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Abstract -.:—.'. A1l electret dosemeter cons1st1ng iii an electre't loaded into a 60 ml chamber has been used earher Ifoi' quantrtatwe
1 measurement of gamma radiation. The chamber was modified to hold an an samphng filter paper at the bottom and air was

ampled through it.- .'.1t was shown that nearly, 20% of the energy 01‘ alpha radiation emitting from the filter paper was
luscipated 1n thevolume 6f the chamber, This energy inturn produced 1on pairs which were collected by the electret resulting

‘E~--'~thickness of the electret and the totalr

“a e area or £01 personal dosnnetry

.4. h a measurable change 111' charge status of theelectret. By taking an air sample of known volume and allowing the registration
" ,- alpha energy, not only dunng samphng but also fer three hours after sampling, a direct measure of the potential alpha

. .rgy concentratmn of 11111611 daughters could be calculated 1n easily interpretable working level units. By prOper choice of
flow, it was possible to measure radon daughter concentrations down to

1 1work1ng level units The field measurements earned out by this method compared well with those obtained by established
mat} 1911's.: The procedure was particularly Useful for measunng time-averaged concentrations needed for effective survey of

. '7‘ thorondecay.products, it was shown that the alpha energy concentration measured during sampling and up to a period
of 7:7 . -ou_rs post sampling, time being reckoned from the mid-time of samming, yielded 33% of the potential alpha energy

alpha pot '-
; ,t1on due t6 thorondaughters An air sample collected and measured'111 this way registered all of radon daughter

*ntlal energy and one third oItII‘I thoron daughter alpha potential energy; thus providing an equivalent radOn daughter
concentrat Th1s procedure is suitable for evaluatmg any mixture of daughter products without consideration of whether

1" '
.........

fly stitutes‘ an occu national risk in mining of uranium
' her 7 ores. The alpha 1ad1ations emitted by the daughter

the basal cells of f'acheobronchlal and pulmonary
epitheha These cell“, receive doses not only from the
deposned daughter roducts, but also from alphas
emitted by decay rod‘ucts formed after their
deposition. This has 1e to the concept of relating the
inhalation hazards to t 'e ultimate or potential alpha:
energy concentration of anborne daughter products? ~'
instead of just the alpha energy concentration. one
working level (WL) 1s deflated as the potential alpha
energy concentration of the d\ecay products of radon,
equivalent to 1:3 I>I<I 10’ MeV e1 litre 012.08 x 10'5 J
per m3 0f air. ICRP pubhcaho 32")recommc11ds the
limits of annual intake and the ' rlved a1r concentra-
tiOns of decay products of rad6n (Table l). The
purpose of the present paper is to demonstrate a new

depos1ted in the lung, irradiate ~

method for measuring the potential alpha energy
concentration of_ airborne daughter products of .
radon. '-

The procedure adopted until now has been based
on the method described by Kusnetzm or some
variation of the same“). The methbd consists of
collecting a known volume of airborne radon
daughter products on a filter and subjecting the filter
sample to programmed alpha counting after the end
of the sampling to calculate the potential alpha
energy concentration of WL 01. in J.m'3. The

' . .‘n'._ W I,r . , ,

Table 1. Recommended manuals of intake (ALI) and
the derived air concentrations (DAC) for radon daughters“)
Type of U .t ImRn (Rn) 21mRn (Th)

limit . 111 I IIdIaughters daughters
ALI Potential alpha 0.102 I 0.06 J

h _ I energy "A '
DAC“ Potential alpha 8.3x 104-51111 3 2.5 x 1115 1111-3

' energy or or . ,
concentration 0,40 WL 1.2 W1.

* Assuming a mean breathing rate of 1.2 1113h“. during a
working period of 2000 h per year. . . v
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proposed method attempts a direct determination of
such concentration (without having to do pro-
grammed alpha counting) usuig an alpha electret
dosemeter

ELECTRET DOSENIETER

An electret“) 15 a piece of dielectric. material siich as
teflon exhibiting a quasi-permanent electrical charge.
It can be made easily in any laboratoryfii 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 dosemeteii"). The electret in
suCh a dosemeter shows a decrease of charge linear -'
with gamma dose (like an ionisation chamber) over a
certain range of charge Of the electret Such a;-
dosemeter has been shown to measure quantitatively

MATERIAL PERSPEX -
DIMENSION INI MM

Figure l. 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: graphite coated con-
ducting surface of electret E; DC: DOSemetIer chamber;
GL: Thin graphite layer TM: Threaded to match; RG:
Rubber gasket; F Filter; TG: Teflon: gasket; M: Wire

- mesh; N: Nozzle. Hatched parts are made from perspex.

X or gamma radiation”). Since electrets retain their
charge for a lorig time even under unfavourableatmospheric conditions?!) (55°C 118.3l 100%!. relative humidity), long term cumulative dose is
measurable without loss of information
IALPHA ELECTRET DOSEMETER FOR IRAInoNDAUGHTER MEASUREMENTS -

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 dosemetfier; 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 shbWs a schematic of the assembled unit.- The
bottom portion of the chamber was Connected to an-
air Sampling pump to draw air through the filte

' " paper The procedure includes the followmg steps (1 1F:. measure the charge on the electret and make sure th. if
.1 it is w1thm the useful range (see next section), 5 1.2)

, . draw a known volume of air through the. filter pa /
‘ . fi—. the electret 1n the chamber cOllectsTions during

231'{theperiod of sampling, (3) allow the electret- to con-
collection of iOns formed for at least three ' 1.011.173- ”after the end of samphng of mRn daughte' £38 (4)measure the charge on the electret and make sis Jre thatit. is Within the useful range (see next secti"
half-lives of radon daughters, allo'v is almost
complete dissipation of radiation emi red by the
radon daughters collected on the f lter paper“

. Knowledge of the change in charge an 1 the vglfi’meof air sampled yields the needed concentration in
a ‘ j .1" . .- . ‘. , .. I, a .I.. r",

‘ ._.fj..j;;;ig ETIERASS I IN FOR . .fi9' . . . GROUN ING WH‘ILE'‘MEASU {ING CHARGE

:HiiELECTRET

' "71' *‘ ~«»w '*Aw?OUTV>

Figure 2.Asse14Ibled View of alpha electret dosemeter. ' '
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" measured during sainpling as well as during the time "

"‘1

.. energy 1OISs overI
' energy of alpha adiation The energy lOSS over the

MEASUREMENT OF POTENTIAL ALPHA ENERGY CONCENTRATION
DA UGHTERS --

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

needed for complete decay of all the significant decay
products Of 222Rn daughters Similarly to measure the
potential- alpha energy concentration of 220Rn
daughters, one has to leave the electret in the
dosemeter for a period Of about three days This
aspect W111 be discussed later

FRACTIONAL ALPHA ENERGY DISSI1’ATIION
The sensitivity of the alpha electret dosemeter

depends upon the fractional energy dissipated'in the
ensitive volume. This was calculated 'On the

rollowmg ass11n1ptions; (a) only 50% of the alphas
riginating from the filter paper enter the sensitive

v lume, (h) each Of the alphas emitted fron1111e filter
9 per dissipates its energy over a path length of

cm, which'is the distance between the .1'11ter and
'the electret.

The following; equation“) gives the energy
dissi ated (AE) by an alpha particle over a small
distanbre (AXI)-I

where AE A the loss of energy in MeV during its
passage over
the Initial en

The above '
13y Of an alpha particle in MeV.

'"II'I'uation was used to calculate the
E;S.Zr.1.1€.?i.ll..l§ngth of 1.. mmwnh an. initial

next mm was calIIe ilated using the initial energy as the
energy USed in the earlier caleuiation minus the 10ss in
energy in the t'itSt‘tnrn. The calculations were con-
tinned to arrive at a total energy loss over a distance
Of 3_. 6 cm. Calculations were time for all the alpha
energies of interest assomated with daughter products
of radon and thoroni After giving appropriate
weighting for. alphas of.1;adOn daughters and thoron
daughters the fractional energy dissipation oIIf alphas
Of radon daughters was calculated to be ()I.3995 and
that fOr thoron daughtersx was calculated to be
()I 4257 Since the difference betWeen these two was
not Significant a Single value 0.4126, _cIIqld be
assumed to prOVIde a fractional energy loss

' applicable for both radon and- thoron daughters.
ConSIdering that only 50% of the alphas deposited
on the t'iIlIte'rII. paper enter. the sensitive volume, the
overalIlI-I fractional energy dissmated in the sensitive
volume could be taken _as I0.2063. \ V- .

\

aII small path length Of AX cm and BI is:

OF RADON AND THORON

COMPUTATION OPI 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 1V corresponds
to'a'total charge 'Of 8.265 IX 1010 c'OulOmb's when the
electret'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 18 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
slightly different useful range (8 V to 23 V) because
the distance between the top and bottom was 36 mm
instead of 32 mm in the gamma dosemeter.

Let the dosemeter reading before 'sai‘npling radon'
decay products be V volts and let the dosemeter
reading be V2 v‘Olts three hours after” Sampling, that
is, after registering 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. Equation 1 gives the
concentration of radon daughters in WL units

' present in the air

=[cv,- 2)x8265x10"°>‘<355x1045]
/(16x10'9x13x105x02063><F)

CII= 68388(V V2)/F '
(1)
(2)

where C is the radOn daughter concentration in WL
units: . _____

8.265 X 10 “’I is the converSion factOr between
dosemeter reading and eouloinbs

_IfOIr a 0. 3 cm thick electret.
(coulombs volt. '1);

1.6 X 103‘9I'III I'I is the Charge of an ion (coulomb
' - permnpalr).. '

36.5 . x 10*? _iS. the energy needed (MeV) perion
. . pair; .

_ F II . _ ' _ I is the total volume sammed (litres)
1.3 x 105II I isthe conversion factor (MeV per

' ‘ lIiItIie per WL)
I0.2063'I ' is the fractional energy dissipation

IoIf alpha radiation in the sensitive
' volume .

FOr electrets Of 0.1 cm thickness the conversiOn
factor between doSemetIet reading and coulombs is
21.7127 (CoulOmbs.volt‘I‘) '

Therefore,Eq11atiOn 2 reduces to Equation 3 fix
such electrets.

C“: 17.966(V '—'v;)/"F I (3)
51
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Table 2. Comparison of radon daughter concentrations determined by Kusnetz's method and by electret dosemetermethod. (V1 -— V2): Change in dusemeter reading in V; F. Total flow in litres; 0: daughter product concentration 1n WL

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 (V1) and loaded into the
dosemeter; (2) an air sample was taken and the
Volume sampled (F) was noted; (3) the electret was
allowed to remain in the dosemeter for a period of at
least three hours after samphng, (4) the electret was
read (V2). Equat1on 2 was Used to calculate the
potential alpha energy concentration since the
el'ectre'tsI used were of IO.3 e111 thickness.

The concentrat1on oIf'I' radon daughters was also
estimated _by an alpha countmg method. The filter
paper in the dosemeter holder was taken out for a
short period after a known delay after sampling.
DUring this penod the alpha disintegration rate was
determmed 111' a standard alpha scintillation counting
system. Immediately after Counting, the filter was
loaded back into the electret dosemeter for the‘
registration of alpha energy frOrIn it. The concentra-
tion of radon daughters in workmg level units was
determmed by standard methods‘2 3) from a know-
ledge of samplmg duratlon, the volume of air
sampled and the alpha count Irate at a specific post
sampling time;- '

It could be seen that the same sample Was analysed
by two methods. The electret dosemeter lost some

52

units. . .. ., .
. ., _ I. - - _b 1(Usr'1etz ' " ' DeV1'at10'nLocation. - E1§°“°1.‘195¢m°‘°-F .- - . method at . . in‘ percent.-- . " (Vi—v2) I I F C‘ . -, 1531.1}? . .. from K'us'netz. . . . .' . I '. . , 4 - IlocanII.-; - . . "method

1"_ '_Room20 " - 2.2 I 7 732' 00191 . 00--182_. +4.95% .-2 116611120 -j ‘ I 6.32 II ' I 732 0.0553; - . 0.-05_46_, -: +1-26.%.—'-
3* Room PP ' ‘ ' '7.29 260 . 0.1912 «.0..- 1879 +1.75% ..4 Room PIP“ - -.- ~ ' 3.37 ' 260' 00837 , " 0.0634..- +6 32%... '..
5 ' Room PP, : ' ' 5.02 - .260 0132 ‘ 0.1296 +1.90%'
6.; - U—mine 1.75 ‘ 138 0.0871 — .
,._ II(500mlevel.II.... =. _.- .' "

. -,-. I.- depth)“ ' ' -, , -. - ‘ 3'5 ‘ 5": TU‘EL-zr'lifv ". i ‘. :l r. ’'7 .. ;, _U-imne -~ ._ ,_ 1.52 I 201.. ' 0.0518 “ . —. T ‘ " '
' ‘ " ,'(434m1eve1 f . '. ' ' ' '

'3" Umme '~ 3.22 162'- 0.1354' I - ._ .-'.- -
(370mlevel' '- ‘ ' ' ‘ 'I' "- .2 ' ' ‘ 1' "

9 U-mine -. 1 10.02 120 . _ 0.5696 — -- _, (l32mlevel_-'-:-' - . -- ' - ' . . - ' " I' I ‘ '
10 -. ,U-nnne . II I_I10.00 . . . .96 0.7139 5 —

(Ad1t5) " -'J . j ; ' . . .

THE.- PERFORMANCE alpha energy during the short period (usu fly 2 to

2;.

3 mins) when the sample was taken out for counting ,

be less than 2% of the total alpha energy dissipated 1n
the dosemeter over the sampling and p6,6; samphng
period The results of measurements by the It
methods were in good agreement With each other,
(Fable 2). It Was noted that the electret method gave
a' slightly higher value compared} to the alpha
connting method. This could be dU'efro the combmed'effeCt- of the contribution from radon gas, th6 beta I
radiation and Wall depos1t10n of.some unattached
decay products However the differences are wrthm
the experimental uncertalnty ‘f

Having established the accuracy of the method

' in the scintillation counter. This loss Was e {pected to '

61

uranium mine at Jaduguda B1har The dosemeter .
was carried by a‘ health surveyor and the Sample was“
continUdusly drawn by a- battery Operated personal.
air sampler. The dosemeter weighed 11130111 100-"Ig
Which together with the an“ sampler Weighed abémt
500 g. The surveyor Walked throligh typical working . I.
areas. After collectmg a known VolUme of-Isarriple,
the air sampler was turned Off; the 'elec'tret was taken
out from the dosemeter after a delay of three hours
and was read. The net change 111 electret reading and
volume of air sarnpled was. Used for' calculating the'
radon daughter concentration in Working leVel umts
Room 20 (Table 2) was Ia room near- 'the uranium
mines built out of granites frOm that areal

.‘
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MEASUREMENT OF POTENTIAL

Table 3. Sensitivity analysis;

ALPHA ENERGY CONCENTRATION OF RADON
DA UGHTERS ' .

AND THOR0N

Minimum volume (litres) of air” Useful - -' 'Electret . .

- thickness to be sampled to determine the -- -‘ . _ _ - Range“ "
l,_.,_,.. ~11: in our -. . . respective working'level='- "_‘ ’I'_"_ -_-"- = "‘- WL _ litres .
J” 1IIwL._ __ I V 0.1 WL 0.01 wn: -. 0.001 WL-' " ' ' - -- >

0.3' ' - . 684 -. . 68.4 684 684° ' 103' -I 0.1 — -l7.97 179.7 1797 -17970 270
Assumption: A difference of 1 volt'in dosemeter reading can be recorded without any uncertainty.

. *. Useful range is defined as the range of dosemeter reading over which the response in linear. This range (15 volts)‘is the
difference between the upper limit (23 _volts) and the lower limit (8 volts)

Ventilation was StOpped for some time before
samphng was done. Robm PP had a source of radon
in the rdom. The second part of Table 2 gives results
of Such measurements made in different areas of the
nnne. A few spot measurements, carried out using

- readings down to 0.01 V, We can take 1 V as

ity can be reduced by“a factor of about
an electret of 0.1 cm thickness The

i a. ' ' useful rangeIi ilimited‘by the upper and lower limits
1 AV oft- readings in volt. These are 23 V- and 8 V respec-

Ii; ' tively, Thus the maximum useful range corresponds
L 'g .I. to electret .Chalf e change of 23_-8=15I volts. For

I ' example, a fully charged dosemeter (0.3 cm thick
1 electret with Ia doII.emeter "reading of 23 V) could be

used- for about 17 hours at a samphng rate of 60.1 h"I
before needing rech Iging at a concentration of 0... l

.. ._ .'_" .. j_ '_;'_I'-__' .. I‘centration and samphng rate,_a
Ol‘lflcm thick electre; can be used for 45 heurs.
Further reduction of sen31tiv1ty is possible. by

‘ reducmg either the sampling rate or the electret
1 thickness or both-I I . . . .It. I ‘é- .:\ :42, ~‘. .

{ '.

THORON WORKING Levis S ' "
The procedure adopted for' measuring the 222R11

daughter concentration couI .be adopted for
measuring 220Rn (Th) daughter concentrations by
Simply registering the. alpha energ up to the end of
the decay of all the daughter prod cts which would
take about three days.- Since it takes: uch a long time
to arrive at the results, this method'is (not considered

' . . _ \
/ ' 2.

‘
.

..4
—

-"
‘-
.‘
h

‘-

I, Kusnetz 3‘” method, agreed generally with those
hp listed in Table 2 for mine measurements . -

\ .. {r \

1... f V “HEB SENSITIVITY . , . . ., ,
. '

- \. 1’3"?
i by” ven~ though the charge reader can resolve dose-

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 deficiencya
unified approach is suggested in the next section.

UNIFIED APPROACH FOR MEASURING
RADON AND THORON DAUGHTERS

From Table i it is clear that a concentration of
l.2 _WL of thoron.daughter products causes the same
inhalation hazard as that of 0.4 WL oIf radoIIn

I daughter products This comes about mainly because
of the fact that all the potential alphas froin radon
decay products dissmate their energy in the lung,
whereas only a part or the potential alphas from
thoron decay products dlSSlpate their energy in the
lung when biologlcal clearance mechanisms set into
action

When both radon and thoron decay produots are

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
equlvalent radon concentration fer comparison with
derived air concentration (DAC) standard for radon
daughter products. In other wards, one third of the
thoron daughter potential energy concentration can
be called equivalent radon daughter concentration.

Suppose We have an instrument that records all the
potential alpha energy of radon daughter products
and one third of the potential alpha energy 0f 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 equivalent 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 hrs.)
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.

53
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Table 4. Time (1) needed to record 33% of the potential
alpha energy from thoron daughters. Time, 1, is reckoned . .
from the end of sampling and t is the sampling time. Time
t is calculated by subtracting e mid-sampling time from
t e mean biological life time ofITh-B'1n the respiratory tract
(7.7 h)
1,111): I . t(h) to = 7.7 .— 13/2 (h) ._

1 7.25. » 7.2-...
. 2- . 6.77.. 5;].

3 6.28 6.2-
4 5.80 5,7
5 5.33 5.2
6 - 4.86 . - 4,7...
7. ‘~ 4.39:? 4,2 _-

~68 .9 ‘ ' ‘ 3193'] .' ' 3.7-1. -.-' ,
. 9,, 3.4s . 3.23....
10 303.. . .237

Thls time can be calculated theoretlcally (see the next
section). such a time depends also upon the sampling
duratlon Table 4 gives the results of such theoretical
calculat1ons For mstance if sampllng 1s done for a
period 61‘ '4 hours then the electret has to be left 111 its
dosemeter 1‘61 Ia period 01‘ 5.80 hours after samphng

. to read equivalent radon daughter concentration It
can be seen £16111 Table 4 that the procedure holds
good f6r a samphng period of up to 10 hours There-
afte1,the dosemeter Will start recordmg more than
one third of the thoron daughter concentrat1on and
will no 1o11get give eqmvalent radon concentration.

However, 111 such cases the equatlons in the next
section can be used to compute thoron 'and radOn
Working levels Independently using" a programmed
two measurement method similar to the one
descnbed by Stranden‘” for alpha countmg This
method has 16 be used if a samplmg penod 13 more
than 10 hours -_‘.

CALCULATION OF THE TINIE DELAY AFTER
SAMPLING NEEDED TO REGISTER ONE
THIRD OF POTENTIAL ALPHA ENERGY
FROM THORON DAUGHTERS .

Equatlons 4 to 6 can be derived from fundamental
pr1nc1ples : - " '-

EQuation 4 gives the total alpha activity (A)
forr'n'ed up to the end of sampling time (t) Equation
5 gives the total alpha' activity (A) formed up to time
t from the end of sampling and Equation 6 gives the
total alpha activity (A90) formed up to mf'mlty

Notations: t is the samphng time; ' =
_st is the delay time reckoned from the

end. of sampling; . . a -
QIs the collection rate of Th-B atoms

. - from air; '
' ’B and C are the decay constants of .

- .X(t) :.—. (1 — e-IBt)
Y(t) = (1 -— e-lct)
B(t,) = (l - e43“)
C(t:) = (l — e‘c‘B)
f‘18 defined by Equation 7

1B "' I A'B(:(1.) (t) .As: its” ———‘—— ~-———=‘ (4)..._[ 17—“1— 4..) lam-4.)]

A = 4 LB“) X (t) 1,, cu?) Ya) (53-)

A +A)/A "'3. .- ..

Equation 9 is an approximation of Equat10n 8 1‘6 1- .
practical situations. . . Ix . 5‘-":.'- .3

:1 *= 1"l 9.1;“ .. 4 B6 1 " 4.64.1?” ' 13$
‘ "18': i, .I f , 611.16...—‘_- 1 _ . ,1 AB) 11¢B61136 ] 911/ (9)

h. V- . ... .- » . ._l . -.'- -- ..‘
.-. ‘1'

Table 4 gives values 61‘ t for various sampl mg times
required to record 33% of the alphas 111 Irelatlon 10
the total potentlal alphas from the 1611 decay
products. Equat1on 2 was used f6r prgcparmg this
Table.

{'4'

BIOLOGICAL INTERPRETATIO-l OF UNIFIED-PROCEDURE . .
The biological half life 61‘ dau ,"ter' products in'

lungs is about 10.6 h“). The ‘e‘t‘f awe half life? 61 ‘
thoron daughters in lungs can be calculated to be
5.4 h and the corresponding mealn life is 7.7 h It 1::
reasonable t6 assume that onf' average the alpha
energy liberated by the deposiltz/d thoron daughters 1s .
fully deposited up t6 a period f one mean life (7.7 h)"
and the energy liberated lS later translocated to other
organs. This is valid for instantly" deposited thoron
daughters. However, if- the _depositi6n has"- taken?
place over a period of /tune say 4 h, then the
daughter products depOs1ted 111 the early part of the
deposition dissipate their energy qy Only up to
3.7 h after the end of deposition whereas those
deposited last dissip te their energy fully up to 7. 7 h
after the end of (1 position. Therefore on average,
the post sampling tune needed for total dlssrpatlon 6t
energyisS.7h'. -

In general this model predicts the followmg
equafion ' - - '

l
I

1
I54
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= (7.7 — ts/2) '
where ts is the time during which deposition takes

place;

.1"
x.

_

to is the time reckoned from the end of
sampling up to which the thoron daughters

, dissipate their energy fully'1n lungs.
Column 3 of Table 4 gives calculated values of t

for various values of ts.
, The alpha electret dosemeter can be identified with
} 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 (to)
reckoned from the end of sampling up to which one
has to continue registration of alpha radiation

From Table 4 it is seen that t0 predicted by the
biological model agrees fairly well with that predicted

j by the mathematical model.

, 1MEASUREMENTS
(“‘17 11 Experiments were conducted for thorOn daughters
1 t 1 establish the validity of these procedures. These
j:- w :re similar to the ones conducted for radon

- daughters. To generate relatively high thoron
dau 'ghter concentrations air Was made to flow over
10 r ams of thorium hydroxide powder packed'in a
f111e1‘1'. paper before entering a 150 litre drum. The
flow (filer the thorium hydroxide was stopped for
about 5 \minutes to allow the deCay of thoron'1n the

i drum 1. Alpha electret dosemeter was introduced
' « into 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

1' of sampling KThe potential alpha energy concentra-
11171 11011 thus calc lilated was multiplied by 3 to arrive at

the real pote tial alpha energy concentration of
thoron daught rs. A typical sample taken for 20
minutes at a no v rate of 9 1 min'1 showed a change
of 8.15 volts in osemeter reading when measured

l 7.4 h after sampli 1.g for thoron daughters. Equation
1 2 leads to a con centration of 0.31 WL units
":1 which is multiplied ‘1y 3 to give the thoron daughter
i concentratién of 033 WL. The filter paper was

1 removed and counted ' or alpha activity after a delay
1. of 20 hours. This data was used for calculating the
1 thoron daughter concentration using expressions

given by Strandenm. The; two values agreed within
10% of each other. \1

DISCUSSION
From Table 2, it is seen that there is good agree-

ment between the working levels measured by the
.i / alpha electret dosemeter and by other methods“-3).

This close agreement between the results indicates
that the assumptions made in the theory are_.4' ._

MEASUREMENT OF POTENTIAL ALPHA ENERGY CONCENTRATION OF RADON AND THORON
' DA UGHTERS

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 1s exhausted upwards.

The advantages of using the electret dosemeter are:
(l) 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 alsoionises‘ 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 only.

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

REFERENCES

concentrations of daughter products in dwellings
where the contribution from either of the daughter
products 18 significant.

ACKNOWLEDGEMENTS
The authors are grateful to Mr. S. Somasundaram

and Mr. S. D. Soman for their interest and
encouragement, to Mr. M. Raghavayya for his co-
operation in measurements in uranium mines and to
Mr. Y. S. Mayya for his assistance in deriving certain
equations.

1. ICRP 32. Limitsfor Inhalation ofRadon Daughters by Workers. Annals of the ICRP 6, No. 1 (1981).-
2. Kusnetz, H. L. Radon Daughters m Mine Atmospheres A Field Methodfor Determining Concentration. Am. Ind..Hyg. Ass. J. 17, 85 (1-956).
3. Stranden, E., Thoron and Radon Daughters in Different Atmospheres. Health Physics 38, 777-785 (1980).
4. Edited by Sessler, G. M. Electrets. Top1cs 1n Applied Physics, 33 (1980), Springer-Verlag Berlin, He1delberg, New York;

'5. Chudleigh, P. W. ,Mechanism of Charge Transfer to a Polymer Surface by a Conducting Liquid Contact. J. Ap‘ 9Phys. 47, 4475 4483 (1976).

42, 15-19 (1971).
6. SesSler, G. M. and West, J. E. MethodforMeasurementofSurface ChargeDensities on Electrets. Rev. Scient. Instr?

7. Kotrappa,P., Gupta,P. C., Dua, S. K. and Soman, S. D. Xand GammaDoseMeasurement UsingElectrets RadiProtection Dosimetry, 2, 175- 181 (1982).
8. Bauser, H. and Ronge, W., The Electret Ionisation Chamber: a Dosimeter for Long Term Personnel Monika-gring,Health Physics, 34, 97-102 (1978).
9. Siegbahn, K. Alpha, Beta and Gamma Spectroswpy, Vol.1 (1965). Publishers: North Holland Pfiblisflling Co.Amsterdam. 3

56

§xtion


