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ABSTRACT 

III-18 

In support of a possible performance standard for radon-resistant 
construction for the State of Florida, a protocol is needed to provide 
post-construction indoor radon measurement. In order to relate the results of 
short term compliance measurements to inferred annual average concentration•, a 
study is in progrese in four regions of Florida known to have potential for 
elevated indoor radon. Eighty study homes in Polk, Alachua, Dade, · and Leon 
Counties are being simultaneously monitored using long-term (quarterly and annual 
alpha track and long-term electret-ion chambers) and short-term monitor• 
(open-face and barrier charcoal canister and short term electret-ion chambers). 
Electrets are deployed continuously and read over 1- and 2- week interval•· A 
1ubset of the houses are monitored using Pylon AB-5 continuous radon monitors. 
Rouses were selected to be representative of typical Florida housing 
construction, with indoor radon concentration in the 2-20 pCi/L range. Data have 
been analyzed to isolate systematic seasonal variations and to derive confidence 
limits for predicted long-term (annual) averages from single or multiple short­
term measurements according to the candidate protocols. For relevant 
combinations of device and sampling period, thresholds have been determined below 
which a single short-term measurement can provide specified confidence that the 
long-term average radon does not exceed 4 pCi/L. These results have been 
incorporated into draft building standards. 

This paper has been reviewed in accordance with the u.s. Environmental 
Protection Agency's peer and administrative review policies and approved for 
presentation and publication. 

INTRODUCTION AND BACKGROUND 

Many studies have been conducted nationwide to determine the extent of 
elevated indoor radon concentrations in the u.s. The majority of these studies 
have employed short-term screening techniques, ranging from 1 to 90 days, uainq 
either open-faced or diffusion barrier charcoal canisters or alpha track 
dateceors according to EPA protocols. Several factors prevent the development 
of a direct relationship between short-term measurements and long-term indoor 
radon concentrations. Primarily, radon concentrations have been shown to vary 
considerably with time; diurnal and seasonal variations are prominent in many 
houses and suggestions of weekly or other periods have been made. Soma of these 
variations clearly correlate with house construction or occupant behavior 
patterns, such as heating, ventilation, and air-conditioning (HVAC) equipment and 
usage patterns, and the use of natural or mechanical ventilation during mild 
periods. However, no general means of computing the effect of these factors on 
resulting levels of indoor radon has been demonstrated. Added to this 
uncertainty due to fluctuations in actual radon concentrations is a smaller 
measurement uncertainty due to the radon measurement devices themselves. Each 
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possible sampling periods. This pap~~ r eports pr~liminary resu~ts of a study of 
short-term and long-term variilt"iohs""i il.. radon concentration in _approximately 80 
houses in the state o! Florida. · ~~~~ study involves compar~tiv~ sampling using 
the most common radon measurement t"echnologies, and extends over a year to date. 
It is probably the most extensive study of its kind. 

: This project was cortunissioned by t'he st~~t"e of Florida, in cooperation with 
the u.s. Environmental Protection .Agency, as , o~e portiop of the Florida Radon 
Research Program (FRRP) (l r . · The -purpose of the FRRP is to provide technical 
support for a statewide buildin_g .st~ndard for , radon-resistant construction 
currently in the rulemaking process. ~Tfi,e FRRP, incl udes several projects targeted 
~o~ tec~nical s~pport of speci!,l~. ,"~ s t:?-ndard elements. - In this case the 
.1.nformat1.on prov1.des t:"echnical ba(;kgroun<;l . for a post-construction radon test 
specified as a performance elemebt d"f the standard. Other projects address 
prescriptive elemen~s of the code such as specifications .. on so i l and fill 
characteristics, barrier or sealing t~chniques, HVAC systems, and active subs lab 
depressurization system!!; t • • • . . ., 

• ~ ~ - • . ,. J 
... t:-#. 

,:· · The philosophy of the :proposed performance s-tandard can be briefly stated 
as a compromise between ·'conflicting needs in the light of measurement 
uncertainty. First, as described below ,, estimates of. long-term radon ex-posure 
from single short-term. rado.n, measurements are subject to measurement uncertainty. 
Second, the State n~esls to have confidence that a building actually will conform 
to the long-term ra~on concentration standard set (currently 4 pCi/L, considered 
as equivalent to 0. O;l ~~rking Level (WL)) by the State • s Department of·,Health and 
Rehabi l itative Servi ces (DHRS); therefore, the.,. needs -of . the State are best 
served either by a t onger test~ng period or mult iple measuremenus (either of 
which decreases meaqurement .ul}cert"ain·t:y) .. or by a conservative performance 
threshold (i.e. , lower',. than tti·e' DHRS stamdard) • Third, builders and developers 
need to minimize delays between construction and occupancy; therefore·, the 
construction·" indu"stry is best ser ve'd by as sho.rt a test period as is feasible. 
The propose-d st ctn_dard was written to· offer option.s.--in measurement device :: and 
sampl-ing perioq"' t"O a._qd·re~s both needei • .. · ··· 

~ : • ~ : I ~ - • ' • • • ' ' ' .. 
. Thus the objectives of this study, were _conc_~·i;ved to provide the specific 

information required fort~~ threshold levels -i ncorporated in the codes. A. goal . 
of the project is to provide short-t~rm ( less "· than 2 weeks) . measurement options · 
which would provide adequate confi'de'nce · that the long-term average indoor radon 
concentration does not exc~ed a sp,~c ified level ( i n this case, 4 pCi/Lr. To 
ach~eve this goal, support"j.."pg obj e c t l ves · include documentat i on of the variability 
of indoor .: radon i~ . _typ·~c;a·l houses . "in the ~tate, characterization of this 
var1 ab d .ity as meas.'ired b.y- the most pro.t?abl~<candi~~·te radon :·measurement~devices, 
separ~'tion of · seasonal trends in .. r a d!=ln co~centrations in the state ;.;, · and " 
evalu:at ion _<?."~ regj.ona l _. c ll.mat ic . ~r _; constru~~i,._pn . . f a~tors which affect· ·radon~ 
var iability: ~~·-·' .. ~.--~-~~ . --~<- ·:•\ : . , u.:; .· ' ,._ ,_ , • : .. ::; :: : r _,;_.; _ r-\ ·;;, : ,,. 

whde-: · moEft>siJd'r~B- : 6f~- tnis ~y-p·~ ~ '~~.Je . bee~ .,:p~,;~ormed . .' 6ut~ ide t~~ : ~~~i~ :·~~·. ; 
Florida, and many reflect sampling situations inappropriate for Florida housing 
(e.g. basement screening measurements), tl'le major~_ . features of other research 
studies are corroborated by several sbii:t'ies which have been conducted within the 
state to identi fy {acto r » whi ch .contr i bute . tof t he variab~l-it-y ·.-~o f :.:radon 
concent 'r it'l:o ri·i{ ·f n= FI~r{aa homes_· ~ 2.-4.) .: : Theuse . .::a tudies .-~uggest; tha t both · .s:hort'- 7 
term ' al!d·: ~ ~~'Soh-:iJ"' y~+i:~~\ l'.~ ty·. ~~a"n·:cau-ee uncer~a:i!J_~_£~ s · 'Ot a .':f~ctP:r. o.f: 2 ·or mo£ € 
i n , ;Pre~j..c.t"i!lg . 9Jfg-"tpFjn :.~v:er~g~.e~ ~ f ~o l!! ~ ~ :!)g l~~~s.h.o-ttt:-.C.-e~111 me a s ureme nts. _l'helf-e". 
stu<f i~ s _we r _e . i ~mi~'i!_4 . .".. ]lqw1:.fer ; i n dev::.ice~ u_s~ad ,. ·r:l=!.C]..i.O n ,o:tc:the .:s .tate ,: a nd .numbe-r ·. 
o f :~_qas·e~ ~.tW<:i J:~d : , ·_T_h_~. c,~rr,~nt:' p.ro.j e j::t .. was d.e.s-£g_n.e d t o -supp•J.eme nt ·t he S"e -ear 1-:ifE!'r ' : 
f incg nqs'_ o.J'i)~'l.'f ·. :a:-!l'dre~·crenn. · 1.~e q~l:abase, :,_ ,_ · -:- ~-: _ ··:: : . .-::: . _., · · · ·: · . - . 

~ . . : ~ ~ •·· ~ .... -· ;; ..... - - . ~ .. . "'... . ... . .. . . \ . . . . ..,. ~ ., ~ .... ·· ·. :;_:; . . - :) ;· " 

EXPERIMENTAL 'MEfHOD " " :·. : ::c : · ;. "-.-~ GoJ: .'.\' ' . ;:.,.-::, · r 
. ~ ... :-

....... • - t" .,.. C • .... • , ~ . ... . - ..... - •J • : .. ·~ ... - ,3. .L; . ~ - , 4 ;; ·~:.. L • 
" ' I·f! ord'er · ~~ -p~o~·-!;o:~ '~n ."ac;l~qua~e stat istic:al - :ba_s ·i s. r -q-zr · t-he de v el.o.pment 'd f :. .. 

code r ~-~ommendatL~.:,tta: foo1'.,. Flo r-ipa, th'e curr~_r:t projec;t i -ncludes ·the moni :tor :i-":9 o"f' 
approx1.ma t ely 80 " hdusea . f"Q~;: over a year using p ara l lel measur ements w1.th 
differ_e_nt: :·sa'lnpling"~~y i~e.a_ . :- ;f he select:fl . . s ~ucly: i)omes . t:gpresent . a sampl i ng f r om 



four geographical~ regions o£ the state, spec'i~.\.c~J::i y, Al,achua.(Gainesville), Dade 
(Miami), Leon ( Ta!lahassee) ; and Poll<. ( Lak'ej and )'' Coufl:ti.es:. · The ,houses were 
selected baaed on the characteristics iden_t;ifi,ed a .s · most common to Florida 
housing stock such as·:: ; :. ·' . ·,·, .. ·:: ,; . . -., ·'- : ·c 

;. " .... .. ... ~ ~ ·- ~ . ' . 

Single family, single level, ala~ on grade,b,~~qing with forced air 
heating and cooling ~ ,·. - <' . · ·. :::: - ~ :-
Low to moderate radon level - i t'6't20 ~pci/I;' 
Unmitigated i '· ' · : ~ ,_., c :. -~ '~ . 

' . .. r ~ . -r 
Air handler characteristics;.~.: s:Q.l,it betW:.een houses with air handler . 
inside building shell (cio~etl E~Hd 9~tside shell (garage, attic) · . 
Natural ventilation; attempt:·~·? ~ ~~J,:~ct about hal..f of the houses w~J.ch 
never use natural ventilatic;~f..fo~'' ci5pling. .: ... o. _. 

Five radon measurement devices were ·~~mptoyed in the _ study for the purpose 
of. identifying acceptable methodologies for · estimating tqe ann"\al average indoor 
radon concentration as well as developing appropriate predict~ve relationships 
between short-term measurements and long-term ( anm.J_al) average concentrations. 
The devices selected and theiir deployment periods w_ere.: .-

. - . . ·"' -
· ~ • r·. e· ~ 

- Alpha Track Detectors (ATD; quarterly and ' a!jnual peployment) 
.. : • Short-Term ( EPS) :and Long-Term ( EPL) Electre'~t Pas,fl.\:'{l't Environmental 

Radon Monitora : (deployed continuously; EP~ ~~§!ad op; :a
5
J-week, 1-week, 

·-.. 2-week cycle; -EPL read biweekly or monthly) . -. : · _ , . . • ·. 0 
:. - Seven day passive diffusion barrier (CC7): and ' tW,<2 ".J91ilY open face (CC2) 

-- charcoal canisters (deployea once per .m~nth in e~cn ' house) 
. Pylon AB-5 Continuous Radon Monitor wi'~l\ a Passivf:· Radon Detector 

··.:. (deployed for mo'nth-long ~eriods · : fn s1,ll~ 1se.1: of ho~~es) ~ . 
- ~· - ····- ,. · -(:; . ..... . .: . . ·:; .. ~ ;,.· .. _.' . ~: .. ~... . " ~ . 

. . , E~ch ·-. county researc~e; . dev_ised ~ a · s~~-,;.if9~ s_c,hedule · bas~~ ;ir ;h,e abo~e 
gu1.deH.nes and homeowner schedu lea . The ·t}_omeowners .·were _aske?,, . to , keep . t he1.r 
hOmes ,ClOSed during the Charct)al· Canister d~loyment period_, but ,Lwere allowec!:t<?.i 
ventilate their houses according to their normal hab i"ts--o'therwise : In each 
county the data were gathered, checked for consistency, and entered into a 
regional Edatabase. The regi0-na1:· datilbases were combined at least quarterly and 
a quality. control (QC) survey was·· performed on the en~ire database. Quarterly 
data. analyses were :·performed on the ' combinecf data set.. . _ .,, __ , . 

;· . . ' ·-· :; c :.: ,: . . ·. . 7". : • ... • • 't: • . - ~ ... -fi r r . \. "" .. 

: ·: In· o'rder to assess seasonal trenCfs ,' ttj~:: . '~art~;:-.i:r. : boundaries were . chos~n- ­
to . isolate the: peak heating .: and cooling- seasol1a as ~i'e:f~ne~ l;ly historical mean 
outdoor· temperatures· in t'he stat_e • The study began ~~J:l--~ f i.;:,tt .. week of December 
1989, with -:- 40 ·~ houses rpec!::> .tegi~~~- ~ :~~~te~ CC?mplet~on o f_ _the ( b.fst; .wi nter qu·a~ter~H-. 
at the. E end t of·· February-:~ 1990, "t he ·· - study-- -was .l.ncrea·sed · to 80 ho.l,lses tot.al. _ 
Al:.tho.ugh;j some houses were -: l. Glat :du:~fng the =study ,- · at r.-t'east ·three quart.er' s da ta 
was available for 71 houses by the end of November 1990, the last fall' quarter 
incorporated in this paper. The study wa~:i sched~l.ed_ ~o,co11t.,inu~ anpt.h.e~- calendar 
q\tarter. ~nt i:J; t"he- ib~gin7rfi1"1?;f cffS Harc'Ft 1 '9~11: !'·.. ... . ' -; • - ' ,_. J. . E· ~~ t : ~. ' ,, 

r: r: .. e.., o ;. z:: • :. ~ .: ·:_ -: :·. ': !'; .: 1· .:. -,: : -- :: t · - ~ :; · .. ·~ e- :-
~:;:H~;ee·: 'J~:-:.:·:: :::: 2!?.-. ~J.!.< :RESULTS AND DISCUSSIC)Nc, :. ;: · ' ·- ~:> ;-,•.s.: •:-;,:.. . 
~ ...o ~ r. .. ,.. - ~ \.' , . :.~ '"'... . "'··,....,-- ... e. t:.. ... , ~-::. .z· ·- ; . ~ .... r- .•• : ~-; : . : ;..· .. -~ ..,._ • ~ ~· ·S :=. •. : ..... ! .... !.: '"J - - .. : ~ -:-.· : . S ":. :~ ~ '2 ... . 

::~~n~I~-~-rd;~ ~~~~~~sa the-: ra~on vari~pi'll.ty i::!1:spi!y~<f.J. r\t_e_he· : ~.t~d..~. · f)o~-~ ,, .. ~h~ ~-- ~· 
qu-art::e"r.Ly· ~ anriod ~~ai'i't.hmet .fe :aV'ef~s[e : Tadp~- ~co.n!=~e'n.~.r~t'~:S:>'p·; ~- ~ ~a~?n-!i£1~ ~~v~at iog :? : 
( S'l!D:.).':, -:and: c:cref:f:t:c:.U~ht~ of : vari.at!.-ii:m ;. l E!OV ~>..~ d~fihed -11a . th.~~j r~t_ip. p '( _x:fle _ $~_0_ .to ~ 
tl'u3, sme:an, . expressed seiff. a~1:ie'rc~h't'ag~7.:._~? z.:e_ c_~_i:cu ta-tretf:~~£- : ~.a:'t'i~nol,f;~-:\-· ·~nl:i~ Ciey~~~; ~ 
frQ~tt:-::aH :observ:a-t.:irorflf 7naCl'e . Cdtir'ing ·t:'l'ia- per-rod. · "For _ e ;;.~ . ~Hef.t:re1; .JT\ei"tEI..l.,P~'ll.eo,ts . , . -
t i:JTI'ft..-~~llt·ed : avera-t;&S'Fw&re- : u-s'ei!F .Qtf-a-· to.- 't fi e !O v:arta1H'<e~ ·s-a:mp).'.rp._~ 'i'fl..'t~v\_1 ; ·.::rhe . -
distribution of radon concentrations am6ng;:!.l-th~"' fi6'J.ie~~.:. i s ~ i1lu~ei:·ated by-"tfle·­
short-term electrec quarterly average results presented in Fi9-.':lr,Ei:::fr: ..:r:j_--,;s~:::.~2C::C 

In general, the sample population can b~ a:ppz;_ox ~ll)a_t!'!Q~ .by _ a l og normal 
d ~,:~:l: r.:i~ iioru-aa i s ; .t~:Y~i~ l=--~E£- :St-ua-1.-e:SE _in · iarger, ' 1:- a:fi?.ofoLy -s~IE~J=: ~-~d popula.t:io_ns : 
Th.:e- q.Qa-er::v.e.~.;quar_ter ~y. ave·r:a_ge.' ~ado~ : ·c_oncentra~ -~an·s~fa_nglfa · .. J r<;~m !1. 5 ~ o .-9r.e ~_t:-er~;::· 
than · 20 .. ··pCa.:{ L wl.th almosc - 49\ fal ,ll.ng between:· 2 jl.l'id 1, ,., pCl,. ~t, . . _ App~oxLm_a t;e l.y -~. 
1 1-. 4~ : o!-~ .t h~ quarterly a v e Fages fel~.- outside o'f'· the etuay- ·sc·reening boundaries 



of 2-20 pCi/L. The median rado.n concentration was 3.41 pCi/L, and the geometric .. 
mean and standard devi·ation ~ were 3.61 pCi/L and 2.1, respectively.. The 
arithmetic mean ancf stanC!:ard deviation among the study houses were · 4. 71 and 3. 95 
pClj L-, respectively. · · · · . .: 

. . . .. ... . . . . . .~ 

· · The error structure of the quar'terly average radon measuremeiits is depicted 
in Figure 2. In Figure 2~' the _stand'ard deviatiQns of the 7 .or 14 day electret 
measurements in a quarter are pl?tted agai.n.~t. the quarterly time weighted mean 
for the house. W~thin a signif_icant degr~~: . 'o.f 'scatter, the standard deviation 
tends to vary linearly with the ·tnean. This suggests that a variance stabilizing 
transformation (either performing a log transformation on the data or normalizing 
all concentrations to the long~term mea~ radQn) is justified prior to any 
regression analysis_ of the time. variabj,_li~y of the data. 

..... . "": 

Figure 3 shows the pairwise -comparison' of the quarterly average short-term 
electret radon concentrations to those measured by each. of the other devices. 
In general, the devices agree quite well wit::h ~ach ' other. Regressions for the 
alpha track · and long-term electret, which wer.e continuousl·y ·deployed with the 
short-terin electret, show slopes near .,unity and R2 of about 0.95. The 7 and 2 
day charcoal canisters_, which ~ere dep~oyed 1 week or 2 days each month, sho~ed 
somewhat greater scatter· (R2 of 0.93 and 0.91, respectively). A more detailed 
description 9f the results of this investigation is beyond the scope of· this 
paper. 

' . 
SEASONAL VARIATION 

' .;_ 

,. 
One key issue in the variability of ~aden meastirements is the seasonal 

component of this variability. In order to compare pooled seasonal trends across 
the study houses, the quarterly average radon concentration data were normalized 
by dividing each quarterly average by a longer-term average radon concentration 
measured by the same device in the same house. In order to include the houses 
which were added in the Spring of 1990, all data were normalized tQ ~he average 
of the last three quarters of . the stu!;iy (March·.- November 1990). · ·- :For the 40 
houses which were in the study an ent'i;-e ·year, this three-quarter average was 
typically less than the annual mean (by _an average ratio of 95\). To simplify 
data presentation, this investigation will fo_cus on .the outcome of the short-term 
electret data, although similar plots for the ~other devic~s have been de~eloped. 

. .. . . ' ·. -~ ,.. -- . 

Figure 4 shows the freq)lency 'distribution of these n~rmalizJci' ql.i'arterly 
average -concentrations r n the study c.h9use _'pool. An examinatibn of ~he,· sea~onal , . ~ -· . . .. . .) .. - -· ·' . . 
plots reveals several clear qualitatJ.Ve differences. Winter, as a rule, . .i,.s .found ... 
to be the season with highest relative radon, as in other parts of the country. 
Spring, as a rule, had the lowest radon, then summer and fall. 

Hare striking is the range o t- 'lformali::..i ed quarterly averages. The fall 
quarter data correlates best wi th the long-term average, with 50\ of the 
normal i zed concentrat ~ons falling within ±0.07 of the .mean value ( 1 .09~). By 
contrcfst ,' the ' winter quarter ·distrl:bution li.q!J a :··t ail" of ,.houses . j.t'.i. .tn~ J,.-igher 
relat·i ve'iconcentrations, and the inn_er 50%. 9f t-1:1~ . oormalizeq co'n.c_ent_.c';Ll;\.ci~~- fall 
over =-t:he fange· from 0 : 98 to 1.61'·. · Th\llf,~ _giv~rj. nothing .b':i't q\i~rt.ei"ly: :~yerage 
radon, the most p recise est i mate· of the · annua:T ·civerage in ' a ·glven~'h'ouse "<i'ppears 
to be _ 96 ~ <? ; __ th_e _fall ~.arter mean. : The:• l-I+Rte;r qu_flt:f: e.r ~.QietJ- !1 ~a? t h.e .Jp,rgeat. _ 
range o f v_a·r_J.?-t L?n . relat1:ve . to ~he : lon_g - t _eJ;"m. aver~ge . ~~don. ~h + le moat. ol the 
houses f-el- i · Wl.thJ.n· ± 0·, 30 Of the <J:-6ng- te.tni average, 25\ Of the .h-ouses had ~~ 1.nter 
concent:ra t:i"ons 'o\ rl:ar i ~ 5 times the ml!a:n f-b-i-l rthe rest of ::the yeai , ~eeu'i_tipg i n a 
broad d i s tribution ranging f r om 0.65 to 2.1. Since the study wa s · contl nued in 
t he ful l set o f over 70 houses l as t winter~ i t will be of spec i al interea~ ~o see 
i r- =t-'h.'i"s' be ha V-i-o·r =i_fg re"pea t~ci· . ', ': ' --: ~ ; • I ' ' '. • ' ' .. • • . • . <": 

:'.: ;-: t: ~ • j :" :.._ :: - .• = • . : • -$ : - ;" "'; ,__.. ¥ : ; ~ ~· • ~ ... ,. • ~ ~ :': .._ • • ~ ; :; ·• .. ':'! - ; I n .. • • - • t ~ 

VAAINSI-LlcrY:--·o:F RAD0N MEAS tJREMEtfis· · · : . ~ .. ·~ F ~ . , .. . 
,. :- • • \ • ;' .. ,:;. - .. ... • ....,~, - • • t ., . • 

As noted in Figure 2, _tn~ st~ndard dev,i..atio~ of short -:t,erm ~- ~ "" Perm 
measurerrients:~- auring a calendar ·ye-ar was, 9n t.l'le ·average, proport l:onal ... to the 
quarterly mean, with a constant of 'proportionality~ of p ._2~. · T.tiu,s' the 

-~ ·::s 4 



distribution o_f the coefficient of variat.ion should clusier around 26%. The da~a 
for lOrJ.~r term E-Perms are similar. Figure 5 il,.lustrji'~es_ ;:the distribution_ ~f 
quarterl:y cov value in the study houses by quarter. one might expect that.: t~.~ 
measurements taken during the summer cooling season would vary less than those 
for the other three seasons, in which occupan.t;e are more prone .to ventilate their 
houses. ; There is indeed a slight tendency "j:oward higher · mean COVe for the spring 
and fall as compared to · the sununer, but the 'v:az::iability among houses in each 
season is ,greater than this sea~sbn).'l effect·. : : . Therefore.,,. the short-term 
variability . in relative radon COn.~erit~ations CaJl be assumed;. to be of the same 
magnitude in all. seasons . . .~.: ~ ~e. ~.:.:. ·::: .- ·:.~< ":: ;f.:J ; 1 : ." 

, ,. .z: r - ., _ '" . 1. : ~ , · . '1':~ 

If the distribution of noz::m~li~~a· 1radon ~ ~opcentratiC?n is = assumed uniform 
for the houses in the pool, the upper· or - lower confidence limits can be 
calculated for certain distributions. Using a lognormal model similar to 
Roessler, et al. ( 3), one-sided upper"'.' confidence levels were calculated for 
different combinations of · ~evice 'an4_- s'ampling period. These ' thresholds, shown 
in Table 1, · w.ere incorporated intfo .the proposed building standard curr~ntly in 
·the rulemaking process. ,The va"lues in Table. 1 represent ,,threshold levels for . the . 
device/time combinations· listed at the l~ft ' of e~ch xo~and the confidence . level _ 
shown in the column headings. · In order '~tp prea·ict w~thin the specified leve~ 
that the long-term average radt19 goncentration i 'n . a house will be c less than 4 
pCi/L, the results of a single mea~urement must be lower than the corresp6nding 
threshold level in Table 1. The model from which Table 1 was generated does not 
include seasonal effects, but was based on the three quarters of data available 
at the time of the calculation. Nonetheless, the table gives a good indication 
of the way 9ur observed level ~-of •.. uncertainty. can be inporporated.., into a 
conservative building standard • . ::· :·:. :. . :::.~: · 

. { . .. .. .. 

. . ~ 

. CONCI;USIONS 
·.-• . 

This ::fitudy has provided th~-_.rhost -aet~iled database of which we are aware 
of the time variation of a ·)ignif.icant number of. occupied houses with moderately 
eleva teet' radon concentrati~hs. We see clear evidence of seasonal trends in radon 
concentrations from four regions of the ·siate of Florida. Winter concentrations 
are typic~lly higher tJ:l.an fo·r the. r~~t .:of the y~ar, 1 ~ ~.although the degree ~f 
elevatton varies strong'ly over the pobl" of study ho'uses. Fall quarterly average 
concentrat. ~oq_s corr.elate be_st with the annua.l .(!lean concentration. Th_~ ~-eattern 
of va.;-iat:!'l:lit'Y sug9ests t _hat models .~ith ;...J..og~rit~ic" scaling can .. ~e :: .used to r:. 
eatim~_te expe_cted ·uncerta i'riti~~s- . ~n ~?~g-:~!3r_~ :. av~n:age "~~ad?D: from short-term r 
measurements; 
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TABLE 1. THRESHOLD RADON CONCENTRATIONS FOR SINGLE RADON MEASUREMENT 
CORRESPONDING TO SEVERAL CONFIDENCE LEVELS OF FINDING LONG-TERM AVERAGE 

CONCENTRATIONS UNDER 4 pCi/L. 

Device/Days• 

CRM-1 
CRM-7 
CRM-14 
EPS-7_ .. 
EPS-14 
EPL-14 
EPL-28 
CC2• 
CC7 

0.5 

4.18 
4.02 

_4.00 
4.22 
4.23 
4.39 
4.32 
4.78 
4.20 

0.6 

3.87 
3.81 
3.83 

- 3.85 
3.88 
3.88 
3.91 
4.30 
3.81 

*Where CRM = Continuous Radon Monitor 

0.7 

3.56 
3.61 
3.65 
3.49 
3.54 
3.39 
3.51 
3.84 
3.43 

CONFIDENCE LEVEL 

0.75 o.8 0.85 

3.39 3.22 3.03 
3.50 3.39 3.25 
3.56 3.46 3.35 
3.31 3.11 2.90 
3.37 3.18 2.98 
3.15 2.90 2.63 
3.31 3.10 2.87 
3.61 3.37 3.11 
3.23 3.03 2.81 

0.9 

2.81 
3.10 
3.21 
2.66 
2.74 
2.33 
2.60 
2.81 
2.55 

0.95 

2.51 
2.88 
3.02 
2.33 
2.43 
1.95 
2.26 
2.42 • 
2.22 

(' 
~ 

--

... _ 
EPS = Short-Term (High Sensitivity) Electret-Ion ' chamber 
EPL = Long-Term (Low Sensitivity) Electret-Ion Chamber 
CC2 =Open Face ("2 day") Charcoal Canister 
CC7 = Diffusion Barrier ("7 day") Charcoal Canister ' - ·-

CC2 values may be overestimated due to observed bias in study sample. 
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Figure 1 . Distribution of quarterly average radon concentration in study 
houses. 
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