at-least-15 year subsets refer the interval between the present and when *--*--; f m ~ l e a M d d m - ,  the 
* - - - m * m - m ~ , m ~ a  
person moved into the home. 

Diagrams presented later in this discussion will show that cancer 
seems to occur more often i n  people who consume higher concentrations of 
radon in their well water. However, to more clearly express the 
significance of this ahemation, it is first mcesaxy  b detemhe i f  a 
simpler relationship occurs. It is generally known, and seen in our study, 
that older peaple tend to develop cancer more frequently than younger 
people. The %npler relationshipw which should be examined is the 
possibility that in the study area, older people tend to have more 
w a m r n e  radon in their well water. For example, it could be 
hypothesized that since northern Virginia and southern Maryland have been 
rapidly urbanized over the past 50 years, older citizens tend to consume 
w e l l  wlter w i t h  hi* radon lwels because, -, the 01- m s  are 
less efficient (lower productivity wells tend to accumulate water that 
passes soil and rock more slowly, and might thereby beocroe more 
doactive) .  If W = true, the camz-verses-radon relationship 
presented later might simply caused by the tendency for older citizens to 
develop cancer, an3 only coincidentally do these citizms ham b 
consume well water w i t h  higher waterborne radon. 

To test the possibility that older citizens might tend to consume well 
water w i t h  higher waterborne radon concentration, a subset was developed 
using all the study participants who have lived in their present hone 
consuming well water for at least 5 years, and have not developed cancer 
(Figure 2; 504 people). Ihere does not appear to be any correlation 
between age an3 wa-me mdm, nor is ther~ any correlation for the 
without- hx3ividual.S who have lived in theix present hare for a t  
least 10 years (Figure 3; 318 people), or for those who have lived in 
their present bane for at least l5 years (Figure 4; 146 pople). C u r  

that there is no correlation between the radon concentration 
and the age of the general population that consumes well 

283 

conclu%ion is 
in well water  
water. 



AGE OF CANCER DETECTION 

Figure 6.  People with cancer that consumed well water 
for a t  least 10 years. 

AGE OF CANCER DETECTION 

0 1 1  PEOPLE 

Figure 7 .  People with cancer that  consumed well water 
for a t  least 15 years. 



A very different picture emerges for the people who have consumed well 
water,  and have developed cancer* The cancers that were counted in this 
stu&y bzhde types: bl-, bam, -, a2lan, esqlqus, 
gastric, kidney, liver, lung (in nan-smokers) , lynch -, P-, 
prostate, thyroid, skin, sand uterus. This approach, in which all cancer 
types are calpiled in mdawvs-2amer ~ i l a ~ ,  is similar to tbat of 
Hess and u t b x s  (l982, l983), who f d  a significant -tion for all 
---w-for-h-*. 

Â¥Di group of people in our study who have lived in their present home 
f m a t ~ 5 ~ d ~ M ~ ~ W W ~ W a  
positive --age relationship (Figure 5; 19 people) However, there 
is a positive --age relationship for the group of people who lived 
in Udr ham for at  least 10 (Figum 6; l3 pecple), and 
this correlation is even more apparent in the group that has lived in 
their present well-water hone for a t  least 15 years (Figure 7 ;  11 people). 
U - a e o f W - h W , W - t i m m  
~ ~ l e ~ ~ ~ ~ h ~ t m ~ ~ i s a ~ d ~  
a measurable effect only after exposure intervals of about 10 years or 
mre, a t l & & ~ l W o f m ~ ~ ~ h ~ ~  
area. 

The unesqpected correlation between radon-in-Water and the development 
of cancer nay relate to observations made about the rate a t  which radon is 
removed from the body, following its inhalation or ingestion. Pohl and 
Pohl-Ruling (1967) and Lykken and Ong (1989) have shown that inhaled radon 
is able to move through the lungs, where it is transported by the blood 
throughout the body. It is this mechanism which led Henshaw et a1 (1990) 
tocoroarecancersofmanytypeswithqionalindoorradonlevelsin 
several states and cities. Even more recently, Gosink et a1 (1990) showed 
that radon consumed in well wate r  has a surprisingly long biologic 
ms- t b  (e-g., a sedenbq or  sleep^ person wauld take abut  12 
W b d ~ t e ~ h ~ h a ~ o f ~ ~ ~ m ~ l ~  
well water). 

Our study of indoor radon in Virginia and Maryland shows that p 
~ r a d o n ~ t i - - W U ~ i d 1 0 0 ~ -  
(Nose and Mushrush 1988). Municipal water supplies y- reservoirs provide potable wate r  a t  less than 100 pciL- , radon in 
drinking water 9 most private wells ranges frcro about 100 to 
about 10,000 pdl" ( ~ o s e  et al 1990). 

Wateibome radon ranges fron an average of about 1000 p~i~"l to an 
average of over 3000 pen,- in geological units. A review of radon 
1 ~ h ~ e ~ ~ W m t e r ~ h a v e ~ M ~ ~  
Indicates older people, who axe generally know to more amuxunly develop 
cancer, do not tend to have high-radon wate r  wells. However, the effect of 
higher radon-iwwater concentrations is shown in  the subset that developed 
cancer. 

I t m ~ ~ t ~ ~ d m o f ~ d ~ w ~ b a W ~  
- ,m-- - - .=-mwm-&w 
ingested wate r  can move throughout the body, to produce an effect at many 
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