


















MAJOR RADON
ENTRY ROUTES

FIGURE 2.-Major radon entry routes into a home. Arrows indicate possible entry points and pathways of radon into a building from
the surrounding soil and rock. Radon may also enter the air of a home through the water supply. In some cases, radon may be
given off from certain building materials, such as fireplace rocks.
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assessment of average radon
content in a home or building.
The charcoal canister and A TD
detectors are easy for individual
homeowners to use and are
usually available in local hard-
ware stores or through mail
order for a cost of generally
between $12 and $30 (1993
prices), which includes lab
analysis and report. Whichever
type of passive radon detection
device is used to measure radon
concentration in a home, if an
initial short-term screening mea-
surement is 4.0 pCi/L or higher,
then EPA recommends either
another short-term measurement
De maae, or prereraDlY a long- ~term measurement in order to
determine the annual average
radon concentration in the
home.

Active radon detection
devices, also known as continu- FIGURE 3.-Types of pas!
ous radon monitors, use a power types of charcoal caniste
source to pump air through a
cell attached to a machine capa-
ble of measuring alpha particle impacts and integrating this
information with time, cell volume, and other variables in
order to yield accurate radon concentration measurements.
There are several different types of continuous radon moni-
tors available, most of them generally too costly to be com-
monly used by homeowners for residential indoor radon
screening measurements. They are, however, sometimes
used by commercial radon mitigators in diagnostic testing
of a building with a high radon concentration in order to
determine the possible entry points of the radon. They are
also used by researchers to verify radon measurements
obtained by other methods and to monitor changes in radon
concentration relative to other variables, as described in
following sections.

EP A operates a Radon Measurement Proficiency pro-
gram to monitor individuals and companies who are in
the business of testing homes for radon, or laboratories
that analyze exposed radon detectors. A consumer pur-
chasing a radon detector, either charcoal canister or ATD,
should look for words printed on the detector to the effect
that the detector has met the requirements of the EPA
Radon Measurement Proficiency (RMP) program, or that
the product has been listed in the EP A RMP program. The
RMP program's primary purpose is to make sure that the
laboratories report accurate measurements to consumers.
Every year, EP A issues an RMP program handbook in
which all testing laboratories are listed; a copy of this
handbook may be obtained from EP A or from a state
health or state EPA office (in Nevada, the Radiological
Health Section of the Nevada Division of Health). A
detector supplied by an RMP vendor is not guaranteed to
be accurate, but -the RMP vendor has met certain mini-
mum standards and quality control requirements set by
EPA.

FIGURE 3.- Types of passive radon detectors. An alpha track detector (A TD, front) and two
types of charcoal canisters (rear) are shown. Photo by Jim Rigby.

RADON STUDIES IN NEVADA

The study of radon in Nevada was initially undertaken
in 1989 by NBMG and continued through 1993 in conjunc-
tion with NOOH under grants from EPA. The primary pur-
pose of this study was to determine if radon poses a health
hazard to Nevadans. A secondary purpose was to identify
the source rocks and soils for radon in the state and to
make these data known to the citizens of Nevada. Partial
funding for this work was provided by the EPA Office of
Air Toxics and Radiation, and most of the remaining fund-
ing was provided by the State of Nevada. The USGS assisted
NBMG in the analysis of radon in groundwater.

NBMG Survey of 1989

Beginning in February 1989, NBMG undertook a limited
screening survey of indoor radon concentrations in homes
across Nevada. In this survey, short-term (7-day) charcoal
canister radon detectors were purchased from the Radon
Project of the University of Pittsburgh (RMP program
listed) and sent to individuals who had volunteered to test
for radon in their homes. This survey, while not designed
to be statistically valid, nonetheless sampled most of the
principal population centers of Nevada. A total of 307
detectors were returned by homeowners for analysis during
the late winter and early spring of 1989. About 20% of the
detectors exceeded 4.0 pCi/L, and the statewide average
(arithmetic mean) was 2.9 pCi/L. These data are compara-
ble with the results of a nationwide EPA survey of 59,000
homes in 42 states in which about 20% of the tests exceeded
4.0 pCi/L and the arithmetic mean was 3.0 pCi/L (Louise
Hill, EPA, personal commun., 1993).
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TABLE 2.-Distribution by county of charcoal-canister indoor air residential radon measurements,
1989-1992 surveys in Nevada.

Number of
measurementsCounty

Carson City
Churchill
Clark

Douglas
Elko
Esmeralda
Eureka
Humboldt
Lander
Lincoln

Lyon
Mineral

Nye
Pershing
Storey
Washoe
White Pine

98
141
261
154
258
20
37

259
162
234
75
75

170
40
16

495
245

2,740TOTAL

1AII numbers represent raw, unweighted data.
Table includes mobile home data.

half of the state's population lives. After completion of the
survey, Research Triangle Institute weighted the raw survey
data to compensate for this variability in sampling inten-
sity. The weighted data indicate that about 10% of Nevadans
live in houses with screening tests greater than 4.0 pCi/L.
These population-weighted figures were calculated by EPA
using the same method used to report the data from other
EPA state surveys. For Nevada, EPA based their calcula-
tions on only 1,562 radon screening tests obtained during the
winter and early spring of 1990. The remaining 500 or so
radon measurements from the EPNSIRG survey of 1990-
1991 were not available to EPA when EPA performed their
calculations. The weighted average (arithmetic mean) of the
1,562 data subset for the state was 2.0 pCi/L and the geomet-
ric mean of this subset of the measurements was 1.0 pCi/L
(White and others, 1992).

The results of the smaller, earlier NBMG survey of
1989 compared closely with those of the larger, statistically
valid EPA/SIRG survey of radon in Nevada homes.
Henceforth, in this report, results of both surveys, as well
as subsequent surveys performed by NBMG/NDOH, will
be discussed together. Table 1 lists all the major indoor
radon surveys conducted by NDOH and NBMG in the state
from 1989 through early 1993.

Nevada communities in which ten or more residential
indoor radon measurements were obtained in the 1989 to
1992 surveys are shown in figure 5; the figures on the map
represent the percentages of tests in each community that
exceed the EPA action level of 4.0 pCi/L. A high propor-
tion of the measurements exceed the action level in several
of the state's communities. Most of the communities in
which a high proportion (>20%) of the measured homes
exceed the action level are situated in either the northern
one-half of the state (Reno, Zephyr Cove, Carson City,
Minden, Gardnerville, Yerington, Hawthorne, Lovelock,
Austin, Orovada, Wells, Elko, Carlin, Eureka, and Ely), or

Highest Lowest 1 Number of Percent of
measurement measurement M~c:'/~ measurements measurements1

pCi/L pCi/L P I ?c4 pCi/L ?c4.0 pCi/L

3.7
2.2
1.0
3.8
2.9
1.1
3.9
2.3
4.3
4.4
2.4
4.2
1.6
6.4
2.5
2.9
3.4

3.0

31.6
20.1
11.0
21.9
18.0
3.0

35.4
43.4
46.7
80.9
11.0
23.6
17.5
40.7
14.7
40.6
23.7

80.9

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

25
12
7

44
56
0
9

34
54
67
14
26
10
18
2

98
66

535

26
9
3

29
22
0

24
13
34
29
19
35
6

45
13
18
27
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in the southeastern part of the state (Pioche, Panaca, and
Caliente). As will be discussed later in this report, these
observations can be explained primarily on the basis of
varying geology and climate.

Table 2 shows the results of the 1989 through 1992
surveys by county. The homes in nine of the state's 17
counties contain indoor radon in excess of the EP A action
level in at least 20% of the tested homes. These counties
(Pershing, Mineral, Lander, Lincoln, White Pine, Carson
City, Douglas, Eureka, and Elko) have recently been desig-
nated by EP A as counties that have the highest potential for
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Q
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0.0--0.9 1.0-3.9 4.0-9.9 10.0-19.9 20.0+

RADON CONCENTRATION (pC ilL)

FIGURE 4.-Results of 1990-1991 EPA/SIRG indoor radon survey
in Nevada. Data represent 2,065 screening test results using
2-day charcoal canisters in Nevada homes, including mobile
homes. Measurements were made in the lowest livable level of
homes and most measurements were made in winter and
early spring.
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As there is no obvious uranium-
rich source rock for radon at the
surface, it is possible that other
factors such as proximity to
faults and porosity and perme-
ability of the soil or home con-
struction foundation type exert a
controlling influence over the
distribution of homes with high
indoor radon in Pioche. The per-
centage of homes exceeding 4.0
pCi/L in Pioche in the 1992 tar-
geted survey was not as large as
that found in previous surveys.
Part of the reason for this may
be due to the relatively warm
temperatures in Pioche during
the 1992 testing period. Air tem-
peratures in nearby Caliente (no
weather station for Pioche) hit a
high of 68°F during the testing
period and remained warm
throughout the testing period,
probably resulting in increased
ventilation with outside air and
decreased use of furnaces during
the 1992 test period.

Several small communities
surrounding the Nevada shore of
Lake Tahoe were also targeted
for indoor radon measurements
in the February 1992 survey.
These communities included
Incline Village, G1enbrook, and
Zephyr Cove. Homes in the
communities of Crystal Bay and
State]ine also received canisters.
None of these communities were
well represented in the 1990-
1991 EPA/SIRG survey.

Figure 12 shows the distribu-
tion of indoor radon measure-
ments from these communities
from a]] surveys. Of the mea-
surements made from 1989 to
1992, 59% exceeded 4.0 pCi/L
in Zephyr Cove, 44% in Glen-
brook, ] 8% in Inc]ine Village,
and none exceeded 4.0 pCi/L in
Crystal Bay or Stateline (but
there was only one measurement
from each of these two commu-
nities). About 38% of all indoor
radon measurements made in the
Lake Tahoe area communities
between ]989 and 1992 ex-
ceeded the EP A action level
(24% in the 1992 targeted sur-
vey only; see table 1).

Most of these communities
lie on, or very close to, granitic
bedrock (Cretaceous grano-
diorite and related igneous rocks)
of the Sierra Nevada batholith.

FIGURE 12.-Charcoal-canister residential radon measurements in the Lake Tahoe area
during the 1989-1992 surveys. Each data point represents one measurement in one home.
Most measurements were made in February and March on the lowest livable level of the
homes tested. Mobile home measurements are included. Highway and street base map
adapted from U.S. Census Bureau TIGER file.
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Uranium concentration associated with organic matter
is well established and typically occurs in an anoxic, reduc-
ing environment. Kochenovand others (1965) concluded
that uranium can be concentrated in peat bogs from circula-
tion of groundwater containing uranium near background
concentrations. As mentioned in the section on Indoor Air
Surveys of Targeted Communities, atton and others (1989)
found high concentrations of uranium in marshes and
organic-rich sediments near Zephyr Cove at Lake Tahoe.
Although more work needs to be done, it is possible that
the elevated soil-gas radon and the large percentage of high
indoor air radon concentrations in Lovelock may be the
result of uranium accumulation in organic-rich clays under-
lying the area.

1060

llHV30' 1580 118°28'

FIGURE 16.-80il-gas radon measurements (pC ilL) from the Lovelock study area. The isopleths are based on sparse data, and
should be disregarded in areas lacking data.

RADON IN OUTDOOR AIR

Another facet of Nevada's radon study program con-
sisted of the measurement of radon in outdoor air in the
state. Although not a part of the activities of the EPNSIRG
radon program in Nevada, the determination of radon con-
centration in outdoor air is important because the Indoor
Radon Abatement Act passed by Congress in 1988 states
that the eventual goal of the EP A radon program should be
the lowering of indoor air radon concentrations in homes to
ambient air levels. Before NBMG began its study of out-
door air radon concentrations, the only systematic measure-
ments of radon in the outdoor air of the United States con-
sisted of a study of outdoor air at one site in each of the 50
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FIGURE 23.-Average radon concentration by season in homes
(including mobile homes) tested during the 1990-1991
EPA/SIRG indoor radon survey (A), and the percentage of
these homes exceeding the EPA action level during each sea-
son (8). Winter includes December, January, and February.
Spring includes March, April, and May. Summer includes
June, July, and August. Fall includes September, October, and
November. Data consist of 2,065 measurements: 1,601 in the
winter, 260 in the spring, 130 in the summer, and 74 in the fall.

variation is that homes are usually less ventilated in the
winter, especially at more northern latitudes, due to cold
weather. This reduces the amount of outside air circulation
into the home, thus permitting radon to build up to higher
concentrations than in warmer months when windows and
doors are open more often.

The second reason for higher indoor radon concentra-
tions in winter is that most homes use artificial heating to
keep interiors warm. In heating a home with a central

furnace, air inside the home is warmed and rises, resulting
in a reduction of indoor air pressure in the lower parts of
the home. If the soil gas pressure in ground adjacent to
the foundation is higher than the indoor pressure, soil gas
can more easily flow upward and into the basement or
lower level of the home through cracks, joints, and pores
in the foundation. This process, sometimes referred to as
stack effect, causes more radon to be drawn into the
building from surrounding soil in the colder parts of the
year. This process, in conjunction with reduced ventila-
tion during colder weather, can result in wintertime
indoor radon concentrations that are significantly higher
than those in the same home or building in other seasons.
The stack effect can be reduced by the installation of
ductwork to provide outside make-up air for combustion
appliances, further described in the section on Reducing
Radon in Homes.

Results of the radon testing by NBMG and NDOH in
Nevada reflect this seasonal variation. Figure 23A shows
the indoor radon concentrations of homes tested in the
1990-1991 EP A/SIRG indoor survey by season. During the
winter (here defined as the months of December, January,
and February), the indoor radon concentration of all homes
tested in these surveys averaged 3.1 pCi/L, higher than dur-
ing any other season. Significantly, the average winter
radon concentration is almost three times as high as the
average summer (here defined as the months of June, July,
and August) radon concentration. Figure 23B shows the
percentage of homes that exceed the EP A action level of
4.0 pCi/L in each season. The greatest number of tested
homes exceed the action level in the winter, and the fewest
exceed the action level in the summer.

Not only do average measurements for seasons vary,
but indoor radon concentrations in individual homes can
vary dramatically by season as well. Figure 24 shows the
indoor radon concentration by season for three Nevada
homes tested during the 1990-1991 EPA/SIRG survey. A
home in Gardnerville had a relatively high winter radon
concentration (18.6 pCi/L) which declined somewhat in the
spring and summer, reaching a low in the fall (10.5 pCi/L).
In all seasons of the year, however, measurements
remained above the EPA action level of 4.0 pCi/L. A home
in Hawthorne had a high winter radon concentration (16.6
pCi/L) similar to the Gardnerville home, but by spring, the
radon had declined dramatically to below the EPA action
level, staying below the action level during the summer
when it reached the low for the year (1.9 pCi/L).
Subsequently, radon concentration in this home increased
somewhat in the fall to the action level. A third home,
located in Pioche, had a winter radon concentration that
was relatively high (2.5 pCi/L) compared to the spring and
summer concentrations, but the actual high (2.8 pCi/L)
occurred in the fall. As in the Hawthorne home, the low for
the Pioche home occurred in the summer (0.4 pCi/L), but
unlike the Hawthorne home, all measurements remained
below the, action level throughout the year.

Other factors that may affect indoor air radon con-
centrations from season to season are interactions
between the atmosphere and the soil around the home.
These include changes in air pressure, precipitation, and
possibly air temperature and wind speed. Lowered air
pressure has been shown to cause an increase in soil-gas
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HIGH HAZARD — Any one of the following:

1.  soil or geologic unit with uranium content equal to or greater than 4.0 parts per million 

equivalent uranium (ppm eU),

2.  any indoor radon measurement equal to or greater than 20.0 picocuries per liter (pCi/L),

3.  average indoor measurement equal to or greater than 4.0 pCi/L, or

4.  25% of homes measured equal to or greater than 4.0 pCi/L.

INTERMEDIATE HAZARD — Any one of the following:

1.  soil or geologic unit with uranium content equal to or greater than 2.0 ppm and less than 4.0 

ppm eU, 

2.  any indoor radon measurement equal to or greater than 4.0 pCi/L and less than 20.0 pCi/L, or

3.  average indoor measurement equal to or greater than 2.0 pCi/L and less than 4.0 pCi/L.

LOW HAZARD — Any one of the following:

1.  soil or geologic unit with uranium content less than 2.0 ppm eU, 

2.  no indoor radon measurement greater than 4.0 pCi/L, and

3.  average indoor measurement less than 2.0 pCi/L.

The purpose of this map is to assist state, county, and local agencies and organizations in the 
targeting of resources and in the implementation of radon-resistant building codes. This map 
should not be used to determine whether a particular home in a given hazard zone should be 
tested for radon. Homes with elevated radon have been found in all three hazard zones and all 
homes should be tested for radon regardless of geographic location. 0 10 20 30 40 50 60 70 80 kilometers

0 10 20 30 40 50 miles

Scale 1:1,000,000

CONTOUR INTERVAL 1000 FEET

INDOOR RADON POTENTIAL HAZARD MAP OF NEVADA

Base map: Nevada Bureau of 
Mines and Geology Map 43, 1972
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