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ABSTRACT 

In regional surveys, indoor radon is usually the parameter of 
interest, b·ut accasionally"soil gas radon at depths of 1 meter or 
less is also measured: At statewide scales, even limited data sets 
can be used to infer relationships between geology and soil gas or 
indoor radon. However, predi6ting the radon potential of a single 
house or even an area the size of a neighborhood is more 
difficult. As the size of a surveyed area decreases, site-specific 
variables become more significant. 

We recently completed a study of two residential 
neighborhoods within 7 kilometers of each other near Rochester, 
Minnesota. Eight holes were augered into glacial sediments to 
maximum depths of 4.5 meters and samples collected for grain-size 
analysis, measurement of radon parent/daughter nuclides and radon 
emanation. A total of 65 homes in the areas were provided with two 
alpha-track registration detectors for 1 year of indoor 
monitoring. 

Positive correlations were observed between the average soil 
radon, the average indoor radon, and the precursor/daughter 
radionuclides. The study area with the most topographic relief 
also had the highest radionuclide contents, the most variability 
with depth, and some variation with time and soil moisture; these 
results were not observed at the low-relief site. The type of 
study described would best be applied to site-specific 
preconstruction screening, rather than to predicting radon in 
existing structures. 



:::: · ;INTROPUCTION 
·- y - • 

This project- was designed ·t:_o :~olleet_-, data on soil typ~ _and soil 
characteristics,· radon and ot_h~r ·related nnc:lictes. at sever a],­
depths, and porosity and permeability. At the same time, radon 
levels in basements an~ ~iving areas of-ho~es built on the Soils 
were also meas~;~d~ 

Two areas were chosen for -the ·"pJiot. S.tudy, . (Figure 1) St. Marys 
Hills on the west side of Rochester con-s_{sts .~of modern, sing,le-­
family homes on 1/2-acre. to 2-acre lots on tile ,west .side o ( 'a 
bedrock hill composed of ~St. Peter Sand,stone, .b'ecora·h Sh_ale,: and 
Galena limestone, with a tota~l_ yertical relie,f of about 40 meters .. 
The bedrock surface is cqve]:'ed by 2. 'and~ '6 .meters o.t glacial - -
sediment and, "loess,. Esse.x. Par.k, about E;_.'S kil~ometet.s northeast of 
St. Marys Hills i~ a mi_x of modern, ,.sing1e-family and multiple- . 
residence homes. on 1/2-'acr·e lots. The topography is subdued, ,with 
about 9 meters -~<:?(.relief. Oep;th to tbe bedrock (Prairie du 'Ch.ien 
Group)p is betw~eri· 3 and .. 1 [ meters. The:profiles for each area and 
locations of the .. sample 'h_o~e.s are shown .. in Figure 2 .,_: 

.. 
Sixty-four owners of single-family homes participat~d in_ th~ -~--

.. :! £, 
study, 4~5 J'rom Es;5e:x: Park an·9,. 19 from St. MaryR, H~lls~.. Eac.tJ_' ...,, 
received ·two radon detectors; one for the basem·ent anQ. ohe for a 
first-flcfo_r living area._ Exposures lasted from 9 tc;> 12 months . . , 

METHODOLOGY 

.. 

.... 
The test holes were drilled in October 1988 using a tru~k~ 

mounted Giddings soil auger with a 5-cm-diameter bit and core 
tube. Sediment samples colH~cteti dur'ing dri"lling were placed in 
sealable plasti c bags . 

' ' , c.· '· .. - I • ~ 

T!'le _ follo1y~tlg is. a surrln}:aty of the 9- nalys_es a nq !1)~th_~8.s_ .y :s~_d ~· ;:· .: 
studv t~e sediment samples: ··'. -- -. : . .,' ..;. . - ·~ .- . ·.:: . 

1. r-!oisture:_tont;ef1's .. and" .bJlk_ ct,e·n_sit,:l::.-:She;: :~we~. 11eigh~ts w~:r::~ ·_: 
measured within 2 days after c·o'l'lection·. Soils ~-·ere drred ·for" a·· 
minimul1}.of .~-·1 f:_ou:r:s,"_,!t. },0°c;_ -~nd_rew~ighe_:J.· The"]:'esu,lt.s. p.re onJ_y_,_,. 
appro:-:h:M:se, -~'e<;:~use: :t::hey --~o: ·ho_t r}2J lect>~·qi)~.t u'r~~,_lo,~,t :pr io.r· .:t,o" ~ 

-~· . ._.. ,,.._ '-· --- -~ . - ( •' . ..- .. -. .... . ~ .. .. . . •. . . " "' .. - . - ' . -- -·· -- .. " ' - .. 
measur~m~nt. . . _ . . _,.. . . . . . . . . . . · . . . _ . . . ... c 

2 . :3o l i d l' ti r t 'ic le clen-s-{tv : tlfe'se· 'measur'e me rit.s 'were based on -­
p reced u r e =-ftC";;i ·:Lu ei·::.e.fs~ch_w~b~- .Jf.fd : t:>C h~rs- ( 1.) ' .- '1--h-e~s e_ r~:~hlts: .. · . 
c ombi :-: d·ci ··.-i.rt t1 th'e- -wet' · a'nd- '-ct 'tf buik'· d~hsi ti_e's can be useQ. ~0-
a ppro :-:i.:::a:"c~e ··t ~._~ -p~o_i~.-· vd-fu'in'$ __ lh : _a ·s~fuple: p~f- s~;I').~~: · ~- __ :. ,. · 

3 . u !:"a in-·,:.:.t·e · -era<..."'i::i'ons·: - t he ·s oils · were :sc·r-e·ened int'o· 
c rar:c .:. · ~ n s ccn ::is t i na C'E a bulk s a mole (undiffere!1tiated as ':"J 

• • • - < • I - c.. •. - I ~ .. "' • ,_:_ >'' , ..-- ~ c ~ ' • ' 
g ra i r. si =e_l", ...... L49 :w · ( :; a n.'d.- anq. · q ?'a:'~ll; ~_149::-'63:~ (very .fine sanaJ, 
a nd ·~< -~L ·(ciilt ~a r(a .. c_·l ·a y". by \ve~ - s~~.virttr). _ ~. . · 

·1'. - >!l. !1er.l L-:-gy :" e1'10 ·minet·a. l oav · was. determined by e:::am.i;;.:.na t~<2 
. l 49 LL ,'r 'ra i.rf- :'~·ze-·fr .J .Ct ion w ith-~ b inocular mic'roscc:ioe. . 

'1 ·. ~Cidon: · ~-adon:: l."manation \;as mea-~ured from c~e buik soil 
sa m p Le s , ~he , L~ 3 iJ., , 1r1 d the 6 3 -l 4 9 iJ. f r act ions c: s in g a c ~ 3. ::-cC) ,'11 
trap s-:·stem n;,,Jified Lrom an unpublished report bv Dr. J.:.J. 
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Andrews, University of Bath, Engi~nd, · sc~tter in the bulk fraction 
is thought to result from inhomogeneous radium in the sediment. 
The reproducibil-ity <5f the ot.:her dupli~catel· a:rialyses was very good, 
and repli-ca-te :analyses df radium st:-andards · varied by less than 
10 %. ' . . .. . ! '". 

6. 2·l.Opo - ~lOpb ~ Polonium-2'10 .:·was eX.ti.tacted· from the sediment ' . 
with a leaching technique modified from Eakins and ' Morrison (2), 
Blake and Norton (unpub.), and D.R. Engstrom (unpub.). The 210po 
was assumed to~ be in 'radioa.Ctive . equi'librium with the 210pb. 

7 .' Radium and thorium: 1'-·kilogram sediment ·· spl.its from each 
depth . were apalyz_e_d for :226Ra and 23-~Th by ~artfr!ta-ray spectroscopy · 
using · a hiqh·::,;resoi:ut ion . . germanium detector.· The measured 
act:ivfti~s- reflect.~ tota:r r,adiu;m., ~n·d. tho;-ii~~- _in the sediments. 

8. Radon conce~trations :in· tb-~ ~ soir at~ rqultiple :ctepth.!L~re 
measured by ( 1) P!-lffiping-' ·air f_r :om·' i·solat~'d Jnterval~ ,through a 
liquid scintillation cocktail~ · ( c:!..~}:i ve sa:mplinq) and· py ( 2) 
extended monitoring of isolat~d i~terval~ wit~ ·alpha-track 
detectors (passive sampling)·; -- Inflatable rubbe-=r packers on the 
outside of hollow PVC pipe we.tec:·used to iso·latre each'"collection 
point. ~ach ~lpha ' track detect~r - was wrapp~d in Saran Wrap® to · 
keep 9ut wate~ __ vapor but still allow diffusion of radon. Initial 
data from:alp fi a.;..track detectors is not inpluded ih the table,s 
because of l.~rge va1:' ififlce in the calibraf.:'ion consta:nt for -t.he. 
dete.ctots ~ \.lSed at that time and our doubts about the integrity of 
the origiri~l packets. In 1989, a red~signed system foi both the 
active and p3ssive sampling was used with more reliable packers 
and flexible barriers, which prev~nted vertical air movement if a 
packer :ail~d. 

-· '- . 
\ . ... - . 

The sedim~nts within the Rochester area are th~ r~~ult of 
glac~al Rroc0~S~~-~q4 _include ~ills, outwa~h~ colluvium, and __ . 
Loess. ·:oess·, . --rarigiriq ·:frdm 0 .;._6 _ to 2. 8 met .ers'~thi;c)<, covers all .. of 
the sample sites except Holes in St. Marys Bills: The glacial 
tills te~qw t.h.e .. lo~es~ a .r~ "Qxiqi_ze_d; .some .sl'}ow tbe _re<;idish:-9rown 
colors , ct~~et;"r:~i·c~- ~fi,.,Q,0·=-t:·q ~d~e,'pths 'o'(~~bou.t ·· 4,:~3 ~f!let:e-ts (F;{g __ re:.·3)' 1 , ~ - . - . -' .. - . - . . . . .. ·- . . .. -· - . . . .. - ~ •. . : ·-. . ' . 11. . . . ...... 

'. [ 

o - G - r" -: - o I~ C 'f G o -~ - ~· ::'.., •~ ' . : . • ',• - , I ''' ;• ~ :; l•: \• •: 'r j ~, I ~ • 4 : 

t--~oi ·:~:;:·u.·r _e~ ~! ·,g.ngf.·c;i·- ·rx?J.I!': ~a~ 9\ .. : .o: · ,f: 8- w·e;.f.ght ~-pe,i~~nc: .in t!1~ · __ 1 oJ=~-~. ~ · · ·_ 
to a hi'"?-h ·o-:- -~·o ·weTgtft- ·p~eYcent·, · 'aTsb~ i'n 'lde·ss·: "SoiT ·moi stti~e·: .. ;;: ... : .:.-; ... 
i. ne rea s_~d ~ ~ ~,-1h t,l_v.,. ... w i.t.l1~ .~~p,t.tlJ _. __ .b ;J t~. pot. i n ?.), l. .,ro les an,d :-: de · mor e -~ · · -
r. han a . :~w· .t:'.O:'i:ce n·t. ITet: W.efe·n . 't"he" i nl.t . ·a~l 'sam '1 ·-' i n l'CJ.8'8 3nd . . . 

. - . ' ,:; ·- :.::. :;: ' ,.. , • . .·, ~ ). • . r• ' " p J.Jlg: .- .. - :-, .. , " - ~ . . .. -- ~ 
rnea s u :-e::-.~n t . :-,1: ~ :.~~ ·9o.~ : -L.fi,: ) 9~8. 9~ _ :-:9 1 ~ : : B . f:S:t . Jial::Y:s. -H,.p_ .r~ r; .. co,I .-ec-t~d: .. ;. ~ :: 
wat~·r :.:-. t!': e l''6ttom· lne't e ";t:· . : --Th.:ts : ·cqp~q-pay~ 'p.e~ii 0\.)~: t.o' .'s.ee'pag_e_" .. : ~,.: 
1 :-om t :-:~ ::; ed i m~J} ~ -~.f- "wa_'tft .r ,.i{ll.~ l ~? t i ng_. 'f ro]n:Yne . ,s'tii ~ac.e . __ ·_ -, ~ . . - .... . . .. - - .. . . . .... .-.... . - - . ,; .. - - ', .. .. . . , - . - - - ·-

~ ~ ............. _.~ : .··...::.~~::-... \~- · ·- - ::; . ..... e .. - ··· -;. . . ...... . " " :'·"' 

:'~e;~~ is_·:! fcj i. ilV - btoa§..~ F~ r19e of :g~a ifl 7s i'~~ ~ dist;:·r.(b'u t .:..o·r .s . ,i..n -~ . . 
'~e :·e·::i.:.::1i;nc.·<imples, but th~· f;:e~ry .S,~, witbi.rl' .and.pe. t ~ee_p .t!".e ·s-ites .... 
',·;ere r.,:: ::.:tat lS~i~:aJ,l.~· dif(eren : ·. ·; J'ne : . ~ y cfi_laol.e .9-.at~ta..o· r..Jt a·110K 
11:-; ~ -" .-:::-: t:.i~ .ni i..Sh ~)~ r v.;eeii .~ th~ ;.: ~l ~t:; .i>;~ -; ef'fec.t_s .~ o f .d.epo:s-::. c _:.~n a.nd ' 
!""J st - ·- ~·-=:>):-;i::: ,' nal : ~9 i. ~ <:ie.yeloh~teri't; ~ on· tne· g :::-a,rp-,s"ize ,di'st:::-:.but.'ic!-:. - . . . . : - - ~ ~ . . . 

-· 
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"Mine,ralo.gically the sediments.:. a_r·~ very_ :Similar, bei:ng·­
pred.'ominantly composed · of quartz,' feldspar, biotite, and 
muscovite. Rock fragments form up to 50% of the >149 ~ size 
fraction and include 1granite, limestone, quartzite, sandstone and 
metamorphic and volcanic rocks.-Varying percentages of .magnet . te, 
pyrite, :hematite,' and limonite w~re also .o.bseryed . .. 

. RADIOMETRIC RESU:j:.TS· 

Radon concentrations in the soil gas p_t,- St. Marys Hills · 
generally increase with depth' and range from 17 to:: 71 kBq/m3 .(Table 
1), with an average of 44 ± 13:- In Hole A, both active and passive 
radon samples were collected . . Below 1 meter, the two methods gave 
concentrations that were, within error, identical. The lower radon 
value at sample point Al- using the active monitor was probably due . 
to leakage around the original packer. A second group of passive 
monitors : was plape~ in Hole B during August-November and produced 
results that were significantly lower than the July-August 
measureme-nts. Hole B also contrasts with the other St. Marys Hills 
data ih : ~hat radon decreases / with depth. These trends appear · 
related to increased water retention in the clayey soil of Holi B 
as well as collection of water in the lower meter. 

I~ _ ~ssex Park the radon levels range from 3 to 42 kBq/m3with: 
an average of 26 ± 7 kBq/m3 (Table 2). The level of 3 kB~/m3 was · 
obtained at a depth of 0.2 meters in Hole G; at a depth of one 
meter the lowest concentration was 13 kBq/m3. Some of the ho1es 
show an ·-increase in radon with depth; others show relatively .. · · 
uniform levels. Some of the radon concentrations measured by bhe- · 
active sampl,_ing are as much as 30% lower than .. concentrations 
measured with_ the passive monitors . . Howeve.r, the means'J·are not· - . 
statistica_l-ly diff_erem:.. ._ . .. ; ., · 

A second set of measurements in Hole G during . Augast-NoveMb~r 
showed- lower radon levels than during July-August and correspond 
to th.e · 9-.~crease . . obser_ved .in:. Hole _ B at . St. Marys Hills. Although; ' 
the dec~~~se can ~e attributed to higher water retention in the ~~-~ 
soiL duf'ing a rainy fal.l : it is difficult: to be .' sure as : only :one :>: ::: .7 
hole wa~ _ measured within each ~ area during the late . fall.· ' .: ~~ :-

. ::1 ~.- .. ~ -· - . ~; J ,. ·, _.,~ ~ - .~ ~ ; ~ ._ ... . ·. t:.· ' 

Radon emanation was:measur.ed ·on .the bul·k samplt=>~,- 'tlie 63'"'1'49 ~t 
and the <63 ~ fractions as described above. Replicate analyses 
ga v~. re,!?~o<ftu<2 i.bl~ •• rE?s-ul.t.!? wi t.h _- s ta.nqard devia-t iorts~ .comparable ·tO: 
the err.or associated . with · coun-ti-:1g s.tatist.ics ~: A .number of 
factors. , · ~ 3 -UC.h a's : moisture, . ~acii-um. C::Qntent; and : locati·on of radium 
either: '6n ' gr~in 'irit~_rio~~ ::or: ' sec:ondary( cop.t~ ·~g~ ., control· the ' 
amount .. 5 f .·. ~a.d(~fl .. emana ~ed. ( 3) .;: how~yer~ :9_n the _ .'a-'(erage, :h igher .. _ 
radon emanci.tion . vtouid ~be -exp.~5=ted- ~~- P.:r:od~_ ce h~igh~r radon_ 
concentration~ :in the .. ~6.il gas . . . .::'n :Tab.les 3 and 4 th:e emanation 
resultd:. aie .. given ' relafive t -o -t~e- ina_s~s. of _the sampl_e. The .<63-~ · 
fraction ~ncitides !:loth ·silt .and clay, .. and- the 63 149 ~ (very fine 
sand) .re"n'resenc-s. ~about .J. th.ird c : the total sand fr:action ::(up t .o 2 
:nm i:< si~e). -'r.n : esti.m.Jtin'g total ~ma~ation, the re,sults !:'.::-cm the 

.. 
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63-149 I! rneasuremen:ts were· ~cons:idered representative of all the 
sand-size fractions. - ' 

· Dif"ference-s be't.Ween •the radon'" emana:t"ion 'rates of · the two sites, 
were comparable with those of the radon· conc'entrations. The 
average radon emanaein~ from th~ 5oils -in S~. Mary~ Hills is just 
over twice that emanating from the Essex Park soils. The 
difference in means is stati-stically significant at the 0. 025 
confidence level. Although emanation rates in St. Marys Hills were 
divided fai.r:ly evenly between the 63-149 J.L ·a·nd <63 J.l size 
fractions, in Ess.ex Park the emanation rates for 9 out of 10 
samples was~- hlghe:st in the <63 J.l fraction. The variation of 
emanation ·rates in Essex Park was much smaller than in St. Marys 
Hills, in accordance with the more uniform radon concentrations in 
Essex Park:~·: 

: The su~ of the emanation . rates from the grain~~ize fractions 
should be comparable with the emanation rate· measured from each of 
the bulk samples. In Essex Park this was the - case, but in St·. 
Marys Hills, althouqh most were comparable, some soils, - such as 
A6~ had a bulk emari~tion rate that was larger than - either th§ 
individual or the sum of the fractional emanations. The overall 
agreement between , the bulk and weighted fractional emanations 
indicate~ that th~ · assumption that the 63-149 J.L size ' represents 
the !:~tal sand fract:ion is reasonable for these samples. 

Oth~~ radionuclides measured included 232Th~ 226Ra, and 210po 
(Tables 5 and _6). Both. the mean and standard deviation of 2J2Th are· 
equiyalent fo+:: both :sites.: .Radium· and 210pb values were higher in 
St. Marys·· Hills: than in· Es-sex Park and ·were als.o 'more variable 
both w.~i .thin an_ct_ bet~v.e·en . s·.i-tes t:han was:. tnorium.:..£-Tf p·ost....;· · · · ' 
depositional migration altered the radionuclide:· di~st;rib.ut.-i-'ohs, it: .:· : 
did not affect thorium, which is not mobile under near-surface 
geoc;D.~mical- ~onditions. -uranium isotopes~ howev-er, respond~·. :to r 

we a t[l.~r-ing- an9 cban:oing .. ox·idat ion/·.r·educt:ion- -envi-ronme-nts; 1-eadi'ri·g 
to sepq.ration from. d.J.ughter radionuclides an'd'- ·-altered •d ;:J.:s:td.bu't'i()n: ~­
pat te!='n~. :~The · ,r~lat i ,,.el¥ .::·uniform distribution£:::-of . irad!ionucl-idesf in ­
Essex ". f~rk :s.~di!Jleots .• a!J;e consistent ·. with littJ.e: po~t -depo'sitlona-:1. -:: 
migration ; whe~eas f the uneven - distributions 1n~st· . Ma.rys : Hill§ ~ - c 
indicate siqnificant migration, possibly related to enhanced 
weath~. ri--Q.g c~:f. ·.the ·.:.s.e:dimen:.ts::::on .·the. •. hill.~slope ;.r:: ·,, -- ~- • ::! _L : .£;.:' __ :-: ·. ::'r '::: 

;:- s · ... ~ ; .. ~ .=: ~: ":-" ;:; .~ ..:. _ :{ :_. ~: ~: · .' C ~. ~ ; _ • . • . _ _ _ :.: ... : G ·) '. r:: _- : :' ::. ·_· :.. L ~ r; ~~ .•. 

'TI".h-e ·;.Le t '.i:.\Fi'!:~'..C: rar.to. ~~,1 0-pb;/.:~-~'Ra/'.fn :-:th-e~ s eclfmef.l t -::ca:A Cbe. a' lis'e fu .1. \' L ::. 

ind ica tor at cel:at;.tvti ra'dort 2J;Os"s .2 A ::JiatT0 ::smalleifJ2fnan < -~fie .f:mplies ~ -~ 
that: :r:.-:rdon ~h .. 1s < rri0Ved ~3 wa·.y f,r:"6trt ~t.M> radtum s-<§ur::cfe;:: ·_Fe~ult~i'ng in-: :-:- ~- ,.~ 
less 2l 0 Pb. Jh : t: -: li.t e.:y: t:.zq_a..td .. ve:::· :t a· -: 22.6f\:a; C::Al I ~-but ::one: of the-:: samples·;.:· : 
( A6) have · .(:('-".:t:.:. v-i t f- ':'1:<1·t' i o:s· .."less t-:!:{a+f · unity j : ii\' ~'fa:Ct:' :-:-the', dvera'f 1 .. ;· ,. - : 
act i v i:y r-ati::o·-b ·.:oa-bc>u-t·: CJ:.:s-, · ;.,ici.:th: :st=·.~ :.'Mi:frY's~ Hl-lis- '- h'a.'ving ~·a . : · .· : · :::: , -
somcv.;hat h:iairer 'f.tie:-'an- \Fal-ue~ ('t:{ig·A{:ficant.:. "'at ·the: 0 : 0 .. 5 iconfiderice :·· -:-; 
level). [,QWl"t :· . .:lCt"i.-v-t r. y l:'iltio's' COhla calso .:re=sul::t ·from Oniy :part·ial 
r:e c over~· of= r·olonl'um :ram th~c.- sed'ime~nt", with' tje' :apP:a""rent e·ffe-c: 
0 f ceducing .r.!':e l'b~/F .. l activity ratio:·. Sampl~e AEJ, ' ·witlf an ac·t'-ivi':~· .. 
ratio;:--_~ 1.~~~, i:; at :~ :.tacent .. ln anomaly· bec:ause the 'indi·v·id'u·a-·1-



activities of 210pb and 226Ra, as w.ell . as the activi-ty ratio, are 
much greater th.a:n th_ose of . the other samples. . .. 

Contr~ry to ~xpectations, the lowest a c~~~~ty ratios w~re not 
always near the ~~rface where radon could easily escape into tbe . 
atmosphere. The sandy soils in Essex Park with -. t 'he lowest activity 
ratios impl~ that-· radon has m6ved . away from its source even at 
depths of 3 meters. D.is.equilib.rium between 226Ru. u.nd 7.10pb could 
also result from downward migration of radium during we3.thering of 
the sediments or could, as rioted above, ·be par~ially related to 
inefficient extraction · of polonium from the sediment·. We were not 
able to compare the radon directly with,either 226Ra or 210pb : 
because the units were different (volume vs. mass), and the 
samples did not al~ay& correspond in depth. 

We. also used a 1-inch N·ai detector to measure the total gamma 
activity at 2-foot intervals in sever~i of the holes. In general 
the actiyity -versus depth relationship followed the pattern of 
radium and polonium in the sediment except near the surface, where 
there may have been accumulations of potassium. Total gamma 
activity in . the sediment ·appeared higher in St. Marys Hills, in 
accordance with the other measurements, but not all holes were 
measured. The results do indicate that subsurface gamma activ.ity:. 
is a potentially useful and simple screening technique, _which 
could b~ ' improved by using a spectroscopy system that determines! 
the energy of the radiation and identifies the isotopes present. 

INDOOR RADON 

-- J 
The summary o£ the indoor radon information is. given in 'rable ~~· · 

7. Of the 64 ho~eowners ·who were given the two detectors, 48 _ J . 

returned them. Of those, .17 were from the S~. Marvs Hills a~ea and 
31 from the Essex Park ai~a:. fhe mean indoor rado~ . le~els of St~ . · 
Marys Hills and Essex Park are different and significant at the 
0.025 lev~l {o~ a two-sided t-~~st. The higher . average.indoor 
radon in St. t-!al:"'ys Hill~ corresponds to the higher average 
radionuclid~ cori~en~~ in th$ -sedimen£s ,of St. Marys Hllls . and to 
the higher radon :ema·nat:io:n rq.t_~s. The - ~_cinge of indoor radon .. , , ~-·­
concentrations is similar fo.r both areas; each has· leve.is that ., . · . .. 
exceed 370 Sq m-3· ,and . . levels· that .;1re les.s tha;n~ 37 Bq m-3 · Al.t.-hough :-. 
thi;:; n"rilices ~~e ''rrobab.i'lity 'of pre.di.cting radon levels for . . 
indi viQ.uaJ. ·:homes~ ,- --~-here fs.: a .go.od. corr.eiat ion ;bet we en the .a verag~ 
soi 1 radon. ;~cc:inc~nt ~atiOns, . paren,t ./ daughter !:"a'd.ionuclides I and 
indoor i:'<]idon . ~ l~ve~l_s. __ .. _. .... . · · · -

-r~- -: · : . 

~~ .: tQNCLO~!O&S 
·, . 

Our primary _9.bjeqt.:.\:e ~n t;his st;_-ydy was to {11easure, in two . 
different are~?' ~ - !='a.dio:".tlc~i<;ies': ~el~-~ed to and .. inciudirig radon .. at 
sever~! depths ·-~~t~i~ - - ~n~o~SQ~{da~~d sed~m~n~~~ ~ and · to see wh~~; 
if an y , c ort~ l }tib n e x!sted b~tweeri the characteristics o f the 
sedim0 nt a nd .:.::door radon levels. All o f the measurements were 
:nacie in g laci 2. ::.. y r:ier i ·:ed or related material. ;!one Her e o btained 

·~ . 



from the li~estoni bedroc~, whidh . was enc6~ntered in only three 
holes. We think that withi·n· the·: ~study area:S the glacial sediments · 
are the primary source of i~door radon and_t~~~ bedrock probably 
is not a· s~gnifi~ant source. A more extensiv~ ~ study is neaded to 
dete~mihe which homes were built on or·near be~rock artd collect 
additi6hal data· on the r~don and other r~diSnu~iid~ levels. 

": ' ' :: . •. 

Radium-226·, 210pb, radon ema.nati"on·; ·an'd· downhole radon level~s 
all hive statistically hi~her aver~ges · fn S~~ · Marys Hills _ 
sediments than those in Es~ex Park. Indoor r~don levels also were 
statistically higher · in st: Marys Hills, · and had a positive · · 
correlation with the radionuclides in the soil. The mineralogy, 
moisture levels, and =bulk d~nsities were ~imilar in both areas and 
did not correlate with the radionuclide 'distribut.ion. Te.xturally 
the sediments were variable but showed similar average contents of 
gravel, sand, and silt/clay; however, moi~ work is needed before 
firm conclusions can be made about the ~ffect of grain-size 
distribution on the radionuclide content and distribution within 
the sediments. 

All of . the techniques used to assess the radori potential were ­
consistent with e~ch other and could be applied individually or 
collectively to -other areas. We believe that at these sites near 
Rochester mineralogical characteristics· of the sediments and the . 
location of samples within the stratigraphic column were only 
partially ~espon~ible for the observed distribution of 
radionuclides. We suggest that post-depositional transport of 
uranium and radium related to weathering processes contributed to 
the observed distributions. The redistribution of radionuclides _ 
was more extensive ~ in the st: Mar~s - Hills area probab~y owing _ to 
the greater vertlcai 17eli~f :-~ In both· areas 226Ra/z~:oPb·- activity __ 
ratios = indic.;~te'. mig.ration· of:· radon ind~pendent of the .: 
parent/daught~r: movement~; : . .c . . . . .. ' . . : " .-.·. . ' 

:· ~ - :: :: . .. - - . 
P redic~ ing - r.:~.don · source area:s ·tn ':re.giq·ns wh~re s~diriien_ts are 

more than a :.coup le- of meters thi_c'lc' ~:.sfiould~. not:: ·: b~" be _t)aseo _solely 
on identi·~~~~1~fo~:9t g~oi99"~9~1 :~mater.L~al. { q_r "6.n r;ep._r-:surfac~.~-i:-a cj.ori 
measurements: EvidE:J"!<:eJo~·--t'J:l~ ,_.s~con_qa~r·~ ;·tra~sp,ort c;nd ·. ~ · , .... _ 
cect is t J;:fou t L)·n ··eH i;:rdianucl i'd·e:s ·ts no·t · · sn6t-Jri on · geologic·. map-s., "C. :id 
necfr ..... 'Sui E-ac0 '- "recfi:On~ :c l!i:(fe:. c·h'irac·te1:- is t i ts:. ma y· tif:f'f"e_r · { r_ori! t qq se "at . _ 
basement d'e·~~th-.-· ''The data -.:.ffom ::this -:s:tu-dy ,·:· ~ lt·hilugh-: :1.fm"ited·- in ' : -· 

~ · . . - ~ : . ~ - -. • .. , • - •. r ~ ·· r- - ~ • • 1• .. ~ • • • • • • , f - f • •' • • - "' 1 • 

area, - ~::-rfdi.:c.:H:e~ tha."t ··irte:asurement- ·o-r radcm ·o r ·re:la."te·d ·radioacti~ve .. ~· · 
· - • -. • • •o • '. )·· - ~ f': • ' (:" ''• •! - • •• ... • • • ~~ C', r • ,0 • • ' ,.., 1-·, (' ,--\ •: 

n uc 1 ide :-:- T:-: :i'J.:f-E.:- :c~1n: :be :a l..i"Sefu-1"· "p rec·cmst ru'cri"od ·in!r.ic .at~o-~· 9-:t' __ - · 
rotent.:.ill i:1-ioor r-adon problems. Survey methods colfH:l t·nvo-.rve ,_,; ·-
active m8asu~·ements ,lt depths g,r;~g.t:~c ~ban 1 meter of soil gas 
cadon, :;ubst:~· ::acr~ g<~mma ~>pect:-'bscopy-ana.· 226Ra in the sediment. 

The >,;Jar~ -ie~<~r-io(~'d i0 thi? · :pci~Jr "t1~i.·'--~-6t .~f,j~~~~ ~l)y: fl}~:- 0 .:s :: · .... 
[n Vi .ro:1men t.:ll P rote et ion Agency and there fQre ·_ t:he . CQnten,t:~3 sJO .. not,.:.:. -:. 
nec ... ,ssari:l~· :,,fl,··:::t 1 he_ vie>:is cf t~.e Agency and r.o 6!fici~1~ · · 
··nd,•cseii-i•!n:: :·::.ouitl l )<' inferrcci. ..- · · 

-
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TABLE 1. DOWN HOLE RADON MEASUREMENTS, ACTIVE & PASSIVE- ST. MARYS HILLS 

Sample No.- Date Active Date Passive Date = Passive 
Depth (m) mo/yr (k8qtm3) rno/yr (k8qtm3) mo/yr {k8qtm3) 

A1-1 10/88 17 ± 2 7-8/89 29 ± 4 
A2-2 10/88 40 ± 3 7-8/89 40 ± 6 
A3-3 10/88 61 ± 4 7-8/89, . 57"± 8 . 
A4-4 10/88 68 ± _6 7-.8/89 71 ± 9 
81-1 7-8/89 42 ± 6 8-11/89 25 ± 2 
82~2 7-8/89 41 ± 6 8-11/89 28 ± 2 
83-3 7-8/89 29 ± 4 8-11/89 20 ± 1 
84-4 7-8/89 water . 8-11/89 5 ± 0.4 

C1-1 7-8/89 26 ± 3 
C2-2 7-8/89 44 ± 6 
D1-1 7-8/89 44 ± 6 
D2-2 7-8/89 46 ± 6 
D3-3 . 7-8/89 53 + 7 
Average 44 + 13 
Error values are one standard deviation based on counting statisttcs. 

TABLE ., DOWNHOLE RADON MEASUREMENTS, ACTIVE & PASSIVE - ESSEX :.;RK '- . 

Sample No.- Date · Active Date Passive Date Passive 
Depth (m) mo/yr (k8qlm3) mo/yr {k8q/m3) mo/yr (k8qtm3) 

E1-1 8/89 22 ± 2 7-8/89 15 ± 2 
E2-2 8/89 21 ± 2 7-8/89 22 ± 3 
E3-3 8/89 21 ± 2 7-8/89 18 ± 3 
F1-1 8/89 15 ± 2 7-8/89 21 ± 3 
F2-2 8/89 26 ± 3 7-8/89 32 ± 4 
F3-3 8/89 27 ± 3 7-8/89 24 ± 3 
F4-4 8/89 27 ± 3 7-8/89 36 ± 5 
G1-1 (0.2)* 8/89 3 ± 0.3 7-8/89 18 ± 3 8-11/89 :o :±: 1 
G2-2 (1 .2)* 8/89 23 ± 2 7-8/89 31 :±: 4 8-11/89 :s = 2 
G3-3 (2.2)* 8/89 24 :±: 2 7-8/89 33 ± 4 8-11/89 23 :±: 2 
G4-4 (3.2)* 8/89 31 ± 3 7-8/89 42 ± 6 8-11/89 collapsed 

H1-1 8/89 13 ± 1 7-8/89 23 ± 3 
H2-2 8/89 21 :±: 2 7-8/89 25 ± 4 
H3-3 8/89 19 :±: 1 7-8/89 25 ± 4 
H4-4 8/89 17 :±: 1 7-8/89 23 ± 3 
Averaae 22 ... 51 26 + 7 
'Depth (meters) of acttve radon measurements in Hole G. Error values are one standard deviation based on c::.:~:mg 
statistics . 
tAverage does not 1nclude sample from depth 0.2 meters. 



TABLE 3. EMANATIO~. RE$t.ll: .. TS -ST .. MARYS_ .HILLS 

Sample No. Bulk Emanation Sum of Emanation Emanation Emanation . 
Depth (m) from Sand &(Silt+Ciayr 63-149 IJ. .. <63 IJ. 

(Bg/kg} (Bg/k.g) (Bg/kg) ' '(Bq/kg) 

A1-1.3 7.6 ±·0.4 14.7 ± 0.7 16.7 ± 0.9 t14.6 ± 1.0 
A2-2.1 t10.6 ± 0.7 14.3 ± 0.7 11.0 ± 0.8 t16:9 ± 1.0 
A3-2.9 20.1 ± 1.0 18.0 ± 0.9 .15.9 ± 0.9 21.3 ± 0.9 
A4-3.5 20.2 ± 0.9. 22.4 ± 1.1 19.1 ± 1.0 26.8 ± 1.2 
A5-4.0 11.0 ± 0.6 12.3 ± 0.6 11.4±0.7 14.5 ± 1.0 
A6-4.6 t38.2 ± 3:3 17.5 ± 0.9 t13.7 ± 0.8 t20.3 ± 1.3 

81-1.9 15.6 ± 0.7 9.5 ± 1.2 6.6 ± 0.6 t11.2 ± 1. 7 
82-3.4 11.1 ± 0.8 12.2 ± 0.6 20.2 ± 0.9 11.9 ± 0.6 
83-4.6 13.8 ± 0.7 11.1 ± 0.6 t15.0 ± 0.8 t10.9 ± 0.6 

C2-1 .8 18.8 ± 1.0 11.4 ± 0.6 21.7± 1.0 11 .2 ± 0.6 
C2-2.9 11.0 ± 0.6 12.0 ± 0.6 19.5 ± 0.8 t11.2±1 .7 

01-1.2 18.2 ± 0.7 . 12.1 :t 0.6 32.4 ± 2.0 11.4±0.7 
02-2.7 34.0 + 2.0 . 27.1 + 1.4 21.8 + 1.0 30.9 + 1.0 
Averaae 17.7+9.2 
"Emanation measured on 63-149 1-1 s1ze and applied to total sand fraction; emanation from <63 1-1 size includes both 
silt and clay. Sum is the measured. emanation times the weight percent of each size fraction . 
tThe number is mean of replicate measurements: error is the standard deviation about the average. 

TABLE 4. EMANATION RESULTS - ESSEX PARK 

Sample No. Bulk Emanation Sum of Emanation Emanation Emanation 
Depth (m) from Sand &(Silt+Ciay)* 63-149 IJ. <63 IJ. 

(Bgtkg) (Bgtkg) (Bq/kg) (Bg/kg) 

E1-1.9 t6.~.± o-.6 6,8 ± 0.7 . NS~ . 16.5 ± 1 . .0·-· 
E2-·3. i 8.2 ± 0.5 12.3 ± 1.2 11.4 ± 0.7 14.9 ± 0.8 

F1-1 :8 9.8 ± 0.7 12.7 ± L2 35.5 ± 1.4 10.1 ± 0.6 
F2-3.1 11.8 ± 0.6 9.3 ± 0.6 5.0 ± 1.0 9.4±1.0 
F3-4.3 8.8 ± 0:6 8.0 ± 0.8 t2.2 ± 0.6 10.0'±0.7 ' i 

G1-1.9 7.4 ± 0.6 5:6 ± 0.8 3.1 ± 0.4 10.6 ± ·o~s 
G2-3.3 7.2 ± 0.5 6.3 ± 0.8 2.7 ± 0.4 9.5 ± 0:7 
G3-4.4 t10.5 ± 0.7 6.7 ± 0.8 t1.2 ± 0.5 tt0.7 ± 0.8 
H1-1.8 5.6 ± 0.7 5:6 ± 0.8 2.8 ± 0.4 9.4 ± 0.6 
H2-3.3 4.7±0$ 5.2 ± 0.8 2.3 ± 0.4 9.7 '± 0.7 .. 
H3-4.3 5.2 ± 0.5 4.8 ± 0.7 .~ 2.0 + D.4 fO.O + 0.7 
Averaae 7.8 + 2.3 
"Emana!lon measured on 63~·149 1-1 s1ze and applled ·~o total sand,fractlon; emanatiOn from <63 J..L SIZfi! 1ncludes both 
silt and clay. Sum is the measured emanation times the weight percent of each size fraction'. 
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tThe_ number is mean of replicate measurements: error is the standard dgvia!i~~~~t~ ay~ r!-'1.9~· :..·. ___ .. _ .:.._~· • .:...:.: 
tNS 1nd1eates 1nsuf!1C1ent· 9Bf!1Pie;:f-or ·measur,ement: ... __ ..... ,. .... .. · .... .... _.. . , .. ,. 
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ANb .THORIUM-23.2 -~· .. 
TABLE 5. RADIUM-226, LEAD-210 IN ST. MARY~ HILLS .. ' . ,( 

' 21bpb;226Ra Sample No. Ra~226 Pb-21 0 ' Th-232 -· 
oeeth ~ m ) ~ Bg/kg) -{Bgtkg) ~ Bg/kg ) += 10% 

A1-1.3 8? :..±l 10 t24.9 ± 0. 7 32 ± 14 0.30 

A2-2.1 7? -:!; 10 t18.8 ± 2.6 48 ± 18 0.24 .• 

A3-2.9 74 :± 09 37.8 ± 0.6 29 . ± 15 0.51 

A4-3.5 64 ± 09 37.2 ± 0.5 55--.'± 19 0.58 

AS-4.0 . 45 ± 07 26.4 ± 0.5 23 ± 17 0'.59 

A6-4.6 117 ± 12 t146 ± 46 38 ± 18 1.25 

81-1.9 30 ± 6 23.7 ± 0.6 33 ± 16 0.79 

82-3.4 47 ± 8 26.4 ± 0.5 55 ± 15 0.56 ----
83-4.6 42 ± 7 27.0 ± 0.7 55 ± 14 0.64 

C1-1.8 60 ± 9 39.9 ± 0.8 45 .± 19 0.67 

C2-2.9 39 ± 7 25 .8 ± 0.6 34 ± 16 0.66 -·-·· .. 
01-1,2 39 ± 7 32.3 ± 0.7 42 ± 17 0.83 

0 2-2.7 79 ± 9 !54.9 ± 7 44 ± 13 0.69 .. 

Average 61 + 25 40 + 33 41 + 11• :• . 0.64 + 0.25 

tThe number is the mean of replicate measurements: error is the stan.dard deviation about the average. 

TABLE 6.. RADIUM-226, LEAD-210 AND THORIUM-232 IN ESSEX PARK 

Sar,nple N_o. . . . . . Ra-226 ___ __ _ 
Depth (m l (Bgtkgl 

E1-1.9 ' 27 ..t 6 

E2-3.1 

F1-1.8 

F2·3.1 
F3-4 .3 

G1-1 .9 

G2-3.3 

2 1 ± 

39 ±. 

5 

7 
36 ± -~ 7 

... 
·2s ± ;s 
:25 1-: ·-7 

.. Pb-21 0 ~ 
(8g/kal 

16.1 ± 0.4 . . 
10 .9 ± 0.4 

19.4;± 0.5 

18.4 ± 0.8 

16·.1 ± 0.7 

Th-232-· 
: (Bgtkg) 

29 . ±: 10 

. 21.0pbf226Ra 

±"' 10%; -
• I 

0.60 

32 -1f 11 0.52 

49 ± 17 0.50 ... 

64 ;±, 20 0.51 
I 

50 + 17 0.49 ' .. . , 
1 

~3.3 ± 0.3 30 ~t- 14 0.5·1 .: :: r . . 2 

I ' 

I ':'. 

.. . 

!. : ~:{.<{; ± 0.4 . 37: . ~±· 12 0.58 ' . • + 
. ., . .. ~ .. ( . 

G3-4 .4 ... ...:?.L±_~ ca _ ___ . _ _r:.nr.~~-:t_.Q. .. ?. ...... ----- .29 ·. ·± .. 1.3 ... --··-- 0.42- .:.. ; . : -- - ---.. ·- · - - ·-:-· 
:.:- \ ~:' 

H 1-,1.8-, :·~~~~~~~.~-~' ~- --~~- r:'::-:-~i~~"'~'.~~~=~-~~8-~-~t:· 4_ :~:'-·~ -~-~·-3_3~==·~~} ?.~'-~l ~:~~'~-Q. ~3 ~-~~-: ~: ;· -~=--~ ~- ':~ .. ~}:: ~~~-'=;-
H2-3 .3 23 l sro: ;: "' '' s_:;: --:;r.6.5 ~±~ Q~) : 1"~ llo ,,J 2 ±· ~ t4 · "G ~. :.0 .28 .• - ;: · ' !; .... ~ :. : : ' \i'o ;. : 

H3-4.3 25 -~;· .·s6f er.;'JOO:C ,:.: f9'y2o+:·o: .. 4Cii ·:·· ' 3f ' +'" "fb ,. v· o.3i"911 ;p'~ .• . , , _·- ~ ··" c::: .. ~ 
Averaae 28 •· 6 14 ± -t 38 ± '12 0.47 ±: 0 .09 

tThe number is the mean at replicate maasurements: error is the standard deviation about the average. 



TABLE 7. SUMMARY OF RADON LEVELS (Bq/m3) IN HOMES WITHIN THE STUDY AREA 

Geometric Arithmetic 
Mean Mean Min. Max. 

St. Marys Hills ~ 

Rn Index No.t 180 • 1.8 220 70 610 • + ... 
~ 

Rn Basement 250 • + 2.1 270 40 1100 
Rn 1st Floor 130 • + 3.0 160 30 400 

~ 

Essex Park f 
Rn Index No. 60 • + 2.5 90 10 390 
Rn Basement 80 • + 2.4 130 15 650 

f -Rn 1st Floor 40 • + 2.7 70 10 280 • 
tThe radon index number is a weighted average of the two radon measurements in the house. The weighting factor 
for each floor was an estimate of the amount of time an occupant spends on each floor. 
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Figure l. Map showing study areas near Rochester, 
Olmsted County, Minnesota 
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:1~urc 3. Oorehole lithology and sample locations 
based on field identifications. 


