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ABSTRACT
A RPISU (radon i sampling unit) is a generic name
given to instruments which collect radon progeny on a filter and
register the alpha radiation fram the deposited during the entire
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‘maradmmogmyﬁmegmtihgsa:plingtmit (RPISU) is an instrumen:

cbsignedtomeasumtlnumgenyomnermtiminm.mits. These unitg
collectﬂueradonpmgaymanairsmplmg.ﬁlte?paper. '.me‘a.lpha

Anelectzetisapieceofdielectricmberialcanyingpemam
electrical charge. Its effective surface charge decreases only by the
collection of ions from the ambient air. 2n electret ion chamber is simply an
electrically conducting plastic chamber containing a charged.electret locateq

The scientific basis of this type of RPISU was first established by
Kotrappa(4). His goal was for determining the progeny concentrations in mine
atmosphere during a short period of sampling. The key for the application of
the devices for long duration integration required for indoor monitoring was
the recent development of very stable electrets (2,3).

DESIGN FEATURES QF E-RPISU

position ard the rigi:xt half shows the electret cpen position. The filter
}Badiscommectedtoaptmpwithaflmter. An alternate way is to use a
pamp with a calibrated critical orifice.

COPERATION QF E-RPISU

The initial surface voltage of the electret is measured using an electret
surface potential voltmeter (2,3). It is fitted into the bottom of the
chamber. The device is placed at a location where measurement has to be

R

sor]

T FLOw
AND F

Figur




o done. Bring the E-RPISU chamber to the open position by unscrewing the top
screw cap (Figure 1). Twurn on the power to the air sampling pump. Note down

;a the time and date of the start of the pump. Note down the air flow rate.
4 After the desired period of sampling, bring the E-RPISU chamber to a closed
e . position (Figure 1). Note down the final air flow rate, time and date. Stop
L' the pamp. The final surface voltage of the electret is measured. This can
-2 be done either at the place of measurement or after taking the device to the
p- laboratory. The data to be noted are: (a) initial electret voltage, (b)
e final electret voltage, (c¢) air sampling duration, (d) the average flow rate.
b <Y
ot E-RPISU™
Electret-Radon Progeny Integrating Sampling Unit (Schematic)
b o
® E-RPISU st 1 .
n CHAMBER 9 1% 30 3 g::;,s;';ﬂ e I
x closed open o
se
An
8 =
m ‘:‘:Ef
ot :%:ggn DEPOSITED
S't RADCN PROGENY .
or
er e
St .
h.
D
of
as Figure 1. Schematic of the electret radon progeny integrating sampling unit.
CALIBRATION QF E~RPISU

: The E-RPISU unit has to be calibrated in a standard chamber where the
xh . Progeny concentration is precisely known. Most of the work was carried out
3). in a well calibrated QC chamber (5). A set of three E-RPISU units were used,
i?d all of them with a starting initial electret voltage of about 750 V. These
- were run for a period of one day with a flow rate of 1 liter per minute at a
sed . § Progeny concentration of about 0.075 WL or 75 mWL. The final voltages of the
er- 54 electrets were recorded after allowing the registration of ions for an

additional period of three hours after cessation of the sanpling. Experiments
Wre contimed for several days until the final voltages of the electrets
= to about 150 V. The calibration factors were determined using the
4. following equation (1):

PC = (IV-FV) / (CFx F x D)

(1)

_:_Z PC is the progeny concentration in midl
3 IV is the initial voltage of the electret
FV is the final woltage of the electret




F is the flow rate in liter per mimte
D is the duration of sampling in units of days
CF is the calibration factor

Figure 2 shows such a calibration curve. The CF is on vertical axis anq 3
the average of the initial and final voltages of each measurement (alsy +§
called the midpoint voltage or MPV) is on the horizontal axis. Equation (2) §
is a linear regression equation relating CF and MPV. The correlation 3
coefficient is 0.89. y

CF = 1.0744 + 0.000685 x (MPV) —— (2)
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Figure 2. Calihration line for electret progeny integrating sampling unit. evalu
The air sampling rate is 1 liter per minute. diffe
instr
than
PROCEDURE FOR ACTUAL, MEASTREMENT
In practice it is not always comvenient or possible to wait an
additional three hours after the cessation of the sampling for the

registration of the alpha radiation of the tail end. It is possible to applY




a correction for this part. If DV is the voltage drop over a sampling period
of DT days, then the average rate of change of voltage is DV/DT, which can be
ta]masoonstantammmgoodattheerﬂofsanpling. Then the total

tail-end voltage drop (TD) during the tail-end portion is given by
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aiii, | eqation (3).
1so%
(2)% ™ = (DV)/(DT) x exp (- xt)dt
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(DV)/(DT) x 0.03 (3)

is the decay constant for the deposited radon progeny is about
33.3 per day. This is arrived at by assuming the half-life of the
deposited progeny as about a half-hour or 0.0208 days.

Therefore, the total corrected voltage drop (CDV) is given by equation
(4). "

OV = DV + (DV)/(DT) x 0.03 —— (4)
1ot us assume the following values for a typical measurement:
V=700 V; FV=650 V; DI=1.25 days; F=1.00 liter per minute.
Calculated parameters are:
MPV=675 V; CF=1.537; Dv=50 V; CDV=51.2 V.
Result is:

26.6 miL
0.0266 WL

PC = 51.2/(1.537 x 1.25 x 1.00)

n

The average radon progeny concentration is 0.0266 WL.

Note that FV is the final voltage measured without waiting for the
registration of tail-end ionization.

PERFORMANCE TEST

The perfomance of this device has been tested by the U.S. Environmental
Pmtectijganyaspartoftheserviwspmvidedbyﬂmforamwdevice.
¢ A unit was sent by mail to the EPA evaluation branch in Las Vegas and was
; evaluated at different progeny concentrations, at different humidities and at
& different condensation mclei counts. The report ooncluded that the
¢ instrument gave a satisfactory performance and a measurement was never more
- than 12% off fram the chamber value (6).

Two radon measuring campanies entered the U.S. EPA (RMP6) program with
E these devices for single blind testing. The E-RPISU units were sent and

Teceived by mail. Measuring companies sent their results to the EPA where
P these results were campared to the chamber values. Table~l gives these
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results. The absolute value of relative exrors were in the range of abOut*

5%,mnhbettarﬂmntheEPArinmrtof 25%,
As part of the international intercamparison study (blind test)

hyt}BDeparurmtofEnergyEmrimmmtalMBammmmIabomtory (DOE-EM,

four E-RPISU units were entered. Results are also shown in Table-i,
3.

TABLE~1. PERFORMANCE EVALUATION OF E-RPISU

beseentheabaolutevalueofthemlativeermmmeintherangeofz%to_:

—_—
E-RPISU RESULTS OF SINGLE BLIND TEST
CONDUCTED BY EPA-RMP-ROUND 6 (1989)*

I

- Measured Target Absolute Value
Campany Detector Value Value of Relative Error
Code Number (MI) (TI) [(MI-TT)/TI]
HITLJ RpP 793975 0.029 0.031 0.065
793976 0.031 0.031 0.000
793977 0.000 0.000 Blank
793978 0.033 0.034 0.029
793979 0.031 0.034 0.088
Mean 0.0455
HFMBH RP 883570 0.030 0.031 0.032
883571 0.045 0.047 0.043
883572 0.049 0.044 0.114

883573 0.000 0.000 Blank

ST

ol

RO dny

BYEBRER




ERROR ANALYSIS

are two sources of possible exrror. Oone is the random error
jated with the dimemsional variations, flow rate variations and other

M :;-,tgnerrors As seen from the performance (Table-l), this appears to be
55 gnallandcanbetahenasaboutsft. This was confimmed by running a large
W of units in the same location. Another error is in the measurement of

surfacevoltages.’J.heneasur.enentcanbedoneonlytowiﬂxinanaocuracyof1
pe. | V,madiffarmnebetwamﬂaﬂmmeammarentsism}aen,asisalwaysﬂ:e

case, the expected error is 1.42 V (square root of 2). This error can be
B betantial if the total measured voltage difference is small. Iet us
sample for one day at a concentration of 5 nil, at a flow rate of 1 liter per

pminite. The expected voltage drop is about 7.5 V, and the error in voltage

. t itself is 19%. 'This combined with the system exror using the
— i principle of quadrature cames cut to be about 20%. This error can be reduced
TS+ # py sampling for a longer period or by sampling at a higher flow rate.

gimilarly at a concentration of 20 miL, the error is about 7%.

SHORT DURATION MEASUREMENT

ll

if one wishes to make a short-duration measurement -~ less than one day-
- then it is necessary to allow the tail-end portion of the ionization to be
registered by allowing a delay of at least three hours. The correction
equation (4) becames less accurate. -

It is possible to increase the sensitivity of the device by using a
different electret of larger thickness (2,3). If another available 1.524 mm

thick electret is used, the sensitivity is increased by a factor of 11. If a
H short duration sampling is desired at a low concentration, then this electret

can be used in the same way. The CF will be 11 times the CF camputed by
using the equation (2).

DYNAMIC RANGE AND ECONOMICS

The electret can be used down to a surface voltage of about 150 V. The
calibration factor does not hold good thereafter. The upper limit of the
surface voltage is about 750 V (2,3) in the chamber used in this work. This
leaves a headroom of 600 V. Therefore, an E-RPISU goes cut of range when the
total sample exceeds about 400 mWl-day. This corresponds to a sampling time
: of 20 days at a concentration of 20 nWL. In other words, one can use one
electret for about 20 measurements in the case considered.

DISCUSSTH

From the results of blind tests, it can be seen that the E-RPISU can be
used to make an accurate measurement of radon progeny concentration. The
units can be used as a mailable unit similar to the other passive monitors
such as charcoal detectors or E-PERMs. Electret ion chambers are known to
givegoodpeﬁomameevmatextmtmpemnmandmmiditiesmntemd
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in the indoor enviromment.

'meelectxetsmﬂﬂxemeasuringdeviceusedwithmrﬂardz-mm
monitors (2,3) are usable with the E-RPISU and hence, at a modest additiona)
cost, it can be a useful addition to the laboratories already using E-PERMs.

ﬂheelectretshavetobehandleiwithsanecaremichisdescdbedinmr
earlier work (2,3). P:cpara.i.rﬂwcalibratimhastoensuredasisﬂa
case with other RPISU units.

Kotra;paetal(qhavedescribed}nvtlmedsvicescanbeusedm
measure both radon and thoron progeny concentrations. Further, a method is
alsomesented(ﬂtoneasuxeﬂleeffectiveraionpmgmycmnentratjm
takmgmboacommtthecmtrm:tmnﬁrcmﬂet}nrmprogmy That
neﬂndologyisequallya;plicabletothepr&s&rrtjnstnment.
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