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ABSTRACT

Three radon studies, involving 150 background gamma nmeasurements and
leng-%erm alpha track tests in a total of 400 homes have been conducted in
“hees zoologically distinet areas nf the province of British Columbia. A&
pasitive correlation between the background gamma radiation and the measured
raden level can be depicted only at the regional scale.

[n the Coastal Area where the terrestrial famma radiation iz low. ao
kumea were found to exceed 4 pCis/l on the main fleor. [n the Kortznays. where
he hackground gamma i3 relatively high, considerably higher radon lavels were
neuntered. The highest radon levels were encountered in the West Koarsnavy
ne »he terreatrial gamma level i3 comparatively higher than East Koorenay.
2t Kootenay about 45% of the homes demonstrate radon levels asove & pirl
aﬁd % abave 20 pCisl on the main flocr. In the Zame area more than BO% ~f
the hemes rlemenatrate radon levels above 4 plli/l in the basement. [n th> Kasr
Kzntznzy, where the radon levelz were found to be lower than in West Foorenay.
the =ezrrogtrial gamma levels ire generally lower.
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[n srme areaz. the age »t the hiuze and the cembuaticn airc =upply -vatem

geom ns ocrelate with the radon Llevel. o Wezt Keotenay. where ~ne hishost
radeon 11-913 wepse cnemnterad. g poaitive coprelyrion wq, mbsnr"ﬂt hetwrmn rhis
vadern Aval in the bazemen: mad the 122 of the house. The ~oresti oW
negarics tep the main Eloor tpossibls due o ~ip ~issulation leruv:L'mJ::
fioor ani rhe basement o the new hooiasdr, o beth Roorenav aeeas. rhr o omes
with « “mvuarisn siz capply Cesm onrar e demonstestai paduced eaden leveis on
rhe main (i tmost peobativ due roo incresgesi inaide zressuee .
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INTRODUCTION

Survevs of radon gas in homes have been carried out in Canada since
1977(1).

These early studies, although they covered over 14.000 homes. were
based upon single grab measurements normally in the basement of the house

during summer and therefore gave poor indications of the annual exposure(2)
and the correlation between annual exposure and construction parameters. The
British Columbia (B.C.) Ministry of Health began making terrestrial gamma ray
measurements in 1980 using both Thermoluminescent Dosimeters (T.L.D.s) in 25
locations(3). and a portable high pressure ionization chamber (Reuter Stoke

RSS-111) in 150 locations. The areas of higher gamma activity generally
corresponded with rock structures where uranium is likely to occur(4). We

found the province could be divided into three gamma background areas. The
coastal region of the province has very low gamma background. a moderate or
normal gamma background regions that is located in the interior of the
province: and an elevated gamma radiation area of the province which is
acattered about the interior and associated with areas favourable for uranium
depnsits.

Figure 1 shows the province of British Columbia and the three areas
where our long-term radon surveys were carried out during 1988 - B9.
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The first long-term radon study was carried out in the town of
Castlegar. the West Kootenay region of the province. A previous radon erab
samnls .studv indicated slevated raden levels in many bazements there(5). The
region-has an elevated samma backeround and there has been uranium exploration
in the area. The second study waa carried out in the Eaat Koctenayv
(Cranbrook) regicn of the province. ‘Modérate gamma radiation® levels had lheen
detected in the region. However just south of the regicn. moderately elsvated
radon levels had been measured in Montana(8). The third atudy was conducted
in the Greater Vancouver Region of the coastal British Columbia low gamma
background region. [n a previous grab sample atudy(1l) by Health and weltarn
Canada in this area, only low radon concentrations were found.

This paper will compare the data: obtalned in tbeue three long-term radon
surveva. the terrestrial gamma survevs, other geological and construction data
available. This is the first step in developing a grod potential radon riak
model for homes in this province. .-

. METHODOLOGY

RADON SURVEYS o

The first survey was conducted in Castlegar. in the Weat Koortznay irea
nf B.C. The homes are located on glacial terranez créated by the Jslumbia
River. The soil is dry gravelly and permeable. The monitors wers inztalled
in-July of 1987 and removed in March of 1988.- This period was prpregentative
of the cbserved annual weather pattern. 74 homes-were: monltored (73 homes
returned monitors). All but cne home had an upatalrs and : dowmatairs (or
basement) monitoer. The monitora“were mounted 4 ~*7 Eﬁet abovn the ground.
away from drafts and placed in‘an &rea where the :amzl" Lummonlv “Eilde.
Measurement of the terreatrlul gamma were made at each houae. usuax.v outaide
on the reont "&td

The second survey was conducted in the East Kootenavs where !57 of the
180 monitors were recovered. The monitors were placed one per house. In thiz
study. the owner decided if the monitor should be placed in the b-zement oo
upstairs. - The monitors were again placed 4 - 7 feet above the erwind, away
from draft and in a central living area. They were inatalled in Taauare 1083
and remcved in July 1988. - [t was our obserwvatinn rhat this perisi reprezented
an average annual weather conditinona: Most ot the menitars wece piuced in
Cranbeack. the principal commuwity in the acea but scme wire placer in the
nesrhy communities ot Fernie. lovervmer:. Kimberley. Crezton and ticilen. These
commnztizs are tosated in valley bottoms at the tent of the Recky 'ﬂunc31uz

’he third zet of 110 monit:cz wnsoJdicteibuted in Greater Van:aver wed
135 menit rz were recovered. Althcusn the terrestrial gamma backesrsund ic
conzistenrly low the geclogv varies from the Fraser River delta (vich farming

landy *+- the Horth thore momtaing and includez bed rock and elacit. .at wash.
Une manitsr waz placed 1o rhe main living area of =ach home 4 Torset zbove
the fl:l¢ znd anay Uvom teal s wnd < croces. e terrestrizl gamma ooacurements
weres made 1n Ureater Vancouver in this study sincs gprevizuz studirz had
letectzd no signifi:unt hffer‘c-nc° trem one home to snother in this arex.  ‘he
radon monitors were placed in Jamary 128E and r»muJed in dugust v33.  This
reriod wag obsecved Al r%presﬁntative of the averags annual weather pattern.

Similar weather patterns have bw=en observed in previous vezra kv tihonshei ~t
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alis3) dur1ng th=1r vadon studies

tAL the ¢1me of monltor ciacement. & quesclonnalrﬁrwua completed bv the
surveyor.. [nformation. was collected.on the location of ‘the monitor(s), house
construction.. age- ot home. howe ogeupancy, basement or 3lab construction,
pos_lblﬂ radon~p¢thwava heating. and-ventilating svatems and the geological
'eny1ponment. survevors were instructed .on reguired procedures prior to going
"ot go that survey consistency would:be-maintained. :

_ANALYTICAL PROCRDURKS
Terradex alpha trart radon dPtEbt\PS were ubtaln&d from L=ndauer Inc.
Thev were type DRN and had a detection Llimit ot about (.4 pCisl' - month.

ol

" Terrestrial gamma measurements were made using & Reutetr-3tokes R3S-111 -

‘Environmental Radiation Monitor. The monitor s gamma rayv response extends
from .0B0 MeV to atove 8 MeV. Correction for-cosmic rays. was made by
recording the barometric pressure and subtracting the corresponding cnsmic rav
component, as apecified in the cperators manual for the Henter :stokeg
jnstrument .

RESULTS AND DISCUSSION

TRRRESTRIAL CAMMA MERASURERMENT

TurrpqtrinL Tammu radlatzon leVHLq wers determined in 150 areas of the
province (2 to ~100 measurementsx«rea}. The grovince (Figure 10 ran be ivided
nte 2 reglona nf térrestional r1d1atlon intenzitv. YThe first =r low:
kackasround area is the voastal szteip composged 2T the two tectonic helts which
wers most recentlv ratted into Horth America o build the province. The
aecend. moderate terrestrial .cadiation area. romposes much ot rhe interior
ey o0 the province. Within this iateriar area are targe Aarens of high'
tarrsatrial background. These areas corrvespond to the areas Lisntified bv the
Eritish Columbia Ministry of Mines as being favourable environments for
nbﬂniAm depositac 7. g v s g

There is a good ~orrelation between avorage -tveprrestrial zamma background
and awverage radon concentration (see Figure «i. This however (109s not tnlluw
thes e to the individual homes._.”here wa3 uy correlarion beruasn the
NIk '1iUAl homes terrvestrial geamma iatensity- and the raeton ievels tound in Ehe
basEment o upataics. The ~lr?ﬁt"d terrestrial Zamma was not the oalv
indiztor of rotential radon Drﬁblcms in: Lommun1rlrs. "[n the vaatlegar. West
Fhenccny acen the @il was deyllisavelly. andopermealle whilc ia the East e
Eociooniy ared’ 1 nmbere of acommonziics (Coanbrook c.ncl veeaton) weee wh“-rlain
itk v which agpears to. cotari-szlon mizration, -
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Figure 2 - Main Floor Radon Levels as a Functlon af
Terrestrial Gamma Radiation,.

CASTLRGAR., WEST KOOTENAY AREA e e

411 but one of the homes surveved in Castlegar had two levels. The land
waa strongly sloped and the liwer levels werc sunk into the ground on at least
3 sides of the home. ‘Most of the second level was located above ground. The

average .maih radon level was 6.5 pCis/l and the average basement level was 10.6
pici/l. A low pass filter waa applied to smooth out come «f the fluctuation in
the data_t tigure 3). . As can be.seen from figure 3. about 45% of the homes
demonstrated radon levela above 4 le/l and 7% were above Z0 pCi/l on the main
fleor. tore ‘than 60% of the homes had radon. levels above 4 pCi/zl in ‘the
hasement . APPPOTlmat;IV 15% of the homes had higher radon cincentraticns
upstairs. . 'In these hcmes frash air enterinz at the basement level was
rrobably d1lut1ng the radon in:the v101n1t; of the monitor.  The age of the
home nad 1 marked lntluengﬂ .on:the radon concentration (kigure 4). -'Ulder
homes can - be ‘characteciz ad g n3V1ng ﬁoqu" congtructed- basement foundations
with 3 danfadily “Sdaling - them -ert trom a ‘C¢Fv npataire. New homes. although
they hzve betIer congtructoa hapgements. “have open stalswavs. an occupied
bagement. " rentral heating zvstem. and a bettzr zealed housing =nvelop.
Although 1232 radon enters the newer building, .it: gets distributed over both
f1scre and is retained thers!* "Théers Was no direct correlation between
apstairs nd downstaices raden levelz. I 3 home was-zupplizd with make up
combuztion alr the average radon level waza downatairs 108 +9- 10.5 and 5.4
Fe- 6.0 pUisl upstairs. [f no combustizn air was supplied the average radon
Level sownstalrs was 102 v - 1200 pCirl and upatairs was 8.2 +/- 10.5 puil.
Although the evidence iz not strong it appears that the ccmbustion air supply
may reduce the negative pressure in the home reducing radon infiltraticn.
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EAST KOUTEQAY DATA (CRANBROOK AND VICINITY)

The East Kootenav area had. unlike the West Kootenay, a wide variety of
housing types. Table L gives the average radon values rfound in the reginom.
Terrestrial gamma levels are relatively constant throughout the region. [t is
intevesting to note that Creston and Cranbrook are underlain with clay. This
clay is not permeahle ind presenta problems when septiec fielda are
constructed. The other nearby communities are located on rocky and coarse
g20il which is much more permeable. ‘These communities have higher radon
levels. No clear trend was detected when comparing the age of the houses with
radon concentration. This may be because both upstairs and downatairs :
measurements were not conducted in each home. Combustion air intake however
does appear to have some impact on radon levela. I[f combuation air is
gupplied the average vraden concentration was 1.53 +/- 2.90 pCi/l on the main
floor and 1.87 +/- L.32 pCi/l in the basement. |f combustion air was not
supplied the average radon concentration was 2.29 +k/-2.75 pi/l on the main
floor and 2.29 +/- 3.36 pCi/l in the basement. 0% of the main floor radon
levels exceeded 4 pCi/l and L% exceeded 20 pCisl. ‘



Table 1 - Radon Concentrations in the EKast Kootenay Area

(Cranbrook and Vicinity) * e o
_ Number s Average: Conc. Standard
Area . . of Homes .in pCi/1 Deviation
1__ﬂil Survey Sites . _ : . L
; Main’' Floor . 90 .. o s 5. - 228
gl Bazement 87 el b 20 el - 1.9

Fernie " i__" 5 R, wd

Main Floor S 3 B : . 2.9

Bagement -“;:2 S ¥ L7 .6
Cranbrook gt :

4 Main Fleor 47 .2 - )

Basement 41 e G : 5
Kimberley

Main Floor 15 el 2.3

Basement 10 34 2.8
Invermere

Main Floor 6 0 | 8.5

Basement 4 1.6 .9
(Golden

Main Floor 4 L7 1.8

Bagement 5 3.1 L.
Creston

Main Floor 14 1.4 1.0

Basement i .9 -

GREATER VANCOUVER AREA

Radon concentrations in the Vancouver region were very low (average -7
0.49 +'- 0.23 pi/]l and ranged between .2 and 1.8 pCi/l in the 135 homes
measured. There is no significant difference from one area of the city to
ancther despite a large variation in geological environments. The three
factors that are common to the city which mayv eyplaln the low radon levels are
the :"w terreztrial gamma. an abundance of “hard pan’ clav that deters raden
infiltration and higher than average rainfall.

CONCLUDING REMARKS

Terrestrial gamma measuremente can be used in Hritish Columbia to
preditt a community radon potentiai. Thev however cannot be used to prediz:
an individual home’s <¢oncentration < radon. Zoil structure particularly
vermesbility appears to have a marked impact 20 radon potential (9). The
peovinee can be divided into thres radon risk areas. There is a wide cnastal
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atrip where the risk of radon exposure is very low compared to other areas of
North America. However the majority of the province lies in an interior belt
where the radon risk is typical of other areas orf North America. There are
patches within that belt where both the terrezstrial gamma and radon risk are
relatively high. Further study is required to delineate these areas and all
homeowners in these areas should make it’' a priority to test their homes.
Modern changes to house construction have:been reported to increase radeon
concentration in the living area(l0). Although we have also seen this in the
Castlegar study, some construction techniques such as' supplying combustion
area and well built basements are tending to mitigate this trend. There is
some concern that annual variations in household radon levels may also have to
be investigated(10).: At this time, fifteen additional regional radon surveys
are being carried out. These additional surveys should allow us to more
accurately delineate the geological. meterological, and construction
parameters that impact on radon levels in the province of British Columbia.
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