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ABSTRACT 

The U. S . Department: of Energy (DOE) conducted a nationwide scre.:ning of 
its buildings during the 1989·90 ~inter season in response to the Indoor Radon 
Abatement Act of 1988. Three·manth radon measurements using alpha-track radon 
monitors were made in approximately 3,100 DOE buildings distributed among 
74 administrative units, the goal of which was to identify occupied buildings 
at DOE sites with elevated radon concentrations. Radon·in·water samples were 
also obtained from approximately lZO non·public water sources distributed 
among 22 DOE sites. 

The screening measurements identified 86 of 3,100 buildings with winter 
season radon concentrations exceeding 4 picocuries per licer (pCi·L-l). The 
geometric mean of the entire set of alpha·track measurements ~as 0 . 63 pCi·L·l. 
tha arithmetic mean was 0.91 pCi·L- 1 , the geometric standard deviation was 
1.59. and the highest reported measurement was 148.5 pCi·L-l . Results of the 
measurements in DOE buildings ~ere considerably lower than those reported by 
~ero and others for U.S. residences (1). This difference may be due eo the 
compa~ison of winter measurements versus Nero' s annual average measurements or 
may be the result of higher ventilation rates in commercial buildings and 
other caccors related eo cons:ruc:ion techniques. building use. or s~ographic 
discribucion of DOE sites. 

1 ~ork ~u?porced bv the U. S. Depar:ment of Energy Office of Adminis:~~:Lon and 
Human Resource Managemenc under :JE Contracc No. DE·AC07·86IDL25S4 . 
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INTRODUCTION 
.. . !'. L 

,; .. :. 
The . U~ S. Department . of__:·~nergy ·{DOE} Indoor Rado'i'f Study was cdtrducted in 

re~ponse -~to. Public Law )00--S~~- -. :;th.a: Indoor Radon- Abatem-ent Act :,' erric·c·e"d by 
Congress on October 28 1 1988 ·:. :rhi:s law" requi:r:eci-' each Federal deparT:.!Jlent or 
agency to conduct a study to ~de:~_er~ine the ext~nt:· of rad·an c:ontamina·tion in 
its buildings anq to report _the; .res_ults to Congress by"= Octobe:r l, 1990. . . ..~ ' ..... ' -

' ; ·: - ' ·-· .. - . '. . - ... -· 
Ma~ag~~E7nc re_s_pons.ip).~i;y·., ~or ~he DOE Indoor Radon." S·tudy· was· a~~igned to 

the DOE O±:fice of. ~a_:n.age!!l;ent; and Ad.!uinistration (DOE-MA) 2·. DOE-MA' :sHected 
tHe DOE Grand Junction Projects Office (GJPO) and its contractor, UNC 
Geoce.ch3, to impleme?t ~he study. W.ork scope ana~rriiiestoiies 2 for the sSt;;dy 
were <set b~Y: DOE-MA. _ . . . · ·: ' 

£ ~. 

Th~ DOE Indoor Rad~n ·s tudy.- was .-:designe:d and >implement!ed to conform with 
the recommended protocols an4 _g-u.idance:of t:he U.S. ' Eriviroriment.ii Prd-t:ection 
Agericv __ ( EPA) ·c 2) for .:alpha- crack· sc:ree..ning me-asurenfents iri ~bul. fdings :wi eh 
heacirig " ventilating; "and air candi;_t::toni"ng- .'"(:HVA:C) syscellfs ~operating 'En ·-i/ 
normal. 'manner' ::;.' - . r; _ - - - : :. ~- -:: -: . 

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

· The _goal a~ .c.he .radon surv~v, ~~a_$ i :d-entif;icacion of' oc'cup{ea :buildings 
witft: el.evaced r.adqn "cori'c_antr.ations at- DCl~ . c: i l"'.::.c:·_- "!"'.~ !.~-~~-~::_-:::_-~-~:::._~-;-. v~ ;:)8: 

·.sites at: :~~i-ch. ~ elevac·e~.):.-adon cp _~~eJltr~:t:ions might : be· suspeci:-e£~' :Because 
. limited resciu~c;:e.{ .and 'a ·:l-imited nw_nt:Jer of monitors i;;ere - available- for i:his 
study' t:he choice "was' made" to sample a large number of buildings at: __ a low 
densic_y of mo_ni..~.ors, ..i.nstead of .. :Jncensiyely sampling;. a fe~ :.: eu'ildl.ngs: 
. : ... " : . . {~ . -- .- - ,, . ' ' ... .. -. - - .: . 

..... .:. . ... _ ... -· ~ - .. 
G;.:.: .... - -. - • 

::: .. ·. ·. 

. . 

-~. 

c. • •• 0 ·-

METHOD 
.. . . f 

The RadcrakTM iilpha- crack .. ra..don :mQnitor4 .·.Wa's sel'"e·cced ·· for c:hei ' DOE Indoor 
~ Ratl_bn)~ydy~. · : bC the 6 ~- 000 moni t<?:·~s- pl.ir!:'hased fo.r . tne -s r:::udy, :~pp·rox tntace. ty 
' 5 I TOO ' mon'it:?FS Uncluding soq ,_mol1i_;;o rs u:s-ed fo.r.·-:dupl f ca"ce 'rrieasurenit!nt:s~ \ . 
wer~ d~P,l~yecr .. l n. cne ~ ie ld a t;_ .. qqE_ ~s i ·t:e-s·. and .c:h~ · rema~i'n-ing· 3-00: 'rnoni"t:o rs=- 'w-e~e 
useii Ss " e~posed '. an~r~l,ine 'xposed co~nGrO ls .. :..: Radon me·asu:re'irienriS: we r.{ :Pe'ifo\·1n"'e"d 
dutiht ' tfle winc;~r , .Se~s·o.n {rom mid.-}'loy embe r 198:<).~ ·eo· ni'id~ ·F·ebr~ia:rv -Lci9D. · ;r·t't:ese 
3-mbnttt t:.mea~uremencs --were perfo_r.rn'ed under assumed normaL bu:ua~i"ng ~ - ·:-. · ·. 
opera~ ing conditions. 

" G L v~ri · a - ff.~id_ ~n:~b/r:·~~ ~~n:i~~~~~ ~nd~-: ~ ~ fi~~~~ ~~~~~r- 0-~~1)~~~- :~ ~'~s ;1 ;;&:: 
·build { :: is.~ ~th~· c:h,a}le.ng"e_ ~:3~ ~o -. dec~r~t~~: the. allocatien· of · monL c~rs d1!1c : 

-'-· minimt:: ·e·d: ' ch_e ·_p_rfl·&~}:>f1-i~tY .. 9·f fals? : ne:gaci:v:es ; Le,~ ·ari : i.nccri-ecc ci:lnciciston 
· ~·. eh a c · .r: f ;bui l._d-_i_l_'l·g.~ ~ a:c · fl ~ g iY~n _DOE si ce :we re .be lcn.r:a --4 ~ p ic oc l-1 des~ p~ r; lL ~~t 
- -' (pCi. -" 1:· -~~~ · , . ac __ (i:on: .i~yeL U I~ _fac; -?ome '"e~e above .. 4 pGi : L-l:. · Th~ · pi."irr.,lh~-

. :-:. . .. -. . - ":- ' 

:----::--...----··. ' :..:... 
.. 2. .., _: :· .... ... .,., -. " .. .. . ~ :.. ' --.·:. -: 

Late::· ~ .. en·amed ~h e OffLce of Admi.r.is~racion and Human R~sout:ce ~\.ma!:_.:;m,'nt: 

~DOE - ~J) as a result ~f reorganizacion. . 
UNC h'o..ltech was .r;cqulr:ed by Chem-:S'uclear Env1ronmencal Services . Inc. in 

1990 ,i :cd was renamed Chem-Nuclear Gcocech, Inc. 
4 Tech 1.'?s Landauer . 3 Science Road. Glenwood, Illinois. 60425 . 
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assumpt:ion made in determining this allocac:ion was that the dist:ribution of 
radon concenc:racions among DOE buildings was on the average similar to that 

. Jlub ~-~~-ed: py ~era .. e.t:;.•~l·. ( 10.:.:·. :even.I.thaugh -.~-h_e N_ero_ =d_istributi'?n. wa~. !:?esed on 
: ·r ~~'i.d~_ces. . .l!l'~i~l'\ ~t:ypica~lydower' b.'uild"ing ;v.e:n:c-il-ation rates than those·· in 
· .. corti.iAA.ic'ip..i buiJ._d,i~gs. ;; U_si.tlg thiS'··.dist.t'ibution as a · guide, and also assuming 

that' _ _a- 'S.ingl:e ..rq.._<;ion 11\0ni.tor· could be -p"lac~ ·in a location in: a building where 
the0 ;radon ~9~S:et:J.tration:. w~s maximized~ , an!.":.i=I.goric:hm was ·creac:ed for allocating 
the·s~700 field monitors among 74 administrac:ive units that contained a toc:al 
of 10.000 buildings.;. The:,numbet of~radon·:monit-ors:·'a'lt_ocate.cf?lc/each DOE site 
is ~t~wn .in Fig~re 1~ :as is the: geogt:aphic ·; disc:-r~but·:t~ori of·" ~t~~se . sites . 

• -· .... J • f j' ,. • r: ~ ~ : ....... o:- ,: .~ .· .... ~ or- • •• • : • • • 

Allocat:i~; ·:~f f~~~it~;s . ~~ ;,spe~ific buildings at · a DOE s-it_e· was left to 
·-cfie discretion of the site Point of Contact for the study . r'fl mos't cases, 
these site contact:s were personnel trained in health physi~s~ . Jnany of whom had 

·' knowLedge and t!X.P..s-~i:_enc:e .. in pe·rforming rad.on·~~onitoring . . -: Si'te- cont:acc:s were 
advi..sed c:q s~le _as . .:.man_y .occupied ·buildi-iigs- ·as posi;ible ~fth the ,n~mber of 
.m.pn[t;ar_s,~~r:o~ic;i_ed ~-~p .. ,them, · ;:w.hile .:giving nigher priority to ~~ildi!ig'.( w"ith 
'i,ie.a,;C'er ·p:o_~~~~i aJ-:;"r adon 'Cort.~n'=:ratl:-o-rfs' and more occupants . -G~i~§inc~~- ""·as also 
p-rovided far placing monitors wit:hin a building c:o sample area~·-repr'e sentat:ive 
of c:he highest: radon levels likely eo be found in the oc~~piab~e porcians of 
the buildi.ng-, ·:?.¥h": as in- .bas"em·e.ncs2, in·te'i'i.or''roO:~~:ot\"'c:t;~ ' lo_~E?A.~.,.occ"l,lpi.ed 
level o,f -t:he. b~:i.-ld~ings,-,.'.: rooms isoLated. Front ·a cencra:l HV.AC .Sys .~erii, .:;rid. rooms 
at:. ?Ef.'~-e·a:~~::s~tru~f.p.~al j.oi;t.cs (ad~ac·en.:t=:Sl.·ab~- -oi·:'otii~cfi_ri~ :a§d~fi"ons_) ~~-- ~~nitors 
were . u.-lt:imat:ely .Pl~~l={i in . approximately] ,-lOO OdE ~buiidi"ng's: " 

- . .. - ~ . . - ~ .. . :::rr,.;.: ·~.~ -;· :: .: ~· l ,_ .. 7. .• . #> f .: F.:: .?. z· ~· -: .: · .. · - . ... -

Th~ .. geogf~pbi~ • dis~tibuti~n~ Of · t:ne radon motrf.'Cb"'CS~ "a:dros-; the . councry was 
by no ~e~ns random. Due to the concentration of DOE facilities in cerc:ain 
regions, a preponderance of monitors were located in South Carolina, 
Tennessee, New Mexico, Idaho, Was~fngton, and c:he San Francisco. California. 
area . 

. :,; . ~ :\~atte~ ~ampl.~S! :W.~l!:e ctb~atned ·f,r.-~m n~ :-pu~ Uc q~e~1- -~uppli~~~;_i~:~nsh_f.i..~d by 
r:.h.e. _S...L c.~. ~P..o.1, nts . :o CCoJ):~ac_ c: .: Ap.pr<D..'1:mat-e l:y t .20 wac:c.r sourtes ?Js .cnbuc.' d, among; 
2'2 · _ ;;Lr._e,j. _~w;r_e; __ s.an'!,p~e~~· . i:n . ..,du.p.l ica-c:e. ;J"ate_r ;;amp les we r;~ ~ t~ ll~~ -~ ~a . ~ n t ,· u.~nce 

_ .~L. oiisA ·c~·o:gle~ w_ic)l-}e:G.1.0:.n:r~--Lined· ca-p--s; <fo'·l-1~\.ii.ng ~-~~ g~~da~ce ~ ~! f:. t ~ ~ t£A' s 
~ ;.r~::c;:P~~nde~d sc:~es: t::}':.rro~ce~d.t.\'r~s _ ,f~r: radon- :in ~riL1_~i_llg ··~~-~~~ · ~ ~ !; ;•. - ~·!)~ : s ~~? ~ ~~ ·.:~re 
~ p.~ ly:-eLd.. at -Fth~e: ~~~PO.:; . .f.e r: :raaon.. c·on(:~ent:·ra"t-lOf!. by ·a r.hq~~c! . s_cln!; t p,_a09Q~ .. · 

9<:.-•· • ·. ·· ·•C: ·h .· _ . ....... • · c'· - - '"" :;c [ '":, : :~-1~ : -. : .; ·,,; . __ ., ::; __ __ c, j . ... . · - ·" 
count1.ng , _ e~~ _.n_,l.~~~e •.•••. .• ._ .. -- "" "·" .. - _ •. . . _ . __ . .. ~ . __ , ::. r 

c C.. J - .. -· ~ - • .) - • ..;· •' ~ ~ ' 

Tnsc:ruct:ion:1l mac:eri.:1ls were provided to ~ach s i.t:_e _for_._ tr:t ~11tng .::1d 

g~oe 1: ~ 1- ~ nfoE~a~ ~ot_:l. ar..A.-:s.C£ ::6 f Imp temeP.t:lngCl ni~r\.&~:6-ns- ~g~'Ve. ~:-: ;:·~P.. ~· _by- ,;_i;:~p 
i OS .i;l."UCt i ons . .fo 1." .se leE; f; iog .· bu ildiL'!g~ ~fer 51. ne lus'ibnf ~in" 't'he " stir" '.:'V ·a"rtd :~·-l.,r . .- :h~ - . . .. .. ... - . - ' ... . . ~ - - . . ': . .. . - . ... - "': , . . ,._ r:. : :- ..:.:: . - . .. . . . 

~I? l, a1= em en c of ,. tk:t~ :,Oil pf\<;~.- er <J.Ck r ado·n: ttlQ:t=tic:e !' s "':" - . .;a c:er- s~jnp_lJ~ng_ .i,qs_cr-uc c :.on..5:- '"'~re 
'grcivl.lta(; .. t:? ~hos•'· ~i tes _..re qui ring ~t'.Jcior\; iil · ~~~ C:e·r - f11E;:~s \.(remen:cs .. ~ - ·co~p- Le~- :c~ .. f the 
DOE Indoor Radon · ::Ttudv Fa~t.Sheet:c' . .-.:n~e ~clist:Hbuted eo - each ·s-ic,' . Th eso:.> face 
sheets ·coni:ainec.i Lnfo~mation abou.t: c:he studv :lnd described radon heal::~ risks 
and scmrces of r.1cton. Addi t:iona lly. a p lac~ rd '"'as placed •..;i ctr·;•::rctl"·-rr.om:-or 
c:h.:1t LJ.:ncified :he sice contact: pcrson and th~ st:~dy pr<?Ject_ J1~:~ t o .a r, e.:: . . - : 

• : 1 ; •. - ' ·.. ~ ... - • - • • - ... ~ - ~ , 

: !. ..... . -
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Acronym 
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AH4..~ 

ANLWEST 
AOS 

8.r• 
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CEBAF 
CTA 
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Sell• ~Onloe&em '--..aotv 

: . -
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AI~ Ql!lt.8 ~I.<C.ntl'll Tl'llnlntJ AC8111'"" , . 
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.... =-. 
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Ci....a JunCiran ProjacU ()file. 
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KncilaAiam!C-E •'9Y \,.Abato.tOIV -I(llfielnng o' ,, · •• ·· 
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- ._. ~1cirv rei enero·v·Htililiea H4uiun Aese•rcn 
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~ETC 
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l....il;)aqlary ror AildiO.OIQ~09Y .and EI;'N'•tanm•ntW He&!ln ~ - .... 
~,a..;, En'o'V'f"Te<:llnii!ciQy c·onier .. · · · 

~MOCCIF ~1-10 Component O..,liaOmanr lnte<JnlUOn Faoht¥ 
~su 

MauM :::=;:::.;~s~.,_.~~·:: ·· . -
NPRW 
NORL 
(NPRC 

N ..... P.otm&oum flaHNel iWyamlnq. Colot11cio. ana u:anl " 
Narrii Oam.O Meooaoan l.aDar.iorv · 
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: Acronym • _$1!- Name 

0!\AU Oak f!ldQ~Aaaoa.recl Unl'itn~~~ea 
ORGD Oak flkiQa"Gueciua CIIIUSIOn Pllllll 
OANL Oak 61dga NaaoMII.AIMir'lllatY 
.PETC PI!IIIIUtQn EnervY Tecn""'aqy Cent1tt 
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PP'PI. P~-an PIUINI P~yso UIDa,.IOI'\' 
Pacu:anGCP P:~~Uan~CIIIUoolaftP!Illll .-
PI.r .. r ' ~ :. "Piu.ar PI lint.· ~ :0 " · · • 

PIMIIM · •· ' •. 1'\neMu P11nt o - · .. c· ·• •· :. · ; ;• '· '" :· 
Pol'!tllioutn'GclP : Ponamoiitif GaMO.ia o.ftiisiQ;i P.ant 
RFP: ... R~Ffllt li'.linl'. . • • ·. :. : c . · " f; 2 : 
AOSI Av. ~IDIGII/D.!I Olftoo Site -RoaaA.te.uon ~ :_ ~ 

· SS ~SCJ.IP - :~.. ' \i:lalloNiuoNI En'qon...noLIDOlatOIV-

f o " • :·: r :. -.,· .SDICII\C ~KII.Innq CIIIAI!oWea Prolod ~ 
SEAl Solat E~P."JY RaMM:n IG~X~Ua. 

' ·~ :I..- '!>LAC .:·.:·::·:·;; SIAIIIcmJIJnaWACI:IIIIIWto/C~WI -
- - · .• ~ §lanlaraSy~~ron~~- . 

~NL 
SNLKTF 
SNLL$ •· 
SPA 
SAO 
SWP_A · 
TSO 

:. toroaaan 
UTSI 

L ' r W VAlley 
V/APA . 

.• • wAIPA AZ 

WAPACA 
WAIPACO 
WAIPAMT 
WAPA NO 
WAPASC 
WAPAW'f 
wHC
virPP .. 
Windsor 
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Salda NllllaMI i.allamallftiAibuauana.a :;.tal 
Saraa N.t-l.aDar'lllon•t~ 5nal 
.Saldalf-,..~~J~a!r1'iara :;.tal su.-aote Patn)l.,m.Ao_.._ , 
,S..,M.r.aii R~var()j,aniiio•11f01!161 ~- ; "" : · .· 

· ~llem_Po_r Adr!lt,...,.IIOn . · : - ·. 
- ~~tiuOJ~• Olftai sn.i. t~*,;.uo~ s:;,;iy ·oMs~on 

Sa.rda'HIIiOnll ~acTo,_·.sna~ 
lJIVvaruy or Tann•- SOM»Inot!Ma 
Wif/f VAII.., "· . .. · . . 

w•.m Alae Pc- Aiimiriot,.toail 

, . 

Wallam AI~ P!!-' -~"'"'"'.,.•on- Pn.;..,. • 
w ....... A,.• .._-Allmoroor·~a~oan-~mo 
Wlllem A,.a p.,.,. AGm--- Mo,..,., .. 
WHiam Alae Pa- ~.,.•,.aan- Fon Peoo 
Weitem Ar .. Pa- """"nlll,.nOn- 81SINICII 

W•afl! ~JII Power.-AGm1m11111110n - Huron 
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Figure 1 . Par t icipating DOE Sites and Distribution of Monitors 
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QUALITY ASSURANCE AND QUALII¥. ~ONTROL 

\-' A Quality A·s·surance Program Plan was . prepared chat described quality-
... ,.cont:t:9l exposures-- for alpha- track radon mon~c;s>rs and :radon- i.n-water sample 

-analyse:s ·. A number of surveillances were performed -to verify laboratory 
(~-compli.anc'e w~th. procedures for handling alpha- track monitors ·and to verify 

: ~- :C:Ompliance Q.y . .#_;:r=:~ . cont:a·ccs . for placeme-nt: of1 the monitors. 
. t : ; ~ ~~ •u ,. .:'-' k•·• • _ . .. ·· :j 't _ 

-~ ExpCisure a;f ,~ 52 alpha~ trac-k moni.1::0l:7§ i;n~. six g~q._~ps in the GJPO radon 
c'alibration chaf11bers resul cad i.n an average~ ~·ratio •of vendor- reported e~.posure 
t M·chambe._r reference e;<posui-e equal eo 0. 89 ." Th.e ·average coefficient of 
va.;;.iacian for these .s.i-?c. control groups.~- each consisting of 42 monitors; was 
9 .~4:-Ap-~erc~nt . . The ave·r.age ·c-oefficient . of- ·var~_at:ion for 470 fie id. dupli.cate 
monitors was 13 ,·pe1:-e-enc. All unexposed controls, or blanks, reporced results 
below the ·vendor; s detection limi.t of 30 p'c'i·d·t-L " 

.- ... 
~- - ' ... RESULTS AND DISCUSSION 

t t t..!'; 

In-formation far 107 alpha-track monicors placed in che fi'e·ld was lost for 
one ot -.the following reasons: 16 monitors were vandalized o-r:·--damaged, 
76 monitors were physically mispLaced and not: returned by site contacts, and 
15 monitors were incorrectly labeled by the vend,e:t;", or the placement daca 
sheetS,.. d'o'tit:ained incorrect information that i.nvalidateci F~.l, data. A~o ther 
124 monitors we't\{J1.qt placed" by site concacts for -a·v.ar-i-e•t!:J'· of reasons. Data 
were, therefore ·:~ •successfully .. returned from 5, 46'9- 'of t~'"'S, 700 moni cars 
initi.illy_~~c;ii'.St;J;ibut'eCi. - o.n• : ··-- : · 

• ";-_ •V\:0." ; ,. ~ 

11'!::. :·,~- '.:""-'" ' '-,v: ·· f .Col_,A. 
1'\~:;~~..,\:'1' ' .. •" ,.,.,... •' 

Figute· 2""Sh.'ciws'·the l:?~·qu~·~cy distribution of_,the \{1~t\~:-:t'tack radon 
measurement rest,It::s ;·_a.n~--nty:i:e 3 is a histogram o·f · chen nacural log ot the 

t; • · l:.:,,,,,nl'f··-· v,.,/\ . ....-.. lt... ·"'· ~' ' ) ~" . · -c ~J"'1· -· 11 ,., , 

measurement resuJ.tS ,. The geometric mean· (GM) and,· g-e~rtl~,t:ric s~anda.1:d \\~viation 

(GSD)',~of':'~hese ' ·J~: rton~E!'l winte.r .. measurement data are Q·:;-6-¥ pCi · L -l anc:t 1.,89 
pCi~.,j_,.:~:L: :~i~spe·~-'Ci!\-e'ly_. and th_~. arithmetic mean (A.M)~:---i:s :.o:~19Y.pCi.. L ·l. . -,~ . .frn a 
comp i l~.~·tJt~:;~of_,.~0.1n~.r average~:;radon measurements ~act~;.,~n_:'tJ,, s :"homes. ··;~;~ro e c 
a:l:·••r-4-l·P-~<=<ab:ul.<'ac:cd·ua 9M of 0.9,6. a GSD of 2.8~. and an; .. Al,'1-.o o.f,,. l . 66 pCi.' ·"·L·l_ 
.. ,,, .. ~-~~·~~-;~::;:~;'~~:~.~'~:::~::z :;-: ): ~: · ~ _ ,., .. :. '~· v;:~-~:~~ :"~; :·~~-..=- . , __ 

" ... -·E igh~y -·s·· ~-~~~ ~~;~ 3 . lOO- if!~asured bu ild.Tngs ; . . or; ,.2 ~S·copettoen c. '.>ere 'E'.ound ::v 
exceed fl>. ·~~;~_C ttt~ k:,~.iion lev:91.1<. The decection .... JkEt~.f; .nJ;'i.Pqr.~e<i by :he s~lpha
crack v<ft"\~6 - ~if5"' 30' '· '@y i · d · L - {:~;,~· ... ·h ich eo rres,pGnds to;.;...a · -:cO:ncetl'tra cion' ' ~(' · 

~- 6 '."3.. -~·c;~.~:I~ ... l :··eo; .. ·.~~~~:s\o - day -e":p:osure period rec'oiqe(f;':QY,.:~··_dt(e':~~~~'fo ci c\· ~_{~. 
moni ... oYs ''"i.'n'"ciHs ·rst:ct'?,fv. Tl-l,.j,s.' liJcans chat monitors .. ex't:l"os'E!ti c:o "'t-.1don l~~~Ls 
ranging. ,.fv-em· ,Q. ,-:r ;·:.o. ,.:J:: pC i · L · t '; l:!-L L reponed '·a· y..i'fu~::·;;t~ .'J' .. ;·6--;:J. · l. :t.o ·~:~ than 
L!." 'Rc\·c ~ . . t: '.,.s>.:C~~r~~! ' J}\5}; .. bui ldLt.lg~·: measurernents ' •..;e'r•F'l5'e' t'ow o-~ ;r'P,tJ.:. '· L- l . ~--· . 

' ·: _,.~:. , __ .• ~.~~ *'' ~""· ~ ,r.~ u-~\ ~: ~ ~~: , - !.;,£' "O"~;:p:>~i <~~ :~~~ ~ ""'~'~,'~,-~~~~: ~~0~" >: 
tJje' 'o'O:t ·5:-:;tJ:J~~ measu~--~d i.n eh is scudv e:·:r1ib'i'~a·<rt~w~:i:'::·.:;-.tdon \-,, <:,~ Ls 

chan the ley~et~. ~~~f.~t.u:-ed i.ri;.O,.'S,. homes- , by, N:e~'o ... · ~r--f.-:::111t -~i',s'trJ)luti.vn '(~l . yc·ar
long ,t\'et"age.,,~;a.._i,,J1 eo.ncentra~:h~ns i.n DOE buildiag$~;:.as,,'S::imt'i"a~• to \,~c"o · s 
d is ~-ribu~.i.or;· ,9 :.(:~'t'~1~~!l;.l a ve: ag.e.~.measuremencs , the 3 -·rr:?..,n·~; .~,;·~n~.t.~·l· s c ~-~ ~~~'t:ng 
measut·~mencs shouLd< show lnghet' L:::ve ls than measured bv Nero. The 
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Figure ':>!':·· : rHfito_gr"a_m ~o.f ~th.e, measuremen't re.·s~lt:s from ·the DOE; Ind.o-Or 
. ~:<.aaon ::d~!J.dY .P)p't,ted,_ as a p~rce:n-;t_age -:of the ~o'tal number 

·: :of mi~s\.iremen1:'s. The class width shown is O: .. t pCiiL, which 
represents the ac"tual resolu'tion available from the data. 
The ar'thmetic mean and geometric mea·n are given ih pCi/L. 
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Natural Log ol Radon Cancentrauon 

Histogram of the natural log of the measurement r~sults from 
from the DOE Indoor Radon Study plotted as a percentage of 
the total number of measurements . The c l~ss width shown is 
0.29 natural log of the radon concentration in pCi/L. This 
distribution shows a marked positive skewness. 
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measurements in th_i~ s_t;:uc;!.y demonstrate,. in fact,- -just the opposite trend. A 
num-be_r __ of' fa-cc-~rs mav contribute to this difference' including the typically 
higher ve~tifatlon r~tes in commercial buildings and other factors related to 
construction techniques and building use. Also, the DOE buildings were not 
distributed geographically in a random fashion. A large fracition of the 
DOE building population is situated in regions with generallY: low radon 
concentrations, such as the coastal plain of South Carolina, eastern 
\.l'ashington, and the San Francisco Bay area. It als .. 9 ,may be possible that the 
winter season is not the season of highest., .. expected radon concentration for 
some of these regions. '" '' · _, .. , .. ._ 

The data were expected to fit a lognormal distribution, but as Figure 3 
indicates, the natural log-transformed data are apparently skewed to the right 
instead of exhibiting a bell-shaped Gaussian distribution. : An important 
consideration in this skewness is the left censor:ing \of the d.ita in the 
distribution. Left censoring means there ar• nq concentration values reported 
below some detection limit, in this cas e 0 . 3· pCt:··L-1 . 

r, .,:r + 

:t .. f t .. ... 11' t.~) t~- C:: ~ 

'' --Left- ~~~~~~i~g-- ·~f .the data ·is of concern in thi'S- ;case because the 
censor point, o.S -pCi·L~ -~. intersects the data distribution close enough to 
the mean to distort the observed distribut_io.? .· _ :rhe pbserved skew_ing of the 
d.istrib:1-r.t::ion· :-co~ the :;righ::c: ·ma'y be t:he " 'Fesult o'f 'this~ _left censoring. Left 
c~nsoring- -.o.£· t:he da1:~ aTs·o~ ~sh'ifcs eh~_: observed )ne: a;r~ ::of ,the data to a 

~ hi gh_er; :.V:f-1 ue_, . . -. :· :. : ·, · r. ; ·c • •• ·' = . ~~ --~ ~ ._ :: : , 
.: < ·: ··~ ':. ~ :· : : ~ _!; ~ •• f .~. : I ";_' ~ -_· J •·· . 

. Dup 1-i.cate .wa·te:r' ~amp1es were taken from 120 water- supply locations a: 
22 sites. The highest radon-in-water measurement was 1,460 pCi · L-1 . 
Approximately two- t:hirds of the 111_e_a.surem~nts , __ 82 of 120 -,-- were less than 
200 · pet ·L ' -1-. --- -There ·was- no o-bserved correlation between any of the elevated 
rado~-in-air measuiements from alpha-track monitors and th~ radon-in-water 
measurements. 
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The work described in this paper was not funded b~ the 
U. S. Environment:al Prot:ection Age,ncy and cherefore the 
contents do not necessarily refle.ct the views of the 
Agency and no official endorsement i'sh<;>_uld be inferred . 
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