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ABSTRACT
Levels of radon in private groundwater supplies in several
states, along with preliminary descriptive statistics, are
presented. Geometric means for states range from a few hundred
to a few thousand picoCuries per liter (1 pCi/L = .037 Bq/dm ) ,
while levels range from below the lower limit of detection (about
100 pCi/L) to over 100,000 pCi/L in four states.
INTRODUCTION
The Kutztown University Waterborne Radon Survey has
disseminated nearly 6000 waterborne radon test kits by mail to
locations in several states. Preliminary results on over 2200
measurements of private well water will be presented here. We
have attempted to exclude measurements of spring water, municipal
water supplies, and supplies whose location is uncertain. We
will present only very simple descriptive statistics: Maximum and
minimum measurements for each state, arithmetic and geometric
means and arithmetic and geometric standard deviations for each
state. We have not yet attempted to prove that these data are
lognormally distributed, but choose to present geometric
parameters because the data are certainly skewed, and lognormal
distributions are frequently approximated by environmental
measurements. A more complete analysis will be published in the
future. Political (state) boundaries have been chosen in this
study because they may facilitate action by state departments of
health or environmental resources, not because they represent
logical aggregates of similarly distributed data.
While radon levels in public ground water supplies, which
serve 32.2% of the US population, have been extensively studied,
data on private ground water supplies, which serve 18.3% of the
population (1) are fragmentary. Our study and others (2) suggest
that private wells usually have several times the radon
concentration of municipal supplies, so that they may present
significantly more risk even though they serve a smaller portion
of the population. It is encouraging that the arithmetic and

geometric means of the radon concentrations are not alarmingly
high in most3states; however levels exceeding 20,000 pCi/L
(74,000 Bq/m ) were found in 13 states, even with very limited
sampling. A level of 10,000 to 20,000 pCi/L has been informally
proposed by several workers (see for example reference 3) as a
practical concentration limit. Almost all workers conclude that
the risk of lung cancer due to inhalation of airborne radon
exsolved from water used in the home is at least an order of
magnitude greater than risks arising from ingestion of the water
itself. On the-basis of results from public water supplies, 5 x
10
to 7 x 10
excess lung cancers per pCi/L (lifetime) have
been predicted (4). Waterborne radon levels and lung cancer
incidence have been correlated (5). If waterborne radon poses a
significant health threat, the greatest population risk is
probably to consumers of private wellwater.
METHODS
We use the liquid scintillation method first developed by
Prichard and Gesell (6) and modified by the USEPA (7). A Packard
Model 3255 or 2425 scintillation spectrometer is used to count
samples for 40 minutes each with the discriminator set as wide as
practicable. For each test, we provide a disposable lOcc syringe
to which a 6 can length of 2mm ID Tygon(R) tubing has been
attached, and two 20 mL "cone cappedw polyethylene scintillation
vials which contain 5 mL each of MEN mineral oil-based
scintillator cocktail. Instructions state that 10 cc of water
should be slowly removed, with the syringe, from a cup which has
been filled and then allowed to overflow for two minutes with the
spigot below the surface of water in the cup. The Tygon(R)
tubing on the syringe minimizes degassing during transfers, and
is, of course, safe for home use and postal transport.
Alternatively, some samples were collected in two standard 15 mL
glass water analysis vials with TFE backed silicone septum caps,
by immersing the vials and caps in water collected as specified
above, and capping the vials underwater. In this case, a syringe
with a double needle was used in the laboratory to remove 10 mL
of sample and inject it into 5 mL of cocktail in a 20 mL
scintillator vial. Standards are prepared by dilution of a
calibrated solution of Radium-226 in 0.05 M nitric acid obtained
from the Quality Assurance Division of the Environmental
Monitoring Systems Laboratory, USEPA, Las Vegas, and traceable to
a NBS standard. Radon levels are calculated by standard methods
(7) while lower limits of detection (LLD) are calculated ( 8 , 9 ) by
means of the formula
LLD
where 1.645 is the value of the standard normal variate (for -05%
probability of concluding that there is no activity where there
is some, and concluding that there is activity where there is

state, we report the number of measurements (see below) that were
made, the high and low values in pCi/L, the arithmetic mean (AM),
geometric mean (GM) the arithmetic (normal) standard deviation
(ASD), and the geometric standard deviation (GSD). Every effort
has been made to eliminate redundancies that result from repeated
testing before mitigation, after mitigation, or both. We have
not reported results for supplies reported as "springsw or
gmunicipal,u~
although i t i s sometimes difficult todistinguish
between small private community water supplies and municipal
ones.
Because our lower limit of detection is generally in the
neighborhood of 100 pCi/L, we have converted all levels below 100
pCi/L to 100 pCi/L for statistical treatment. Normally, these
levels would be reported as "below LLDtgwhen we provide results,
and the LLD for the particular sample, calculated as described
above, would be given. Lognormal statistics preclude zeros as
data, and assigning the LLD value to all measurements below the
LLD is not an uncommon practice that may, in fact, provide more
reasonable descriptive statistics.
We have found that samples show an apparent exponential
decrease in level superimposed on the exponential decrease due to
decay of the radon.. The values we report have been adjusted for
decay of radon between sampling and measurement but we do not
apply a second correction for the additional loss, which is
insignificant for most samples, compared to sampling errors. The
loss is apparently temperature dependent and probably reflects
leakage and diffusion of radon into the vials.
DISCUSSION
Our study generally corroborates previous measurements of
private water supplies; differences between the geometric means
reported here and those in other reports (2) probably result from
paucity of data. The even more marked difference between the
high values measured in this study and in other studies may also
indicate the incipiece of present knowledge.
Sampling errors as high as 10020% may result from factors
such as variability in well and plumbing volume, level of water
use over several hours before sampling, and possible seasonal
variations in groundwater radon levels. The last factor is
probably much less important than the others (11,12). The
average deviation between A and B samples in our survey is about
6%. Statistics dictate that counting errors for the 95%
confidence level will be in the neighborhood of 2% and 6% for
samples measuring 10,000 and 1000 pCi/L respectively, and rise to
100% as the LLD is approached. Since counting errors for samples
of real concern are small compared to sampling errors, and
interferences from other radionuclides (which are normally at

much lower concentrations) are unlikely, the liquid scintillation
method appears to be appropriate.
It appears that none of the studies (1, 5, 13) of the
airborne radon levels that result from the domestic use of
radon-containing water have incorporated the contribution of
intentional air humidification, which may be a major factor. In
cases where water use does contribute significantly to airborne
radon levels, the resulting radon may be undetected in cases
where initial screening is done in an area of a house were
neglible water use occurs, for example, in the cellar of a house
where radon-rich water is used for humidification of upper floors
but not the basement.
Levels of radon in individual wells, and (especially)
variability in levels between neighboring wells, do not seem to
be determined as much by broad geological province, or even by
the radioelement concentrations in the province, as much as by
microgeological factors operating within a few meters of the
well. These may include disruption by well digging, friation
close to the well, flow rate, exsolution of radon near the
surface, temperature, and other factors. If this is true, it
follows that only extensive testing of individual wells will
characterize the distribution of radon in private water supplies.
The work described in this paper was not funded by the U.S.
Environmental Protection Agency and therefore the contents do not
necessarily reflect the views of the Agency and no official
endorsement should be inferred.
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