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; i USING AN ELECTRET DOSEMETER* '
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. ber has been used earher for quantrtatlve
lmea.surement of gamma radratlon The chamber was modified to hold an air samphng filter paper at the bottom and air was
ugh was shown that neéarly 20%-of the energy of’ alpha’ radiation emitting from the filter paper was
! of the chamber This energy in turn produced ion pairs which were collected by the electret resulting
harge status of the electret B taking an air sample of known volume and allowing the regrstratron
“only during samplmg but alse
n of’ radon daughters could be

ted in easily interpretable working level units. By proper choice of
s ‘possible to measure radon daughter concentrations down to
[ ned ut by this method compared well with those obtained by established
eful for i unng time-averaged concentratlons needed for effective survey of

decay products it was shown hat the alpha energy concentratlon measured during samphng and up to a period
5t samphng, time bemg reéckoned, from the mid-time of sampling, yiélded 33% of the poténtial alpha energy
thoron daughters An air sam le collected and measured in this way registered all of radon daughter
} h a potential energy, thus providing an équivalent radon daughter
’_m1xture of daughter products without consrderatron of whether

ko2

method for measurmg the potentlal alpha energy
concentratron of arrborne daughter products of
radon. E
The procedureg: adopted until now has been based
~on the method described-by Kusnetz® or some
variation of the same®. The method consists of
collecting a_known: volume of: airborne radon
daughter products ona filter and subjecting the filter
sample to programmed alpha c¢ounting after the end
of the sampling to calculate the potential alpha
energy conc_entratio_n of WL or in J.m?3. The

instead of just the alpha\energy concentration. Ofie  Table 1. Recommended annual limits of intake (ALI) and
workmg level (WL) is defitqed as the potentlal alpha  the derived air concentrations (DAC) for radon daughters™®
energy concentratlon of the decay products of radon,  Type of “Z2Rn (Rn) 20R (Th)

equiy, ent to1.3 x lq*,_MeV er litre or 2.08 x 10° J lim¢g  Unit . daughters daughters
ALI Potenual alp.ha 0.(_)2 3 006J
) energy s ) o L
DAC* Potentlal alpha 83x105Im3 2.5 x 105 Jm??
) energy or . or . .
(-'7 concentration  0.40 WL 1.2 W'L ]
" * Assuming a mean breathing rate of 1.2 m’h‘l dunng a
,ﬁ« IAEA/BARC research contract No: 2895/RB: .. - working period of 2000 h per year. :
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proposed method attempts a direct determination of
such concentration (without having to do pro-

grammed alpha countmg) usmg an alpha electret_

dosemeter

ELECTRET boséxvﬁérﬁi{% .

An electret® is a piece of dielectric material sich as °

teflon exhibiting a quasi-perman'ent electrical charge.

It can be made easily in any laboraiory(” and -

characterised in terms of surface charge using a
simple electrostatic charge reader®. A teflon electret
of 5 cm diameter loaded into a cylindrical chamber
forms a simple electret dosemeter™. The electret in
such a dosemeter shows a decrease of charge liriéar
w1th gamma dose (llke an 1omsat10n chamber) overa

6 é J
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MATERIAL PERSPEX .
DIMENSIOM lN MM

Flgure 1. Exploded view of dosemeter and electret. holder.

Dimensions are in mm. H: Handle for lid; L: Perspex lid to
screw into H, the electret holder; CS: graphlte coated con-

ducting surface of electret E; DC: Dosemeter chamber;
GL: Thin graphite layer; T™: Threaded to ‘match; RG:

Rubber gasket; F Filter; TG: Teflon gasket;. M: Wire
- mesh; N: Nozzle. Hatched parts aré'made from perspex.

- bottom j portion ‘of the chamber was connected to': an,

C paper Thé procedure mclude the” followmg steps: (1

. draw a known volume of air
— the electret in the chambe

s post collection delay of thr

E\ o R ST

X or gamma radiation®. Since electrets retain their
charge for a long time even under unfavourable
atmospheric conditions® (65°C, nearly 100%
relative humidity), long tefm curnulatlve dose is A

measurable wnhout loss of mformatron

,ALPHA ELECT RET DOSEMETER FOR RADON ’
DAUGHTER MEASUREMENTS SN

The dosemeter: described earlier was modified to
accommodate a filter at its-bottom surface. The-
alphas emitted from.the decay ‘products_of radon
ionised the air in the dosemeter and' the ions were
collected by the electret. Figure 1 shows an exploded

.view..of: the alpha electret: dosemeter suitable for

measuring the alpha radiation emitting from a filter

- surface on which an air sample was collected. Figure -

2 shows a schematrc of the assembled unit. The

air samplmg pimp ‘to- dra“' air' rough the .ﬁlte'

measure the char
' the useful

sure th? by
ee next, sectlon), f (2) !
th opgh the filter paj her
llects ions durmg (the
penod of samphng, (€)] allow the electret to contifinye
collectron of 1ons formed for at least three

measure the charge on the eléc _' :
it is within the useful range (
_9‘111 cflose to six
half-lives of radon dau , allovi¥s almost
complete dissipation of radiation emitfted by the
radon .daughters collected on the fijiter paper.

. Knowledge of the change in charge andji the volime

of air sampled ylelds the needed cor; lcentrat’ron in’ &
B
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Flgure 2. Asse bled view of alpha electret dosemeter
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MEASUREMENT OF POTENTIAL ALPHA ENERGY CONCENTRATION
DA UGHTERS 2

working level units due to 222Rn daughters. It is clear
from the procedure described above that the total
potential alpha energy from a known volume of

sample is measured since. the alpha radiation is
* measured during sampling as well as during the time

needed for complete decay of all the significant decay
products of 22Rn daughters ‘Similarly to measure the
potentral alpha enérgy concentration of 22°Rn
ght ‘one has to leave the electrét in the
er for a period ‘of about three days ‘This
aspectj'wrl.l be discussed later . :

FRACT IONAL ALPHA ENERGY DISSIPATION

The sensrtrvrty of the alpha electret dosemeter
depends upon the fractional energy dlssrpated in the
ensitive volume. This was calculated- on the
rollowmg assumptlons (a) only 50% of the alphas
ngmatmg from the filter paper enter the sensitive
voplume, (b) each of the a.lphas emitted from the filter
payper d1ss1pates its energy over a path length of
cm, which is the distance between the filter and
'the Jelectret. -~

Tiie followmg equatron(” givés ‘the enérgy
dissijated (AE) by an alpha particle over a small
distante (AX). '

an alp'ha partrcle in MeV.-
jon_ was used to calculate the

energy used i in the eé:u c ,aleulatron minys the loss in
energy in the ﬁrst\rnm he calculations were con-

_ After : gu_/rng appropnate
r\adon daughters and thoron

fraﬁt.ion_al. er_i_crgy loss
adon and -thoron daughters.
nly..50% of the alphas deposited
on the filter pa r. enter. the: sensitive volume, the
overall fra jonal .energy, drssrpated in the sensitive .
volume could be taken as 0. 2063 \ g

" applicable. for,
Consrderm_g tha

A

OF RADON AND THORON

COMPUTATION OF:l POTENTIAL ALPHA
ENERGY - -CONCENTRATIONS FROM DOSE--
METER READINGS

The charge reader used in the present work has
already been described in our earlier work®: The
readout is in terms of volts. For an electret of 0.3 cm
thickness, a charge reader reading of 1 V corresponds
to'a total charge of 8.265 X 10''° coulombs when the
eléctret is loaded and measured in a standard holder.
For an electret of a different thickness, 1 V
corresponds to a different charge. The reading of the
charge reader is referred to as the dosemeter
reading® in volts. It is shown that the response of the
dosemeter is linear for gamma measurements over a
range of dosemeter readings (5 V to 20 V). Such a
range is referred to as the useful range of the
dosemeter™. An alpha electret dosemeter showed a
sllghtly different useful range (8. V to 23 V) because
the distance between the top and bott_om was 36 mm

instead of 32 mm jn the gamma dosemeter.

Let the dosemeter reading before sampling radon’
decay products be V, volts and let the dosemeter
readmg be V, volts three hours after sampling, that
is, after. reglstermg all the potential alphas of radon
decay products originating from the sample on the
filter paper. Let F be the total volume of air sampled
by the filter paper in litres. Equatlon 1 gives the
concentration of radon daughters in WL units

’ present in the air.-

c_[(vl )x8265x10'°x355x1061
/(16x10'9x13x10’x02063xF) )
C—68388(V Vz)/F _ )]

where Cis the radon daughter concentratlon in WL
umts

8.265 X 10 ‘°_ is the conversron factor between

dosemeter readmg and coulombs

... .for-a 0.3 cm thick electret.

' (coulombs volt.);

1.6 x 107 -

is the charge’ of an lon (coulomb
e perwnpalr),.
35.5 X 10¢  isthe energy needed (M'eV) per ion
. palr, i

F  isthe total volume sampled (htres)
13 x 100 s the conversron factor (MeV per
' litre per WL) '.
0.2063 " is the fractional énergy drssrpatlon

of alpha radlatlon in the sensitive
volume. .

For electrets of 0.1 ci. thlckness the conversron
factor between dosemeter reading and coulombs is
21.7127 (Coulombs volt") '

Therefore, Equation 2 reduces to Equatron 3 for
such electrets

= 17.966(V, - V)/F ®
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Table 2. Comparison of radon daughter concentrations determined by Kusnetz’s metliod and by electret dosemeter

method. (V = V,) : Change in dosemeter rending inV; F Total ﬂow in lltres, C: daughter product concentnmon in WL

units, o B L
- - JRE be Kusnetz s Dev1'atxo’n ..3.%
Location ) Electretvdoserneter_ o method at a1 v inperbents. /
il v,-v,) . F- c-. .. -  same . . from Kusnetz
1 2 - .
. : i W . location .. .. . . method -

1 Room20 =~ =~ . 22 - 782 o.0191 . ... 0.0182. - +4.95% .-
2 Room20 632 182 .. 0.0553: . 0.0546. +1.26% -
3 Room PP e 7290 260 ., 0. 1912_ .. 0.1879 +1.75% .
4 Room PP - - .- 3.37 i 260 0.0887 0. 0834.. : +6 32%r )
5 RoomPP. > =~ =~ 502 - 260 0132 0.1296 +1.90%
6. - U-mine..; . ... 175 ‘ 138 0.0871 —_

. _‘(SOOmlevel.:. ! : A : o1 -

. . depth).. . BT E B e e, Lalwmnhs

7. . Umine " .. 152 201

U '(434mlevel Lo ' ;

U depthy U U A e L

‘8" " U-mine : - 3.22 162° 0.1354

BT (370 mlevel < - SR e

P s depthy s e e L ST o Ehah s

9 U-mine, - .. 10.02 120 . 0.5696

vt _(l32mlevel_----’ % : o

0.7139 -~ - o pHt 2ghait

1000 %

Table 2 gives some of the measurements carried

out using the alpha electret dosemeter. The first five -

‘experiments were done in' a room having a relatively

high radon daughter concentration. . -
The procedure consisted of the following steps 1)

"the electret was read WAl ‘and loaded into the

dosemeter, (2) an air sa_rnple was taken and the
allowed to remain in the dosemeter for a period of at
least three hours after samplmg, (4) the electret was
read (Vz) Equatlon 2 was used to calculate the
potential alpha energy concentratlon since the
electrets used were of 0.3 cm.tl'uckness

The ‘concentration of r: don daughters was also
esﬁmated by. an alph'a ng method. The filter
paper in the dosemeter holder was taken out for a
short period after a known delay after sampling.
Dunng this penod the alpha disintegration rate was
detérmined in a standard alpha scintillation counting

system.. Immediately after countmg, the filter was

loaded back into the electret dosemeter for the"

reglstratlon of alpha energy from it. The concentra-
tion of radon daughters in workmg level units was
determined by standard’ methods(2 3 from a know-
ledge ‘of sampling duratlon,_ the volume of air
sampled and the alpha count rate at a specific post
sampling timé. -

It could be seen that the same sample was analysed
by two methods. The electret dosemeter lost some
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alpha energy durmg the short period (usu ﬂy 2 to’
3 mins) when the sample was taken out fo:/éountmg :
in the scintillation countér. This loss was e; Yipected to
be less than 2% of the total alpha energy. dr351pated in
the dosemeter over the samplmg and p ,/St samplmg
period.” The results of measurements /by th
niethods weré in good”agreement w1ﬂn éacl _
(Table 2). It was'noted that the electre{ method gave
a slightly higher valué comparedf to the alpha
counting method. This could be dite to the com ed .
effect of the'contribution fiom radon gas, the béta: | *
radiatiori and wall deposmon of %ome unattached’
decay products. However, thé dlfferences are w1th1n
the experimental uncertalnty I
- Having éstablished thé-agcurde ‘
the dosemeter was ‘takén*intovaii operatmg Indian
uraniuin mine at Jaduguda Blhar “The' dosemeter‘
was carried by a health surveyor and the sample was’
contmuously drawn by a: battery ‘operated pe sonalf
air sampler The dosemeter werghed about100" 4
which’ together with the 4ir sampler weighed about
500 g. The surveyor walked® through typical’ workmg .
areds. After collectm'g'” known volime of: sample
the air sampler was tur id off; the electret was taken’
out from the doséme¢ 'r'after a delay of three liours -
and was read. Thé nét’ change in electret readlng and
volire of air sampled" was. used’ for* calculatmg the’
radon daughter concentration iii workmg level unnts
Room 20 (Table 2) was a room near ' the” uranlum .
mines built out of granites from that areal’ .a_

;oo <
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MEASUREMENT OF POTENTIAL

Table 3. Sensitivity analysls

ALPHA ENERGY CONCENTRA TI ON
DAUGHTERS

OF RADON AND THORON

Minimum volume (litres) of air

Useful -

Electret
thickness to be sampled to determine the - - - Range*"
in cm .- respective working level" woe U Gt WL - litres -
1 WL, 0.1 WL 0.01 WL -. 0.001 WL PEE &
03 6,84 v 68.4 684 6840 103
0.1 -17.97 179.7 1797 17970 270

Assumption: A difference of 1 volt in dosemeter readmg can be recorded without any uncertainty.
.-* Useful range is defined as the range of doseméter reading over which the response in linear. Thxs range (15 volts) is the
dlfference between the upper hnut (23 volts) and the lower limit (8 volts)

Ventllatlon was stopped for ‘some time  before

: samphng was done. Room PP had a source of radon
Y] in the room. The second part of Table 2 gives results
of such measurements made in dlfferent areas of the

ven thqugh the cha:ge reader can resolve dose-
readin _gs down to 0. 01 V we can take 1 V as

'urmg a concentratron of 1 mWL
“to take 68.40 litres for
_ ns of the order of:O 1 WL

trvely Thus the maxrmum useful range corresponds
-, to electret chargl¢ change | of 23-8 =.15 volts. For
example a fully charged doserneter (0.3 cm thick
electret w1th a do_ emeter readmg of 23 V) could. be

I gmg at a concentratron of 0 1
'c:.en,tr_ation and sampling rate, a

the decay of all the daughter products which would

take about three days. Since it takes:such a long time

to arrive at the results, this method is \not considered
\

i

practical. Further it becomes difficult to resolve the
radon daughter concentration and the thoron
daughter concentration if a mixture is present in the
working atmosphere. To overcome this deficiency a
unified approach is suggested in the next section.

UNIFIED APPROACH FOR MEASURING
RADON AND THORON DAUGHTERS

Table l it 1s clear that a concentratlon of
l 2 WL of thoron daughter products causes the same
1nhalat10n hazard -as_that of 0.4. WL of radon
da 'ghter products This comes about mamly because
of the ‘fact that all the potentlal alphas from radon
decay products dlss1pate therr _energy in the. lung,
whereas only a part ‘of the potentlal alphas from
thoron .decay products dlssrpate their energy in the
lung when blologlcal clearance mechamsms set mto
actronv

When both radon and thoron decay products are
present in an atmosphere, the concentration, of
thoron daughter products in WL units can be

_reduced by a factor of 3 and added to the concen-
tration of radon daughters in WL units to arrive at an
equ1valent radon concentration for. comparison with
derived air concentration (DAC) standard- for radon
daughter products. In other words, one third of the
thoron daughter potential energy concentration can
be called equ1valent radon _daughter concentration.

Suppose we have an instrument that records all the
potential alpha ¢ energy of ‘radon’ daughter products
and one third of the potentlal alpha energy of thoron
daughters, then such an instrument can be said to
give a single result in terms of equivalent radon
daughter - concentrations. The alpha electret dose-
meter described in this paper has the capability of
measuring such. equrvalent radon daughter concen-
trations. :

We have seen that the alpha electret dosemeter
when read three hours after sampling gives the radon
daughter concentration in working level units:
Suppose we choose another time (larger than 3 hfs.)
for reading the dosemeter such that one third of the
potential alpha energy due to thoron daughters is
recorded by that time, then the dosemeter should
read the equivalent radon daughter concentration.
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Table 4. Time (t) needed to record 33% of the potential

alpha energy from thoron dﬂughters Tlrne, t, is reckoned . .

from the end of sampling and t_is the sampling time. Time
t, is calculated by subtracting the mid-sampling time from
the mean brological life llme of Th- B in the respiratory tract
(7.7 h)
t.(h) t(h) . t, =17~ ts/2 (h)
1 726 . . R b
e L 6T s Coo 6.7
6.28 6.2 -
5.80
5.33
- 486 - -
... 439
sis e 3930
. 348 .
303 .

P 4
CVOVP®NIA UL WN

Thls tlrne can be calculated theorctlcally (see the next
section). Such a time depends also upon the samplmg
duration.. Table 4 gives the results of such theoretlcal
calculatlons;"' For mstance if samplmg xs done for a

after, the dosemeter will start recordmg fiore than
one third of the thoron daughter coricentration and
will no longer glve equrvalent radon concentratlon

TENTIAL ALPHA ENERGY
DAUGHTERS '

Equatrons 4 to 6 can be derived from fundamental
prmcrples
- Equatlon 4 glves thc tota.l alpha act1v1ty (A )
formed up to thé end of sampling time (t,), Equatlon
5 gives the total alpha activity A) formed up to time
t from the end of sampling and Equatlon 6 gives the
total alpha act1v1ty (A ) formed up to mfimty

NotatronS° t, is the samplmg tlme, 5 o
t is the delay time reckoned from the
" end of sampling; .
0 is the collectlon rate of Th-B atoms
-+, from- air; :
‘B and C are the decay constants of :

PROCEDURE

ThB and ThC. - - -
LX) = (1 - ety
Y(t) = (1 - e~ : >
B(t,) = (1 — e’8Y) S

Ct) = (1 — e'ts) o
f is defined by Equatlon 7

5 ABC("S) L .‘ l B(l;) .-’

As = ¢.th + )
o [ AG = by AB(AC—AB)]
Al_q,[ AB(t) ?<..(t) Ly C(t;)Y(t)

T

Equation 9 is an approxunatlon of Equatlon 8 fo 'r .
practical situations. . w3

BIOLOGICAL INTERPRETATIO N OF UNIF ] D

" The blologlcal half hfe of daugihter produc i
lungs is"about 10.6 h®. The efféctive Half 'lifé-"of -
thoron datighters in lunigs can b calculated to be
5.4 h dand the correspondmg medln Iife i$7.7 h; Iti is
reasonable’ to' assime that onfaverags;- the “alpha
enérgy liberated by thiée depositeld thoron daugtiters is
fully deposited up to a period &f orie ‘mean life (7.7 h)
and the energy libérated is later translocated to other
organs. This is valid for ingtantly deposited: thoron
daughters. However, if -the depositién: has* taken
place over a period of Z time, say 4 h, then the
daughter products deposrted in the early part of the
deposition dlss1pate ‘their energy fully only up to
3.7h after the cn;z of deposition whereas those

deposited last dissipate their energy fully up to7.7h
after the end of dﬁ position. Therefore on avérage,.
the post sampling t‘rme needed for total dlssrpatlon of
energy is 5.7 h. / '

In general this model predlcts the followmg
equation.. - | . 3 ity

Ki
{
H
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i
= (7.7 - t,/2)
where t_ is the time during which deposition takes
place;

t, is the time reckoned from the end of
sampling up to which the thoron daughters
dissipate their energy fully in-lungs.

i Column 3 of Table 4 gives calculated values of t

for various values of t_.

i The alpha electret dosemeter can be identified with

i the lung and the period of sampling can be identified

with the period of inhalation (or deposition).

Following this model we can predict the time ;)
reckoned from the end of sampling up to which one
has to continue registration of alpha radiation.
From Table 4 it is seen that t_ predicted by the
biological model agrees fairly well with that predicted
' by the mathematical model.

tMEASUREMENTS
i’“\f Xx Experiments were conducted for thoron daughters
'é\ ) establish the validity of these procedures. These

% wekre similar to the ones conducted for radon
daunghters. To generate relatively high thoron
dautshter concentrations air was made to flow over
10 gryams of thorium hydroxide powder packed in a
filter \;paper before entering a 150 litre drum. The
flow ovver the thorium hydroxide was stopped for
about 5 \;ninutes to allow the decay of thoron in the
drum. » Alpha electret dosemeter was introduced

fmto the dr ‘um and a sample was taken for a period of
20 minutes:at a flow rate of 9 litres per minute. The
electret was\ read after a period of 7.4 h from the end

4 of samplmg \The potential alpha energy concentra-
-y tion thus calciulated was multiplied. by 3 to arrive at
the real potemtial alpha energy concentration of

" thoron daughteyrs. A typical sample taken for 20

7.4 h after sampling for thoron daughters. Equation
2 leads to a comcentration of 0.31 WL units
which is multiplied &y 3 to give the thoron daughter
concentration of 0%13 WL. The filter paper was
removed and counted ¥or alpha activity after a delay
of 20 hours. This data \was used for calculating the
thoron daughter concemtratlon using expressions
given by Stranden®. Thé. two values agreed within
10% of each other. \\

B S

DISCUSSION

From Table 2, it is seen that ‘there is good agree-
ment between the working levels measured by the
alpha electret dosemeter and by cther methods@3,
This close agreement between the results 1nd1cates
that the assumptions made in the theory are

_J.. -
»
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reasonably correct. From Table 2 it is also seen that

the time averaged radon daughter concentrations in

Jaduguda uranium mine varies from 0.05 WL to

0.55 WL. As expected, the concentrations are higher

at upper elevations since air is supplied at the bottom

level and is exhausted upwards.

The advantages of using the electret dosemeter are:
(1) The sensitivity can be controlled.

(2) Being an integrating type it gives representative
exposure of a worker without loss of any infor-
mation.

(3) The potential alpha energy concentration is
arrived at by direct measurement without any
consideration of relative concentrations of
daughter products, etc.

(4) It is possible to make a single measurement of
equivalent radon daughter concentration without
distinguishing the concentration contributions of
radon and thoron daughters. )

(5) The method does not require any measuring
instrument (such as a charge reader) to be carried
to the mine — a convenience in practice.

(6) Electrets are known to be stable against high
relative humidity®.

(7) The method has a potential of providing an
inexpensive but accurate method of measuring
the exposure of uranium mine/thorium workers.

The limitations of the method are the same as
those described for a gamma electret dosemeter®.
These are:

(1) Electrets cannot be stored in the open because of
collection of ions. They should be stored in
chambers having a small gap over the electret.

(2) For measurements of low concentrations, exten-
ded over a long period, electrets have to be aged
for ten days to achieve stability.

(3) If immersed in water, the information is lost.

(4) The presence of extraneous gases containing ions
can affect the performance.

It should be noted that the dosemeter also
responds to gamma radiation, although the response
is small and can be subtracted if it is likely to be
significant. A dose of 40 mrad is needed to bring
about-a change in dosemeter reading of 1 V for
electrets of thickness 0.3 cm. Similarly a dose of
about 100 mrad is needed for electrets of thickness
0.1 cm. It should also be noted that the beta
radiation from radon daughters collected on the filter
paper also ionises the sensitive volume of the dose-
meter. It can be shown that such a contribution is
negligible (<1%) compared to the ionisation caused
by alpha radiation from the daughter products
collected on the filter paper.

Because of the small volume of the chamber
compared to the volume of air sampled, the ionisa-
tion contributed by the alpha radiation from radon
gas itself is negligible. Therefore, the ionisation
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measured can be taken as due to alpha radiation of
decay products enly.

It may be pertinent to call attention to one aspect
suggested in this paper, namely, that this instrument
is capable of measuring the equivalent radon
daughter concentration in air without any regard to
whether the decay products come from radon or
thoron. The procedure is justified both on theoretical
grounds and -on the biological model of the
respiratory clearance. This method is particularly
useful .in measuring potential alpha energy
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