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FACTCRS ASSOCIATED WITH HOME RADON CONCENTRATICNS IN ILLINOIS
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ABSTRACT

The 1Illinois Dcpartment of Nuclear Safcty has performed shor:t-term
alpha-track radon testing in over 3000 homecs throughout Illineis. Data werce
also collected on a wide array of houschold characreristics and tcst condi-
tions. Analysis of these data rcvcaled a number of incercsting paccterns.

Contrary to many investigations. the highest average conccentrations were
not obtained in homes monitcored in winter. Though a number of models were
explorcd in the analysis, fcw could explain more than 10% of the variacion in
radon conccntrations and no model could explain morec than 20%. This suggcsts
that other facrors, such as local geology, may be largely respensible E£or
inter-housc variations.

Among houses with a crawlspace clevaccd radon was associated with having
an indoor cntrance and not vencilating or insulating the crawlspace. Ia
Nouges wich bagemencs, che foundacion censtruction materials were important
é¢xpglanacery variables. Surprisingly. commen cntry routes. such as sump pics.
cracks. draing, and cxposed carth. werc net associated with radon concentra-
ction. Al30 cencrary to other studics, cnergy cfficicney was positively asso
¢lated with radon concencracion.

Recaulta suggeat chat factors governing raden csneentractions in the
Midwcst are poorly undersceod.
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INTRODUCTION

The primary factors governing the cntrance of radon into the home arc
well known: 1) the soil raden gas concentration and soil permeability. 2) the
existence of entry routes between soil and home interior, and 3) a pressure
diffcrencc between home and soil to provide a driving force for radon entry.
Howevcr, specific conditions that influence thesc factors are not well wunder-
stoed, and other factors. such as the distribution of radom in the home and
the infiltration of outside air, can influence the concentration of radon in
various parts of a home.

Though a number of studies have been performed teo examine the relation-
ships between local conditions and indoor radon conccntrations. considerable
unccrtainty recmains. In addition, relatively little work has becen conducted
on factors influencing home radon concentrations in the Midwest.

This study was performed using data collceted on approximately 3,000
homes in [llineis that werc tested for radonm as a part of the Illinois Deparc-
ment of Nuclecar Safcty’s Radon Program. In addition to radom ctesting, data
were collected on a number of houschold and monitoring conditions. The pur-
posc of cthis analysis is to build a predictive model for indoor raden concen-
trations in Tllinois. Such a modcl could not only help identify homes with a
higher risk of clcvated radon, but could also assist in dirccting mitigation
cffores.

A PRIORI MODEL SPECIFICATION

PLata on a number of houschold and monitoring wariables wcrce collected
during monitoring (sce the following scction for details). An a priori model
was dcveloped to guide analwvsis of thesc variables and their relationships to
indoor radon. The model is also uscful in identifving gaps in the array of
variables included on the questionnaire.

Table | presents the houschold and monitoring wvariables cvaluated in
this analvsis. [Indicated in the table arc cxpccted rclationships between cach
variablce and monitorcd radon conccntration. Thesc cxpcctations arc bascd upon
rclationships rcported by others in the litcraturc and on the authors’ own
ficld cxpericence. Table | lists the basic rcferences usced in crcating the
tablc. A detailed discussion of the current litcraturc and a priori model is
not preucnted here duc te space limitations. The rcader is rcferred to re-
views such  as refercnces (L-3). However, a few comments should be made to
clarit+ subsequent modeling,

Air  infilcration mav bec associated with an incrcasc or decrcasc hoeme

vadon cuiventrations. [netrcascs mav occur if infilevation oceurs duc ro housc
depreasurization. which can inercase infiltration of s0il gas. Similarly, the
mizing <! air wichin a house ¢an increcase or decrcasc monitorcd vaden dopend
ing upon rhe location of the monitecr. For cxamplc. bascment radon lcvels mav

decrcasc and tirst floor radon lcvels may incrcasc as basement ailr is distrib-



uted through a forced-air heating system. Thercfore. variables rclated to air
infiltration and air distribution may demonstratc ecithcr a positive or nega-
tive relatienship to radon in modeling results.

Vo information on local gcology, weather conditions, or other radon
scurces (other than basement wall construction material and cexterior brick)
was <collected., Thus, the contribution of these factors to radon concentra-
tions cannot be assesszed with this data.

METHODS

In the Fall of 1986 the Illinois Department of Nuclear Safety began a
svstematic home radon testing program in Illinois. Testing was perfdrmed on a
county-by-county basis using local assistance from county health departments,
Ccopcrative Extension Service personnel, or other organizations. The program
continucd through the Spring of 1990, though no testing was performed from the
Summer of 1988 to the Fall of 1989. ‘

An alpha-track detecctor was tyvpically placed in the lowest livable area
2f the home. After approximately onc month of cxposurc dectectors were re-
zurncd to the contract laberactory (Tech/Ops Landaur, Inc.) for cvaluation.

In addition to placcment of detectors. survevors completed a qucstion-
nairc with the assistance of a head-of-houschold. The quecstionnairc included
a numbcr of questions on house characteristics and on thc houschold cccupants.

Though houses were not selected randomly, selection preccedures. typical-
lv involving identification of houses from county highway maps, wecrce intcnded
to avoid any systematic bias. Due to the complex interaction c¢f factors
influencing radon concentrations, such sclection prececesscs may be rclatively
f£rce of bias (l). At least 20 houses werc tcsted in cach county. The number
¢f hcuscs tested in a county increased with incrcasing population.” The 3,021
monitored houses analyzed in this study were drawn from 73 of 102 Illinois
ccurties. These 73 counties contain approximatcly 88% of the Illinois popula-

-
cLisn.

All data werc evaluated for distributional characteristics and coding
crrors or ambiguitics. For many quantitative variablcs demonstrating non-
normal distributions. transformations werc performed to cnhance normality. In
most cascs, natural logarithm transformations wcrc sufficient. For other
ncn-normal quantitative wvariables, however, no useful distributions could be
derived from’ transformation. Some variables demonstrated bi- or tri-modal
disecriburtions: Sich variables were® hvplcall) :ranaforﬁcd to artiticial iatcA
'cal varidblcs-using c¢ither ‘thcorctically ‘or cmpirically bdacd cut - pULan.

inal variables and their ceding schemes arc prescnted in Table “I. For
itative variables, scacter plots werc asscsscd for cvidence of hcteroski -
c1:; and ‘non-lincaric®: ‘¥o - problems werc'identificd.
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“Multiple lincar regression was uscd to cxplorc modcls of mouitered vadon
comceneration: A 3crics of thecory and non-thecory bascd models were "euplored:
These qu cxplained hﬁ morc dctail in thc following scction. i i
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RESULTS

OVERALL

""" Radon concentrations were approximately log-normally distributed with a
geometric mean of 2.84 pCi/l and a standard geometric deviation of 2.30. All
subsequent modeling and statistical analyses used the natural log transform of
radeon concentration.

It was anticipated, prior to anmalysis, that substructure type, monitor
location, and season of monitoring would be the primary explanatory variables
across all types of homes, but that the effects of monitor location and season
of monitoring could vary by substructure type. Table 2 presents the ANOVA
results for radon concentration across the four basic substructure types
encountered. Results confirm that substructure is .a critical explanatory
variable, with crawlspace/mo basement producing.the lowest concentrations and
basement/crawlspace combination producing the highest concentration.

Some of the difference in means, howevet"may be due.to monitor location
rather than a direct effect of substructure .type. A. small percentage of
houses with basements were monitored on the first floor, presumably because
the basements were not considered "livable". Table 2 presents ANOVA rosults
using first floor measurements only. Though significant differences are still
noted, slab-on-grade, rather than basement/crawlspace combination represents
the substructure associated with the highest average monitored concentrations

No analysis was conducted on the joint cffect of moniter location and
substructure type since interaction is an artifact of the survey method: a
monitor was placed in the basement only if the home had a basement. The joint
effect of substructure and season are presented in Table 3. Both indepcndent
variables are significantly associated with the dependent variable, and there
appears to be an interaction effect. In basement homes without a crawlspace,
fall monitoring produced the highest concentrations. For slab-on-grade homes,
fall monitoring produced the lowest concentrations.

Due to the apparent interaction between substructure type and monitoring
location and season, as well as probable interactions with other explanatory
variables, subsequent analyses. were conducted scparately for. each of the four

substructure types.

. . Beforc leaving Table 3..however, it is important to note that, contrary
to manv rcsearch flndlngs winter was.not the season of highest radon concen-
trations. .. Summer producad the hxghest .or sccond hxghest cqgccgtra:icns in
each subscructurc type.. b don mmemt il AEcSt. § o8 @ Eab ik

¢ i

% numbcr of regrcssxon modcla were etplorcd for cach aubatruccurc C¥pe .
These are presented in Tables 4 through 7. Model A in all tables represents
the results. from a serics of simplc linear rcgressioms using .the wvariable
listed ds the only independent variable. Intcrpretation of scatistical sig-
nificancc under multiple comparisons is an obvious problem.. Consistency with
theory and the findings of other studies, as wecll as consistency across sub-
structurc types, should be uscd in cvaluating the results. This point will be
explored further in the discussion scction.



Models B through D rcflecct models built upon thcory and the results of
other models. In Model B, only the monitor location variables wecrc usecd. In
Model C included the addition of monitoring locaticn. Model D rcpresents-. the
best attempt at a complete, theorv-based modcl. Beginning with a Dbase of
Model C, additional variablcs were added for which a good theorctic foundaticn
exists, and which demonstrated results consistent with theory in Models A and
E (explained below). Model D should be considercd the best model for predic-
tion in Illinois houses.

Models E through C represent non-theoretical modeling. Model E includes
all variables simultaneously in the model. Because many of the indcpendent
variables are correlated, multicolinearity is a significant problem in Model
E. However, by comparing the rcgression coefficients and p-values to cthose
obtained in other models, one can use Model E to identify those wvariable that
are relatively sensitive or relatively insensitive to the inclusion of othcr
variables in the model. Model F uses Model C plus a forward selection proce-
dure, and Model G used a stepwise selection procedure without any forced
variables. Variables included through such non-theorctic methods should only
be considered curious possibilities as true cxplanatory factors for indoor
radon. Considerable support from other studies would be needed to cnhance the
reliabilicy of such models.

The most immediate observation from the rcgression analyses 1s the
relatively low explanatory power of the modecls. The pcrecentage of wvariatienm
in radon cxplained by the modecls was gencrally under 10%. Only for homes with
both a basement and crawlspace docs theorerical modecling achicve an r-squarc
greater than 0.2. (Notec: although Model E can producc a grcater R-squarc.
non-theorctic models are likely to have far lcss predictive power than cxplan-
atory powcer.)

Specific wvariables of intercst include monitoring location and scason.
For homes with bascments, knowing whether the monitor had been locatcd in the
basemcnt or not was an important prcdictor of monitored radon in all medels.
Knowing whether the monitor was located in a first-floor bedroom or clscwherc
on the first was nor. gcnerally, a good cxplanatory variablc. This changed in
the non-theorctic modcls for homecs with bascmenc/ no crawlspacc. pessibly  duc
to the addition of the energy cfficicncy or central air conditioning wvari
bles. For homes without bascments. bedroom location was important ounlyvy
homes with a crawlspacc. and then, only when monitoring scason was included
the modcl.
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Monitoring scason was important in ncarlv all models though the fcer
werc not consistcnt across substructurc types (supporting the prcvxcua ANCVA
rcsults). Only for ‘slab-on-grade homes, wherc samplc size was small, did -the
scason variables gencrally have p-values grcater than U.l and not producc 4
significant r-squarc changec from Mcdcl B to Model C.

‘J I..l

BASEMENT,/CRAWLSPACE SUBSTRUCTURE

For homes u‘rh a bascmcnc/c awlspacc ceombinacicn. an cntrance from inc
interior of the heome (most Likely the bascment) to the crawlspacc produccd o
consistent  incrcasc - in monitorcd radonu Because the dependent  wariable i3
logavichmic. cocfficicnes represent the multiplicative cffects of an independ -
cat  variablc on the réadon voncentration. The cocfficicnt of 0.26 in Model 2
indicates that a ¢rawlspacc cntrancc incrcases home radon about 20%. Similar
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ly., wventing a crawlspace demonstrated a conmsistent decrcasc in radon. with
Modcl D indicating approximatcly 20% higher radon levels for homes with un-
vented crawlspacces. Cocfficicents for crawlspace insulation and the gpresencce
of exposed ecarth in the crawlspacc werc both in the correct dircction but did
not dcmonstrate consistent statistical significance.

Bascment foundation construction material also appcared teo be important.
Construction matcrials, from lowest to highest in their apparent contribution
to homc radon lecvels arc poured concrcte. block. "other material", stone and
mortar. and brick. From Model D, brick is associated with an averagc incrcase
in radon levels of greatcr than 30% over pourcd concrcte. (It is intcresting
to notec chat brick reverses signs in Model E. This is apparently an artifact

duc to multicollincarity.)

Energy efficiency decmonstrated a consistecnt positive relationship with
raden. The greater the occupant-assesscd encrgy efficicency, the grecater the
radon. Perhaps for similar rcasons, the number of pecople in the housc was
ncgatively rclatcd to radon. Both variables may be rclated to the amount of
air cxchange and the size of the house.

_ Among the most significant findings is that the standard cntry rcutcs in
a bascment (cracks. sump pit. cxposcd carth, ctec.) werc not important cxplana-
tory variables. Some cven had coccfficients with a sign oppositec that predice-
ed by thecory. Also contrary to theory. the precscnce of a woodstove or fire-
placc had a ncgative cocfficicnt and large p-valuc.

There are a number of intercsting curiositics in  the rcegressicns of

housecs with bascment/crawlspace combinations. In Medel A having room ai
conditicning or an clectric spacc heatcr werc associated with lower vadon
concentrations. Thesc did not rctain their significance in Model E and may

rcflcer the cffeces of cnergy cfficicney, \nccu r intcrecsting peint is the
impcrtance of a brick cxtcrior appearing only in the non-thecorctic models.
Having .n interior entrance to the bascment was asscciated with highcr raden
levels -in Madcl-A. though this association lcsscned dramatically in Medel E.
A test for an intcraction cffecct between bascment monitor locacicn and hasc-
ment cnt¥v was ncgative (results not preszented here ).

BASEHENT . 'NO CRAWLSPACE SUBSTRUCTURE

For bascment homes without a crawlspace. & similar pattern appears.
Bascment construction materials. in the order of their apparcnt contributicen
to raden. arc: pourcd concrcte. block. brick. and stonc and wortar.  This
ordcr, und magnitudc:of cffcer, are rouahl, consistene with the findiugs cf

basemenc’ crawlspacc~homes.

Standard bascment cntry routcs were, again. not significant. though tac
prescnce ot eracks had a marginal p value and correctly signed cocfficicur - inm
Model . The presence of o woodsteve or fircplace alse was nor an  imporcant
cxplinarote £adto

\a ateraetion rerm  between bascment .nonits?y  loecatisn and B WINISH
{using 1< bascment as Bedroom 6y Living avcd) w85 Feund to L sighil icanc

n his tvrm.in Model D rusulted ' in &
o}

inma ” sordrdte fost.
deamatic change in ¢t
appcat to have a subs
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al cffcct ¢n raden. For a home with a bascment uscd



as a bedroom or living arca. bascment lewels averaged ncarly 3 times higher
than in homes without finished basemecnts.

Encrgy cfficiency decmonstrated the samc rclationship with raden as in
bascment/crawlspacc homes.

Among the curiosities, the prescncc of central air conditioning or
central forced-air heat, which may be inversely rclated to cnergy efficicney,
demonstratcd significance in Model A, Brick exterior was negatively related
to radon, the opposite e€ffcct of that in basement/crawlspacc homes.

CRAWLSP.ACE,/NO BASEMENT SUBSTRUCTURE

In homes with a crawlspacc but no bascment, having an cntrance to the
crawlspace from the home interior was an important predictor of radon in all
models. Insulation and ventilation of crawlspacc werec dircctionally consist
cnt with theory, though p-values were marginal.

A number of curiocus associations were found. Having an actctic fan was
consistently an important explanatory variable, though in the oppositc dircc-
tion gecncrally cxpected from theory. Octher variables, such as having hot
watcr hcat, gravity fced furnacc, and "other" fucl typc. had low or marginally
low p-values in at lcast onc model. Having a gravity fced furnacc. for cxam-
ple. producecd an avcrage 75% incrcasc in home radon lcvels. Explanaticns for
such associations arc unclear.

SLAB-ON-CRADE SUBSTRUCTURE

For slab-on-grade homes, age of house and cnergy cfficiency (which may
be rclated to age of house) werc consistently important cxplanatery factors,
indicating that the older and less cnergy-cfficient the home. the lower the

radon.

A\ curiosity was the very strong inversc rclationship betwecen central air

conditicning and vradon. Having ccncral air was associated with an  average
decrcasc in radon cof about 50%Z. Having a fircplacc or woodstove was associat-
cd with a decrcasc in raden. though p-valucs werc relatively large.

8ccausc of the relatively small sample size for slab-om-gi
cauticn should be used in asscssing the importance of variables ha
valuc zlenc:

DISCUSSICN

A numbcr of lLimitations should bc recognized when - drawing conclusions
from. this studv. ‘The .mcthods uscd to sclcct homes for testing preduce 4
grecater likelihood ¢f bias .thar morc vigorous.- pscudo-randem sclcerticon wmech-
eds. Though rcasonable steps wcre taken to- assubld quality and censistenev in
data <csilececction., the usc of local pecrsonmncl and home cccupants is likelvy to

causc  sampling was conductcd 5y independent local agencics as  timc

2cce
pcrmittsd, & corrclacrion betwcen local facrors (such as housing or geolougy)
and timc-variant factors (such as wcather) imav hav been introducced. In
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addition. lack of local gcolcgical data mcans that corrclations between geolo-
gy and houschecld ccnditions cannot be identificd. Thus, somec rcsults may be
duc te thc confounding effects of gcology and time-variant factors.

Finally, duc to thc high dcgrce cf corrclation bectwecen variables. model
ing 1is pronc to crror. Model rcsults should be considered suggestive, not
confirmatory cvidence of the actual underlying rclationships.

It appecars that the vast majority of raden variation is due to factors
othcr rthan the commen houschold factors considcred in this analysis. Such
factors may includc differences in rcgional or local geoleogy, housing con-
struction types, weather conditions at the timec of monitoring, or household
factors not considered (such as the existencc of thermal bypasses or vented
appliances). This does not indicatc. however, that the facters considered in
this survey are not important determinants of radon (for cxample having &
brick foundation may increase radon readings an avcragec of 50%) but only  that
other factors appear to be more important in cxplaining the variation between
houses. Houschold factors may not be consistent in their cffects. This
supports policy reccommendations that all homes be tested for radon. despite
the apparcnt presence or absence of known risk factors:.

Location ¢f the monitor in the bascmeat preduccd. as cxpected, a signif-
icant increcasc in radon conccntration. Location of thc moniter in the bed-
room, as opposcd to clsewhecre on the firsc floor. was gcnerally unimportant.
For rcscarch primarily intended to cvaluatc dctecrminancs of home radon concecn
trations. first floor monitering in all homes is dcsirable to allew direcct
comparisons acress all housc types.

Scason of moniteoring was an important cxplanatory factor. Howcver. the
rclationship betwecen scason and home radon concecntration was not consistent
with other invcstigations nor was it consistent across housing substructures.
The finding that summer radon conccntrations cculd be 45 high or higher * than
othcr scasons suggests that current guidelines for winter monitoring be re-
cvaluated. However. sincc these data reflect the measurcmenct. of diffcrent
homes in different scasons. they should be interpreted with cauticn., Mddition-
al rcscarch on scasonal cffecects in the Midwest and clsewhere in  the country
arc neccded.

a reclacively consistenc
consistcacly higher than
sC. Block foundaticns
13 suggcsts cpportuni
ar ccessible and

Bascment foundation construction macerial was
predictor of raden. Brick and stonc foundations wcr
pourcd conecrcte, cven after adjustment for age of h
were slightly clcvated comparcd to poured concretc. b
tics for low cost mitigative strategics if feundation walls
if a suitablc radon barricr can bec found.

(]
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An  cntrancs £o a ¢rawlspace:was conaistently associated with i a
radon. _[nsuL"ticpﬂac“poccd carths and luck ot wentilacicn in thd crawlspacc
were .ils0 associcted with inercascd radon. though less consistentls Thes
findings suggest that the common weatherization practices of sealing crawl
spacc wntyics. insulating tleoorz, und Lngt“Ll ng vaper harricrs not onlv save
cncrgy. but may voduce radon (through vapor barricrs mav accd to be scaled and
venced)., Limiting crawlspacc seacilation a3 an cncrgy-saving mecasurc. howew
cr. devs net appcav advisable. <

The work decscribed in this paper was not funded bv the U.S. Entivonmen



tal Protcction agency and thereforc the contents do not necessarily veflcct
the views of the Agency and no official cndorscment should be inferred.
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TASLE 4: MULTIPLE REGRESSION RESOLTS FOR MODELS OF HOME RADON CONCENTRATION:
i

HOMES BUILT CVER BASEMENT AND CRAWLSPACE

DT = A N

VARIABLE MODEL A  MODEL 3  ¥ODEL C  MODEL D MCDEL & MODEL P  MODEL
T¥TERCEDT - L52447 L0441 63720 L1383 -.06271
- [¢.01) i<.01) (<.01)  {<.01) [,79)
NINTER -.11391 -.11985 <1351 -.10473 -, 17511
(.14) (,18) (.14) (L14)
SPRING -.§0418 <. 54158 -.52871  -.66264 -.48179  -,64939
{<.01) £¢.01) {<.01) {<.01) {<.01)  [<.81)
SUMMER .15321 .10257 05198 -,03172 -.08679
[.74) (,92) (.91) (.98) -
LOCBHT .66481 ,66483 ST01 (35822 58134 - 63876 .
(<.01) (<.01) 1¢,01) (¢,01)  {x.01) “{<01) |
LOC3DR 02230 -.02230  -.08887  -,22049 -.11436 - -
{.91) (,91) [,85) (.24) (.55)
§ PEOPLE -.0590% -.05277 -
(,01) (.95)
DT SLAR 10278 ,08877
) (.17) (.26)
§_S¥OKER .09009 .10630
{(+2) (.13}
"YAGEZES -.04625 -.05477 -
(.18} (.20)
S¥eR 277 02528 ,01958  ,02655  .02515 .
(.01) (.04)  [<.01)  (<01) .01
SC_3RICK -.07020 .50320 . 14598
(.45) {<.01) (¢.01)
CEHT.AC .09944 08401
(.17) (.33)
R00¥ AC -. 14919 -.06110
(.08} (.49}
FAY ATIC 05428 .10389
[.80) (.30)
i .05843 -.03192
[.52) (.81)
i 3ASE -.05531 01585
(.62} (.92)
£oyp Gf -,10802 -, 27068
"1.19): r,26)
TLIC s -, 22500 -.02960
(.08} (.80}
#000 -.03622 -.10072
(.63} [18
YI30MEAT -.00648 ,00570
(.47) [,98)
IAS_sTov -, 11292 - 248
{oid) {4
SIAT 0TEIR .12606 .11080
(.15} (00

s -
Ln £

. e ow
€3 g LN



TABLE 4: MULTIPLE REGRESSION RESULTS FOR MODELS OF HOME RADOK CONCENTRATION:

HOMES BUTLT OVER BASEMENT AND CRANWLSPACE (CONTINUE)

VARIABLE MODEL A  MODEL 8  MODEL ¢  MODEL 0 MODEL £ MODEL P  MODEL G
BLOCK .09408 .10501 13438
(:27) (.23) (.18}
HOR?T 13457 41139 L3943
(.32) (<.01) (¢.01)
BRE .33532 - 13263 .34835 JSO46E
(<.01) (.15} (x.01) (<.01)
OTHERBMT 18767 ,32299 L4548
(.21) (.03) (.02}
B_PINISH .01927 .02686
(.81) (.75)
ENT BASE 26429 .05568
(.02) (.61)
CRACRS -.05275 =.03644
(.47) (.51)
LRAINS -.04133 =. 11458
(.66) (.20)
su¥p -0 -.00855
(.66) (.26)
EARTH .06181 .08333
(.45) (.32)
CSP_ENTR .J0078 L21091  .23927  .22295 LiS269
(<.01) (.03) (.01) (.01)  [<.01)
CSP_INSL -.01825 -.06228
(.62) (.40)
CSP_VENT -.13419 -.20051 ~-.1B782 ~-.18901 -.1949%
(.07) (<.01) (.01} (.01) {.0f)
Csp_exp .06678 09223 19421 .20200 L4370
{.47) (.34) (.03) (.92) {-13)
Uultinis R 07481 112160 J25318 19351 ,l8ssr Lolvd
ip-value) (¢.01) (<.01) (<.01)  (<.01) (<01}  {<.01)
R¢-Change 04879 12955
{p-value) {<.01) (<.01)
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{<.01)
- 09674

50784
(<.01)

.84828
(<.01)

HODEL D
73018

36252
{<.01)

MODEL C
- 16864

68446

REGRESSION RESULTS FOR MODESLS OF HOME RADCN CONCENTRATION:
¥ODEL 3

HOMES BUILT OVER BASEMENT BUT NO CRAWLSPACE

¥ODEL A
- 46281

VARIA
INTER
AINTER
SPRING
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TASLE Sv NOLTIPLE QEGRESS RESULYTS POR NODELS OF HOME RADON CONCENTRATION:
HOMES BUILT QVER BASEMENT BUT YO CRAWLSPACE [CONTINUZD)
VARIABLE ¥ODEL ¥ODEL 8 ¥eDEL ¢ MODEL 0 MODEL B VMCDEL P MODEL ¢
MCRT 15438 46092 40845 43387
1¢.01) (<.01) <81} {<01)
3RK . 26990 +18832 40212 40290 49818
(<.01) (¢.01)  {«01) {01} (<01
QTHERBMT -.04626 +07880 39210
(.72} {55} (<.01}
8_PINISH -.06937 =, 10759 - 1122 +oB82E
{15} {.02) {02} {EE
LOCPIN (a) 4436
{12}
INT_BASE 02046 = 01569 -. 74116
(,85) (.89) (.08)
CRACES 08293 05840
[,09} (,25)
JRAINS 04626 06675
{ EZ\ { 18}%
Loiy KR rE
SUNP =. 02585 -, 04301
{,59) (.19
SARTY 09408 13934 +15700
(.31) (.15) {,10)
Vultinla Q¢ 0242 28U .19581 £07 +32035 .J91E0
,p-value) (<.01 <01 (<01 A1 {<a01) {<81}
3¢-Change 31488 .06637
iz=yaluei .01} f¢,0l)
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LS FOR MODELS OF HOME RADOY CONCENTRATION
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TABLE §: YOLTIPLE REGRESSICH RESTLTS FOR NODELS OF HONE RADON

CONCENTRATION:
ACMES BUILT OVER CRAWLSPACE BUT NO BASEMENT {CONTINUED)

VARIABLE YODEL A  MODEL 3 MODEL C MODEL D MODEL £ MODEL F  ¥ODEL

€&

Bty

CSP_INSL  -.1209% -. 11359 -.10899
(.12) (.16} {.14)
CSP_VENT  «.08019 -.13048 -, 12184
(.26) (.08) {.09)
.CSP_EXP . .03655 .- 01987
(.69) - (.83)
Nultiple 8¢ A9 22936 11296 7685 08571 26398
{E-value} {13} {.01) (<:91)  f<sp2l {.00) {€:91)
R¢~Change 02444 08370
{p-value) (.01) (.01)
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”ABLE 7. MOLTIPLE REGRESSION R’SHLTS TOR YOOSLS OF HONE RADOY CQHCEH”QATIOH
HOHZS EEILT QVER 5LAB-0¥-GRADE "HLY

. JVARIABLE ~ MODEL & =~ MODEL 3 ¥ODZL C  MODEL D MODEL 2  XODEL 7 MQDEL G

I§TEZRCEPT - LJSTT. L0640 -1.38722 47208 107722 -1.47087
. (<.01) (.44) (.08) (.21} (<.01)  (.08)
ATTIR 44310 ANLE LSETSD L49918 40731
(.27) (.28) (.18) () - (.10)
SPRING .70936 ST 79930 63153 .63846
(.11) (.16) (.08)  (.15) (.15)
SUMMER AST47 38257 L5930 L56041 LJ6715
(.32) (.41) (.22)  (.23) (.42)
LOC3OR JUSIL L LUSIL L2198 L LT A0 - e 14T
(.14) . (.14 (3] ™ 53 1.5) L
¥ PROPLE  ~.06%49 -.04225 :
(.31) (.59) ,
N_SMORER  .25388 . 26591 ¥
(.13) (.13)
LYAGEES- .13552 L2415 20172
(.14) (.03) (.02)
ENER EFF  .03208 .08430 05745
(.17 (<.01) (.01)
PC_SRICX  -.093%0 -. 23546
(.85) (.28)
CINT AC  -.19525 -.54079  -.30441  -.19525
(.02) (.01)  (.92) (.02)
R00H_AC .10428 - 41429
(.60) (.13)
FANATIC 26593 (87891
(.43) (.10)
CENT FA -.16207 .20092
(.39) (.54)
W_3ASE .13815 .18527
(,63) (.31)
CENT GF .11750 L3217
(.82) (,58)
SLEC SPA  -.03449 ,11368
(.92 (.71)
§00D -, 21622 -. 25083
(.24) (.18}
TZROHEAT L7458 .91011
(L 4) (.17
GAS STOV  -.20%41 .20128
(.64) [,19)
HIAT OTHIR 09399 L8911
B (.72) (.95)
Vultigie 3¢ G300 L0191 L4870 L0840 LiS1EE LIl
(p-valye! batd) Fonl L1 1.08) .02) £.07)
RéaChange JA1904 . 20958
{p-valué? a8 1.09)



