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A passive integrating, mcj,oq Eqﬂ oaejﬂfet’& has’ ’hm@veloped 1ng elecﬁ"li’*i"!
chemically etched tracks,in CR-39, ““The detectors.will bg used in a Sifrvey o 2000 -

or moré hémés invtherWK. . The ranpﬁnu of the dosemsgers is ghown to be Mnéar ¢
with"t8speét to-exposwres It is shown that smap-¢m polyethylene lids 311&&0222m1 o
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NRPB ark Planning’ to carryz out a sur\f!y of the Ulu!to determine average nxpoum:es of
people to ‘Gammaisrays and 22%Rn daughters 1in their homes, and to identify*areas ir
whiera higll exposures .may, Qecur , :im., Cliff andiWriyon, 1981; Miles atid Driscoll,
1981). It is expected that 2000 “S¥ more homes will be surveyed, for Fhis
purpose pasgive dosemeters that can be issued by post have been developed. Radon
*ﬁhter exposures will be estimated by using a pagsive detector to weasure the
i ed: exposure to radpp gag and gssuming an appropriate equilibrium factor.
tely 400 homes are: qurrenely peing monitored as a trial' survey, and the
i,nit:ial results have” bee'ff"cmmi’-bith active meagurements of radon amd“its
daughters« ‘The. detectors ,are fr. in homes for successive periods of three or

- &

six months to dever & . whole y : VI ‘each dwelling one. det(qetor is euposﬁ in the
uin Jiving ared '$nd ong in t 'iﬁ?d’cn. . h g &5 14 4 “Ehen
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The Hosamever consists of two pliéves of CR-397fixed imghe base of & mags~produced
polystyrens cup (Fig.l). “‘A plece oftifath ig. fitped te;the top 3£ the ‘cup to
allow radon o diffuse in while p:aventing radon mhters or duat from-entering.
The ‘radon {u whe cup decays, :mmigh "ped ‘didin of daughgers and some of the alpha
par! icles emitted in this prodess will enter the deteetor, leavi P&vfﬂle £¥ails
of “damage, . The mumber of . ;lﬁih s proportiomel to THe integrafdidd ure of the
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Aftar the exposure of dossmetsrs in homes, the mm; are emved
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_.detgatora: with:. poknethylene lidgad:
The maximum track density is that
_given by «cups sgkthl ql»oth: coversr. B
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one element from each cup is reserved for possible future examination-and--
element is etched.  There jg a pre-etching stage of one hour in 0% NaQH at | g . 2
followed by electrochemical%etchi’ng “n "5‘033 ag 2%k, 18. EVQim 4 °;§g fqrﬁ;;i s
6 hours. The strengthe” of théetuhaht’ sa‘lht:lans aré checked by t{tration
constant—.’iﬂ-c is-maimtained ~by-—etching—on a ,themcuﬂttt:‘am‘tdmmﬂ'ﬁmer“ il
tray. -.The detectors are etched on the expoged side only, to reduce background,
while the unexposed side is in contact with hn eaythed plate. A drop of saline is
used’ to ensure good electrical contact bet:iveen the. CR-39 and the earthed plate.
Each detector is connected separately to the:power “source through a 10 mA fuse so
that if a hole etches through one detector;, this does ‘not affect the etching of the
rest. Up to ten detectors are etched togéther at the same voltage, provided they
are. they the same thickness™within #5%.. . It has been found that a *5% variation
in electric field strength results in a tlmnvaristinn in sensitivity, but this can.,
be corrected for. Two power spurces are wus¢d, each connected.to ten etching
cells. Using a timer ewitch for overnight.. ching. 40 detectors .can be etched in
24 hours. S :
1'." i
If the first “detector alament reveals Mery.high track density, the sec.ond is y
electrochemically etched without a _pre-etch. & This reduces the sensitivity by a 3
factor of1'six. Each sheet of CR-39 (obtained from Pershore Mouldings Ltd) .
provides 130 dosemgternelemenis.:. Asnsheets vary ‘in sensitivity, samples from each |
sheet are calibrated by exposing them in dosemeter cups in a Fast Radon Exposure

Device (FRED). This consists of an oil drum containing a radium source-which * - |

freiem iy

-

maintains a concentration of about 7.5 x 10" Bq m~3, The radon concentration can.’
be measured during exposure by sampling with Lucas_ flasks. For calibration !
purposes, dosemeters are exposed to ahout 108 Bq m= 'Ll_gvjw e P

£ 3In ss.ueas lelulnl v
During, the.pregent:triala, cups have heemusad with a cloth cover To' dkclude radon
daughters apd.dust, ,.:However s experimente: have shown the cloth to be unnecessary,
as radon still glj.ggusaa into ithe cup when it is fitted<with-its original «ghap—on -
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polyethylene lid. Four cups with cloth covers and tem with polyet:hylena lids were
exposed in FRED ‘for '17"Wours.” ~THé polyethylene lids were removed from the
dosemeters at--times.from 0 to 45.5 hours after the end of the exposure to release
any radon gas left inside. Radon will slowly diffuse into each cup during
exposure, then diffuse out again after the exposure at the same rate until the 1id
is removed. Therefore detectors which had their 1lids removed at different times
had different exposures to radon. The relative track densities on the different
dosemeters allow the rate of diffusion into the cup to be calculated. The results
are shown in Fig.2. Assuming an exponential- build up of radon jin the cups, the.. )
result from the cups that had their lids removed jmmediately I.ftlr expou},rn imply a
10 hr half=timefor.the -exponential, - This fits the ‘other data ‘points very well,
showing that all cups had, approxiu‘tely the same raddxh diffubiow rate, - ‘For
exposure of more than a few .days. dosemeters with po lene. 1ide: will give: almost
the same results as ones with cloth covers, with y ~10%:loss of track ﬂ!ms:[tg
due to decay of radon during its delayed entry inno t.he detector.,.. Upn of ‘thei
polyethylene 1id saves time and excludes moisture'amd™ 1@2 from™the &up. Iﬁ a
small package-of desiccant s :fncluded -in:a cup with a zgolycthrhm J,id the g5
dosemeter should &lso ‘be" Juit:abl‘o for sedsurements of Rn in soil. o
h K e % T Mne T LIRS
Smaller cups are al.o available (Figsl) which wmﬂ{,ll be ouieablp for po roonad oo T
dosemeters. Two 22 mm dismeter discs of CR-39 can be fitted: lt the - top ani R
bottom of the cup, separated by a short piece of pls :l.qé tub: !g% »‘J&E&& T v
inside the:cup. ! As with the larger ‘cups, the pof ylene ° ows on to
diffuse in while''excluding ‘dust and radon ‘ddughters. The response of detectors
exposed in 10 ml cups has been found to bc ~501 of tho mponoe in thc 100 nl cups .
used in houses. S R LN ¢

Results nnd Dig cnuion
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equilibrium factar of 0.3), presumably due to variatigm in the conditieti in which
the plasic 18 cured. The background track density varies from 0.15 to 0,40

tracks ms”%, usually corresponding to about 1 WLH. A trial has been catried oug
exposing a set of dosemeters made from the same gsheet of CR-39 to different lengths
of time in FRED., The results are shown in Fig.3, and display linearity between
expogure and track demsity up to 7 x 10-3 Bq m~3 h, The dosetters have also hesn
exposed in dwellings where active mesurements of radon have been carried out, &
that the results of active and passive measurements can be compared. - NRPB “are
currently carrying out a survey of homes in an igneous region of the UK where the
average exposure of. tle-population to radon daughters ig expected to be highér than
for the rest of the UK. Both active and paseive megurements are carried omt.
Inttial . repults from these exposures are shown in Fig.4. It is not to be expedted
that active and passive mgagukements will-agree closely since householders can
change the radon concentration bx,.an ordey of magpitude simply by opening a window.

#

Nowever, thers was ¥road' agréément ween active' and pessive memsuremsnts.
t e (A F 4

The interpretation of the results of either active or passive radon messurements is
difficult, as neither technique mpasures directly the exposoure of individuals t¢
radon daughters. Active neasuvements lasting a few hours camnot bs used’ to give
an sccucate estimate of the exposute of an individual, as the concentratiom of
radon changes from day to day depending on the ventilation rate. Passive
detectors aveid this problem as they give a result in terms of the average

2Rn gas concentration for the duration of exposure, However, passive detectors

**have other difficulties. The radiation dose to the lungs 1# mdinly ‘die to radon

_ daughters notn-radomgas, ~An equ{jibrium ratio has to be sasumed, iwfroducing some

} _uncertainty. into the' result.’* Another problem dg.shat the. rrudor- coicentfagdon in a

~r. room during the-day”will be different from that at night'. Although® the,
Wik
j.?‘_ hé radon: eiposure of an individual proba
““factor of two by either technique, though the accuracy of the estimate of average

neaguremgng. of interast is the average concgptration during the' period” of AR

ocpupancy, gthe passive detector measure “ﬁg,ggyaragn over day and night. Overall,
y cannot be estimated to  better tham a

population exposure is probably more accurate. Ideally, a passive 1nteg_ag_:£ng

- radon” daughter working level dosemeter which is small enougliy to beréattiad aé o
pergonal dosemirer. is desired.  However, Urban and Piesch (19681) have shown that
passive detectors exposed to the air in an attempt to measurs WL give results X
varying by up to a factor of three in the same environment. Active integrating. WL
meters are available (Duport and others, 1980), but these requit® Batter """a'hdk
pumps. .The best passive #sthod of measuripg HLH.appears to-be 0 use a’r

: s radbn gas
g_otamt&r and ddsume an‘ala'qu'i_.liygim fEFFEF'_ s "E -~ vat Driseo.
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