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A.BSTRACT 

The Illinois Ocparemcnt of Nuclear Safety has performed short · term 
alpha-crack radon ecsting in over 3000 homes throughout: Illinois. Daca ~ere 
also collected on a wide array of household charac~cristics and ccst condi· 
tions. Analysis of chcse da~<l rc,:ealcd a number of interesting patterns. 

Contrary to many investigations. the highest average concentrations ~ere 
not ob~aincd in homes monitored in ~inter. Though a number of models ~ere 
explored in the analysis, few could explain more than 10~ of the ~ariation in 
radon concentrations and no model could explain more th<ln 20%. This sugges~s 
that other factors. such as local geology, may be largely responsible for 
inter-house variations. 

,\mong house~ with a cr~~lspacc elevated radon was associa~cd with having 
4n indoor cncr~nc:c 01.nd not ventilating or insulacins the cra~lspacc. !n 
hou~cs ~ith b4•cmcnts, the foundation construction materials ~ere import<lnt 
d:<t:~lann.t:ory vatl.4blcs. Surprisingl~.:. common entry routes. such as sump pits. 
cr<1ck::. drain2, and c~902cd ca:ch. ~ere not a~socirJ.tcd. •.oi eh rrJ.don conccntr<l· 
Ci.On. .\1.30 conc:ary· eo ochcr scuciic~. energy cfficicnc:· ~as posi!:ively <&sso · 
~i~Ccd wieh :Adon conccncr41.t1Qn. 

Rc~ulc' 3UJ,c2t ~hAt !01.ctor~ iavc:ning r~don c~nccntrations in the 
Miawe~e ~:c ~~orly ~nacr~tood . 
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INTRODUCTION 

The primary factors governing the entrance of radon into the home arc 
well known: l) the soil radon gas concentrat~on and soil permeability. 2) the 
existence of entry routes between soil and home interior, and 3) a pressure 
difference between home and soil to provide a driving force for radon entry. 
However. specific conditions that influence these factors arc not well under
stood, and other factors. such as the distribution of radon 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 to examine the relation
ships between local conditions and indoor radon concentrations. considerable 
uncertainty remains. In addition, relatively little work has been conducted 
on factors influencing home radon concentrations in the Midwest. 

This studv was performed using data collected on approximately 3.000 
homes in Illinois that were tested for radon as a part of the Illinois Depart
ment of Nuclear Safety's Radon Program. In addition to radon testing, data 
were collected on a number of household and monitoring conditions. The pur
pose of this analysis is to build a predictive model for indoor radon concen
trations in Illinois. Such a model could not only help identify homes with a 
higher risk of elevated radon, but could also assist in directing mitigation 
efforts. 

A PRIORI MODEL SPECIFIG~TIO~ 

' Data on a number of household and monitoring variables were collected 
during monitoring (sec the following section for details). ,\n £priori model 
was developed to guide analvsis of these variables and their reLationships to 
i..ndoor :·adon. The model is also useful in identifying gaps in the array of 
-.·.'lriabLc:; included on the questionnaire. 

Table L pl."escnts the household and monitoring ·,·ariablcs evaluated in 
this analvsis. Indicated in the table arc expected relationships between each 
\'c'lriablc c>nd monic:orcd radon concentration. These expectations arc bnsed upon 
rclation:;hips reported b,· others in the literature and on ::he authors' o'w-n 
field experience. Table L lists the basic references used in creating the 
table . . \detailed discussion of the current Literature and g priori model 
no:: prc~::nted here due cc ~pace Limitations. The reader i:o referred r.o 
·:ic-..·~ :;1:ch u.s n·ferencc:; ( L ·3). However. w. fc-..· commcnc:s should be made 
•:Lw.l·it-.· :::1b:;cqucnt ;nodclin.~ . 

re-
ro 

. \i~ infiltr<lt:ion mw.v be a~:oocia.ted wit:h an increase or decrease home 
:·.-,don ,. ,, ::,·cntt·ati.ons. [ncn::-,s::s ma.,· occut· if infiltt·a:~on occur~ due ra house 
deprc~~~~~·i:ation. • .. :hich can incre.r.:;:: infiltration cf sail gas. Similadv. the 
mi.:~in.r, ~~! ~;.i.r ~.;ichin u. hou!:;~.,.~ ~~:-~n i.~:cr.-ce1sc or dcc:.. .. c~sc ~~vnitorcd r.:.dcn depend 
i t~g upon r·hc locar.ion of the moni to::. For example. basement t·adon levels ;nav 
Jccre~::;c .;nd tit·s:: floor r.:-,don Le,·cls ma·;· increase z.~ =~~scmcnt ;<Lr i::; ctistrib-
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uted through a forced-air heating system. Therefore. variables related to air 
infiltration and air distribution may demonstrate either a positive or nega
tive relationship to radon in rnodeling results. 

~o information on local geology, weather conditions, 
sources (other than basement wall construction material and 
~as collected. Thus, the contribution of these factors to 
tions cannot be assessed with this data. 

METHODS 

or other radon 
exterior brick) 

radon concentra-

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

~n alpha-track detector was typically placed in the lowest livable 
~f the home. After approximately one month of exposure detectors ~ere 
:urncd to the contract labo·ratory (Tech/Ops Landaur, Inc.) for evaluation . 

area 
re-

In addition to placement of detectors. surveyors completed a qucstion
nalre with the assistance of a head-of-household. The questionnaire included 
a numb~r of questions on house characteristics and on the household occupants. 

Though houses were not selected randomly, selection procedures. typical-
1-.· invol \·ing identification of houses from county high~ay maps, .:ere intended 
to avoid any systematic bias. Due to the complex interaction of factors 
influencing radon concentrations, such selection processes may be relatively 
f::-cc of bias (1). ,\t least 20 houses ~ere tested in each county ." Tht number f 
cf houses tested in a county increased with increasing population.- The J·. 021 t 

monitored houses analyzed in this study were dra~~ from 73 of L02 Iilinois 
counties. These 73 counties contain approximately 88% of the Illinois popula· 

.\ll data were· evaluated for distributional char.:;.ct:erist.ics ·.:;.nd coding 
errors or ambiguities. For many quantitative variables demonstrating non· 
normal distributions: transformations ~ere performed to enhance normalitv. !ri 
most cases, natural logar1thm transformations ~ere sufficient. For. other 
non-normal quantitative variables. however, no useful distributions could be 
dcri~cd from· tran~form~tion. Some variables · demons~raced ~i - ur : tri·modal 
distributions ; Such variables· were : tj:pically : transfor;:ncct· to art it i.cial i:ate
;;;crical . vari.ci.blc's. using . c ithei: theoreticali y ·:or cmpiri-c.:.H V b.:bcd cut. points. 
~ll final variables and their ceding schemes arc prcscnc:ed i~ t~blc ~i. · ·for 
~u~ntitativc variables. scatter plots ~ere assessed for evidence ,lf heteroski· 
dn~t:ieic:: an~ · nori·liricadi:::- :: ·~to- p:.·obl:c-ms ~crc : Ldq~tifi.cd,. · · · 

· :!ultip:fc linear regression ·· .. ·as used to explore models of mot\Ltorcd L·adon 
co~ccntration: ~ ~cr~c~ of theor~ and non-theory based modtls ~(re ·~~plorcd: 

These J.rc explained in ·more det<J.il in the ~C:llo.,.,·ing sec:: ion. · · · ... 
<I - •• 
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RESULTS 

OVERALL 

··-- . . Radon concentrations were approximately log-normally distributed with a 
geomet:ric mean of 2.84 pGi/1 and a standard geometric deviation of 2.30. All 
subsequent modeling and statistical analyses used the natural log transform of 
radon concentration. 

It was anticipated, prior to analysis, 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 
resul t _s ' for radon concentration across the .four basic substructure types 
encountered. Results confirm that substructure is _.a critical explanatory 
variable, with crawl space/no basement producing :.the lowest concentrations and 
basement/crawlspace combination producing the 'highest concentration. 

Some of the difference in means, howeve~· .. :· rri~-y: : be 'due :eo · monitor location 
rather than _ a direct effect of substructure :type: -A. small percentage of 
houses with 'oasements were monitored on the firs-t floor , presumably because 
the basements were not considered "livable". Table 2 presents /~NOVA rcsul ts 
using· first floor measurements only. Though significant .differences arc still 
noted, slab-on-grade, rather than basementjcrawlspace combination represents 
the substructure associated with the highest average monitored concentrations 

No analysis was conducted on the joint c.ffect of monitor location and 
substructure , type since interaction is an artifact of the surv~y 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 independent 
variables are significantly assoeia~ed 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. 

Du~ to the apparent interaction between substructure type and monic:oring 
location and season, as . well as probable interactions with other explanatory 
variables, subsequent analyses . were conducted scparatel]• for each of the four 
substructure typ~s. -

. _ B~fo~ e l~a~ing Table J . . howevcr, . it is . important to note that, contrary 
to ~ m~n~- - i:-cs ca rc {\· 'find ings· . . 'i.·in:Cer _ ~.:is ~not the season of . highest r~don ~oncen
c:radons : · .' - s uinine.r produced. 't: he _highest .or ~ second· _ tiighe~ t , c<?~cc~cra.cions i n 
~a~h subs i:ruc~ur~· type':: : ~: . . - . . . :: ~ " ~ ~ :. '. ~" . . ; . 

• • • •• - ~ • • • • • ::.. • .... • • - -~ • ... ~ •• ·- .:; ' ... - • • - "' J 

"'' ( - ,;;: ~umber- ;;r ·rcgrcs~ioo ·' rnodc'f~ · .. ·ir"e' c"xpiorcd for each substructure c:yp~ ,. 
These ~ re prcscnt:cd in Ta.bi~s 4 throuih 7 . Model A in all tables represents 
the rcsul ts . from a. series of simple linear regressions using ~ c:he \·<Hia.blc 
listed _is ~he onlv independent variabl~. inte~~rct~~i~n · q~ statistical sig
ri:l .. ficnnce under mui ti plc comparisons is an obvious problem . . Cons i,.stcnc\· with 
theory and the finding~ of other si~dic~ . as well as consistencv across sub
structure types. should be used in evaluating t:hc results. This point ~ill be 
explored further in the di scussion section . 

, ·.:,. 



Models B through D reflect models built upon theory and the results of 
other models. In Model B. only the monitor location variables were used. In 
Model C included the addition of moni taring location. :todel D represents ·. the 
best attempt at a complete. theory-based model. Beginning with a base of 
Model C, additional variables were added for which a good theoretic foundation 
exists, and which demonstrated results consistent with theory in Models A and 
E (explained below). Model D should be ~onsidcrcd the best model for prcdic· 
tion in Illinois houses. 

Models E through G represent non-theoretical modeling. Model E includes 
all variables simultaneously in the model. Because many of the independent 
variables are correlated, multicolinearity is a significant problem in Model 
E. However, by comparing the regression coefficients and p-values to those 
obtained in other models, one can use Model E to identify those variable that 
are relatively sensitive or relatively insensitive to the inclusion of other 
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-theoretic methods should onlv 
be considered curious possibilities as true explanatory factors for indoor 
radon. Considerable support from other studies would be needed to enhance the 
reliability of such models. 

The most immediate observation from the regression analyses is the 
relatively low explanatory power of the models. The percentage of variation 
in radon explained by the models was generally under 10%. Only for homes with 
both a basement and crawlspace does theoretical modcling achieve an r·squarc 
greater than 0 . 2. (Note: although Model E can produce a greater R ·squarc. 
non-theoretic models are likely to have far less predictive powci than cxplan · 
atory power.) 

Specific variables of interest include monitoring location and season. 
For homes with basements, knowing whether the monitor had been located in the 
basement or not was an important predictor of monitored radon in all models . 
Knowing whether the monitor was located in a first-floor bedroom or elsewhere 
on the first was not. generally. a good explanatory variable. This changed ••. 
the non-theoretic models for homes -.·ith basement/ no crav.:lspacc . . Passibl>· Juc 
to the addition of the energy efficiency or central air conditioning ~aria· 

blcs. for homes without basements. bedroom loca~ion ~~s important onlv tor 
homes with a crawlspace. and then, only when monitoring season ~as included in 
the model. 

Monitoring season was important in ncarlv all models thoug~ the effect~ · 
were not consistent across substructure types {iup~prting the prc~ious ~XO~~ 
results) . Only for slab-on-grade hbmcs. whe-tc sain.p1c si;:c was small. did · · th!;: 
season \·u.riablcs scncr.:J.ll;: have p · \·alues greater :han l). l J.nd noL produce 
significant r-::;quarc change from Model B to Model G. 

MSE:·lENT/ CR.:.\·,:LSP.\CE SCBSTRCCTCRE 

for homes ·~· i.r.h a basemcnt:./crav:lspacc combit:a::ion. ;.<n entrY-nee trom :~~c. 
interior of the home (most Likely chc bnscmcnr.) to t:he ~::-awlspJ.cc p::-oduccd 
consl.stenc Lncrcnse. i.n monitored ::adon. Because the dependent ·:u.riablc ~ .s 
logarithmic. cocfLcicnt::; t'cprcscnt ::he rrt:Liltipli..:a:i·: e ctfects of an independ -
ent . vnriablc en ::::~c ::-.idon concentration. The · coefficient of 0 . 26 in :lodcl J 
indicutcs chat a c::-.:· .. ·lspacc entrance in'crc·<lsc::; home radon about JO:r,,. SimiL:: :, 
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ly, venting a crawlspacc demonstrated a consistent decrease in radon. with 
Model D indic<J.ting <1pproximatel y 207. higher r<J.don levels for homes ·.;ith un
vented crawlsp<J.ccs. Coefficients for crawlspacc insulation and the presence 
of exposed earth in the crawlspace ware both in the correct direction but did 
not demonstrate consistent statistical significance. 

Basement foundation construction material also appeared to be important. 
Construction materials, from lowest to highest in their apparent contribution 
to home radon levels arc poured concrete . block. "other materi<ll", stone and 
mortar. and brick. From Model D, brick is <J.ssociated with an aver<J.ge increase 
in radon levels of greater th<ln 50% over poured concrete. (It is interesting 
to note that brick reverses signs in Model E. This is apparently an artifact 
due to multicollinearity . ) 

Energy efficiency demonstrated a consistent positive relationship with 
radon. The greater the occupant-assessed energy efficiency , the greater the 
radon . Perhaps for similar reasons, the number of people in the house was 
ncgativcl~· related to radon. Both \'ariables may be related to the u.mount of 
air exchange and the size of the house . 

;\mong the most significant findings is that the standard entry routes in 
a basement (cracks. sump pit. exposed c<J.rth . etc.) were not important cxplana 
tory v<J.riablcs. Some even had coefficients with a sign opposite that predict
ed by theory . Also contrary to theory. the presence of <1 woodscovc or fire
place had a ncg<J.tivc coefficient and large p-valuc. 

There arc a number of interesting curiosities in the regressions of 
houses with b<J.scmentj crawlspacc combinations . In Model~ having room air 
conditioning or <J.n electric space hc<J.ter were <lssoci<J.tcd with lower radon 
conccntr~tions. These did not retain their significance in Model E and may 
reflect the effects of energy efficiency. Another interesting point is the 
importance of a brick exterior appearing only in the non -theoretic rnodcls . 
Having ~n interior entrance to the b<J.scment was associated with higher radon 
levels · in Model ~\. though 'this association lc~scncd dramaticall y in ~odel E. 
:\ test t"cr an intcr<J.ction effect bct·.;ecn basemen:: monitor location """"' base · 
mcnt en::~~ W<lS negati ve ( results not presented here ) . 

B;\S E:·!E:;T . \'0 CR.\'.:Ls P .\CE S CES TRL'CTCRE 

For basemen:: homes ~ithout a cru.~lspac ~ . a similar pattern ~ ppcars. 
Basemen:: ~onstruc:::ion materials. in the order o f their apparent contrlbution 
to radc:1. arc:: poured concrete. _ block ... brick. _ ilnd stone c.<nd :::artar . This 
ord·cr. .?:1d m<ign i t ;,:dc of effect. ~re ::-oughl:: co.nsis:::c.:1t ~o.·ith the t'indi::,:~:; et 
ba~cmc~~ crawl~~aec · homes. ~ ~ ~ .. 

Str.;:;dtlrd b~~cmcnt cntr\· rcut:.c.s · .. ;ere. u.gc:~in. !"'lot significilnt . thou .~h the 
prc:;c.r.cr .1:: cr ,~.cks !:.:-,d a mart,inaL p ,-.:-.l uc .:.. r:d c ::..; rrcctL \· (; i.gnc:·d co cffic~, :: t i.rt 
:todcl d· 7hc p:: c:;cncc vf ;1 · .. ;ood5tc\·c er fircpi ~4cc u.lsc \.,·u.s nor .. ~:l L~:Fut· tcJ.nt: 
c ~~ pl.u :1u r .... ~·\· f~ctor . 

·'·- b ··~cr.···~· ·:..~ · · · h .. . •,..oo ·,. :· .. ;··,. _: ___ · ! ···--
. ....... (...1.,.1 ••l..~~.- u..) u. uLU.L_ ffi 0~._ .r..l~.L_f'c-, <..&l.:l... ... ,., ::·~: c..&...l fo~lnQ. t:o be .sigr.~ t Lci.lnC· 

:·!odcl D t·\..:.;ultcd·- · in (,.' in 
c.lramatlc ch<J.ngc 
appca~ ~~ have ~ 

;.:.~t. The . Lnclusi.c~ ot thiJ .t _,,: .r.rn . . in 
i:1 the effect ot .e._Fr~:IS.H. T~&c.:::hcr. rhcsc 
~ubstu.ntiu.l cffccr. ~n rc~d0ra. for u. home ~·ith i.l bu.sc.mc:~t used 
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as a bedroom or living area. bascmcnc levels averaged nearly 5 times higher 
than in homes without finished bascmcncs. 

Energy efficiency demonstrated the same relationship with radon as in 
basemcntjc rawlspaec homes. 

,\mong the curiosities. the pn:sencc of central air conditioning or 
central forced-air heat, which may be inversely related to energy efficiency, 
demonstrated significance in Model ~- Brick exterior was negatively related 
to radon, the opposite effect of that in bascmcntjcrawlspacc homos. 

GRAt.ILSP.\CE/NO BASEMENT SUBSTRUCTURE 

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

~ number of curious associations were found. Having an attic fan was 
consistently an important explanatory variable, though in the opposite direc
tion generally expected from theory. Other variables, such as having hot 
water he<lt. gravi t~: feed furn<J.ce. and "other" fuel type. had low or m<J.rginally 
low p · .. -alue:s in at least one model. Having a gravity feed furnace. for exam
plc. produced an average 75% increase in home radon levels. Explanations for 
such associations arc unclear. 

SU\.B · o~;- GRl\DE SUBSTRUGTtlR.E 

For slab-on-grade homes. age of house and energy efficiency (which may 
be related to age of house) were consistently important explanatory factors, 
indicating that the older and less energy-efficient the home. the lower the 
radon. 

~ curiosity was the very strong inverse relationship between central air 
eonditi~ning and radon. Having central air was associated with an uvcrage 
decrease in radon of about 50%. Having a fireplace or woodstovc was associat· 
cd with a decrease in radon. though p-valucs were relatively large. 

~cc: Llusc of the relatively· ~mall 5~mplc ::;i;:c for 3lab-on-&rY.dc ~1ornc3 

caution should be used in assessing the importnncc of vnrtnhlr3 ba3cd ctt · p
'-"aluc .:.lone: 

D IS CC'S S IQ~; 

.\ number .of .Umit.::.tions should be recognized -..:hen - dra .... ·ing cGnch~:;i.ons 
from ·· ::~i-s stud•:. ·The .methods .used. to ~elect "homc·s for test in& produce a 
greatc:::- likcli-ho_od cf bi.::.s .than more ::i.gorous, !JSeudo·r.:;.ndorn . scl(;.;ti.on :::cth-
ods . .. -=-~~ough rcu~on~~blc st:cp:i t.:cr-c t'"1k.c~ to. a~~ut·l·· quc'llit_'--.. u.nd ccn3i~tcnc\· in 
data :.::llcc:::~on. t!~c. use of luc.:;.l pc::sonncl and home occupant:s i.:; Likel\· to 
introd~;.;: ~omc error . 

2-ccc::.u:;.: ~ampLing "'""' conducted t:·.- independent local .:;,genci~·:; '"'"' : imc 
permi:::~:d . .:;, cot:rcl.:;.tion between locai factors (such as housing , " geol,>gy) 
.:;.nd ::: i:::~e · varic::.nt file tors ( .;;uch as · .. ·c.::.thcr) ;m.:;,\· h-ave been inc:rcduccd. In 
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~ddition. lack of local geological duta means that correlations bet~ccn geolo
gy'· and household conditions cannot be identified. Thus. some results may be 
due to the confounding effects of geology and time-variant factors. 

Finally. due to the high degree of correlation bct~ccn vuriablcs. model 
ing is prone to error. ~odcl results should be considered suggestive, not 
confirmatory evidence of the actual underlying relationships. 

It appears that the vast majority of radon variation is due to factors 
other rhan the common household factors considered in this analysis. Such 
factors may include differences in regional or local geology, housing con
struction types, weather conditions at the time of monitoring, or household 
factors not considered (such as the existence of thermal bypasses or vented 
appliances). This does not indicatq, however, that the factors considered in 
this survey arc not important determinants of radon (for example having a 
brick foundation may increase radon readings an average of 50%) but only that 
other factors appear to be more important in c~~pluining the variation bet~cen 
houses. Household factors may not be consistent in their effects. This 
supports policy recommendations that all homes be tested fot radon. despite 
the apparent presence or absence of kno'v.:n risk factors:. 

Location of the monitor in the basement produced. as expected. a signif 
icant incrcas~ in radon concentration. Location of the monitor .... the bed · 
room, as opposed to elsewhere on the first floor. was generally unimportant. 
For research primarily intended to evaluate determinants of home radon conccn 
trations. first floor monitoring in all homes is desirable to allow direct 
comparisons across all house types. 

Season of monitoring was an important explanatory factor. However. the 
relationship bet~ccn season and home radon concentration was r1ot consistent 
with other investigations nor was it consistent across housing ~ubstrucrures . 

The finding that summer radon concentrations could be as high or higher than 
other seasons suggests that current guidelines fer ~inter monitoring be re
evaluated. However. since these data reflect the measurement. of different 
homes in different seasons. they should be interpreted with caution. ~ddition

al ~cs~arch on seasonal effects in the Midwest and elsewhere in the country 
arc "necd~d. 

Basement Eoundation construction material was a rclativclv consistent 
prcdic~or of radon. Brick and stone foundations were consistently higher than 
pou~cd ~oncrctc. even after adjustment for age cf house. Block foundations 
were sli;htly elevated compared to poured concrctc. This suggests oppurtuni 
tics for low cost mitigative strategies if foundation w~lls arc accessible and 
if a suitable radon barric~ can be found . 

. \n ~ n t r ~n..: ..:~- ;.r·C?: u. ~ _r:u \.: l G pu~ .G :.: ~~-p.~ · c ons..'i _:-; t:c: n.~ L:-.: 2L:3~s-a-c i.u. t cd -~· L t. h in~ rca.s cd ~ 
radon . Insula": io~':--· - c:-::po--:>cd- , ca_rtl~-~ _ ~nd i:u.ck- et ·:..:cnt i l:i..iti6n in t ·h·c c i.-awl :;pac:: · 
··-re ·l;.o -~~a-' - ~cd ··'eh 1··1crc-~- ... --don tho"~.._ 1 --~ o~-· -- t· ,..,,...,,. The-e 
""''- • ' I ~ CL~~ ..... ; '-4 '- n • L · U....) \,; ~· L C.L 0 • L Y, ~ ~ L _.. ....: .J ~ \; L L ~ 1 ..J CL L ,.,; .J., 

0
'r , .,=a 

Ein<!Lnr. ~; suggest chat the common ,_,-;::athe~i;:atLcn ~::acti;,;::s o E :;t.al.irig· c rJ.-.;l 
sp<'?-cc t..nr~:i.cs. i.r15ulacing t~oors. --~rld in.st,:lling: ·:u.pcr ~Glrri.cr.: not' ·onl·: :lU\"C" 
cnc t·;:·. but mti _, .. -;.-~duce rc1don (through ,·a par bc:-.. rt.·icrs :T.c:-.. ·.: need rn be :;-c~ L~.-· d and 
·.:cntcd) . Lirnici.:--.~ cru .... :l~pacc \:cnr.ili..~ti.on ~_, u,. c~crgy·sc:lVl.ng mcu.:;urc. ho~·cv 
cc. ~le,·:; nor: .-;ppc,,~- ad\·L;.o,bLc. 



tal Protection agency and therefore the content:; do not necc.s.sarily reflect 
the views of the Agency and no official endorsement .should be inferred. 
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~rariable na:e 

W SASE 

CE~T GF 

Q :7l.'~~:.r 
w ..... , .... u 

C'\t ·'l' ': l~~ 
-~· • '01~· .... 

"'"'\ ~. r ~ 
-~ ..... -

7A9LE ' ~AR!ASLE NAMES, EXPLAMATIC~S, CCOING, ~~D TMECRE!!Cl: aE:A~ICNSH!P 
TO INDOOR RADON CONCENTRATI~N (CONTINUED] 

Descri;:::~ 

De ycu U$e a for:~d air :~nt:al heating syste: 
d~ring ccld ~el:~e:? 

De you use a tct vater basebc~rd er radiator 
syste: during :cld ~eather? 

he;.tinq sys~e: 

Do you u~e an el~ct:~! s:~ce heater during 
cold l'eat~e:-? 

n"" '"'" u'"o 'l ;~ ,.~,.d ~,..o 
~"' J'-'W. •w~ w. •·-·~·~vv 

during co~d ~elt~s:? 

use se:~ 

sto'.'e 

sc~ce heater c:ld 

cf heati~g syste: 
duri~g c:(d we!t~e: t~a: ~as not :en:icned c~ 
this question~~~=~? :! se, specify. 

used as a 1--an.,.,..,,... ,.,. ................... 

'-,.o,..no,.,.ln 
•••~.,.vu••! 

~~e outside bas~~e:: wall~ lre p:i:arily c::pcsed 
c~~=~et~ ~~ ::~=~~ b!:ck 
:..,""'0"' "'""""'•o•o 
~ \J ..... ~ ... ww .. v ....... 

:t:~e a~: :c::~: 

:~ick 

",., 0~~0,. ! Wl6 ~u .. .,.,. ...... 
hc~$e ~ 

~'l~a•o"'• ...... .._ .......... .. 

inside 

~:eo: i: l s~:~:-:2~~! ~==~; ~ave !!:;e 
:~;:ks =~ ~~:~~ : 

."''~~0 ,.;.,.':;""C"' ..................... 

~elat::!ishi: ~c 
~'"',4"'"'.,. .,..,,;,~b,:: 
.-HW.\1\1. • ,.w.wu 

+j-

... _ 

;.· 

r 
i 

l 



TABLE 1. :AR!lSLE !AMES, EXPLAHAT:a~S, COD!SG, AND THEORET~CAL RELATIONSHIP 
TO INDOOR RADC~ CONCENTRAT!OM (CCNT!~UEDl 

Variable na:e 

~ARTR 

CSP EMTR 

CSP !NS!. 

CS? VENT 

CSP EXP 

Description 

Does the base!e~t flccr{or sub-surface 
floor i~ 3 split-!evel h::~) have exposed 
earth? 

Can you en:er the c~awl splce fro: insid~ 
house(f~o: base:e~:, for example}? 

!s the floor Jbo~e ~ta c:Jvl space insulated? 

Will the cr~vl s:ace be ve~ted to the outside 
A,,~~~~ ~~o •~"~~:.~"~ ~~~~~A' ._.,.., •H'1 .... ,. ~vu• •""• ,.u~ t"""• •""._. • 

Dces the cr~~l s;Jce have exposed earth? 

---~·-----Relationshi: to .h ,. 
indoor radon"'''-

+ 

+ 

a-. -,'iiV es I s;-;;a;;; "1 os-;:;;~ o -s-;-s-ii;:;--:-;::~----------------------------------
,,... ... 'lol ' "'"'"'"'·- ""'""'...... .. .., .. w, .. ! ..... 

b. ++ ~ strongly and ;ositi~ely ~e!!ted 
+ = positively related 

c. 
d. 

- ~ negatively =~l~tad 
: st:cngly and negatively ~s!~:ad 

+/- ~ both positive and negative ~elaticnships :ay be expec:e1 
? ~ tee littl! infcr:a:ic~ to 9redic: a :elaticnship 

aased u;on references (l} ~~=o~gh ~~:~ 
T~ese variables were used :: defi:e datase:s and do not appear explicitly in 

: ' .. : :-:-:· ~ : .. :-. ~ . : . ~ 



TABLE 2: ~MALYS!S CF lJAR!ANC~ RESULTS FOR RADON COMC~NTR.~TICM SY SUBSTRUCTURE TYPE. 

~cnitcr Geo:etric :ean Geometric 
s~!:st:-~ct~re type ccr:cer:trJticn r' "',.,.; 11 \ Ct-':ln~::~.,.,. De•r. ll 

\ t-"'"'•!•1 w .,.w,uww•"" " locati::r: 

------- --------·--·--
All( a) .\!l types 2. 34 2. 30 ],021 

3ase:ent l!':d cra'ilspace 3. 56 2. 21 752 
:::avlspa::e, ne base:en:: 1.67 2.11 m 
gasellent, no crl'ilspace 3.15 2.21 l,54S 
Slab-cr:-qnde n"lu 2. J2 UJ 13( ........ ! 

First .Ul types 1 70 2.14 !51 • I J <I 

:ase:e::t lnd cravlspa::e 1. 95 1.38 :s 
::avlsp!ce, ne Oase:en~ 1.57 2 .ll 572 
S3se:en:, ~= c::awlspace 1.81 , n7 69 ~.Ill. 

:l!b·cn-g:-lde ,,. j ,, 2.32 2.33 134 \otU•J 

fi}p-':ll~e -;-<:"~c~ !:r atleast-t;:;c:m.s differing -by -substr'.!C~t.:re ty~e:--------·--·----

[b) p-~ll~e = <.~:: !:r a: leas: :~c :eans di!fcri~g by subs::~:::rs :~;s. 

~AS~~,, GECMETR!C MEAN CCNCE~TRATICN !M pCi .' l {AND SA~PLE SIZE} 
3Y SEASON OF MO~ITCRING AND SUSSTRUC7~RE TYP! 3 

5E.lS:s 
·.;:s!~?. 1 " A r ~.~o 1 . '" ! 1 ~ , , ~ : . sa {:; 5 ~ : 

. l .. , .. . . , t "" ... ~ ! "' .... I .._ •"' I ' ~ ... . . ' 
~:~~s: . . ' ~ : '2} 1;1 I..,,':' ' 10 I 1 ., ~ ' . ". ~.;:, ,,., .. 

I '•""! " '""'"' , .. ..., ... '"'"""' 
~~~~!:! ' . , ! ! :' ; • ; 4 r 11 o 1 _.:7 { ~51 2. 3 4 ., ., .. : , .. ., .. \ .._ • 'oil ,I . 1 ) 

~l·. ; • 94 ( 5 E 1 ~. 7 s ( '7:;\ • n1 ,.,,, . . ........ I • r l.owJ l . • • • I 0 " 

--------·-------·-·-·- ------,---·------------ ----------·-------------
!. :- ·: !:~es .. ::: ~c: be:~ :ai~ e~~~::s ]~~ ~~:~!l:: : :~ 

~ 
~ . • 

"' 



TABLE 4: ~ULTIPLE REGRESSION RESULTS FOR MODELS OF ~OME RADON CONCENTRATION: 
HOMES SU!LT OvtR SASEHE!IT AND CRAWLSPACE 

-----
1lARIABLE MODEL A MODEL S ~ODEL C MODEL D MODEL E MODEL F MODEL G 

----!!ITERCEPT .62447 .90441 .63720 .13636 ·.06271 .ms1 
1" n1 1 (<.01) ( <. 01) (<.01) (. 79) (. 20) \ "•lrii.I.J 

WINTER -.13391 -.11985 -.13353 -.19473 •. 17511 
( .34) (. 38) (.H) ( .14) ( .19 ) 

SPRING -.60419 -.suss -. 62971 -.66264 -.48379 -.64939 
( <.01) (<.01) · ( < .01\ (<.01) (<.01) r; n1 1 

\ ',..,., 
SUMMER .15321 .10257 .05199 -.03172 -.08679 

(. 74) ( .32) ( .91) (. 94) ' ( • a 4 l 
~OCBHT .66483 .66483 .57401 .55822 .59134 .63976 .5793€ 

(<.Cl) (<.01) ~ <.01) (<.01) (<:.01) <=(.<.01) ( <. 01) 
LOCSDR -.02230 -.02230 -.08867 -. 22949 -.. lH36 •. ll565 

( .91 ) ( .91) (.55) ( .24) (.55 J (.54) 
. ~ PEOPLE ·.05905 -.05277 ·.04495 

( n, ' (. 0 5) ( .07) l '"'" I 
.\~J SL,\S 1n,.,~ .09877 '."'""' ., 

{ .17) (. 25) 
~ SMOKER .09009 .10630 

( ~ 21) ( .13) 
~!IAGEHS -.04625 -.05477 -.06157 

( .18) (. 20) ( ,1)) 

~MER EFF' .02528 .01958 . 02655 .02515 .02513 
(.a 1 J (. 04 J (<.01) (<.01) ( < .01) 

PC_9RICK -.07020 .50320 .34598 
(. 45) (<.01) (<.01] 

CENT AC .099H .08t01 
( .17) .. ( • J 3) 

~OOM AC ·.14919 -.06130 
( n" (. 49) \ '"'"' I 

?.\!1 ATIC .05429 .10389 
( 'n 1 ( • 30) \ •'4'41 

:ENT FA .05843 -.03392 
(.52) (. 81) 

~ 9ASE -.05531 .01595 
(. 6 2) (. 9 2) 

:~!IT CF -.30302 -. _EC€.9 . . . . . ' -- . 
0 ( .19} : .. ' .... ·· ·• • : ('. 26") .. , , . 

:::!c SPA ·.22500 -.02960 
t n" (. sa 1 \ ..... , 

" 11M 
lfvvw -.03622 -.lC07J 

( t 6 J) ( 1 ' I 
\ .. "' 

~:~~OHE~.~ -.09649 nnon 
t y IJ .J I "' 

(. 4 7) ( Q" \ ...... , 
~'~ ~~"u 
.,.,,,.. ""<loW I ·.31293 -.24238 

( .14) (.H) 
"..::"1"1' 1"11"'1:'!'": .:2606 • JlOSO .. ... .. "' ... .... ~ -

i 1 ~ \ ( ,,,, 
\ ""'"'' \ •"'"'! 



TABLE 4: MULTIPLE REGRESSION RESULTS FOR MODELS OF KOME RADON CONCENTRATION: 
HOMES BUILT OVER BASEMENT AND CRAWLSPACE (CONTINUE) 

VARIABLE MODEL A MODEL 8 MODEL C MODEL D MODEL E l!ODEL P l!ODEL G 

BLOCK .09408 .10501 .um 
~ 

(. 27) (. 23) ( .10} . , ,, .. 
MORT .13457 .UlJ9 • 39434 .. 

(. 32) (<.01) ( < n1 1 ..... , 
BRK .33532 -.13263 .34835 • SC465 --

< 

(<.01) ( .15) (<.01) ( <.01) ' ;. 
OT!!ERBKT .18767 .32299 .H54S 

( .21) ( .03) ( .Q2) 
B FINISH .01927 .02686 ' • ( .81) (.75) 
ENT BASE .26429 .05569 

(. 02) ( .61) 
CRACKS -.05275 -.03644 

(. 4 7) (. 61) 
CRAIJ!S -.04133 -.11459 

( .66) (. 20) 
SUMP -.03177 -.00855 

(. 66) (. 26) 
EARTH .06191 .08333 

(. 45) (. 32) 
CSP ENTR .30078 .21091 .23927 .22295 .Z5269 

(<.01) (. 03) ( .01) (. 01) [ <.01) 
CSP IHSL -.03825 -.06228 

(. 62) (. 40) 
CSP VENT -.13419 -.20053 -.18782 -.18901 -.19699 

( .07) (<.01) ( .01) (. 01) ( .01) 
CSP EXP .06678 .09223 .19421 .20200 .:4370 

[. 4 7) (.34) (. 03) (. 02) ( .lJ) 

----------- __________ , ____ 
' ~'.!ltiple R' .07481 .t2J60 . 25315 .19353 .12992 ., 71 Q 

•"•••w 

(p·nlue) (<.01) ( <.01 ) ( <. 01) ( <. 01) ( <. 01) ( <. 01) 
R'-Chanqe .04879 .12955 
(p·nlue) ( <. 01 ) ( <. 01) 

.. 



' TABLE 5: MULTIPLE REGRESSIC~ RESULTS FOR MODELS Cf HOME RADON CONCE~TRATION: 

VARIABLE 

INTERCEPT 

WINTER 

SPRING 

LOCSMT 

LOCSDR 

N PECPL£ 

ADJ SLAB 

~NAGEHS 

PC_SR!CK 

CENT AC 

ROC!! AC 

ii SAS~ 

.... t"\J'T' ~t" ............... 

:::: s~.'. 

,.., ...... -"'·· .... -:.~ :; ~ .... 

HOMES BUILT OVER BASEMENT BUT NO CRAWLSPACE 

l!ODEL A 

-.19722 
I 1 1 \ \ ...... , 

-.46281 
(<.Cl) 

-. 09921 
I HI \ ,,..,, 

.47646 
(<.Cl) 

-.29852 
r 1 a 1 l • 4 .... J 

n1,an 
.......... v 

( .l2) 
.07140 

I HI 
\ • ... w J 

.ems 
I ,, I 
\ tlol I J 

-.02615 
(. 29) 

.01519 
( .02) 

-.11052 
( . c 4) 

-.11209 
r n 1 1 
\ .... "J 

.04593 
( • 4)) 

-.l!~Cl 
{ ! 1\ 
\I ... , 

-.llSJS 
{ ~ ~ \ 
\ .... ..,, 

.!0301 
I I ~ \ 
l • •'"' I 

.~!515 

-.02207 
r on 1 
I ..,~"' I 
01~,, ..... .,, ... 
I : i I \.,.,.I 
• ~ "l ! ., ..... , ' 
( "0 \ 
I I~~ / 

: J .l \ 
O.i, I 

.:::c: 

MODEL 5 

.68446 
( <.01) 

• 47646 
(<.01) 

-.29852 
I 1 a I \ I~-~ I 

MODEL C 

.96252 
( <.01) 

-.15964 
( .17) 

-. 41092 
(<.01) 

-.09921 
I HI \ ., .,. I 

.39752 
(. 01) 

-.33525 
( .14) 

HOD~I. D 

.73019 
( .02) 

-.20245 
r 1 n 1 \ ........ , 

-.42519 
( ~ n1 1 ....... ' 

- 11711 ..... , .... 
{ 71 \ 
\ "• I 

.40905 
( <. c 1) 

-.47366 
( • c 4) 

.03166 
r no 1 
\'"'"'' 

.11599 
(. 04) 

-.00685 
(. 39) 

-.08970 
(<.01) 
. 0 2134 
(<.Cl) 

-.07939 
( .15) 

-.12129 
1 n~1 \ ...... , 

-.0892€ 
(. 21) 

-.0931: 
r ·n I 
\ ...... , 

- 1 ~,;;n .. ., .. .,~ 
( . : ~) 

·.035EO 
{ ~,, 

\ " ' I 

-.:426€ 
(. 4 7] 

( • 75) 

( • 72) · 
.:::s4 

~ ~ \ ' ...... , 
.J,9:!9 
( . ~; I 

- ·.::, = 

.::s:; 

MODEL E 

.84825 
( <. 01) 

-.17015 

MODEL F 

.50784 
(. 02) 

MODE!. G 

.73389 
r ~ n1 1 
' ........ 1 

• 1 7COn '., ,.~., ... 

( .16) ( .14) 
·.40259 -.23534 -.41147 
(<.01) 

-.07166 
( .82) 

. 39413 
( .01) 

-.43520 
(.as J 

(<.01) 

( <.01) 
-. 47317 

( • 0 4) 

(<.Cl} 
-. 09674 

(. 75) 
,a,1a 

1'<4J.-Jt..J 

(<.Cl) 
-.36979 

{ ,, \ 
\ ' •• J 

-.08629 -.0940( 
(<.01) 

.01692 .01666 
(. 01) (. 0 2) 

-.12048 -.12346 
(. 0 2) (. 02) 

.25975 

( <.01 ) 
. 01599 
( .Ol ) 

-.ll:ll 
( • 0 4) . 

. .... . 
I .. I "',_. 



TABLE 5: MULTIPLE REGRESSION RESULTS ~OR MODELS CF ~CME RADON CONCENTRATION: 
HOMES 9UI1T OVER BASEMENT BUT NO CRAWLSPACE (CONTINUED) 

VARIABLE MODEL ~ MODEL 9 ~CDEL C MODEL D MODEL E MODEL F VMIIT 1: 
uww ..... ... 

--------------------------------------------------·-------
MORT 

SRK 

OTHERBMT 

S_F!NISH 

LOCFIN (a) 

ENT_BASE 

CRACKS 

JRAINS 

SU!IP 

EARTH 

.35438 
(<.Cl) 
.26990 
(<.01) 

-.04626 
( .72) 

-.06937 
( .15) 

• 02046 
( .35) 

.08293 
1 no1 \ ..... , 

.04636 
(.52) 

-.02555 
(.59) 

.09408 
(. 31) 

¥.~;-~,--------- n242,--
UIIIA••·~·'- ;\_ t\ol \ol 

,p-value) (<.01) 
~'-Change 
~ p-value ·: 

."13894 
: <. 01) 

( <. 01) 

.46092 
(<.Cl) 
.38522 
(<.01) 
.07880 

I ~~I 

\ '""""' 
-.10759 

( .OJ) 

-·. C15C9 
(. 39) 

.05840 
(. 25) 

.06675 
I H\ 
\ .. ., ' 

-.04301 
( • 3 9) 

.13934 
( .15) 

.10581 
( <. 01) 
.05687 
( <. 01) 

.48845 
I r n1 I 
\ ~ • "'• I 

.40233 
(<.Cl) 

.nso? 
I r n1 I 
\ ... ~.~ .. , 

.48387 
( <. 01 ) 
.4029C 
(<.01 ) 

.49618 
r" n 1 1 \ .. ...... , 

1 Q 1, Q . .,.~., . ., 
(<.Cl) 

-.11224 .08526 
I ~1 I \I.,., 

.54436 
I 1 1 I \ ... , 

-.74115 
(.as) 

I 1 n I \ ... \ill, 

. ~ 8035 . ~9~69 

(<. Cl ) (<.91 ) 

.. . . 

~ . .. 

~ 
i 
; 

t 
t 



·· ThBLE 5: ~U!.T!P~S REGRESSION RESULTS FOR MODELS CF HOME RADON CONCENTRAT!CH: 

. :VARIABLE 

INTERCEPT 

WINTER 
( '14) 
SPRING 

SUMMER 

LOCS!!T 

LCCSDR 

~ PEOPLE 

N_SMCKER 

~NAGE~S 

PC 9R!C! 

ROCK AC 

:; BASE 

·,; ::nu=~~ 
, I .,.,I"JU.,.o o • 

~O!!ES BUILT OVER CRAWLSPACE S!!T ~0 BASEMENT 

MODEL A 

-.16455 

-.38879 
1 ~ nil l ql,jl., 

-.21478 
( '24) 

11 , 1' ... .~ ... "' , , , ' \ .... .,, 
.OCJ89 .. 

1 a a' 
\ 111111., I 

.~4341 

1 • a' \ ' """I 

.ll54J 
I 11\ \ ..... , 

.04566 
( . 24) 

.CC JSS 
( '72) 

.a2352 
1 n\ \, , ,I 

-.02534 
( 'i21 

.Cl28l 
I 07\ 
\I"' I 

-.29695 
:, n1' 

' '"'•! 
-.05006 

:. 521 
1n" a 

14 .. 1ololoJ 

-.57J7t 

"! ~ \ 

~ .. . 

. 43901 
1/ n1' 
~ , , w • I 

(. 09} 

111H ... ., .... " 

.63841 
(<.Cl) 

-.19250 
. ( .07) 
-.42155 
(<.01) 

-.27490 
( .14) 

'14463 
( '05) 

---·---------
!!ODEL D !!ODEL E !!ODEL f !!ODEL G 

.28924 
(. 42) 

-.23470 
( .02) 

-.40197 
1 n 1' 
~ ' .... J 

-.32321 
( .ll) 

( '0 4) 
n111a '"···" 1 1n1 
\ • "" J 

.10461 
(. 20) 

.CS467 
I 1D \ 
\ • 4W I 

.CJ79Q 
(.H) 
n1H• 

• "' ... JJ 

( .21) 
'0 J722 
( '71) 
n:aa1 

tWWWIIII.I 

I c;l \ I,.,..,, 

.C29SS 
I 11\ 
i " '/ 

(. 22) 

·.56661 
1 no' 
I • " .. ' 

I ,. 1 
\ . ""- ·' 

- .0:147 

:. ~ ' 
0 I ... , 0 

. ..... . 
.ZS ~ \ 5 

.SCS53 .50219 
(<.01) (<.01) 

-.26874 
( .01) 

-.44044 -.19195 
(<.01) 

-.U428 
(. 03) 

.1 73 44 
(.. 0,2) 

... , ;; .. t ..... , , 
' ~ I : : • 

(. 03) 

. 74458 
(<.Cl) 

-.29359 

-.50385 
( <.01) 

• 1 a 1 ', 
........ J 

( .04) 

.15547 
(. 04) 



TABLE 6: MULTIPLE REGRESSION RESOLTS ~OR MODELS OF HOME RADON COKCEKTRAT!OK: 
ROl!ES BUILT OYER CRAWLSPAC~ BUT KO BASEMENT (CONTINUED) 

--------------- . 
ITARIABLE MODEL A MODEL B MODEL C MODEL D MODEL E MODEL 'f' VMt'T 1". 

UVIIIW.W V 
a 

1[ 

CSP !NSL ·.12095 •• 11359 • 1noao ~ 
, ... .,w.,~ i 

( .12) ( .16) ( .14) 
CSP VENT •.08019 ·.13048 -.12J5t f 

(. 26 J (.as) r no1 j 
~ • ~ 41 J 

~ .csP _EXP .03655 .01987 
( .69) . (. 83) ... 

Multiple R2 • ao492 .02936 .11~06 .07585 .05571 .CS39S l 
(rtalue) ( .13 ) ( .01) ( <. 01) (c.O! I 1 nn 1 {<.Cl 1 \ '"'w J 

R ·Change . 02444 .08370 
(p·value ) (. 01) (. 01) 

J . 

{ 

L ...... . 

l 
; 



TABLE 7: ~OLTIPLZ R~CRESS!OR RESULTS !OR .MOO~LS OF HOME R!DOX CORCZRTP~f!OR: 
HOMES SUI!.T OYER SLAB•Oli·GRADE ONLY 

''"}: ' ' 

VARIABLE MODEL ~ MODEL 3 MODE!. C MODEL D. MODEL ~ MODEL : MODEL G ., .. , 'I 

INTERCEPT '' .. 72577 . - .30640 ·1.38722 • 47208 1.07722 -1.47057 
(<.01) ( .44) (.08) ( .23) (<.01) (.05) 

~!liT ER • 44310 .UllS .55750 . ~9919 . 40731 
(.27) (.28) ( .1S) (21) (. JO) 

SPRING .70936 .63447 .79930 • 63153 • 63846 
(.ll) (.U) ( .09) (.15) ( .1~) 

Srnn!ER ,,5747 .JS257 .59130 .56041 .36715 
( .32) ( .41) (.22) (. 23) ( .42) 

LOCBOR • 24511 . . ---..2~511 • 2l39S : .ll7l2--- .1.9420 · ; - -- .19473 
' • i .. 

( .14)· (.U) ( .21) (.52) • ( .25) ( .24) 
ll P!OPLE ·.06§49 ·.04225 !: 

(.H) (.59 J 
H SMOKER .15388 .26591 .. 

(.13) ( .lJ l 
LHAGEHS· .13552 • 23415 .23172 

( .14) ( .03 J ( .02) 
EHER_EYF • 03208 .08430 .05H5 

(.17) (<.01) ( .0! l 
PC _BRICK ·.09390 ·.23546 

(.SS) ( .28) 
CE!IT AC ·.39525 -.54079 -.39441 ·.39525 

( .02) ( .01 J ( .02) ( .02 J 
ROOM AC .10428 ·.4H29 

(.60) ( .13) 
FAH ATIC .26593 .57891 

(. 43) { .10) 
C!!IT)'A ·.16207 .20092 

( .39) (.54) 
If BASE .13815 .JSSJ7 

(. 63) ( .Jl) 
CE!IT GF ttHn . ··~ ~"' '32170 

(. 82) (. :s) 
E!.EC SPA -.03449 .13368 

( .92) ( .71) 
WOOD •. 21622 -.25056 

(. 24) ( .19} 
KEROHEAT • 7H59 .9101J 

(.H) ( .17) 
GAS S!OV -. 20941 .20125 

(.54) {. 70) 
HEAT OTHER .09399 .0191! 

(. 72) (. 95) 

v;;T;; .. Ie R' ------
u"'•••~• • .~~C~9 .CJ912 .Z48i0 .ca14a . ~ 5156 .:J3Ct 
( ~-nlue: ( ': 41 ( • J 7 ~ ( '1 0) (.OS) : '02) ~ . 07) 
~'·Ch3.r:qe .Ol9C~ .20953 
(p·value\ I ::\ :. 091 I '~"'. 


