Chapter 6
The Myth of the Quick Test

The use of short-tern measures for mitigation decisions creates all kind of
problems.
—Richard Sextro

The context of radon testing is explained directly by the myths of the hot house
and Reading Prong. The U.S. geologic radon policy has been driven by the im-
age of thc Watras experience and by the tail of the lognormal curve, the specter
of extreme hot houses exposing their residents to extraordinary risk. Abetted by
the scientific consensus over risks in hot houses, EPA has crafted a policy that
espouses much broader goals (the 4 pCi/l guidance and even ambient levels), but
in effect focuses on finding hot houses and hot regions. Given this policy focus,
the primary objective of radon testing has been to “screen” buildings to find the
hot ones, to the exclusion of other objectives that should be central to a compre-
hensive policy for radon risk reduction.

Moreover, this emphasis upon screening for hot houses demanded a quick,
inexpensive, and easy measurement approach that came to dominate U.S. radon
testing. By the myth of the quick test, we refer to the inherent delusion underly-
ing radon policy that such screening measurements, made over time intervals of
only a few days, accurately reflect the risk from radon exposure in a given build-
ing. Despite serious validity questions, such tests have been widely employed for
all uses. As a result, the majority of those testing have used inappropriate tests
for their objectives and possibly drawn inaccurate conclusions regarding the
safety of buildings, the need to remediate, and whether to proceed to purchase a
house. The myth of the quick test has led policymakers, experts, and even con-
sumer groups to create misleading programs and to provide wrong advice. We
see this impact clearly when we examine error in radon testing.

Errors in Radon Testing

In our view, the challenge in radon testing has less to do with the technical
problems of how to detect radon than with the central question of whether infor-
mation gleaned from tests provides a valid indication of the average radon level
and, particularly, the exposure of building occupants to radon. Validity requires
the elimination of testing errors that might lead us to obtain false results, to
make false conclusions, and to make inappropriate responses. Also requisite for
validity is repeatability, since we can have no confidence in results that cannot
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be replicated. Validity is threatened by six potentially interacting types of error,
all found in the U.S. radon testing program.

* Error of Policy. Are we asking the right questions? Are we clear
enough about what our goals are to select the appropriate testing
methodology and technique?

* Methodological Error. Have we adequately sampled for radon so
that our findings represeat radon levels in the test setting?

* Device Error. Might error result from the inherent shortcomings
of the radon detector that we are using, whether a charcoal canis-
ter, an alpha track detector, or an electret?

* Measurement Error. Is the testing device properly used and are
there situational factors that might contribute to error?

* Analysis Error. What are the potential laboratory errors in the
analysis of the radon collected in test devices?

* lInterpretation Error. Are correct conclusions drawn from the
measurement?

We will now examine how each of these errors affects radon testing policy
and practice.

Errors in Policy

The primary cause of “policy error” has been a failure to clearly delineate
the different goals that exist for testing and to consider whether given testing
techniques achieve desired objectives. Tests valid in all other ways may fail sim-
ply because the information they provide is neither what we need to know nor,
having been misled, what we think it is.

At least seven different testing goals and objectives are reflected in common
practice (see table 6.1), yet these goals and the techniques most appropriate for
achieving them have never been adequately differentiated in radon policy. When
a careful comparison of the goals and objectives is made, some striking conclu-
stons about radon testing and measurement can be drawn that reflect policy er-
ror. After reviewing the key questions posed by the seven different policy goals
and objectives, we will examine the case of screening and the myth of the quick
test more closely. Note that EPA testing protocols cited here were originally pub-
lished in the 1986 Citizens’ Guide to Radon; reference to updated protocols re-
lies upon the revised 1992 Citizens’ Guide (EPA 1986; 1992f). Unless noted,
these two protocols were in agreement.
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Teble 6.1 Goals, Objectives, Location, Time, Cost, and Problems of Various

Types of Measurements
~ Screening  Is the house  Lowest Short—days Low High false
: hot? Is it potential to a few negatives
above 4 livable months and positves
pCifl? (lived-in)
space
Follow-up Is 2(1) lived-in 1 yr. if Low Inaccurate if
remediation  Jevels greater than closed house
needed and 4 or less or short test
how soon? than 20;
short if
greater than
20
Household Whatis the 2 lived-in 1 year Low Long testing
character-  health risk?  levels Interval
ization
Diagnostis Whatisthe Suspected  Short—grab High Requires
best entryways  or sniffing high tester
mitigation skill level
choice?
Mitigation  Did 2 lived-in Same as .  Low-high Unreliable
evaluation  mitigation levels premitiga-
work? tion
Realty Cansafety  Generally in  Short Low-high Unreliable
transfer be lowest
warranted?  livable
(lived-in)
space
Institutional Are public ~ Generally in  Short Low-high Unreliable
exposure buildings Towest
safe? occupied
space

Source: Summarized from NYSEO, 1989; EPA, 1986; EPA, 1989a; and EPA,
19921,
Note: Ttems in parentheses reflect May 1992 EPA recommendations.
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Screening: Is the House Hot?

“Screening measurements” are quick initial tests for identifying houses hav-
ing high concentrations of radon—the so-called hot houses. Screening seeks to
measure the highest radon concentration in a building. To achieve this end,
“closed-house” conditions are employed and tests were originally taken in the
lowest potentially livable level of the building, later changed to the actual lowest
lived-in level. Because screening measurements theoretically capture the highest
radon levels found in the home, it is well recognized that they have an inherent
tendency to exaggerate results. Therefore, the intended use of the screening
measure is to sort buildings into those requiring further confirmatory measure-
ments and those deemed to be safe (i.e., not a hot house). Accordingly, screening
measurements are by definition quick and dirty—and relatively cheap. But,
while helpful, perhaps, for a rough sorting of houses, the screening test is not
helpful in determining the actual risks associated with a building or in deter-
mining whether remedial action is required. Moreover, because of sampling and
other errors discussed below, short-term testing is an unreliable method for esti-
mating lower radon levels, particularly around 4 pCi/l.

Follow-up: Is Remediation Necessary?

“Confirmatory testing” involves follow-up measurements made in upper lev-
els or lived-in portions of the house for the purpose of estimating potential health
risks and the need for remedial action. EPA recommended confirmatory testing
after an initial screening test indicated a result in excess of 4 pCi/l. The urgency
of the follow-up test and the resulting actions are determined by the radon level
found. Screening results between 4 and 20 pCi/l (later revised to between 4 and
10 pCi/l) were to be followed by a year-long radon characterization study (now
revised to a long-term test over ninety days unless results are needed quickly).'
Should levels be confirmed, remediation is to occur within a few years. Radon
screening results between 20 (now 10) and 200 pCi/l are to be followed by con-
firmatory tests under closed house conditions and, if confirmed, remediation is to
occur within several months.> And screening values over 200 pCi/l do not require
confirmation, rather remediation is recommended within a few weeks.

Household Characterization: What Is the Health Risk? Is My House Safe?

“Household characterization” seeks to estimate the long-term yearly aver-
age radon exposure in living areas in order to provide more reliable information
on health risk for the occupants. House characterization should not be confused
with confirmatory testing because the latter, as practiced, rarely gives a long-
term average. House characterization may be made by using an alpha track de-
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tector or electret for a year or averaging four short-term charcoal canister detec-
tors, one over each season. The only context wherein an EPA guidance ever ex-
plicitly called for house characterization was in the confirmatory testing
recommendation originally made for screening results between 4 and 20 pCi/l.
Health risk was to be computed by averaging tests conducted on each occupied
level of the building (EPA, 1986). Even this minimal use of house characteriza-
tion disappeared with the 1992 revised guidance.* In any case, we never heard of
any testing or mitigation firm that followed the first gnidance. For such firms,
year-long testing is impractical; if confirmatory tests are done at all, they are
most likely to be short-term tests, most often charcoal canisters prone to serious
sampling error. Overall, relatively little house characterization has occurred,
even though this approach is the only one that addresses the ostensible concern
of occupants, namely, determining their actual exposure to radon and the safety
of their building.

Diagnosis: What Is the Best Mitigation Choice?

“Diagnostic testing™ is sometimes carried out for buildings greater than 4
pCi/l in order to determine the sources and entryways for radon, and, therefore,
the likely options for remediation (NYSEQ, 1989, III-24). Such testing is gener-
ally done by experts, employing short radon gas measurement techniques such
as grab sampling (where air is scooped up in a container for testing) or continu-
ous monitoring {capable of “sniffing” or giving a quick, crude indication of rela-
tive radon levels). While diagnostic testing is a tool for understanding the radon
dynamics in a building, and useful for tailoring a custom solution to the build-
ing, mitigators increasingly employ cookbook remediations requiring little if
any diagnosis (see chapter 7).

Evalvation: Did the Mitigation Work?

“Postmitigation evaluation” is conducted to see how well a completed miti-
gation works. In order to reduce the variability of readings, these measures are
ideally compared to premitigation radon tests similar in such sampling and
measurement characteristics as ventilation and pressure conditions, weather,
time of year, and detector placement. The comparison of premitigation and post-
mitigation measures determines whether the mitigation succeeded in lowering
radon levels and whether the reduction is sufficient (NYSEQ, 1989, ITII-23). Pre-
liminary data from such mitigation evaluations indicate that many mitigations
fail (see chapter 7). Furthermore, because buildings change over time, it is quite
possible that radon levels will also change. For these reasons, whether the house
has been mitigated or not, repeated tests over time are prudent. There is no evi-
dence that many such measurements are taken, however.
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Realty Transfer: Can a Building Be Warranted As Safe? Is Radon a
Threat to a Building’s Value?

“Realty” and “new construction” testing involve the effort to warrant that a
building is free of radon problems that would be passed on to a new owner. The
demands of real estate transfer often require quick answers, leading to a reliance
upon short-term testing despite the inability of such measurements to do more
than screen the house. As a result, many houses have been mitigated because
they fell at 4 pCi/l or just above on a crude measurement, while other buildings
deserving of mitigation may have been missed. While this sampling error must
be addressed, realty transfer of used or new buildings represents a logical point
for finding and lowering radon levels. Indeed, in the absence of government
mandate, considerable market pressure has developed to force accountability on
radon, particularly in areas where radon problems are known, Yet, EPA has
lagged seriously in addressing the realty contex. The 1992 Citizen’s Guide
blithely suggested that homeowners test their homes (and fix them) well before
they intend to sell, while ignoring the well-known threats to testing validity—-
frand and the quick test. It was not until 1993 that a formal guidance on real es-
tate was issued by EPA, the Home Buyer's and Seller’s Guide to Radon. Overall,
real estate transfer has been a blatant instance where science, the radon industry,
and government have bowed to economic pressure rather than to sound practice.
We return to realty testing in chapter 8.

Institutional Testing: Are Public Buildings Safe?

“Institutional testing,” involving measurements in public schools, day care
centers, and government office buildings, became a major EPA focus by the late
1980s due to congressional mandate. Preliminary data from around the country
indicated that there was some cause for concern. While the health guideline for
public buildings is the same as for residences (4 pCi/l), development of testing
guidelines is hampered by complex sampling questions, such as whether build-
ings should be tested while they are occupied or unoccupied; on weekdays or on
weekends or evenings; and with heating, ventilation, and cooling on or off.
Tight economics and the feared complications and costs of mitigation hampered
many school districts from attending to the radon issue quickly.

Policy Error—The Case of Screening

EPA radon policy has focused upon screening measurements, with the goal
of identifying hot houses and hot regions. Implementation of screening relied on
finding a quick and inexpensive technique of sorting for hot houses. The tool of
choice for screening was the charcoal canister, a government developed, inex-
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pensive and easily handled testing device.* Screening as a policy was wedded tc
the charcoal canister and thus to the myth of the quick test, the assumption thaf
radon levels could be assessed in a few days so as to provide valid information
about longer term average radon levels in the building. One might even conjec-
ture that screening became the policy goal of choice because the charcoal canis-
ter was 50 readily available and its best application was for screening.

The policy error in emphasizing screening should have been evident from
the onset. It was well recognized in 1985 that the greatest public health risk was
ot to the few families living in hot houses, but to the multitudes living with
much lower levels of radon. However, the myth of the hot house was so persua-
sive with its demand to screen for hot houses that EPA even ignored its own ra-
don guidance, whereby the clear need for testing was to accurately discriminate
between values below and above 4 pCi/l. The charcoat canister is particularly il
suited to this task, giving large numbers of false negative and false positive re-
sults (see for example, Scott, 1988b; Mose et al., 1988; Steck 1988, 1990, 1592;
GAO, 1989). Thus, the primary emphasis on screening at best has been confus-
ing, and, at worst, has provided wrong information to those testing their homes.
Significantly, most homeowners who test their homes have a different goal than
that embodied in screening; they seek to identify whether their homes are safe.

The issue of safety is best answered by household characterization, which
attempts to define the annual average radon level to which occupants of the
building are exposed, and not by screening. A strategy based upon houschold
characterization would find the hot houses, but would also give building occu-
pants valid information about their annual average exposure. That information
could then be utilized to project risks associated with the building. Informed de-
cisions about needed remediation based on risk could be made, An additional
advantage is that testing protocols could be simplified. Furthermore, a charac-
terization-based policy is consistent with the national goal of lowering buildings
to ambient radon levels, thought to average somewhere in the 0.3-1.0 pCi/l
range. Most homes have a radon problem needing to be addressed according to
the ambient goal. While reliable and economical measurement at such low lev-
els is inherently problematic, short-term screening is certainly too inaccurate to
reliably measure low radon levels required by this policy.

In summary, the dominant reliance upon screening represents a serious pol-
icy error for the EPA. Screening asked the wrong question; by focusing on maxi-
mum values in the basement, its findings are hardly applicable to the issue of
safety and risk in most houses tested. Neither did screening address the public
health risks posed by the vast majotity of houses at lower radon values, And
screening relied on short-term tests that were highly susceptible to sampling er-
ror. By taking on the impractical objective of screening for hot houses, EPA
missed the opportunity to implement a policy based upon household character-
ization that would have both addressed risk and identified hot houses.
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While a combination of the Watras discovery and limited available informa-
tion might excuse EPA’s initial adoption of screening, what is surprising is that
the policy has persisted in the face of firm evidence of its inadequacy. In the
wake of the Indoor Radon Abatement Act of 1988, with its ambient goal, togeth-
er with the increasingly recognized inadequacy of short-term sampling (see
GAQ, 1989), a shift away from screening would have been expected. However,
in 1991, EPA proposed new guidelines for doing exactly the opposite: a one-step
testing process enthroning the screening measurement with all its problems as
the predominant radon test. Finally, in May 1992, the new Citizen’s Guide
moved even further from household characterization with its emphasis on short-
er term tests, although it did recommend measuring in lived-in (rather than po-
tentially livable) levels,

Methodological or Sampling Error

The key methodological error affecting the validity of radon testing involves
sampling error caused by the heavy reliance on short-term testing and resulting
insufficient sampling time.5 Put simply, radon concentrations are often sampled
over a time span that is too limited to fully assess the phenomenon being mea-
sured: one cannot validly predict a long-term average exposure from a short-
term measurement. Blinded by the myth of the quick test, experts in government
and the private radon sector continue to ignore ample evidence that radon is just
too variable in many cases to reliably measure it over time periods of only a few
days or less. Such variability is evident in radon’s predictabie fluctuations; those
for which known variables have been identified related to weather and other nat-
ural conditions and to humnan behavior and house design. Radon also undergoes
emratic or unpredictable fluctuations for which there is currently ne acceptable
explanation.

Radon’s Predictable Variability

Radon and daughter concentrations indoors have been related to a variety of
natural and human-caused conditions (see NYSEO 1989, I1-23 to 11-29).

Naturally Induced Radon Variations. Natural environmental factors that af-
fect radon emanation from the soil include specific soil and weather conditions,
daily or diumnal (day/night) weather cycles, and longer term cycles. The dynam-
ics of some variations are well understood; in other cases, known variables cause
less predictable outcomes.

There are many weather conditions that affect radon levels, For example,
high winds can induce pressure-driven flows of soil gas from the ground into the
house. Large barometric pressure changes accompanying storms can also affect
radon levels. Rain, snow, and freezing ground can enhance the entry of radon
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into houses by preventing the escape of soil gas directly to the outside air sur-
ronnding a building (Nazaroff and Nero, 1984; Nazaroff et al., 1988b, pp. 92—
97). Seasonal and even yearly variations in radon levels have been found by
many researchers (Cohen and Gromicko, 1988b; George and Hinchcliffe, 1986;
Sextro, 1990; Martz et al., 1991b).

There are also short-term fluctuations in radon levels observed on diurnal
cycles. As shown in figure 6.1, such differences between night and day are prob-
ably caused by temperature and wind changes that accompany day/night chang-
es (Scott, 1988b; Sextro, 1990). Such diurnal differences suggest a pattern of
change that can be eliminated as a testing variable if tests begin and end at the
same time of day (Scott, 1988b).
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Fig. 6.1 Thermally induced diurnal radon cycles in summer
(Source: Scott, 1988)

However, natural radon cycles of longer term also occur that would not be
addressed by diurnal sampling. These longer-term cycles relate to high and low
pressure systems, the weather patterns that continuaily cross over the continent
bringing changes in temperature, wind, moisture, and atmospheric pressure,
These patterns change approximately every three or four days, as shown on fig-
ure 6.2. A sampling interval capable of averaging the variations surrounding
several pressure system shifts would require about fifteen days of integrated test-
ing {Scott, 1988b).
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Fig. 6.2 Extreme long-term radon variation (Source: Scoit, 1988)

Building and Occupant-induced Variability. 1t is well documented that ra-
don levels in houses are affected by such house conditions as whether the house
is closed up (doors and windows are shut), whether ventilation fans are on or
off, and whether the furnace is operating (EPA, 1989a; Scott, 1988b). Generally,
open houses during warm weather have lower radon levels because air exchange
dilutes the internal atmosphere. However, there are exceptions to this rule. If air
exchange increases negative pressure in the building, more radon may be drawn
in from the soil. In fact, such actions as blowing air out of a basement window
or using a whole house fan, by serving to increase the negative pressure ina
basement, may enhance radon entry.

Similarly, conventional rules regarding radon concentrations within differ-
ent spaces in a building can also be proven wrong. Two such rules, that base-
ments have higher radon values than do upper levels of the house, and that
upstairs rooms have less radon than downstairs rooms, may be contradicted if
air handling systems circulate radon from the basement or the ground to upper
levels of a house, causing higher levels there, or if thermal bypasses enhance air
flow and radon to upper-level rooms, again inverting the normal behavior. Ra-
don outgassed from water could give larger values upstairs in rooms where wa-
ter use is greatest.

Radon has been found to vary spatially for other reasons (Steck, 1992). For
example, rooms over different types of foundations (slab, crawl space, or foll
basement) may have varying amounts of radon. Bathrooms and kitchens may be
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affected by ventilation devices. Locations near HVAC vents, doors, windows,
and exterior walls may be affected by drafts. Locations near the floor or ceiling
are often not representative of other locations in the room. These factors are rec-
ognized in EPA measurement protocols and are the basis for the recommenda-
tions for controlling testing conditions.

Occupant-driven changes in house conditions such as ventilation, water
use, or appliance use may also affect radon levels in extreme and sometimes un-
predictable ways. The use of cook stove fans, bathroom fans, and clothes dryers
may enhance negative pressure, and thus radon entry. If high amounts of radon
are found in water, the radon concentrations in the internal air may well vary
with water use. An example of this variation is offered in figure 6.3 (Scott,
1988b). The variations shown in figures 6.1-6.3 were all obtained under closed-
house conditions and following all EPA protocols for assuring reproducibility. In
all of these cases, however, short-term tests are seen to be particularly vulnerable
to distortion from fluctuating radon levels.
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Fig. 6.3 Variations produced by radon in water (Source: Scott, 1988)
Radon’s Erraric Variability

Aside from the somewhat predictable cycles associated with weather, time
of day, and human use of the building, there is also evident an element of the er-
ratic in the behavior of radon that upsets conventional wisdom about where and
when to find maximum radon values in a building. Researchers have observed



128 Chaprer Six

significant changes in radon levels over just a few weeks within a house—some-
times of more than a factor of twenty—that cannot be readily explained by any
of the factors discussed above. Such “unusuval variations” in radon emanation
may be caused by seasonal changes in radon levels in soil air combined with
wind direction changes. In other instances, soil and bedrock conditions com-
bined with topographical factors may be involved; examples include conditions
of exceptionally high permeability found with limestone cavities, shattered
shale, or sand combined with sloping surface land forms (NYSEOQ, 1989, II-27
and I1-29). Such extreme exceptions to the rules are not infrequent; several
buildings out of every hundred or so studied seem to defy conventional assump-
tions about radon behavior (Camroden Associates, 1989).

Implications of Variability for Screening

While a radon measurement of any time interval is likely to introduce some
error in estimating average radon levels for a longer time interval, in general
this sampling error will increase as the time of measurement decreases. Indeed,
studies show that short-term measurement devices such as the charcoal canister
have a considerable sampling error (see Scott, 1988b; Mose et al., 1988; Steck,
1988, 1990, 1992; Dudney and Hawthorne, 1989; Graniund and Kaufman,
1987; GAO, 1989; Sextro 1990). Sampling error poses a major problem when
using a short-term measurement to screen or characterize radon levels in a
building where radon levels are highly variable. Since variability is inherently
unknown, the degree of actual sampling error in a given test is also unknown. It
cannot be assumed that the shorter term test is representative for the long-term
average radon exposure.

There are ample proofs of the limits for generalizing screening tests. When
short-term charcoal canister measurements were compared with seasonal and
annual average alpha track tests made in Maryland and Virginia, the screening
measurements had a 90 percent uncertainty in approximating year-long house
characterization radon levels. In other words, the short-term measure is a relative-
Iy poor indicator of long-term average results (Mose et al., 1988).% Similar prob-
lems were found in a Minnesota and Wisconsin study of charcoal measurements.
In 20 percent of the houses tested, screening results were less than 4 pCi/l, while
long-term house characterization results exceeded 4 pCi/l. In contrast to these
false negative results, in another 30 percent of the houses, false positive results
were found. That is, screening measurements were greater than 4 pCi/l, but sub-
sequent long-term follow-up measurements were found to be less than 4 pCi/l. In
all, 50 percent (20 percent false negative and 30 percent false positive) of the
screening measurements gave a wrong message (Steck, 1988, 1990).7

Finally, a summary of data from several researchers on the seasonal and
spatial variations in indoor radon concentrations found that daily variations in
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radon cause large inherent measurement uncertainties ranging from 20 to more
than 100 percent. Even monthly average radon concentrations were found to
vary by large factors, so that measurements taken for periods of less than three
months may only be reliable to within a factor of two or greater. In addition, the
aggregate data for houses tend to give a ratio between basement screening and
annual living space average that varies regionally around the country. There is
also a large variability in these ratios within regions indicating that little can be
assumed about the individual house based on the basement screening measure-
ments that original EPA guidances recommended (Sextro, 1990; Steck, 1992).%
It should be noted that the sampling errors mentioned here are not indige-
nous to the charcoal canister; it just so happens that the charcoal canister is most
often used. Any detector used for short-term measurements may produce similar
sampling biases. That it is common practice to engender this error—albeit often
unknowingly—suggests that officials, professional testers, and the public have
just not recognized sampling error as the problem that it clearly is. The fact that
rampant error is found in the EPA’s preferred approach to radon testing suggests
the need to lock more closely at the adequacy of the EPA protocols and quality

assurance program.

Inadequacy of EPA Protocols to Address Sampling Error

EPA protocols attempt to address sampling error by recommending mini-
mum sampling times for different kinds of radon test devices, and by recom-
mending a standardized set of conditions (environmental, house, and occupant
behavior) for testing. However, because these recommendations were based on
early and inadequate information and assumptions, they do not adequately ad-
dress the issue of what sampling interval is necessary to validly measure radon
levels. Clearly the minimum recommended times for screening measurements
are often too short to account for radon variability. As a result, conventional wis-
dom about radon fundamental to the screening approach has been often contra-
dicted. For example, closed-house wintertime conditions have often been found
to yield lower radon levels than have characterization tests measuring average
annual radon concentrations so that you cannot assume maximum radon levels
will be found by screening. Similarly, basements do not always yield highest lev-
els (see Scott, 1988b; Steck, 1988, 1990; Mose et al., 1988; GAO, 1989; Sextro,
1990). Perhaps of even greater concern, the protocols and recommendations are
often so complicated that they are hardly followed. As we mentioned earlier,
most professional testers did not perform house characterization tests to follow
up screening measurements between 4 and 20 pCi/l, even when it was recom-
mended by EPA prior to 1992. The new Citizen’s Guide recommendations (EPA
1992f), by excluding a specific recommendation for house characterization,
makes it unlikely that many homeowners would seriously consider it as well.
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There is, of course, an even greater problem. An EPA study showed that over 85
percent of homeowners in the Washington, D.C. area who screened their homes
for radon and received greater than 4 pCi/l did not perform a follow-up mea-
surement of any type (GAO, 1989, p. 5). The absence of confirmatory testing
places an even stronger onus on screening measurements that the screening ap-
proach is totally incapable of meeting.

Cumulative Effects of Sampling Error

The significance of sampling errors was shown by a study examining how
cumulative errors affect false negative readings (Bierma et al., 1989). Monte
Carlo sampling methods were used to simulate various errors at different radon
levels and specified monitoring scenarios. At the guideline of 4 pCi/l, three-day
charcoal canisters tests gave 36.6 percent false negatives and three-month alpha
track detectors yielded 30.2 percent false readings. At 8 pCi/l, the three-day
charcoal gave 11 percent false negatives while the three-month alpha track gave
only 2.2 percent. These projections are probably underestimates given conserva-
tive assumptions about spatial and seasonal variation (Sextro, 1990). Perhaps
more surprising is that the sequential testing approach recommended by the
EPA (screening then follow-up) would give 6770 percent false negatives at 4
pCi/L. This high figure is understandable if one considers that about one-third of
the houses didn’t follow up becanse of the false negative reading on the original
screening measurement, while about half the remainder could be expected to fall
below 4 pCi/i on the follow-up test based on statistical error. These results illus-
trate the problems of setting an artificial guidsline at 4 pCi/l and the inherent
futility of the screening approach.

Conclusions Regarding Methodological Error

The evidence on radon variability explains why quick tests are conducive to
methodological or sampling error. While some of the factors that affect radon
variability are under the control of the tester, many are not. The whole logic of
screening with short-tetrm measures felies on the notion of searching for maxi-
mum radon levels within a building. In a significant number of cases, however,
it is not known where or under what conditions these maximum levels will be
found. Maximum levels may not be encountered with basement tests under
closed-house conditions. Furthermore, short-term testing cannot, by definition,
account for significant radon fluctuations that are not sampled for. For these rea-
sons, any measurements using short-term testing with any type of detector are
particularly prone to methodological or sampling error that limits their utility.
These problems are further compounded when we examine device ervor.
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Each testing device brings significant advantages and disadvantages to the
testing task that make it more suitable for application to certain objectives than
to others. Here we focus specifically on “device error,” the intrinsic or inherent
limitations of testing instruments that limit the validity of their findings. Table
6.2 summarizes major characteristics of the three most common passive radon
detectors. The shortcomings of the charcoal canister are of particular note given
its central role in screening policy. Also notable is the extent to which the myth
of the quick test blinded EPA and others to these limitations, as well as to the
advantages of the alternatives.

Table 6.2 Comparison of Passive Integrating Radon Detectors

Characteristics Charcoal canister  Alpha track detector Electret detector
Integration time 2-7 days 2weekstoayear  Few daystoayear
Cost Low Low Low
Integration ability  Fair Good Good
Environmental Sensitive to Few limitations Sensitive to
limitations temperature and temperature,
humidity background
gamma, and
temperature
during
analysis
Precision Good Low at low Good
concentrations or
short sarnpling
times
Analysis Jocation ~ Laboratory Laboratory Field or laboratory
Major shortcomings Limited sampling Low precision at Care must be taken
time; desorption  short sampling 1o not inadvertently
with varying radon tmes discharge electret

concentration

Source: NYSEQ, 1989; EPA, 1989a; and Kotrappa et al., 1990,
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Charcoal Canister

Charcoal canisters use activated carbon to absorb radon by molecular diffu-
sion over an integrating period of between two and seven days. The tight-fitting
cover is removed from the canister at the onset of testing and is resealed upon
completion, preventing the escape of the charged heavy metal particles belong-
ing to the radon daughters polonium, bismuth, and lead present due to the ds-
cay of radon gas that entered the canister during the test period. After return to
the laboratory, the canister is placed on a detector that counts gamma rays
emitted in a particular energy range from the radon daughters lead 214 and bis-
muth 214,

The charcoal canister provides relatively precise results over fairly shor
periods of measurement. Its strength lies in the ability to reduce statistical etror
through detection from the absorbed radon of a large number of gamma counts
given off during daughter decay. This advantage is offset, however, by the char-
acteristics of the physical test device and the fact that charcoal canisters can be
used only for tests of brief duration, typically a few days, and are thus highly
susceptible to sampling error. This short test time is necessitated by radon’s
half life of only 3.8 days. Short-lived daughters from radon collected early in
sampling preferentially decay away before analysis can take place, weighting
the latter part of the measurement. As a result, the canister may easily misrep-
resent average radon levels if radon variability is sufficiently significant to
make the test period unrepresentative of the longer-term average. Furthermore,
the ability of charcoal canisters to integrate radon levels over time is limited
because radon will desorb from the canister depending on temperature and rel-
ative radon concentrations in the canister and the room. Thus, two-day char-
coal canister tests will preferentially weight the last twelve or so hours. These
variations may add an additional 50 percent uncertainty to the measurement
(Sextro, 1990). By using a charcoal canister equipped with a diffusion barrier,
the time-integration error can be reduced from 30 percent to 8 percent with ad-
ditional improvements in averaging over diurnal variations. However, the mod-
ified canister requires an exposure of seven days (Martz et al., 1991a; Field and
Kross, 1990). The charcoal medium is also sensitive to temperature and hemid-
ity effects, a problem that can add to the error associated with these detectors
(Bierma et al., 1989).

Alpha Track Detectors

An alpha track detector consists of a plastic film placed inside a small plas-
tic pillbox container. Since only radon diffuses through the filter, any micro-
scopic tracks etched into the plastic from alpha emission will indicate the
presence of radon and its daughters. Thus, the more tracks over a given time pe-
riod, the greater the radon concentration. After its return to the laboratory, the
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film is “developed” in a sodium hydroxide solution that etches the tracks, which
are then counted.

The alpha track detector is one of only two devices (with the electret) that
cheaply and easily performs an integrated radon measurement over time periods
significantly longer than a week. Alpha track detectors do not exhibit errors due
to time integration, temperature, or humidity, Measurements using alpha track
detectors are typically made for at least two to three months or for a year where an
annual average exposure is desired. The alpha track detector is sometimes used
for shorter measurement periods if the expected concentrations of radon are suffi-
ciently high or if, by counting a larger area, a more sensitive reading of the detec-
tor is made. A major disadvantage of the device is that precision is limited at
relatively low levels of radon and/or for shorter test periods simply because there
are few tracks on the film to count (EPA, 1989a). The device has from time to time
been plagued by bias and precision errors (Field and Kross, 1990; Martz et al.,
19%1a; Scott and Robertson, 1991; Yeager et al., 1991; Pearson et al., 1992).

Electret lonization Chamber

The electret ion chamber emerged as an testing device around 1988, chal-
lenging the other passive detectors with its similar range of applications and
several distinct advantages. Radon gas enters the chamber by diffusing through
filtered openings. A permanently charged electret (an electrostatically charged
disk of Teflon) is used to collect ions (charged particles) formed by alpha, beta,
and gamma radiation emitted during the subsequent decay of radon and radon
daughters. Because negative ions attracted by the electret during decay serve to
reduce the electret's surface voltage, the loss of voltage becomes the measure of
radon concentration. The average radon level in pCi/l is found directly by divid-
ing the voltage difference by a calibration factor and the time of exposure, A
correction may be made for external background gamma radiation. Two versions
of the device are made, one for use in short-term tests of between two and four-
teen days and one for longer term measurements of between two weeks and a
year (NYSEO 1989, III-10; EPA, 1989a; Kotrappa et al., 1988),

The electret shares the advantages of both the charcoal canister and the al-
pha track detector. Plus, it adds two major advantages of its own. First, while the
charcoal canister cannot be used for sampling for longer than several days and
the alpha track detector is inadequate for shori-term tests, the electret device
functions over any time span from a few days to a year. It further avoids the ten-
dency of two-day charcoal canisters to overemphasize the last twelve hours of
testing, integrating the entire time period equally. Second, analysis of the elec-
tret can be done immediately in the field by testing professionals using a surface
voltage meter (EPA, 1989a; Kotrappa et. al., 1988). On the negative side, care
must be taken to correct for sensitivity to temperature at the time of analysis and
in handling the device when it is removed from its protected plastic case in or-
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der to avoid uncontrolled effects on the charge of the unit. The electret jon de-
tector also is subject to correction errors from background gamma radiation. Fi-
nally, this test device requires testing by an expert, increasing costs and creating
a potential conflict of interest for having analysis done by testing firms having a
direct interest in whether mitigation is required.

Conclusions Regarding Device Error

Device etror is rarely a major threat to validity in and of itself. Limitations
of various instruments are well known and are often subject to correction in
analysis. Manufacturers and the EPA provide recommendations for the avoid-
ance of device error. Accordingly, our concern mostly involves device error’s
compound effect when interacting with already troublesome levels of policy and
methodological/sampling error. The charcoal measurement’s overall error raises
the possibility of unacceptably large numbers of false positives and negatives in
detecting whether buildings require remediation.

Measurement Error

Over the time interval during which radon is measured by any given device,
there is a risk of measurement error. Such error occurs when conditions before
or during the test depart from the standardized conditions for the test and cause
the device to give an inaccurate or irreproducible result.

Measurement Error and EPA Protocols

EPA protocols for radon testing devices make recommendations for the
standardization of testing in order 1o enhance the reproducibility of results,
These protocols include specifications for house conditions, detector placement,
occupant behavior, and operation guidelines for various types of detectors and
for different measurement goals (EPA, 1989a). General EPA protocols call for
location of detectors away from sources of air turbulence and drafts, away from
obstructions that would block radon from reaching the device, away from pets
and children who might damage the device, and away from heat sources. De-
vices are to be located within the average breathing zone, typically three to five
feet from the floor. EPA also generally recommends that testing be done under
closed-house conditions and in the absence of air exchange systems that would
mix inside and outside air. For test samples of three days or less, closed-house
conditions are also recommended for at least twelve hours prior to testing. EPA
and manufacturers have further developed some targeted protocols for specific
testing devices.
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Deliberate Measurement Error

We have seen that there are substantial opportunities for error in the way
that measurements are done. These may occur accidentally or due to careless-
ness. However, there is a third possibility—deliberate measuremsent error. The
potential, indeed, the likelihood, of such error exists when test conditions are
controlled by those who have a direct vested interest in the test outcome. Such
deliberate error has been widely noted in real estate testing, where the person
selling the building benefits directly if no appreciable concentrations of radon
are found (see chapter 8). Radon testers have also been known to fudge results
as well, although most often they hurt validity by being sloppy or incompetent in
providing accurate test analysis and adequate quality control (GAO, 1989, p. 5).
QOverall, measurement error due to any cause is a threat to test validity.

Analysis Error

After the measurement has been taken, an instrument either has recorded a
certain number of counts or tracks representing radioactive decays of radon and/
or its daughters or has absorbed radon in charcoal. Analysis emor refers to the
error introduced when the raw data are read and converted into radon concen-
trations (pCifl) or daughter concentrations (WL). Several types of analysis error
can be delineated. These are statistical error, calibration error, background error,
and human error.

Statistical Error—Getting Enough Counts

Typically, error margins of plus or minus 10-30 percent are assigned to
most radon devices, reflecting the statistical error and/or the ability to reproduce
the measurement under a fixed set of conditions (NYSEOQ, 1989, 111-30).* Gen-
erally, less error is expected when greater numbers of decays are counted. Thus,
for a given concentration of radon, statistical error is more likely when the de-
vice is less sensitive, the air volume tested is small, or when counting times are
short. Clearly, decisions made about sampling times and the type of instrument
will affect analysis error. Protocols address statistical error by suggesting mini-
mum times for sampling for different test instruments. Additionally, analysis
procedures can be modified to reduce this error factor. For alpha track detectors,
for example, increasing the area of the film that is analyzed will produce more
counts and reduce error. For charcoal canisters, increasing the length of time
during which gamma rays from the daughter products are counted gives more
counts and reduces statistical error.

Statistical analysis error can affect the overall accuracy of a measurement
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program. Substantial analysis errors are thought to have occurred after the 1988
assistant surgeon general’s pronouncement on the health effects of radon. Tens
of thousands of concemed citizens screened their homes in the wake of the
warning, and swamped charcoal canister laboratories with detectors way beyond
their capacity. As these canisters waited for analysis, radon and radon daughters
decayed away, leaving fewer counts for analysis. Some laboratories also reduced
counting times to deal with the overload. While a statistical error of between 10
percent and 30 percent is typical for such analysis, in this instance, analysis er-
ror was thought to be considerably increased.

Calibration Error—Are Instruments Calibrated to a Standard?

All analysis methods depend on a calibration factor used to convert counts
measured over some time interval into a radon concentration in pCiAl or a radon
daughter concentration in WL. However, if the calibration number obtained is
either too high or too low, a bias or systematic error is introduced into the analy-
sis. By analogy, the biased calibration factor is the rough equivalent of measur-
ing distances with a ruler that is stretched or contracted; all measurements
would be off in one direction or the other. EPA’s Radon Measurement Proficien-
cy (RMP) program provides for a check of bias error by comparing the average
of a large number of detector measurements of the same type with a standard-
ized value. Most detectors reviewed under the RMP program have been found to
produce a bias error of less than 10 percent (Wing and Mardis, 1987), although
it appears that actual bias under more realistic conditions might be greater (Yea-
ger et al,, 1991).

Background Error—Is the Analysis Contaminated from Another Source?

Background radiation may also limit the accuracy of measurement. This
source of error is particularly a problem for low counting rates associated with
low radon concentration samples because, in these samples, background makes
up a comparatively large proportion of the measured counts. The EPA provides
device-specific recommendations for reducing the background error (EPA,
1989a).

Human Error

There are numerous mistakes that can be made during analysis, all exacting
a toll on accuracy. Canisters can get mixed up, numbers can be misread, incorrect
calibration factors can be used, and delays in analysis can occor. The number of
possibilities are almost endless, indicating a vast human ingenuity for fulfilling
Murphy’s Law—if it can go wrong, it will, Performance evaluation tests of detec-
tor firms indicate that human errors are not uncommon (Yeager et al., 1991).
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The Radon Measurement Proficiency (RMP) Program

The EPA, through its RMP program, has tried to limit some of the analysis
error, including statistical, bias, background, and human errors, that are inher-
ent when a testing company produces a radon or radon daughter measurement
with a testing device. The RMP program was initiated in 1986 by the EPA “to
allow organizations offering measurement services to COnsumers a means to
demonstrate their proficiency in measuring radon” (Jalbert et al., 1991). This
voluntary quality assurance program has a twofold purpose. First, it promotes
standard measurement procedures. Second, it encourages quality assurance pro-
cedures by all companies in the radon measurement business. In effect, the RMP
program focuses on analysis and device error.

In the RMP program, detectors belonging to participating companies are
exposed to undisclosed calibrated levels of radon and radon daughters at an EPA
radon chamber.® The detectors are then analyzed by the testing firm, and results
are submitted to EPA for comparison with the radon chamber values. Proficient
performance is defined as a screening measurement that lies within plus or mi-
nus 25 percent of the chamber value. Companies passing the RMP proficiency
tests are listed in a public document that is distributed by EPA to state agencies
and to the public. While the RMP program is voluntary, states led by New Jersey
quickly began to require passing the RMP proficiency test as a precondition for
testing in the state. Firms are required to renew their proficiency on a regular
basis. Since its inception, the RMP program has mushroomed with the increas-
ing numbers of test firms and testing devices (sec chapters 3, 8, and 10).

The major advantage of such a program is that it provides some degree of
control over the proliferation of inept or fraudulent companies and inaccurate
testing devices in the radon testing field. It does provide a minimum standard of
performance for companies who desire to be on the proficiency list. However,
there are some key limitations to the RMP program that relate specifically to
measurement and analysis error (GAQ, 1989). The program does not test detec-
tors under realistic conditions where radon variability may be large. Testing is
often done at much higher radon levels than is typically found in homes. The
program hardly measures how well firms do on 2 day-to-day basis; firms have
treated their EPA detectors with special reverence. Even so, the quality of results
from different testing firms for the same type of testing device can be quite vari-
able (Martz et al., 1991a; Pearson et al., 1992). Numerous rumors hint of indus-
try cheating on the RMP proficiency tests. And, unless states require
participation in the RMP program, it is purely voluntary. Thus, many firms can
avoid this minimal quality control altogether. Recoguition of these problems has
led to the application of remedies such as the use of doubie-blind testing, where
firms would not know which tests coming to their lab were from the RMP pro-
gram, When EPA applied double-blind tests in 1989, 20 percent of the firms that
had shown proficiency in 1988 failed (GAOQ, 1990). The EPA is also considering
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radon chamber testing under variable conditions. A GAO (1990) study recom-
mended that EPA require that firms participating in the RMP program demon-
strate a minimum quality assurance capability, and that EPA issue guidance on
what an effective state program should do to assure accurate radon measure-
ments. In the meantime, the growing number of states requiring RMP participa-
tion will close an important loophole. However, the RMP program hardly
addresses policy, interpretation, and sampling error (see chapter 10).

Interpretation Error

After a radon test result is received, the findings must be interpreted. Inter-
pretation error occurs when inaccurate conclusions are drawn about the mean-
ing of a test result. Interpretation errors are often secondary effects of other
validity threats, such as policy error. In particular, radon policy is plagued by a
prevalent interpretation error originating from confusion over the meaning of
screening, folow-up, and house-characterization measurements.

Screening and Follow-up Confusion—the Problem of False Negatives

EPA’s 1986 and 1992 guidelines for screening and confirmatory testing cre-
ated rampant false interpretations among testers and the public. The most sig-
nificant interpretation errors are due to the myth of the quick test, the
assumption that short-term tests can provide valid indicators of a building’s ra-
don level, and, therefore, give an accurate health risk estimate.! The error of in-
terpretation is a secondary impact of methodological and policy errors whereby
screening and confirmatory testing are confused with household characteriza-
tion. When people conclude that their homes are safe based upon screening re-
sults less than 4 pCi/l, a confusion invited by EPA guidelines, they are making
this serious error. We have seen above that short-term screening tests coupled
with radon variability and erraticness can lead to a significant number of false
positives and false negatives. Since EPA guidelines invite people receiving
scores of 4 pCi/l or more to do additional testing, false positives have a chance
of being addressed. However, false negatives are never checked. Those incor-
rectly told that their levels are less than 4 pCi/l are not likely to do further test-
ing. Such errors were compounded when few homeowners and relatively few
testing professionals followed EPA’s original recommendations to use household
characterization as a means of confirming screening results between 4 and 20
pCi/l. Instead, follow-up testing would use charcoal canisters under closed house
conditions. The methodological problems with the charcoal test bias these re-
sults. When they are interpreted as though they provided information about the
safety of the building and health risk, interpretation error occuss. Revised EPA
guidelines assure this error.
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Assumption of Safety below 4 pCi/l

Beyond compounded methodological error, there is a serious interpretation
error in the very perception that radon levels below 4 pCi/l are safe. Despite
EPA’s disclaimers that their 4 pCi/l guidance is not a standard separating safe
from unsafe levels, the public has clearly treated 4 pCi/l as a magic divide or
threshold. The seriousness of this interpretation error was key to Congress’s dic-
tate of an ambient goal for radon exposure and its charge to EPA to clarify the
meaning of 4 pCi/l in the revised Citizen's Guide, which was finally issued in
May 1992 (see chapter 9).

Ambiguity in Making Health-Risk Estimates

Another seurce of interpretation error stems from the inherent uncertainty
of estimating unknown health risks. At 4 pCi/l, the EPA estimates that between
one and five lung cancers will develop in one hundred people exposed over a
lifetime of seventy years. Such ranges of risk, while reflecting our state of scien-
tific knowledge, are confusing. Additionally, these risk estimates are not easily
interpreted or understood when applied to shorter exposure times. What is the
risk to people who were exposed for only five years, who spend only a small
amount of time at home or who are younger than seventy? These points of ambi-
guity suggest that some members of the public will discount a risk of concem to
others.

Ambiguity in Converting from pCifl to WL

Given that radon daughters, not radon per se, is the source of hazard, con-
version between radon and its daughters is necessary in order to project health
effects, EPA generally assumes that 200 pCi/l of radon is equivalent to 1 WL of
daughter activity based on a condition of equilibrinm where half the daughters
have plated out and, therefore, do not contribute to health effects. In actual
buildings, this assumption may be misleading. For example, buildings with sig-
nificant airflow, particularly larger buildings with air-handling systems, have
conversions on the order of 400 pCi/l for | WL, Similarly, there may be less risk
in houses with hot-air-circulation systems or whole-house air conditioning. If
incorrect assumptions are made about equilibrium conditions, incorrect interpre-
tations about safety are likely.

Conclusion Regarding Interpretation Error
We see that significant interpretation emrors are invited by current radon

policy. Our tendency has been to discuss these in light of the effort of home oc-
cupants to determine their risk. However, interpretation ervor also has major im-
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plications for realty transfer. Perhaps the major “market” for radon testing, we
see here that realty decisions based upon short-term measurements are likely to
suffer from the same extreme level of error as do the measurements themselves.

Radon Testing in Water and Soil

Many of the validity threats seen with testing for radon in air also occur when
we examine radon in water and soil. We previously noted the tendency to over-
weight the significance of radon in water, which is in fact unlikely to be a prob-
lem in the absence of an airborne radon problem.”? Still, radon in groundwater
has been recognized as a setious issue (see chapters 3, 4, and 10) given values as
high as one million pCi/l. Air tests are frequently used to screen for waterborne
radon; a low value suggests that little radon is being released from the water
supply. Approaches that directly measure radon in water include laboratory
analysis of water samples using a liquid scintillation method or by counting
gamma emissions, measuring the outgased radon from a sample of water with
an electret ion chamber (Kotrappa and Jester, 1993), and placing a special inte-
grating alpha track detector in the toilet tank for several months {NYSEO,
1989). These tests all suffer from various validity errors. However, of greatest
interest with radon tests in water are interpretation errors. At a general conver-
sion of 6,000-10,000 pCi/l in water to 1 pCi/l in air, 24,000-40,000 pCi/l in wa-
ter would be required before the guidance level of 4 pCi/l in air would be
triggered. The state of Maine has utilized 20,000 pCi/l in water as a level sug-
gesting the need for mitigation. Nevertheless, the sheer size of these radon
amounts can easily frighten an ill-informed homeowner into carrying out water
system mitigations not called for by airborne radon levels (NYSEO, 1989).

Soil testing also confronts serious limitations. While it is simple to test soil
for radon using grab samples or with integrating devices placed in the soil for &
period of time, these tests have little predictive validity. Most critical are mea-
surement or sampling problems due to the variability of radon levels in soil over
very short distances and over time. As a result, the number of tests required to
accurately represent a complex soil geology is quite large. Furthermore, even if
the site is adequately sampled prior to construction, disturbance of the ground
may alter the emanation of radon at a given location and make the transport of
radon much easier. Of course, soil radon values are only one factor in determin-
ing what a house radon value will be. Soil permeability, weather conditions, and
house construction and operation are also important (see chapter 5).

Conclusions about the Myth of the Quick Test

We have seen that, of the six types of error discussed, the validity of radon test-
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ing is most affected by fundamental policy and methodological errors leading to
interpretation error. Simply stated, the combination of screening policy with the
use of short-term testing provides too many false negatives and false positives at
and around the guideline of 4 pCi/l. Perhaps some 50 percent of those testing for
radon under the EPA protocols for screening have received wrong information.
Short-term screening, as it is currently done, works for the much fewer hotter
houses at the expense of the vast numbers of marginal houses at and around 4
pCifl where the bulk of the health risk is located (Harley, 1990). Furthermore,
screening measurements fail to provide a significant margin of safety. Ultimate-
ly, both screening and short-term testing fail due to the nature of radon variabil-
ity in houses. Given that EPA protocols and the RMP program legitimize these
problems, they also fail,

Prospects for House Characterization

Testing error can best be addressed through a change of testing policy to house
characterization, based upon the use of an integrated annual radon level. This
approach eliminates significant policy error by refocusing radon policy on the
actual distribution of risk. Interpretation error is limited because the results of
characterization may be directly applied to the radon risk charts. Methodologi-
cal errors are minimal because house characterization is not affected by radon
variability and, therefore, sampling error is not an issue. Also, there is no poten-
tially incorrect assumption of a maximal value in the basement, as in screening.
While even a year-long measurement offers a significant statistical chance that a
house with a radon value at or slightly above 4 pCi/l will measure below 4, it of-
fers the most valid and reliable information available about risk at a reasonable
cost and is the most logical approach to radon measurement (Nero et al., 1990).

A shift to house characterization faces serious obstacles, however. The re-
vised 1992 EPA Citizen'’s Guide avoids any discussion of the accuracy or validity
of measurements and removes the minimal recommendation for house character-
ization found in the 1986 guide, While the agency purports to believe in the myth
of the quick test, using elaborate excuses to justify its policy (see chapter 12),
another reason for the agency’s intransigence may simply be the difficulty of ad-
mitting that they were wrong. Reissuing new protocols on lengthening the sam-
pling time for measurements might make EPA look foolish and raise complex
questions of liability. All short-term tests below 4 pCi/l would have to be repeat-
ed in order to identify the 20 percent of false negatives. The radon industry’s
heavy reliance upon the short-term test, encouraged by EPA, would cause serious
disruptions.The repudiation of short-term tests (including expensive continuous
monitor tests) would invalidate the bulk of real estate transaction measurements.

Of course, continuing with the present testing policy has its own set of
problems. First, EPA’s current screening policy has created a major credibility



142 Chapter Six

problem. In many states, EPA and others have found, it is difficult enough to get
people to screen for radon, let alone to retest later (GAO, 1989; Evdokimoff and
Ozonoff, 1992). As homeowners begin to realize how little they learn from a
short-term screening test, there is little motivation to retest or to expend a signif-
icant sum of money for mitigation based on relatively unreliable information,
Neither can it continue to be argued that the present screening approach is
cheaper when it so miserably fails to sort houses by risk and may have resulted
in remediation of a substantial number of buildings at sale based upon false pos-
itive readings. There is precedent for EPA to revise protocols based on new in-
formation, as was done previously to eliminate grab sampling as a screening and
follow-up measurement method because of unacceptably high error in sampling.
In the instance of the quick test, one would be hard put to argue that the situa-
tion is much better."?

The real goal of policy should be to motivate accurate house characteriza-
tion, thereby giving people more reliable information on health effects. EPA’s ra-
don policy relies on a screening approach, originally designed to motivate
testing, that backfired by asking the wrong questions and failing to provide valid
and reliable means of measurement. For a responsive radon policy to exist, the
myth of the quick test must be finally laid to rest. In the next chapter, we see that
there are also problems with the quick fix.

Notes

1. These tests do not require closed-house conditions and can be made cither with a
year-long alpha track or electret detector or by repeating a charcoal canister test over
each of the four seasons and averaging the results (EPA, 1986).

2. The new version of the Citizen's Guide (EPA, 1992f) suggests a second immedi-
ate short-term test if the screening result is above 10 pCiAl, or if results are needed
quickly. Also, the new guidelines suggest averaging screening and follow-up results
rather than taking follow-up results on two lived-in levels of the house.

3. Following screening results between 4 and 10 pCifl, the 1992 EPA guidelines
recommend only a long-term test of greater than ninety days, although there is no explic-
it recommendation for a full year test. The guide additionally suggests averaging screen-
ing and follow-up tests even if they are both short term and ignores taking follow-up
tests on two lived-in levels. When screening radon levels are higher than 20 pCia (10
pCi/t under the 1992 recommendations), shorter-term testing under closed-house condi-
tions is recommended.

4. There were not really any other options available. Grab samples were fast, but
they were known to be inaccurate. Like continuous menitoring, they wete extremely ex-
pensive because skilled labor was required. The alpha track detector was a patented in-
vention, not available for free use by government. The clectret had not as yet been
invented.
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5. Sampling time refers to the length of time of the test. Three common approach-
es to sampling radon have been used (George, 1988). Grab sampling collects a sample of
air over a short time interval, typically minutes, essentially providing an instantaneous
snapshot of the radon or daughters in the building at the time the sample was collected.
Because radon levels may vary considerably in a given building over time, grab sampling
is unlikely to provide a valid picture of the long-term average radon value. Continuous
sampling uses sophisticated monitors to repeatedly sample air, typically averaging over
one-half to one-hour intervals, and provides detailed information on the variation of ra-
don over time. This method is limited by complexity and cost. Finally, integrated sam-
pling uses deiectors to average radon or daughter concentrations over a few days to a
year or more, giving a single number, the average, as the resnlt. The commonly nsed de-
vices, the alpha track detector, the charcoal canister, and the electret, are based on inte-
grated sampling. We focus on integrated measurements in the text.

6. Interestingly, when three-month alpha track results were also compared to year-
Iy averages, a 50 percent uncertainty was found. Thus, the three-month sample is consid-
erably better, but hardly good, at approximating annual averages.

7. One remedy for addressing the particularly alarming number of false nega-
tives—alarming because they falsely reassure the building occupants—would be to drop
the radon action level to 2 pCi/l from 4 pCi/l. Under these circumstances, false negatives
might drop to 5 percent, but false positive occurrences would become correspondingly
more frequent, Steck suggests that a more reasonable corrective would be to eliminate
screening measurements altogether.

8. EPA guidances from 1986 to 1992 called for measuring the radon level in the
lowest potentially livable area and, after 1992, measuring in the lowest lived-in area.

9. Typically, two-thirds of the measurements made with the same type of detector
under the same conditions and time interval would be expected to give a result within
plos or minus 10-30 percent of the result obtained. This statistical error in percent is es-
timated by dividing the square root of the number of counts by the number of counts and
multiplying the entire quantity by one hundred.

10. A radon chamber is simply an air tight box in which a known radon source pro-
duces a measured radon concentration. The chamber allows calibration factors to be de-
termined for detectors, or it may be used to check the ability of a company to measure
the radon level in the chamber, presumably unknown to them.

11. It is interesting that when EPA decided to get a more accurate distribution of ac-
toal radon exposure to the population, they took year-long measurements (see chapter 5).
Yet when it comes to individual homeowners making expensive decisions about mitiga-
tion, the agency considers the short-term test to be adequate.

12. Radon is unlikely to be concentrated in water when the building draws its water
supply from a large municipal source, since reservoirs will lose their radon to the out-
door air and large systems based on groundwater take so long to deliver water that most
radon is decayed.

13. Given evidence of radon variability and an unacceptable rate of false negatives,
it would be prudent to increase sampling times for other measurement methods. Indeed,
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in December of 1990, the EPA revised its screcning and follow-up protocols for testing -
to a minimum of two days. Although it is a step in the right direction, this clearly doesn’t
go far enough. Scott (1988b) and Sextro (1990) suggest something on the order of fifisen 1
to thirty days in order to average over recurrent weather cycles, While still having soms
of the limitations of a quick test, the two-week to one-month measure may be the shorts 2
est duration having any possible claims to validity. 3




