
"'trele< 

Exposure to Atm osph eriC Rad on 
Daniel J. Steck. ' R. William Field/ and Ch;trle . F. Lynch; 

' Oep.>"".,~nl of f"",.", •. 51. Juhn', Un;,. " i!v. C<>!I"'l~";I I • . MN [,632' USA: ' D<lpa,tm. nt at P," "ont;"" Modicine ond Env;rom"",,"" 
Ko~II"- Un" .";'v at low • . low . Ci .... . IA 52242 USA 

W. ~"...J ....!.on I'""Rn) roo«n .... ' "'''';n low> """ Minn ... "" """ fo.nd Uu' " no,o.o1 
!Up, """..I "<H£< ,.don <00«0" .00", oro... .. ,..,.,,, m po";"n, of , .. 0-" NOrth Arnrt'oa. 
I. ~'""' • ...., .",,4<- «>nC<"',","""',.",.,..! ,h< N' ....... ""'''V;<><Ioo< ..oon "-,,",,,<loft. 
Tho 1;<0<'" '1"001 1""""'" of .. oo.- ,..00" oM iMoo. ...oon "" ''''';W '0 "'" 'l"ti.oI d;',<iboo­
""n,,[ ,,""" prog<"y m .......... OuoJoo. C..1on <>"""'''' i" ,!U, «t<'''' "'" b. • ",0.,,",;. 1 r .... 
''''" Qf ... ;'"I;, ;.! ,~ I ·. ,ou1 ...oon "'p,." "" .nd ~ o;gI>'r ......... "' .... ,'" p>ptil>, ...... I'.ot;m=d 
1;1'rt;M< . ff""i"" 00.. "'Ioivak",," f .. .... wom<ft ~;pon<> ;n , ..Jon·m,"" "'''Il~' " .... r 
vuM.l by. MO' of '''''' at ,'" ro«!;, . Jo.., ~ "" .,.04 ,,"gOO up tv 6Q mS, (6 .. m.). r,;I .. , 'Q 
;o.:.I..Ie ,~"" .10.<, "'" ,..]"'" ,1< " ..... K.J pow" of <f>Okm~ ~odk, ,ho, ........ tho 1""1\ 
=>= , ... _;.,«1 with "'Kk"W.-..Ion <>1""""" Kry """"" .. oJoo. <>rm""" ,><I; .. ;.,." 
..do". f",.;"", II,><I,~ (>"'P" " L01,1ll-1 Zl om), 10..1;"" 12 j , nO''Y ' 999J 
h" p.ildp""I .• kIn."m.,....J.aII!J'$I07tl 2}-1Z7"'d.J.J.m=h""l 

r~~'H'p.'<l "' I""Uf<!O hjgh <oow"",,,,n, 
of .-.oon d=y p,<;<l ,,,,,,, h" b..:n """, ;",,1 
wtlh ;"" ,~"",d lu"~ <.o",or mk 10, 1,"" ... ",,-­
Al 'hu ul\h >!ud,,, of unJ<'ll\lound mjn«, 
h"" pn:"" d", "",m""" of r .. a...n "'1""'''< 
",10 ,n h",,, ,,,. ,,,,d.,,,,,] ' I';d,,,,,a lol'''' 
"uJ", h:.« prod",,,,, ,,,,i>!ially <>]"i"-,,,",I 
'0",1" (I) , Mo>t ,,,id,",;, 1 " ".Ii" " "Iy 
","'-,uo< ,h. , ,"\10m!'.,,,,, "oon 1\" con 
O('mmio" jn one 0' ' wo roon" of, P'"'­
",n ', "",on' 1"",,<, even tlwugh ... ;n.!;_ 
,',d u.I', ri,k is I>ci",,,d [0 b. !"oponion,1 
'0 ,h,j, ,,,m,, I,, ; .. , .. Ic~ "'1""" '<' He><" 
",,,J ,,,, .»",,'" hom.",,,,lci,y "I " .. \"" ~' i , h 
in ,ho hom, ,nJ "po""" o ,,,, iJ, , h< 
ho"" ,h" Ole " I""dr I"", ,".I "" ;h",,,. 
I(,'<on, ,<co,j, iv i' r .".Iy,,', '"g~<'l ,ft" 
<"0" or o""" ion, 1n " J Qn <'P''''' ' . 
,,,,,,-,me,, ' , .. 1,,<, ,n, ,b;[;,y " I' ' i',J .. " ,,," 
lo~c >!"d ie> wllh • ,m.11 """pl< , i," '0 
dm"", 'n <:If"",. ,r """ "' '''I (],J). 

Th. w"rldw ,de, po pul,., ;o" .• v«'S, d 
",don (onc<nm, ion is , ,, ,mm d '0 I>c 10 
l\<llm! (I).} peilll """ h,I> , ,,d 40 11'1 1",.1 
(1, ) pCii!) indOOr< (f), In ,h< Unj[CJ 
5",<>. ,"=' " .. ,~." o>' ;m,,«1 w 1>< I~ 
B'I lnl' (0.4 1' (;;111 Qu,d""" (:>1 ."J 51 
Bq!m' (1.5 rCiill indoo" (6;7). Ou,cioo, 
" do" eo, i",."" " . h.,..! 0" ' P' "",, "f,," 
,j"" (-l,,,", "",",ulOm,nh . E,.,·o in ,he 
Un i« d 5<>1<,. wh«< ,he I"doo , I(,do" 
A!,'l<m"" A" (Pub!.c L,w lOO_~Sl. 
)988) "><. hh,J."" , ~ of n J", jng inJ"", 
,.Jo" bel, '0 1.,,,>.1 "mosphcri<: i<:vd,. fow 
I"ng_!<m' ""1<1",,, ,. Jon <n.""«"""" 
h.y,. ","0 ",:oJ, (8.~ , 

Methods 
We invo"'g. «d ,be " I,,;on,h,p !:><,w<on 

,"01 00' ." ,1 0", 01 "", " ,I"" ., I"" "j', 
<>s< wnHoi ,,"dy. [ho 1o,,"" IUdon Lu"g 
c.""" ~,"dy (lII. I.C.'>1 (l1~, W, me,",,,,,,1 

"",U.J "~''I'f >Ul~ c..Jon ,o,.cem!>­
,"m,,, II I h~'"H'-' ;" I,,..., .... J M " ""'_ 
,.,"" in M,nfl<>O'[' to """" '"' iml'.m of 
,>00<, 0:1""""" ",,,J,x.-, on ~dl ,"m"l.o_ 
",.., .-,.1"" ""I'~"C<> ' &,'"'''' IRLU p.m,j, 
1""" w= ","",,,,I rn"n :ill I"'" 0/" 1""" ... ~ 
",-", pI,d " ,,;fonnlr K~"" ,I", ,te,,, wi,h '''''' 
"1" , .. ",1 by . 1",,,, 4 0 k,,, (Fig . II. In 
Mm"""" ...... i"=<i&,'''' 'I" ,i, 1 ,~,;""" 
'-"'" , ,,,ull , ",I 1"<,, d;".n«:> hr " ''' pliog 
""m'~~ .J .... ~u, '" ",d d,;w" [,,,,,, 1"",,­
\.'nli" ,h, 10"" ' '' '''T. mo" \-1 .. ",,,,,,, 
ax .. """ 1",1 rmm ) ,,, 15 .. ,,,- M,w ... "" 
.no I"",. OOilllti<~",O <ooghl)' )(I x 5(lI<m i" 
, i,r. M,",~,,) .. i\ ",,'t'< I, S';l) X 3M \:'" ",.:I 
lo,,~ ,,32Q ~ <l5(lIu" , 

ern ,..! Nonh Amc,,,, h., J,,,,,,,, ph)"" 
"W,pI'r ,,,,j d ,,,,,,,. M, ... 0/",1" ,".f""" " 
w""d by ,hj,k gl"i.1 , ill, 'J:'in"" 'f< 
,,,,<o'''r ookI ,",I "'",0,,,, ,,< 'I" i« 1><:><. 
The «ml''''-''u« v.u;", '{Uti..Jlv jn , u,h • ""y 
,h., [he oo"""n",o" !ample'; ,,<'" h,v" 
"..;.,; ,he """""g O<s,,,,.d.Y' 1." only 10% 
of tI", ".~;,,~ J,p,~·d.)'> '" OO())P-",J ro tk 
,omhcmmo" ""', )'-loJ,,,,dy h i~ " 'in,h 
""U" d" nn& mo« '<.BU"" Pt<"'p;''''''~'' 
,uif" i,", '0 '"PIX'" '"'''' jn ,he "" bu , 
S' '''':> dom'""c the "''''"'. Th ;, «~"'" i, 
'1"n ".! <Xl<"'''''iy r"m«! ""I" f<>< ,ftc 
fo,,,,oo """ OOfth of .j(,'la!j,,!<k ""J "'" of 
9Z· lun~''''k. 1k pop"I""", in j" "h 'U'''' 
;, <w~hiy """'tly J,,',JeJ be!""," LJtbaj, md 
"" .. dwdlm, 

In I~w>. IRI.CS Ii<lJ p",~"",,1 pl"'-eJ 
,""",,"r; OOL.h",,, '" "1'<0 """ ".mng '" 
,he [,11 of 1993 .. ", "'f<'><ling ,h",,'t'< ,ho 
"',"" , ,rl I 'N6. AJ. " ... h "te, "" .J I~" " .. ·k 
Jc!«"" ,...'" rndo.oo in I"o,,,,,i,,,, OOr.J<'ng 
,no! l!..pI<')"l " , ",,'gh' of 1.5 m for I )'til. 
n. 00'''0< uk, LANTRAK (LI" d,,,,,,. 
Inc. {; kowoOO. 11.1 , ",k"",1 '"' J!)(l-rn l 
, I"mrn"", lil",,«1 <1"",1." . TI", 2-<m' ",0> 

fnw~_h~'''''' · _IOI,N<nU\l, Irltu.ry 1'ffJ 

chi!" .,0 ",,h,d fm h h, " lye ,nJ ,0><1 
und", 100x ""W' ill<.,joo u",iI """'< '"'" 
I so u>c1u in ,h ,,,,, or more ><r>'''o '<V>'" 
.'" ",",-,,,taI. We "-1"",t<J the Y=' ~!l><a­
"",<mw"" fiv, .i,,,, to "udy Y""'-'<>-Y"" 
'''~,;,", ", f",,, ";'c>. ,.,,""'""' w,'" p!.< . .J 
," heigh" of ) ,oJ 2 m. '<!j><'<,i,d r . In 
Mi""_". hor<>OO"'"<! volun,,",,,, pl.e«I 
,1"«,,,, ", ,,d ub '" 01,. ;, y" ,J, flO'" 
:--.r'~=""1 ]??) '0 D<-cem"," ]??6. 

W, h'", de",",i"e,1 .I,,, ,1.0 r," .1"", 
""'''' ;0 " <>f "m "",Joot de,,,-,,,,, rot 10'.] 
l'Xpo;urc> of -I<J lIq yo .. "m' (I I I'C ;-y<".eJll 
~ 'F'I'"","",dy I()<tj, by <>1' '''''1: &"" '1'" d 
00«1"" i" "oon <I»mb= and ho",",,- 10 
fidJ "'F""u,e.. 13 dupl"""c 1"'" >1"",",,1 , 
N "",m .. ·;.,,,, J ...... ,"'" (COy) fOf Y"" 
long expt'!U ' ''!o <onco" " ,llo". ""SlOg 
fmm 10 '0 50 lIqlm' A Wilmx,, " 'ir;1<'d­
moh '<s' 00cc!00 no suu,uC<dfr 'WUli,," , 
diff<rm« oc,"~'" '"" d"rlic>'o 1"'" (p 0 

0.11 . . \1",,,, ",,, .. ''""""0" f<om dm"", 
tlw,uf>C!uring "".I <>PO'UIO dll!ing "0''11' 
li " ,i , ,he lowe, bd of ,1«"" ... ". 4 lIqim' 
r,~. ;"''''\''''8 ""po>lIf<, W< "'f""'<d eigh, of 
OUI d"<Clo,, , long w"h f",< RA ]nRA~ 

de ,«,,,,, ,~k.b;-->iJ, ""'''' " '" ~'h'j< ,he 
.",,",1 "'''l>ft' "don mn"",,,,;"n ".,. 10 
lIqim '. l'h.: COY of »U' .ko<ct"" """ 14%, 
,,\J ,he m<>~ .!;,,,,,J wi,hjo inmum'nt,1 
." i., ion (1 Ilqlm') wi,h ,h, o,c.~ of ,he 
i<. AllTRAK d""". 0 ", " ",do,,, "Jo" 
J..,w"" I .. ", ba.,-, ex"""J it ca!j!:><.t.ioo md 
qu.I;!j"-<.,nf'oI ,,,,, is<> oon,j"""d by til< 
U.s. I)'p'l!n",,,' ,,(' F-,,<>J;)' F ..... ;,o ,,,,,,,,,,;i 
M,,",u!<",m,, l..!b (E~I !.) .noJ U.S. IC!'A 
Rotooo M,'»ufe""'"' Proswn (RMP), TIl< 
"<!'-j;< ,eI.",·. "'''' or "'" JO(t<w", ~'" 
",!!fUn .J% ,nd ·8% in [WO L.\I1. '"'' r.,., 
'""''''''''T'''''"'''' "'I",u"-,,,!Q S,V,,,J ."J 
Ylllql"' , ''''f'''Cuvciy, In TWO Rf,11' ,<>t:; fur 

~JJ,,'" "''''',mo;,"" '0 D.l ~'''., "it,,, 
C,"'" '07. D<pmm,n, of Phr~"'" J"h , ', 
~""'''"'l'' '~. M.~ ll.m u",-,",,', ,",,"r. (;,,~ F",w,. 0.",,,", B"", f; ~," 

F;."" , K"~,)" -",Ku,l,-, . u,, ;d 01,00, ''''P"- Itoo.uu, .nd S, ... 5"';", ... <1>6, ..... 
""'" .nd "1''''' _;"1 .. ~"..;, '" ,n. ~...h ,,"­
'K,!"",' 000 i><vo mode mu """"h 1"""01<. ,",', 
'"'"' T_ """,. J .. I,,~;' . • ,., (:."~ Tn..". 
... ",," "'W"-. 
"IEH~ .""" "QI t'~ \'M , ,,,I pJt> '""'~"'l 
."J EP~ .,., .. '''00 .. ".1·0' "'PI'"'''..! "" 
" ... ""t., Th;, "~.,, ;, ."'1, ,'~ ....... ~,~,J;,,"f 
,k ""bon ..J """ "'" """''''v r<fI= d>< offi_ 
<~ • ..,.. of d>< .~IElI'- ~' I II, or U'A 

~"-,,T«I ) AI"II '''''. ""'I'"J '" 5"f""""" 
1",)8 
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>ru" .. t .... r''*"' "J'O>""" of 1 0 1l'lln,_1 ,,,J 
20 l\qlnr _ ,1>< ,k<<<1'''' v.~« w;,h in -8% ,nJ 
,7% of ,he .':<<i~eJ ":d",,_ 

I"d"", ,><,lGn wnccntwwn, wm .ho 
mcaruroo in 1><"..., "K,.t<d "''' ' ,k ",,,do<" 
"""pI 'ns po; '''~ 111< ""'''11' ,"",u>I r.oili., 
''''octn""",,, on tho "",,", bcJroom of. 
sub!"" (....J UP!O ,Ox :odd""".,] ",.n') "f 
1 ,039 low. hom" w., n,oa>tHcJ ",,,Il 
IlAllTRAK .1<,,,,,,,,,, .. pm '" ,I>< I KLQ 
l'."icip'"'' in '"" 'lUd), .1-'0 I'lOy iJ," 

'" 

d" .. ,I,J ,"f",m .. i,," '""'" ,h< ,;n.< ,~" 
,h'J '1"'''' >l dill."", I .... ·,,"','" i"'''k· ".1 
'M '''..)' ,k "0"''' UiJJ. In ,\linne,o ... Il~ 
l>cJ,,,,.n, w«< ,<><>''''.,] "" ",dQ" "0",,,,_ 
'<m "itb ,I>< <>u.oo.... 'U'R"},. 

Results and Discussion 
I.hl. \ ,how, ,h" high oUld"", .. don 
.o.,", ,,'r .. ,",,,, """" I"""J in , P"'I'ul",-J 
'<"f.ion of ,rn",ll'o"h ,1..,,,,,,,,,, Th< I ,,~h 

",,,,.n"",,,", I"" " i" fo" ).<" 0' mo,< 

."J CU>", ,""""",,1 "'" of \""" .nd 
.\j inn<,olO, The m,Ji.n ",,,door "don 
""""" ,h;, ''1';"n (2'; 1k] lm': Q, 7 1>0111 " 
,bom ,wice ,he n>lio,,.1 "",J,.n """I"" 
I», I, aw.xl> tbe indO(), ",,,,Ii,,,, f,,, IlV· 
i"~ ><0>< •• "p""ed 1>1 'I" J om,,,logic 
"udi n in N", j'''<t .ad C"" ,,,<,,,,,, 
1 1 !, I." In Inw.o. ou, rr><""'<m<~" '"~ 
~" ,I", ,k J"'ruU''''O ..... 'ipol«l , .. or.~" 
eu,door ,.Jon ron«"" .. ion" 28 Bqlm' 
I" "",,'" ,.,,<I,w<>oem I",,~ ... d "",,,h,,,,,,· 
<In Min",.,.,,,, ,,,,, ,ni<>. ,h< """~." " .I,," 
, <>oIT"" ,,;"n, <::e«<d ,h< """'n.1 .vt,,!;" 
i"d,,,,, .. do" <on<O""."on (/D) , I.ow 
outdoo, ,..Jon conc<",,,,,,,,,,, (<10 Bqlm ') 
""" o",""" J in no ,,"-<,m,,1 )..1 10 0<>0<> 

.nd IH • f." "e., '" "" .. ,n !" ...... n" 
mcdi,,, inJoQ' "Jon conccm",ion in 
low, " .. I". , uh",n! ;"l ly higher ,h,n ,he 
u.s. "><ion,1 indoor n",.,] ;.n (6,7). 

Th, ,<,,, I,, f,om bo,h ou,Joo, .nJ 
",d oor ,ll""'u"nK"l> """,hed ,,011 ><.w» 
,he I" ... , - Minn<>o<> bo ,<k, ~"" 01,. J 'f 
r."",,'<> m ","pl ;n~ ".! Im.,>«>1 in ,1>"" 
,"" ",,,eo , Uu, ,,,ulo"Ie i" 1"'"".1 ,~"". 
men, wi," ,he ">lion,1 .mb,,", .<11"·"> 
(NAS) ,","1« fo, 1<> .... ""Y .,,;! 
.\11I11I<>poli. (51. A l tI,<>"~h ,he uu ,J<>(] , 
'V«'P"" I"". em""I, ,I>< .n"" .1 "'~"!;, 
of .. ,y , i« ''1'''''" ;" ,h, NA" "'IT """. 
,,,,,,,,,,,n,, '" low> Ci,y '!<f«.. w;,h ;n ,~". 

~.oeJ """"m<""I. ~", ; , 1. ,",j !<mpOl.1 
""<,,~,, ; " ' "" (11\qIm·) wi,h ,h. m<.,,,,,· 
m,"" of ,ho NAS. n ,,, """'" """,j" ' "," 

"',, " ", M '''''<'JxJ ~ (J(~J kml w" ",,,hln 
l Ilqlm' of ,I>c N"S '<1uil. ,00 01", "IlK 
,,r ,h. '.01.1"" r.u~," «"" "'IT ""p ,kr;,...,j 
f""" "u, J;., • • '" ,beni,",i l", l"w. i, ""hm 
• IIqlm' of '"' NA~ ,,,"uk 

Th, "'''' pl '' 'g .1, n,,,y ",,"d in lo"~ i, 
,uffi,iffit fo' mo" ,..Jo" """,,,,,,,,, n ,,.k>, 
" ... , rou nd , h" .h< .,""11· ,,,1< 'p,, ;,1 
" "";0" ,,' Mon".,<>" (wi,h ;n • co"n" 
COY · 1,%) i, OIU<I> ,0\, 11« Ii"" ' h~ 
l"f,·,",I, v"i,6on I""o., ;d< . 80%). 
111;, <11«', w" 01,,,,,,"] in mu","" wi,h 
h'gh ,nd iowoo ,doo, rodon. 

f.l.,.... ,.,] '~01.)"'" ""Ion ,o"",n,,,,,o n, 
"'" k"n ,cpomd J'" ,"ou.ly for . f,w 
I "c,'",~,. '\\0" of ,h"" "' <"u,<m<'n" 
'o;',""J ,100"" , i",,, 0' w«, "",,;,,«1 
... "h unuw,II"""I ;",d ,urt".« S«>IOj\y 0' 
' '' ; '''''~ (ij-IYJ. A .",dy in n<"by 
M,,,,,oo.. Cu,.J. (~. "><en'<J d, ..... ",J 
h,l, dur ; n~ one !ummc,. bu< no, ,he 
''''Xl. A l tlKx,p.,,~ ""·0 ,>h.o""'! ""'fX",1 
ch, "!!", of , l:'elO' of ",'0 JU,<l'g """oJ, 01 
,,,,,,,, .. 1 w"",,h<, 1= !'ig, 2). ""~ ","W"", 'Ig. 

nd, ,,", )'<>,",0·.'.>< cI""g<> (d~%l " 
r." ";,,,, 11, ;, ~,ion i, i" 'F.,.',,,,,,,n 
", ;01, 0'1.., lo,,~.''''n "",I ;,, (;.>1-;.>)). 
Th<e< w>, no ,ig"'fic,", ,!; ff' "n ,· ' 
~ '",,<"0" piKed" I ,nd l ro, '" 
w«mtm wi,h <>.,1"" «PO'" (8.9.2(>-18). 
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fi,,,, " tAl Coooty-t'''''lt out""'" II.'. ''''''''"' "00,, t"~ 181 .. <100 ""'l/<fI'j ~ til. >UrI,,, ".1. ,,;· 
... to .. f, ... N.",,",I U""..., R .. """ " h>ho, _ d.lta 1:151 Whrt. " . .. • haw ".,n'" who<. "" "do.> 
"' . ... r .... "'" w.", m. de, 

(", ""n (f) , "," tH,"h;"S t>" ou ,do"" 
(31- 34), W, h,,,, .ooprro th, tCRY', <if«_ 
"," ,10;" "!"'v. l,nr n~.ld ~K .-..In" in ,h ~ 
',,!Xllt, Th;,. modd ;lKl.Je. , 0.3 roJ"'''"," 
f",o ' ,h" bmw Th, d.= <akuJ",~ from 
"'''''i,), i i" n .. " "".m,,," in'" "11"«n,,,, 
w;th ",,;d<miu!ogK <If,,,,;,,, do.< "",illu"", 
1<=", m<>,""",,,,,," "f .,m'~ph<'''' ,hy 
plod"", Ch .. "'TOI;""" ;n ",,'" n,,., 1o,"", 
,uggm ,h., , ho df«T;ve ou ,doo, do,e 
"lu;,.1.,,, "";, (,_7 ,.~,· .I ,,-l/(!I.j 'm-"l_ W, 
.h" oJo",ro ,II< !CRj", do.>< we <ltt"' i« _ 
"e" «:><fr",'e", f" , indoor .'I""U ' "', 2.3 
nS,'.h,-'/(!I.j.m-'1 (JIJ _ W< Mte rl, .. ,h, 
U";Ted N"ion, S(iem;fic Cornm;t!« on 
,h, Efr«" of II, ,, m,,, R,.,d i,,"'" '93 "" i_ 
fll>.'" ,Iu, LII< ou,door do.< enh:tflC<m,,,, 
1><,0' fu, "'" woddwi<k_.v<",g, ,;ru.Don ;. 
tWO, ",".oil ;, , I; ghdy ,,,,, II., Ih,,, ,h . 
m h,n",,,,,or focto, "" "'" (4), Given the 
LUJ;< """,,,,in,,,,, ;woci",," -..i ,h 'h= do.>< 
c.kuL,,,,, ... "" S"" ou, "" ;m .. ,, "'''" 001' 
' ign if"""" fIgure, 

";''IUI< " .. ,in .. ,", "P""'''' \Q <he h;gk,' 
outdoor f>doo io th~ "ll"" would prod""".iIl 
clfe«;"" do.: ,.,. of} mSv/y= (0,-1 ~v!hrl, 
~ ~ W<dy ~'" "'o"inuilr <>I"»<d i"di,·Olua4 
(e ,~, fumm.oo llli:.r=) ..... ould r«<i\~ b! 
,hoo ".If 'h" ,moun!. Nev", " ,I"" I 
m$.Iy= ['00' "",<100, ,,,,Ion ,",',,,,Id ",'«<I 
,II< dose mc from nl:l"r other "",u,a! (e,g" 
rom,ic _0 .4 mSv1r"") ,"d ,n ,h"'I"'S," i< 
>our«> (,.!-' .xnw, "';' _0.1 ".'ivl)">tJ IJ)_ 
F", 'I..:~.-.J 1"'P"(,,»0 of low., we ari· 
r""" dw "" .'~ d'I<.:,,,,, d<", "r,;cicm 
" Ie WQO.IId be 0.3 mSvlynr b=<l on k",! 

""~ <0 "'" pop .i>,"",-""W' tctl "",door 
r..doo ,once",,,,,.,n (28 B'Ilm"l fe, 2O'lio of 
,1I<'imo(4)_ 

Wt c>kulmd ,he ,0",1 ,ffw;vc do", 
"''' "luiv:den, fo' tich po«i<ipon, of the 
IRLCS b.s.d on wi,,,. Ih.y 'P""' ' "n , 
(J5), on mc-.I.>urro ,.don wnanlW",IU in 
,hci, hom<" nd "" "" im"", fu, ,1« ""iQn 
CO"""""''''' in o,h" loa"""" Omdoo, 
do.<s W('fe 6=l on aloc:d '''''''1\' [<K ou,· 
d"o< ",Jo" ",,"co",,,",'''' J., ,,vcJ fmoo nm 
m=u«mm", ,h. leRI' elfwiv< ' quiv • . 
lent do.< ''''' «><ffi,;':n! '<p<>n,," for J><'M­

by <1>.«', ",d the ;O<!i • • Jwd'. ttport«l ,im, 
ou,door, (1), IRLCS parti(;ponC!, wom<n 

betw",," 40 ,oJ 85, 'I"," [ .n ""''''g< of8% 
of d,d, lif""",, "",J""". Wo,kpl"", ,.don 
wnccnm.,iom ""~'" ",im.«<I <0 k 50% of 
,h. 1"". 1 fi",_A,"" I",,"c ave,,~, . (Th i, 
model .... , M>«I on """,uremenu of ,he 
"do" e,po,ufO ofwo,k ing women in 
Min"""".,1 n.e "'00" ""I""'u« '" 'P>= 
,hal Tho panKip"''' occupi<d ",hile .w.)· 
f,om ,hoi , home w., e>1im>Teo to ;., 35 
Ilqlm', the '''''''S' of " .. ioruj "",door . "d 
hOm< ",don roocen" .. ioni {5-~, '\1;'< did 
o<X ,ru;lu<>: .n aJ;""mcn, fQ' ,1 ;"m.1 .. "'_ 
';00 ou,doo .. bec;"", our C<,"' ;",,"'" roo,,· 
i'Ofi~" twQ ,i,,,, (l';~ 2) did nO! show. 
O>H, .. ""d~ "ru"s doum.! pOl""', ."J ,ho 
Ii"",u" repo'" 'i~n;rK.n' diITer<ne< in 
,he dium,1 pm " " Q"" 'P";", tim,. ,oJ 
waLh" condi,",,,, (&l~_ 

'1"11< calcuLl!ro d<>K mes wcre Iog-no,­
m.lly ,ii ,,,;huoed. W;'" • moo" " f 0.12 
mSvlye>!.oo ~""m""ic ' Wldard devi.o.';"n 

(SD) of 2 .~, Fo, Ih,,, p.";"p.",,, lou! 
ou,doo, "don CO" ,n" "",,1 appr'",m"dy 
10% , on , ,,e"'g' , '0 ,11<;, ",,,I <>Oo"-reb, ­
,d <ffwive dOl< mc, Omdoo, do", r"", 
.ccounted fo r 0-72% of an indiviJu:t!', 
,ouI d""" 0.JrJoo, do;c, w'" h,gh« d-..n 
00"'" iodoo, d",." for 1% of"'" IRI.CS 
p-'m"p-'''''-

Lif" ime O",Joo , c"mul,,,ve do", 
we" <.loul",,'; f,om ,he p,od"" of ,he 
1oc.1 ",,,doo, do.., ,aT, ,;"", ,h. ind"id· 
\l.I', .gc undol ,be ",,"mp,ion ,h.,.n 
",J"idu.1 I;""l 11<, <n,i" lif< in h" <" '_ 
lent locoJ "ta. l.i[.,."", eu,,,uh,i,, ,IT",_ 
'<Yo dose> fo' "",000, "do" "'cr< Ios-oo,­
n .. Uy d"";h",,,I, w"h • g<:<," .. ,,, i, ""'" 
of a mSv (SOO mrem) .nd, gromcrrK SD 
uf Z.O. n," m"i."llr "'1"=0 ind;vidll.1 
m Ihi, g<oup h.d • cumula"vc .IT"", i" 
do>< " f (,(] ",'n, • ",ult Qr,pcoo;ng 37% 
of h« 76 y"'" ,,,,,d,,,,,, in J~ H'I I", J, 
Lif«imc do><, hom.u ,.Joo .«L1,,'<! txpo_ 

, ,,,eo ""gN (' om 60 ,<> 800 mSv, The 
.,<c,,!;, <u ",ub,iv< "'fKhU« ".., 1:HI mS., 

Ou,';oo, r.don ronc<nH., ;on, of , II< 
m,,;ni' '''k .ml yon,hil i!)" d=,,;"d i" ,hi, 
r<po" «In «doc< the ""Iid;!)".oo ""i"Kal 
PO""'" of:m <piocmiok>gic "udr, Ti>< work 
ofLub'n <t.1. (l .. j) "'W"'" rI,,, o/-t, "",.. 
,iet! power of. «uJy • ...,h", "'" IRUS ro 
,i<.<d • ,i.1 of OXI""" '" '" <oviron"",",,1 
,.dou i, ,,·du(oo by ,h< om;,,;on of ou, 
doo, ",don do><> rough ly Plopo"",,,,l to 

,h" J"""""'~' of do.. 0"",,«1_ 11", euc' 
"\"I\ni,OOo of"'" "" of po_' "ill ci..-p«id 
on ,h< cl" .. d, of ,h< ,",Ir,i, ,ocl ,h< ,I.,,,, 
di,,,ibu, io n,. fox <nmpk ;[ w< "'P-'''''',j 
,h, IRLCS po";c;p .. m into 1O,:t! " don · 
,.,[ .. «1 do", '''' ~u," , ik, '''"' ' d .. " IW 
domn, i( ,.don ·,<I.,oo d"", "" quin,;la, 
,lI<n 60 of ~07 II ~%J of "'" =<> orul 75 
of 610 (12%) of rI", 00"'",], would dunge 
d :..sifnuo" qu;m;!e, 

Conclusions 
A f..ilu« !O ",i« outdoor .Jooc.s into :KOOWl' 
" .. uld .If"" ,h, ,,,ul,, of ",h" 'pid,mi<>­
logic ,,~di« ,hat have k,n conQucred 
"e" by, I;ke , ho>c in Mi"our; (J6J .nd 
W,,,,,il'''ll (j~, I",,",ul, dy ,f ,11<" I""'''~ 
part .. 'pcm more ,;m< ou,door> ,h", the 
IRI£S po"i<;ip-'o" d id, If >O<un.1e <urn"I, ­
d"" r:tdi.,"''' dose ""'Im,m i< iml"'''''''' 
,lI<n CWl\u!,,;v< exl""u" ",<im.",., ,hOllld 
ir.cl"Jc ,-""d"", ,..1M ""1"''''''''-
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