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NOTICE

This report was prepared by Rad Elec, Inc. in the course
of performing work contracted for and sponsored by the
New York State Energy Research and Development
Authority (hereafter the "Energy Authority"). The
opinions expressed in this report do not necessarily reflect
those of the Energy Authority or the State of New York
and reference to any specific product, service, process or
method does not necessarily constitute an implied or
expressed recommendation or endorsement of same.
Further, the Energy Authority, the State of New York and
the contractor make no warranties or representations,
expressed or implied, as to the fitness for particular
purpose, merchantability of any product, apparatus or
service or the usefulness, completeness or accuracy of
any processes, methods or other information contained,
described, disclosed or referred to in this report. The
Energy Authority, the State of New York and the
contractor make no representation that the use of any
product, apparatus, process, method or other information
will not infringe privately owned rights and will assume
no liability for any loss, injury, or damage resulting from,
or occurring in connection with, the use of information
contained, described, disclosed or referred to in this
Teport.
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ABSTRACT

The development of an electret ion chamber modified for radon measurement is
described and characterized. It was given the name E-PERM for glectret passive
environmental radon monitor. The response characteristics of the two types of electret
sensors developed and the E-PERM itself are reported. The results of 518 units blind
tested in Round 6 of the EPA RMP Program are presented. Costs per measurement are
estimated and compared with other passive monitoring methods. Summary results of
E-PERM evaluations presented in eight recent studies by other researchers are presented
in an Appendix. The results demonstrate that the new monitor is reliable, accurate and
precise.

Key words: Radon, ion chamber, electret, passive.
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E N 1

1.0 PROJECT BACKGROUND AND SUMMARY
The overall goal of this two phase project was to develop, characterize and demonstrate a
new type of passive radon monitor which can monitor homes with greater accuracy and lower cost

than comparable existing monitors; i.€., charcoal canisters and alpha track devices.

1.1 PHASE1

Two promising new methods were pursued during Phase 1, one employing a TLD as the
sensor and the other an electret ion chamber (EIC). After the initial experiments were completed, it
was decided to focus the remainder of Phase 1 work on the EIC approach. That work was
successful and a laboratory prototype EIC monitor was developed which was called an E-PERM*
for electret passiﬁc environmental radon monitor. Several prototypes were fabricated, character-

ized, demonstrated and a report (1) and technical paper ) were published to complete Phase I.

1.2 PHASE2

It was recognized at the outset of Phase 2 that the cup-in-cup E-PERM design that was
developed during Phase 1 had several limitations that had to be overcome to make a practical,
commercially viable E-PERM. Thus, the principal goals of Phase 2 were to develop a
commercially viable E-PERM design and to produce, characterize and field test several prototype
units. A satisfactory design was developed and several commercial prototype instruments were
fabricated and submitted to the EPA Las Vegas Laboratory for evaluation. The EPA Report
was very favorable, concluding that "These results demonstrate that this instrument can measure
radon very accurately under varying conditions with very close agreement between replicate

samples. The E-PERM performs well when exposed to both low and high radon concentrations.'

* E-PERM is a trademark assigned to Rad Elec Inc. U.S. Patent No. 4,853,536 was granted for the E-PERM
methodology in August 1988 (assigned to Rad Elec Inc.).



As a result of these findings, E-PERMs were accepted by the EPA for entry into the their Radon
Monitoring Proficiency (RMP) Program. The RMP program is a voluntary evaluation program
which requires participants to submit 5 long-term and 5 short-term E-PERMs to the EPA for a
"blind" radon exposure. The concentration values deported to the EPA by each participant must
come within ¥25% of the known concentration value.

Fifty radon monitoring companies decided to enter E-PERMs in Round 5 of the RMP
Program which took place in 1988. Some 500 prototype commercial E-PERMs were fabricated
and made available to the fifty participants along with a calibrated read-out instrument. Figure 1 is
a photograph of this prototype unit. These units were hand made by coating the inner surfaces of
250 ml. polypropylene jars with a conductive paint. The spring loaded piston mechanism for
turning the units on and off (seen at the top of the unit) was inserted through a hole in the top of the
chamber and the metal screw top section was glued to the top of the jar. In spite of the relatively
poor quality of these prototype E-PERMs, over 90% of them gave concentration values within the
acceptable accuracy limit ( 25%) in the blind EPA test and thereby passed Round 5.

Later in 1988, Rad Elec developed the injection molded commercial E-PERM model which
is described and characterized in this report. Figure 2 is a photograph of this commercial unit.
Some 165 additional radon monitoring companies entered these commercial units in Round 6 of the
RMP Program in 1989. (Companies which passed Round 5 were not required to submit monitors
again in Round 6) The same + 25% accuracy limit applied for Round 6, but the method of
calculating the results was considerably more stringent than previous rounds (see Section 7.0).

The EPA has indicated that 94% of Round 6 E-PERM participants successfully "passed." Some of
the results are analyzed and discussed in Section 7.0 of this report. A paper (3) covering all of the

results of Phase 2 was published in 1990.



1.3  CURRENT STATUS OF E-PERM TECHNOLOGY

The commercial E-PERM system has been well received by the radon industry. Over 400
companies and agencies are now using them in the U.S. and overseas. Professional radon
monitoring companies have been especially receptive of this new technology because, for the first
time, it provides a passive type monitor which can be read out in the field, i.e., the portable read-
out meter eliminates the need to send the monitors to a central laboratory for analysis as usually
required by competitive types of passive monitors. This time saving feature is especially important
in measurements made to support real estate transfers.

Several variations in the electret ion chamber technology have been developed and
commercialized by Rad Elec Inc. beyond the 200 ml. E-PERM model reported on here. Smaller
and larger chambers (75 ml and 500 ml) which accept the same long or short-term electrets have
extended the range of this new radon monitoring technology substantially. The incorporation of a
calibrated sampling pump and a high efficiency filter element has resulted in the development of an
electret RPISU(4) which measures progeny very accurately. E-PERMs are also now being used to
make accurate measurements of radon in water by sealing them in jars together with a known
volume of the water being tested(®). Their insensitivity to moisture enables this later application.

Recent work has also demonstrated that E-PERM:s can be used to measure gamma
radiation, even at environmental levels, very accurately. This is accomplished by sealing an E-
PERM in a radon-proof bag for a known exposure period(6) None of these extensions of the

electret ion chamber technology are covered in this report



2.0 DESCRIPTION OF E-PERM SYSTEM

The general design and operational characteristics of E-PERMs have been described
elsewhere;(2; 3) however, they are summarized here again for those who do not have access to

these earlier papers.

2.1  DESCRIPTION OF E-PERMS

E-PERMs are ion chambers in which a single electret serves as both the ion collecting high
voltage source and the radon sensor. The electret is a permanently charged disk of Teflon (TM
Dupont). E-PERMs are passive monitors requiring no power to function, i.e., ambient radon
enters into their sensitive volume by diffusion. They are integrating monitors which measure the
average radon concentration in the room where they are located during the exposure period.

E-PERMs can be employed for either short-term (2 to 7 days) or long-term (1 to 12
months) measurements by simply attaching a short or long-term electret to the same E-PERM
chamber. The charged Teflon disks used for long-term electrets are thinrier and thereby less
sensitive than short-term electrets (See 2.5 below). The lower sensitivity of long-term E-PERMs
makes them suitable for either long-term monitoring of low radon concentrations or short-term
monitoring of high concentrations.

The ion chambers of the commercial E-PERMs which are 200 cubic centimeters in volume
are made from conductive plastic. The assembled E-PERM has a detachable electret attached on
the bottom and filtered holes in the top. The filter permits entry of radon gas into the chamber
while preventing ambient dust, progeny and ions from entering. The holes are sized to assure a
sufficiently long gaseous diffusion time to minimize the entrance of 220radon (thoron) which
decays rapidly (56 sec. half-life). A picture of an E-PERM is shown in Figure 2 and a cross-

sectional drawing in Figure 3. Both figures show the E-PERM in both open and closed positions.



As described earlier, the electret collects the ions generated inside the chamber by the radon
and radon decay product radiations. The ions formed by the decaying radon radiations (mostly by
very energetic alpha emissions) are drawn to the surface of the electret by the electrostatic field
which emanates from the electret surface. When the ions contact the surface of the electret, they
cause a reduction in its surface voltage and the amount of this voltage reduction is a measure of the
time integrated radon concentration during any exposure period. Thus, the electret serves not only
as the source of the electrostatic field needed to collect the ions, but also as the quantitative ion
Sensor.

The same E-PERM with the same electret can usually be used for many separate
measurements, €.g., short-term units can make about 20 measurements at the 4 pCiL‘1 level.
Equation 1 below, which was developed in Phase 1, shows the relationship between the electret

voltage drop and the average radon concentration during an exposure.

RnC = %% - B Equation 1

Where: RnC is the radon concentration in pCiL‘1
T is the exposure period in days
Vi and Vf are the initial and final electret voltages
CF is the calibration factor in volts per pCiL-1
B is the radon concentration equivalent of natural gamma radiation background
(BG). B for 1.0 urad h'l was measured to be equivalent to .087 pCiL-1. The
BG at measurement sites can be measured with a suitable gamma survey meter
or it can be taken from an EPA listing of average State BG values (11) (See

Sec.5.3).



2.2  DESIGN FEATURES OF THE E-PERM CHAMBER

Phase 1 work showed the importance of using low atomic number materials for E-PERM
components in order to minimize interference from natural background gamma radiation (BG).
The chamber material must also be electrically conductive so as to prevent the buildup of
electrostatic charge on its inner surfaces. Accordingly, the commercial E-PERM chambers and
electret holders are made of carbon filled polypropylene. The Phase 1 investigations also
established criteria regarding the volume and shape of the ion chamber needed to optimize the E-
PERM response to radon and the commercial unit reflects these criteria.

A cover is needed for the electret to prevent it from losing voltage when the chamber is not
in use, e.g. during storage or transport. If left uncovered, ions of opposite polarity in the ambient
air are attracted to the surface of electrets where they neutralize the charge on the electret. A cup-in-
cup cover mechanism was developed during Phase 1 for this purpose. In this configuration, one
cup has the electret fixed inside its bottom surface and the bottom of the second cup serves as the
electret cover when it is slid bottom-first down over the electret. After homeowner trials, it was
decided that this cup-in-cup arrangement was impractical because it required the user to expose the
electret directly to ambient air when preparing the unit for a measurement. A novel spring-loaded
piston mechanism was developed during Phase 2 for the commercial model which covers and
uncovers the electret without exposing it in this way.

As seen in Figure 3, the electret cover is attached to a screwcap on top of the E-PERM
which can be screwed down to lock the electret cover down close to the electret. This effectively
cuts off the electric field emanating from the electret. Without the electric field, the E-PERM is
"off," because no ions are drawn to the electret surface. When the E-PERM is to be used, the
screwcap is unscrewed and a compression spring under it lifts and holds the electret cover up
against the top of the chamber. This permits the electrostatic field from the electret to emanate into

the chamber, thereby turning the E-PERM "on."



As mentioned earlier, the filtered inlet shown in Figure 3 is necessary to allow radon into
the chamber while excluding radon progeny, dust and ions from outside. Though not apparent on
the drawing, there are six small holes 0.25 cm in diameter in the top of the E-PERM giving a total
hole area of 0.3 cm2. Their recessed position reduces the risk of damage to the filter.

As described the Phase 1 report, the entry hole diameter and the ratio of total hole area to
chamber volume control the time it takes radon to diffuse into the E-PERM. The hole parameters
sited above were chosen to minimize the E-PERM response to short lived (half-life 56 sec.) 220 Rn
(thoron). Experiments carried out during Phase 1 showed that E-PERMs with these particular hole
parameters have less than 10% response to 220Rn relative to 226Rn. The resulting diffusion rate,
which is estimated to be in the order of 10 minutes, still assures suitably fast response to rapid
concentration changes in the longer lived (3.824 day half-life) 226Rn.

Phase I work also quantified E-PERM response as a function of chamber volume and
electret thickness. It also showed that, in general, their dynamic range is inversely proportional to
their sensitivity. Based on this earlier data, design calculations during Phase 2 led to the adoption
of the 200 cc E-PERM chamber for the commercial unit. Two electret thicknesses of 0.23cm and
0.0127 cm were chosen for the commercial instrument to serve as short and iong—term detectors,
respectively. (The thicker electret is roughly 10 times more sensitive than the thin one.) Field
experience has confirmed that these design choices accommodate the range of radon concentrations

commonly found in homes satisfactorily.

2.3  DESIGN FEATURES OF THE ELECTRET VOLTAGE READER

Figure 4 is a photograph of the SPER-1 instrument developed to read out the surface
voltage of electrets (SPER-1 stands for Surface Potential Electret Reader-1). The instrument (1)
reads out electret voltages directly in volts on a digital display without making contact with the
electret surface; (2) repeats voltage readings from 1 to 1,000 volts to + 1V; (3) automatically

zeroes before every reading; (4) its "on" switch is activated by the movement of the shutter; (5) it






















































































































































































































































