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ABSTRACT 

Th1s study examines 222Rn data from a group of 234 houses in which each 
level of every house was tested with a 1-year alpha track detector and the 
lowest livable level was tested four times, once during each of four seasons, 
with a 2-day charcoal canister. This study focuses on 1) how the seasonal 
variation fn 2-day screening measurements affects the decision to take further 
action, when based on a single 2-day canister test, 2) how season affects 
estimates of the annual living area average, and 3) how the average of four 
seasonal canister readings compares with the 1-year alpha track measurement 
taken on the same floor. 

This paper has been reviewed fn accordance with the U.S. Environmental 
Protection Agency•s peer and administrative review policies and approved for 
presentation and publication. 
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.... INTR.ODUCTION·· 
.. ~ 1 

. . .. , . .. :: ~ . ! . ' : ; :~ :. !:· .. ~: • : .. :;.: \ 
: Short-ter.m .screening ·t,ests fq_r r -adon;. arl!", used· ·to det.ermi ne if action 

shou11d be fake·n fa reduce radon levels or~ if: add.itiahal - ~testing (usually of 
one y_ear duration) is needed t .o:. more a~cur~te~y· characterize health risks to 

~ rado·n _e_xpos~_res .. Radon conce.~.trat1ons vary seasonaJly (}) and. so the :~:result 
. of th.e .s..hprt-t_erm · scq~ening tesj: wilJ be -, .. in part!·; a functioJr :o:f:: the.season in 

whJ c.h th'e tes~ is made. , :- .. ~ .. ' , ._ : . - ~ - - :· · ~ ; · - :_ ~- . : .. 
., • · ~ ·.,~;'~ :· j ~. : ~- \ · '. ;" ' ~ ··, ··:I ;:: :. ~ : ~ <. 4._·· , ., 1 

The U.S. Environmen-fal Protection Agency provides assistance to states in 
conducting surveys of indoor~ ·rado_!l . . :A-subsq.mple of _ houses _ i.n: states beginning 
their indoor radon surveys during the early part of 1989 were the first to use 
cha.rcoa.l canist~rs . : n - ~ach of: four seasons. al--ong with 1"-'ye.arcalphq. track 
det·edors '(ATDs) : .. ~Jhese,_ da~a" ~ere us~d tQ -determine 1). -h6w-· season affects a 
de,ision to .. take furttJer-. a_ct-ion, 2) ·how season affects estimates·of the -annual 
1 · ~ ;pg area~ aye rtge ~ ~A[AA), ~~a~) how .the average of · four se~sonal canister 

.. measur ements compares ~ w1th tRe · 1 ~year ATD measurement on the same floor. 
~· ~ :" - l • • .; .... 

c. 
-

METHODS 
...., r . ·, - . • ! , ,. • r.. .. .l .' ·~ r ,. , • ~ -

' . ~ -_ Homeo~ners were giv~~ alpha-trac~ dete_ct<Qrs for a ' 1-year deployment and 
;_ four --·Qpen-faced charcoa 1 canisters -over ,the: cou·rse of 12 months. ·one ATD was 
placed :qn each livable lev~l up to a ma-xi._mum o.f : 4 lev.els, except for sin-gle 
story ~omes which received two ATDs. One charcoal canister was exposed on the 
lowest livable level durir:~g each(of t:he:. fo.ur sea::s·_on·s: ... The homeown-ers were 
instructed to use the same' location for all four canisters. . . . -. 

For this. ~.ri_aty_~- is, s~asons~ are. deii~ed as: ·:· :., ~ . -· ·. · : • . . , 
~ t '. '. r'' ' :· • •• ~ ~ : . - :·.: -:-- {' • :"' ~ - - ._. 2 .• ~ : -: :· ,- : -: •. i ~ ' 

~- .Wfn.( er: Jlecember l •-: ·t1_ar:_ch ~J ~= -': : :- · y - ., ~- -:· .. _. ...,:. · · • · ' 
. ~pr.i n.g-:;. :Apr~i-1 : 1 ··-: June· :~ 0· , :: -· ' :. · · .-. - · ; : : . · .:.. ·· "· · · 

-s'ummer.:. J u.fy ·1. .- SeptAmb-er 30 · - ~ ~ · ~· ~ ·. : : =-: , . ·. . .. ,, : ..; :: ~ : ~:. '!. :. 
- • • I " "'1!.'' l .... • • 

Fall. : ' Octo.ber -1 . -- No -vemberd0. c~ ·-~~ ~ -- ·-~·~:. 7 • 1::. · ::·" .: · 
:.. 

~~ .' -. - .. .. - • r • " ~ : • ; • • •• , t. ·: ~ ~ :, .... , ·• :· : . ~ ~~ -~~ .- , ~ ~ ~ ~ ~. ,., . --~ ~ ·: ':, ~ .. : - ~ , , ~ = ~- : 
. .HSJ ·ses . we:re·. ·.req:u i r,ea ·.fa· .h.ave': : 1}: Ofle can 1 s ter: ,me as i:l re men t : wi :tKi h e:ath" s e!ason, 

.. : 2) ~)J c;an/s.fer · me·a-su.r.eJTlen:fs~.s~pa~rate~ ~ ffQI!l . eac.h : other·by at:·1e~ :st· 3o aays, 3) 
.floo·r. c.oq~s .. §.Ysd J. ab ,le· r o,r. ~~~- l .east -- ~hr~e :of;.the::four caoi.ster. measuremerHs 

. ".J i . ~ -: ·, :O ne . m~:S s .i, g· .fJ?or~ C?-9~ :· W?S g,ermHt~G ):,, ':'4-b a l ha vat 1 able:- canister ::floor 
~ . ·' tod~s, f!1~ ~ t]~r.~e I: a ~~ c 5~ c~ ~- H~ r: fJ oq~..,co~~S: :J~US'C match the ·l m~es t .uo rf.l oar 

code o • • • - • I • • r • 1.• f ·. . ' ":- .·) r- ·~. • : . .. ~,: ': _;_ " 
- "'"1 f.::::. t, • • - ., • '- 0 

• ' " .. - C. "'-"• \ I 0 ., ' - -./ o I I . 

• :: - - :., - • • , ._ - ~ .., ~' -. ~,., e ~ ~ . 2 . r • \ ... ;. ,.. ~ ' ' ' ~ .'. t ;- : ~ : ; : · ? o •, : " I .:,. 

All houses were 8~ - a - ~er~a~~ni fci~ndatfon and had at least one f l oor at 
or below ground level. Analyses were p~_rfq_rm~d. -s·epar:a te ly for- basement :·and 
nonbasement houses. A basement house is defined as any house where the lowest 
livable level ,has at.least o.ne watt buiclt ,a,g,ainst earth .. All' :other houses in 

.. tti e -stud v we re de f i.r'l e'd ~ to . be non.b a·s erne n·t "ho~u s e.-s·: . , :· -
~ ' I ':. ,~ :.:. ,. ;: ~~ ~ I ~ '"-• '• I " 
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RESULTS AND DISCUSSION 

DISTRIBUTION OF SCREENING MEASUREMENTS BY SEASON 

A total of 234 houses met the above criteria, 162 basement houses and 72 
nonbasement houses. These ho'u:Ses were located in Iowa, Maine, Ohio, Vermont, 
and West Virginia. Table 1 displays the arithmetic mean, standard deviation, 

. geometric mean,: . .and~- :ge:ometr1~ · stan<f~rl:f dev~i~i on ·'f ri ' eac.:.h _o_f {he. _fou.r seasons, 
- by fJoo.r and w.erail :-1:.· : As t.efle·ctea ' bY the~ ~param~ter esti fria~es :;_-n Table 1, the 
· : distribu-tion of measurernentt~ a:re esse·nti a-1·ly the ·same.. in _a 1 f!:s easci11..s .except 

summer. ::: Summer~ measurements tend to: be ·rdwer· :than ·th'e otj1e~ season:: 
11 ." . measurements:; .tne 'geomet'ri t mean- was aboot=- =ts% 'lower for bis·emen_t. meas.urements 

and about 50% 1 ower for first fl oar measurements in nonbase'itient hous-e·s .' 
Closed-house conditions may not have been m~intained during the summer. 

-- . • - •. - • • . • f :: ' .... - ... <, ~ • . ~-- ~. : :: :. ~: .. -. . , . :...· :· • - ' 

~ _ ." - ~ YARrA!IoN~ -IN~ ~EASONAL scR~~~rN~ ::~~A~~~E~~~-~r :: =:~ ,-- . T . . . . . · :·: :: . · 
.... • , .. ~ .., , ~ · - . 9""',.:,. i \o ., -. • , .!) •· ., ,_• ,..: • . , ... • , ,,. ,~ ., . ' ~ ~ , •· ., ro• • • ,•.., •- • 

· .·: A coeff1 E:~- eAt of var1'at1on r(G-V) 'was ea 1 cul ated· .for each of .~n~: 234 houses 
(CV = staodard · deviation of the fchrr seasonal:· measurements · divided· by_ the mean 

. ;.· r, .~ of the foar. measurements,. expressed as - ~ . percehtag~f; T~e resul,ts ar.~ . 
- ~ummarized_4n Table 2.e As :notedln - Table~2~ 12· houses ~~~re exc1~ded because 

the mean of the four measurements :Was 1 ess:?tflan:0 '.5 2pti/L and. et's'! become 
unstab 1 e whenever the denominator_ ~f the CV statistic approaches zero . .. . .. 

The CVs appear to be about the same regardless of the concentration 
;:, · 1-evel, ,:e!g.;uhouses with ·mea'h's" of tne four seas6nal ~easurements . n~ar 2 pCi /l 

, E- ·exhibit about the same pe-r-centage 'Va-~i ati-·on as · houses with mean~:af . the four 
~':measurements near lS':pCi/L~.: .. ~The" -~verag~ CV for , all 222 _houses w~s - 40%. 

c., , I ~· ;; '. : ... " :~ .. f .... =-· - -: . . ' : : : . ' ... l-. .;. --: ;~ . : L ' . ,.·- ..... ... ~ .. . 

.. · SEASONAL AFFE-CT ON O.ECTS~:ONS HJt PIJR-THER ACTIOO ": ,_. , :, . : . . 
.... ~ ~ · .. > ·~ ' L ... ( ~ . :: ·: : -~ . .. : : .'"' .5. ~ 9; . ~ ~ · .. ~ .. .. . .. 

Using 4 pCi/L as th~ point at which so~e furth~r . action is taken, 
classifying each seasonal measurement :as ~-4 pct·/L o-r -)4~Ci/L results in 16 
pass i b 1 e patterns of outcome. Two . ~f these patter~s ... _gi v.e. .cJ.ear decisions: 
when all four measurements are ~4 pCi/L, fo"r -all'four-me:asuremerfts are )4 pCi / L. 
The other 14 patterns give conflicting' tie'cls~i a-ns a·ncf' ~re: tta'butated in Table 3. 
Of 234 houses, 66 (28%) had conflicti'ng:: :cte<;~ii1o-ns· . · rhtrtf..:t~: (48%) of the 66 
houses fe 11 into pattern #5 where. the--w~ in-t-er mea·sur·e-ment· i'nct'i c·a ted taking 
action but the other 3 measurements i ndicated no action was necessary. 

n~ 2 Ib~ rt~.efl ~(20.%}v. o .htJ1e~66~bouses ~ f~l1 1 nto · palt~r·n '!) - ~~.re:: ~t_tl_e~ ~:11 ~/' ~i nter, 
. zamd sprj ng:- measu~emen ts: i n·d i ea tea- ta~i ng5 :further· ·a.ct·i 'on':;. but= the_ :sumtn.~r :

:measwremeat tHd~Mot. ·:rn:5.7 - ~(;86%) ":(jf the~ o6 ~9\J:;e.~~ - ![le' w irt~l~l'lti" suP.'Jmer 
·: :)~. irheasuremeots i diSagreed; ~howevefi!; :iJn ~s ~~ f' -~be~~~ : summer. .. i ndj.tSi'Fetr. t.ak~p,g .action 
·.: :.. :lilhtTe wiAter !ndicaua ~o' ·ac~;~rsn·was::necessary~. The~e · s · ~ou·s-es · we·re·aJJ . 

basement houses, 3 in Iowa and 2 in Maine; all were 2-story (plus bas~ment) 
except one Iow~ ~ous~ . w~_ich rw_as __ 1_-_st_q_rxJetl!~ . basew:nf) :-.· ~· ·-. :· · ;. 

~ :.. ·~ :. : · : : :·· .._ ~ f .E ~ r · .. -· .. - L ~- ~ • • • ~ ""' ·_ • . ...., .. r •• • • 

~:SEASONAL~AFPECT.dN " ES:HMA:TING--A-LA~~ ~-: · . -:=, ~·-<~·;. : . ~ :~:: · ·> · · ~r; ··· " ~ ~ ;.,: · 
• f , : • ; ...._ .:. I , • ~ • ,. • . , • • ' (_ . ,. ·: ! . ~ • • • • : •·. :..J. \ , C. _ "t ' ; 

~-:<. The·following model (2) •was -used td estimate~tb_e · relati .onshipbetween z .. 
day screening tests and ALAA- :.'(aY,-ntia·r :'l'+v'·tng area ~average)":· "' :--- ..... . _ .. 

I I c:"( 



Table 1. Summary Statistics far Houses Tested in Each of four Seasons 
1 , 

11 
~ , 1 t l f •.: \ , ~I • . : 4 ' f t \!' • 

Parameter* 
, . i ' '-.:.OT n! ; : : ·.: ~ ; .. li' ~ ·~ \ ~ -~ 'u I 

,Bas~~~nt, '!t!'l ' " ·; 1~.?. !'~I ~~·c}Sement!l, I' ' 

Nonbasement 72 lst Floor 

!' · . 

* AM 
so 
GM 
GSO 

! ~. i ; 
l. d 

~ ~' . n 
l ' i . il 

·l"{\ 
. . : 234 

.. 11 

I •I:' 

I ·, .. . 

Lowest Level 

tl , ; : 

! , . ,, , _. 

= qri~hmetic,mecll) : • , . ;q w .. ·;. i ' 

standard deviation 
geometric mean 
geometric standard deviation 

I . .,. 

· AM''' · 
50 
GM 
G50 

AM ·;.· 
50 
GM· ; · 
GSO· 

AM 
so 
GM 
GSO 

i t ••• I 

Winter 
(Oec.-Mar.} 

5.9 
5.1 
3.9 
2.7 

2.1 
3.2 
1.1 
3.1 

4.8 
4.8 
2.7 
3.3 

Spring 
(Aer. -June) . 

. .• r: 6 .c{ 
5.7 
4.0 
2.6 

2.1 .. 2.9 
! I 1.2 
' . o? 2.9 

4.8 
5.3 
2.:8 , 
3.1 

r . p 

Summer 
(Ju l :r; -.Se~t.} 

5.0 
4'. 7 
3.3 
2.7 

1.1 
1.5 
0.6 
3.4 

3.8 
4.3 
1.9 
3.7 

Fall 
(Oct .'-Nov.) 

5.6 
4.8 
4.0 
2.5 

2.3 
3.1 
1.3 
3.0 

4.6 
4.6 
2.8 
3.0 



• 1 1 .; < • ' l r ~ f j :-; t' ~ 1. ~ { ! 1. ~ \ J 

'r~b·,1~~ :·· 2r~ ,; C~Qef,ficient of Variation (CV) Versus Radon Concentration Level for Individual 
Houses Tested in Each of Four Seasons 

Mean Concentration pCi/L No. Houses Mean CVI/ Standard Deviati o~.of CVs Minimum CV Maximum CV 

<.0.5 2/ 
! . 

_~:I >~ . Q .• '~. - 2.0 '. Jj 
2.1·- 4.0 
4.1 6.0 
6.1 10.0 

10.1 - 15.0 
> 15.0 

• ~ [ .I~ \ •, ! .., • •tiC", i ! r '- \ 

Overa11 

i · • · · •.r: .> f I r ·.] 5 
48 
34 
40 
17 

! ' i j.' 

222 

. >! . 45.0 
42.1 
35.1 

,o; ; 31. 6 
. 11 39. 7 

. i 40. 7 

39.9 

!' 

22.4 
17.7 
16.8 
16. 1 
17.8 
20.5 

19.6 
~ . '' 

6.8 
13.9 
2.9 
9.5 

20.7 
13.5 

2~ 9 

!35.2 
74.2 
78.0 
75.5 
71.5 
77.7 

135.2 

1/,.. _),~.~ .. :;tandard ~e:yiatipa ()f the four measurements on a given house ;wH~n multiplie~d by 100 and divided 
··· by the mean concentration provides an es timate of the relative. ~~easonal variabi'lity or coefficient 
;i' " 'Qf. variatioy (~~) for, · that -house. '· · '' '· · 

-I ~· , ,1 } ~ - "' i q ("·-;f '(~~.· q~ 
I \ ~ j f. 1 , t ~ \ ·~ . l • · 

2/ Al1 '12 housesi1with mean concentra~ion ~ 0.5 pCi/L were exc1uded from this analysis because 6f 
instability of cvs·at lo~crin~e~trations. 

i ~PI •· l . 
· n:L -: n · r · .~ ) t, • • ~ ~ · 



Table 3. Number of Houses With and Patterns of Occurences of 
Conflicting Decisions Based on 

Four Seasonal Measurements of 
Indoor Radon in Each of 234 Houses 

Season 
Pattern w1 nter Se ring Summer-

-~- Fall No. Houses 
~-

1 + + + 1 
2 + 

__ ,_ 

+ + 5 
3 + . ..,. + --·· + 13 
4 + + .+·. -·- 1 ·-
5 + . 32 
6 + 

"].: 1 
7 ..... -,·- + --- ' -... - -'"a.! """::-

8 + 
4;. 
1-

9 + ~ .. • + 0 
10 + ~~ .. ~· ~ + 

-~ 1 
11 + + 0 
12 + + 3 
13 + + o· -
14 + + 4 

66 ~.:.: . 
·-·: 
. .. 

·--+ = measurement is greater than 4 pCi/L ' 
- '"' measurement is equa.l to or less than 4 pCill -

' ·-.--- ...... 
:: I • - V .•< --,...- - ' ·- .. 

-::; 

c; 

-·· 
.. . -- ·~ ==-

i 
i 
l 



Tahle 4. Relationship Between Annual living Area Average and 
2-0ay Canister t~e asurements bjy House Type and Sea~on 

Type of !louse 

PJrameter 

Basement 
No. Uouses 
Prediction Equation 

"' Residual Error, o 
Correlation 

Nonbasement 
No. Houses 
Prediction Equation 

"' Residual Error, o 
Correlation 

Hinter 

147 
? 1.23 -t .53X 

( . 17) * ( . 03) 
0.42 
0. 78 

66 
? = .93 + .79X 

( .12) ( .06) 
0.28 
0.90 

1 • • ' 

Season 

Spring 1 

:147 i 
? = . L 32 it . 53 X 

(.18) ! (.03) 
0.42 I 

0.80 

'66 ' I 
? = .75 +i .87X 

(.12) , (.07) 
0.29 I 
0 .86 

' I 

* Standard error of estimate given in parenthes~s~ 

• \ ... ; 

.. 

Sununer 

147 
~ = 1.67 -t .54X 

( .22) ( .05) 
0.50 
0.70 

66 
? = 1.37 + 1.01X 

(.21) (.18} . 
0.50 
0.55 

Fall 

147 
~ = .92 + .63X 

(.16) ( . 03) i 
0.37 • 
0~83 

_j 
! 

66 
? = .75 + .82X 

(.10) (.05 ) ; 
0.24 l· ~~ 
0.94 ,. ; 

j I 

j ;:. I 
I .I 

l 



where 

Y; 

... ·:::·..,._::..,. 
""': . 'tlt" :· ~ ., ~ .J .'. - •. • . .. • ~ <:, ' 

= .ALAA. in the-.,; .. house.::.~ .c.a-1 cutated as. the mean' of_ ;A1D me-~surements I 
.·one. ·frgm .eadt flo9 r 1 , e:x:e:ept. 7.for :-s-; ng 1:e ·story" _ ho~,~es' ~h~i t·h- had two 
measurements taken on ~tn·e same. fl oar ,r · ' ·· · · · 

x~1 = "' 2-day. ch~,rcoa 1 cani st~r measu:rement: ;·n the i th house taken in the 
:: ::- ::- ' - basement.: for , basement homes and on the fi rst '' fl oor" in nonbasement 
~ :· ,, ~ ~- (': '; :· ~' :· : :ho:me? 1 [: >- • ·: . . C~ ~ t. : . : ' 

:.f. ~}; .. , ' : a~ b" =. ; ~iara~-~t~~S to :be est; mated 1 and: 
. ' . """' ~· ~ ..... . ~ . •·o-r-

· ·' ' .. 

eiJ~: ran6bm~~~~~r for the ith house, assumed to be normally distributed 

With mean 0 and Variance '(/. 
. ·. 

Ei,ght -di ffe.rent :mod'ets·. :we:re deterili-i ned .~ o:ne fa.r· b.aseme'nt- hous.es . and ·one for 
. nonb,a.S.e,ment "hous-e:s· :tn ea~h:· 0-f the:: rour ·s'e~sp_n(. ,. Of 'fhe ori gjnai . 234 houses I 

.21 were_ ~ l ~et.e~ f'rom tM s-: an·a·l ys is= rof the1 fa 11 ow_i.ng reasons--: 15 due to 
... missing: ~'f._Q:, :rne~.su:remen:ts and 6 due to · ATD exposure being.less~thar~ 325 days. 

~J 1- re!Tia i n~i~· ~.u.ses1 had-.ATDs expos~d · for )325 . days and (395 days and _ a 11 ATD 
start- da.t .e-s, wi.:t;h4n · the ·sam~ house, were within 30 days of e~ch other." The 

_; r~s~H:S"are summari zed in : Tqble 4. Major cqnclus i'dns are: ·-. · · c" 

' • .:. ~:; f.'' :.· . ~ 4, , , C~ ,..."" 
' ~ : 

a) .. ' ........ ~he prediction,equation, residual err:qt: and correlation for .basement 
houses-are .. bas-ically the s~ame for·all'·seasons. For example, given a 
2-day measurement of 4 pCi /L in each ·seas'dn, the predicted annua 1 

., 

1 i vi ng area average for the four seas.o.ns. _varies from 1, . .q:- to 3. 8 
pC i_hl;,. ::, - · .. . ; . . . ~ .. . - . .,. ~ ·. . :; - ~ . . , 

' ... . ~ . :. ·. :.. 

b) - · T-ti~ p:-r:.ed i ct1 o-:n: eq·ua t ion .. for no nbas ehren t ho'u se s: is ba·s~ !=a,ll y:: the sa me 
~o~r aJl . seas:ons·. -For example, given a 2-day" measuremS!nt -o:f::4;pCi/L 
in each season, the predicted annual living area average for the 
four seasons varies from 4~9 to_5.4 pCi/L- - : the ~ su~mertime equation 

~ gaNe· th .e· highest pr~d~cted ~-va]ue · . . .. · ::·:-·· .. ·'·!-- =· ·' ~ £: 
: • I • ' 4' , f ~ : •• "' • 0 • :- ~ "' C ' • • a • ""\ ,_ 

.. . c) I[l:;.each·of : the :- fo ur. : seas~ns,·' the ·· ptediction 'equat i ·o~ ~fo; base~ent 
ho~ses differs signtfiCA~tlyfrom the prediction equation for 
nonbasement houses. -:For:·exarriple, the coefficient of X for basement 
houses varies from 0.53 to 0.63 for the four seasons, whereas the 
coefficient of X for no .nbas.~me!l;. -~9u~~,s vari ,~:S; f:r_OJ!l:.0~,:82 to 1. .01 for 

~ - th-~ f-our ~s:eas:o:n·;·: ::::-::::1 " · : • - • · -~ · • -. · -. •• ,:. 

:. . - ~~~::· ~-- ~ - ., ts,- · :-:. ~ ~·:"= "; > ~ ~ .. :~ :. : - ~ ~ ·, ·: ·._ .... · ~- -. 
d) The intercepts ' in-·a-11 - eq&ations shown in Table 4 are significantly 

greater th an zero, that 1$ , the fitted equation dQes 09t · pass : 
, . , , - --t-hr:O:IJ:C]fl the ongih~ :J .fhh -would suggest . that the . ratjo -model Y/X=b 
: :"? ~ ~ :A9·r:9'·::bX) is not ~ an appropriate moc;Je1 f~r Q.r:Ja1yzir-~g ~ l ·QI1G'"t:erm versus 

, ·· short.:-t e m· relatn5fls hi .. ~s s.ince it assumes an ~,equation th..a-t passes 
:: · throwgn :he ·or i gi·n. · · 

\ ) 4 

" i 
' :. 



THE MEAN OF FOUR SEASON~L ME~SUREMENTS VS 1-YEAR ATD MEASUREMENTS 

Of the original 234 houses with four seasonal screening measurements 217 
had 1-year ATO measurements taken on the same floor, with an exposure period 
).3.2.5 days .anck <~95 qays •. . I h·e'se tra.uses were used to conipa·re the mean of 4 
~e:a·son·al .· meas·Lt/ements• wit-h --a: · carre·sp'~nding 1-year. _.t\TD _measurement on the same 
floO'r'. ih~e results are shown in ;T"abl e 5. · · · · 

' f.. . . · • 

. The ,!-year ATD measurements~' tend to be highe·r·than .. the mean of the four 
__ cahiSter~ ~easurement9·,~· an.average · of .82 pCifL higher.,iJ{basement houses and 

-'~~77 pCi/L in nonbasement houses. The geometric meanbf'1-year ATOs is 14% 
higher than for short-term seasonal measure~ents _ in . R~S~~ent houses and about 
67% higher than for short term measurements'·taken on .. 'the first floor in 
nonbasement houses. Both are statistically signiftc~~t at p~O.Cl. 
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CQNC.LUSIONS··r" . 
~;: ~ ' ~ ••' ' . 

In this sample of 234 ho.uses, 66.(28%) had. conf~licti ng resliTts ln· one or 
::· more 'Seasons i ndi'ta2t:i )1~ 'the. n·e;ed .to ·.take furth-e .. ac.ti:o.n. Ttii rty C:twa· ~( 48%) of 

- ~, :. . these · 66 ~ li~cl tnei r::- w·i1lter7 rnea$urement -)4 pC4/L while the· :sp'ri.!'lg .~· summer, and 
fala Jmeasurime~ts wer~~ S4 pCt'l (; thirteen (20%) of3~h~66 had ·fall, winter, 

r abd : spring measurement~ · )4 ~ ~Ci/L w~fle the summer measu~e~~ht wii ~4 pCi/L. 
· Currentty~· EPA . recommends additional testinl£1 ·- if a screening mea's-urem~nt 

- exteeds 4 ~Ci/t. . J):l$(), E2A reccmmends mi t i..gat ion . if an· ·annua 1' measurement 
exceeds 4 pCi/L. · Houses with a true concentration of around_4 pCi/L will have 
the latgest chance .for . error . . Wi~h a GV ~f.40%; the standard deviation of 

- ·: '' canister measurement~ ,t;.or concentr~~ions of. 3;,: 4, and 5 pCilL will be 1.2, 
· ·~·.· 1.6', 'and ~ z:o respectfVEtly_ -, .. . , · · :~ :· :' :·· _,:r· - · .: ·. 

:.~ ·_-:~ ;., -: ~ -Th:e:: p=;~d·i .cZt:·; o~~ -e::;~-atibn .. = f~; .esr/ma·~:i~ng' 'AL~A ~ f;o~ 2~~-ay screen ing 
measurements does not differ by season. However the equatio~s do differ by 
house type, ba?ement verJiJJS. nonbasement~ •. wi .t.~:.·th-e· nonbas·ement houses having 

.-. "· the ·-. latger: coeffibe~t: . T~e irnercepts, fo :- al h equations ar-e· signif i cantly 
'::;:greater - tfra'n zero. ~- . =. . ~-. : :. . ... . r • 

~ - ~ .... : = ;. £': •• ~ . r - · ~~ := ! • • • ; .... I • ... • . - : ~. Z• :: r '" l : '· ... :·. :i ~ '"'; "' ~ • 

··: ·: :; .. -~ :> The .. FYear ::Aro measareinent · tended- to -be:hj gher than the:: mean of the four 
canister measurements. Qualit~"c6rit~6l'cbnducted on blank ATps indicated a 
positive bias due to l~c;~y . bags used .Jor .~sterq;ge~and mailing:-;; 

.'~~;· .. : t~. ; x.: '·i r ~~f~~ '::.~ ;:~:: ,' ·. :;:.~·::~riF,~~~:~E~ ·:~: ' : ;·,: :~~; :: ; ~~~·: 
· -~ : r1 .. : ::Ron<:a·-salfis2t~a·,-,=t·f. 'a=n'cf'Mag~na· , · -P~. -· · A. compar.i-s:on , :-o:fcth~ v·a~Hbility of 

different techniques and sampling periods fat· measuring .. Rn and its 
decay products .. Health. Phvsics,55-~801;.,8Qi7;1988·~~ -· <·: ::> ' 

•• ' ; •- ~ -... ~ ~. :. ~ ~ ~ =-· ; .", ~~ £:.: ; , ' ' .. : ' I ~ "' ( .. · ~ •. I~ ,. , : ~ - •' C <' ·~ ~ ~ ~ "', ::<~ ~ ~:: - ~ 

z. :.::: '.;; hit~ •. ~ ~_: B _:~· - c~~Y~22z c.~ .. and ,. Al~xand~r, - 8 ·: v. : - A ·s~ta~f~lical analysis: 
.. pred1ct1ng·annt~al · : Rn . concentratJGHIS from . 2-day screetHng tests. Pape r 

···: : :-- ·. ~res ented at Tne H90 JrYterna t ton a 1. ~ Syl]lpqs i I;Jffi . on -Radon~ ~Hld Radcn 
. ,< ·.1.. Re.cfucri-ori -" "Fe~hri.'Ology; · .:..a:flanta, Georgia. Feb~uary-l~;..z3·; · l 990. 



Table 5. Compar1$Cn of Annual Concentrations Based 
on l·Year Alpha Track Measurements and Four 
Se~sonal Charcoal Canister Measurements 

No. of 
Type of House Houses 

Basement 151 

Nonbasement 66 

* AM = arithmetic mean 
SO = standard dev1ation 
GM = geometric mean 

Parameter* 

AM 
so 
GM 
GSD 

AM 
so 
GM 
GSO 

GSO = geometric standard deviation. 

Instrument 

Four Canister 
ATD Measurements 

6.52 5.70 
5.43 4.48 
4.70 4.11 
2.44 2.38 

2.74 1.97 
2.75 2.40 
2.02 1.21 
2.05 2.61 
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