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THE EFFECT OF HUMIDITY ON
THE MEASUREMENTS WITH A
WELL TYPE CHAMBER

1. INTRODUCTION

Since 1996, the IAEA maintains standards for Low
Dose Rate (LDR) brachytherapy dosimetry. Data on
the standards are given in Table 1.

TABLE 1. IAEA 137Cs LDR STANDARDS
FOR BRACHYTHERAPY DOSIMETRY.

Source
Capsule

Length Diameter
(mm) (mm)

Active
Dimensions'

(mm)

KR

(01 -05-96)
(uGy/h)

CDCS J5
CDC1100

20
8.0

2.65
3.2

13.5
2.2

190.5
339

The sources have been calibrated at the National
Institute for Standards and Technology (NIST),
USA. Thus, the well type chamber calibrations
provided by the IAEA yield traceability to NIST.

For the maintenance of the standards, a well type
chamber (HDR 1000 Plus, Standard Imaging, USA)
and a dedicated electrometer (CDX-2000A,
Standard Imaging, USA) are used.

FIGURE 1. The HDR 1000 Plus well type chamber and
the CDX-2000A electrometer.

The constancy of the output from the standards is
checked frequently and always prior to a well type
chamber calibration. The calibration factors are
valid at the ambient conditions of 20°C and
101.3 kPa.

! The CDCS J5 source consists of 9 active pellets, each with a
1.5 mm diameter. The CDC1100 consists of a single active
pellet with 2.2 mm diameter.

For air cavity chambers, the International
Commission on Radiation Units and Measurements
(ICRU) recommends that the measured charge or
current be corrected for the presence of water
vapour in the air. The recommended correction
factor is 0.997 for measurements in an external 60Co
beam and at ambient RH between 20% RH and
70% RH. A similar recommendation does not exist
for well type chamber dosimetry, and consequently,
no correction is applied for the presence of water
vapour in air.

2. RESULTS OF THE CONSTANCY
CHECKS

The constancy checks of the IAEA standards for
brachytherapy dosimetry have been performed since
the service became available.

Figure 2 shows the results of the constancy checks
with the CDC 1100 source that was used. The results
are similar to the CDCS J5 source, but for clarity,
these results have been omitted from the figure.

Current measured using theCDCHOO source

FIGURE 2. Measured current with one of the IAEA
standards.

The values shown in Figure 2 have been corrected
for the ambient temperature and pressure and for the
source decay, using the half-life of 30.17 years for
137Cs. As mentioned above, the values have not
been corrected for the ambient RH.

The years in the figure refer to the year of
measurement.

The variation in the measured current is apparently
periodic, with a period length of approximately one
year. The amplitude in the variation is of the order
of 0.5%, i.e. the difference between the maximum
and minimum values is about 1%.
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The inner wall of the HDR 1000 Plus is partially
made of a plastic2 that is known to be slightly
hygroscopic. It was therefore decided to measure
the ambient RH during each occasion when the
constancy of the standards was checked. For the
measurement of the RH, two calibrated
hygro/thermometers (Testo 454, Testo, Austria)
were used. The detectors are programmable and the
RH and temperature is read at pre-selected intervals.
For processing and analysis of the data, Excel or
similar programs can be used.

temperature, however, during the present
measurements it was set to a constant value of 20°C.

- Normalised current —*—Relative humidity

FIGURE 3. Measured current and the relative ambient
humidity in the irradiation bunker.

The results of the measured current and the RH in
the irradiation bunker are shown in Figure 3. The
figure suggests a relation between the measured
current and the ambient RH. When the RH is high,
the current is low and vice versa. The RH in the
irradiation bunker varies from approximately 20%
RH to 75% RH, the low values being during the dry
winter season while the higher values are reached
during the summer. From the figure it also appears
that there is a slight shift in the maximum and
minimum values of the RH and the current.

3. CLIMATIC CHAMBER MEASUREMENTS

In order to see the effect of the humidity on the
measurements with the HDR 1000 Plus well type
chamber, experiments were carried out in a Climatic
Chamber3 (Sanyo, Gallenkamp, Germany) in which
it is possible to vary the RH between approximately
20% RH to 90% RH. It is also possible to vary the

FIGURE 4. An overview of the measurement set up in the
Climatic Chamber.

In Figure 4 an overview of the measurement set up
in the Climatic Chamber is shown. The humidity in
the chamber is controlled by means of an internal
hygrometer. When the humidity starts to decrease,
distilled water is humidified and injected into the
working volume of the chamber. The temperature is
kept at a constant level with cooled turbulent air that
circulates in the chamber.

The chamber is relatively well sealed, but has some
openings so that the air pressure inside the chamber
is kept at the ambient value. The RH and the
temperature in the Climatic Chamber were
measured with the two Testo 454 detectors, using a
sampling interval of 15 minutes.

Before the experiments started, the thermometers
were compared with one of the Dosimetry
Laboratory's working standard mercury
thermometers. The agreement was found to be
within 0.2°C. In order to verify that the hygrometers
gave the same readout, they were placed next to
each other and a comparison was made at different
RH levels. The agreement was within 0.5% RH.

2 Cellulose Acetate Butyrate.
3 Also known as an Environmental Chamber
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FIGURE 5. Details of the measurement set up in the
Climatic Chamber.

In Figure 5 details of the measurement set up inside
the Climatic Chamber are shown. During the
measurements the hygrometers were placed on
opposite sides of the well type chamber. In front of
the well type chamber is the Hg-thermometer,
which was also set close to one of the
hygro/thermometers in order to verify the
temperature determined by the Testo 454.

During the experiments, the two Testo 454 detectors
showed a temperature difference of 0.8°C across the
well type chamber. This indicated that there was a
temperature gradient across the well type chamber.
Because the RH is temperature dependent, a
humidity gradient, 0.8% on average, also existed
across the well type chamber. The gradient was
constant, i.e. independent of the RH in the Climatic
Chamber, and therefore does not affect the final
conclusions.

Two sources of different energies were used in the
experiments; a 137Cs (photon energy approximately
662 keV) and a 241Am (photon energy
approximately 60 keV). The activity of the 24IAm
source was rather low (approximately 13mCi) and
therefore, a more sensitive electrometer (Unidos E,
PTW, Germany) than the standard electrometer for
brachytherapy dosimetry was used. The reason for
using two different energies was to determine any
possible energy dependence in the final results.

A dummy source is also seen in the well type
chamber. The dot on the upper part of the well type
chamber is a vent hole so that the chamber's
internal air is kept at ambient conditions with
respect to temperature, pressure and humidity.
Before the measurements in the Climatic Chamber

started, the backscatter of photons from the lead
shield was measured. This was done by placing a
source inside the well type chamber and measuring
the charge with and without the lead shield in place.
The backscatter was only 2%. The reason for
measuring the backscatter was to estimate whether
the electron fluence inside the air cavity, with the
lead shield in place, would be representative for the
electron fluence under those conditions that exists
during the periodic checks.

The source was positioned into the well type
chamber only when a measurement was to be made.
This means that the door to the Climatic Chamber
had to be opened for a short time, changing the
humidity inside. It took, however, only a few
minutes for the Climatic Chamber to reach the RH it
had before the source was inserted into the well type
chamber. The relative humidity and the temperature
were read before and after each measurement.
Because of the temperature and humidity gradient
across the well type chamber, average values were
used. The temperature was set to 20°C for all RH
levels. During the period in which the
measurements were made, the temperature in the
Climatic Chamber varied only slightly (0.5°C). At
each RH level, the well type chamber was allowed
to saturate over a few days, as it was suspected that
the saturation time for this chamber might be long.
The saturation time was between 3-7 days. During
this saturation time, when the RH was kept
constant, measurements were made in order to find
whether there were any trends in the measured
currents. No such trends were found. Each series of
measurements consisted between 5 and 10. The
standard deviations in the measurements were
generally below 0.1% (reaching 0.2% once) when
using the 24lAm source and always below 0.05%
when using the 137Cs source.

The relative humidity and the temperature were read
before and after each measurement. Because of the
temperature and humidity gradient across the well
type chamber, average values were used.

4. RESULTS

The quantity 'relative humidity' alone does not
uniquely determine the amount of water vapour in
air, but must be stated together with the ambient
temperature. From a physical point of view, a more
correct way would be to plot the current as a
function of partial pressure of water vapour in the
air. In the present case, however, the temperature
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varied only slightly during the period in which these
experiments were done. Therefore, the graphs,
whether plotted as a function of RH or partial
pressure of water vapour, do not differ significantly.
Figure 6 shows the normalized current as a function
of RH. In Figure 7 the normalized current is shown
as a function of the partial pressure of water vapour
in the air. As can be seen, there are no significant
differences in the graphs. The saturated partial
pressures of water vapour were taken from [2].
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FIGURE 6. Normalized current as a function of relative
humidity.

1.005

1.004

: 1.003

: 1002
i

; 1.001

! 1.000

! 0 999

| 0.998

| 0.997

0.996

0.995

Normalized current as a function of partial pressure ot water vapor

L

1 1
1

o 137Cs
• " ' A m

T

I ;
12 1.4 i.e

Pressure (kPa)

FIGURE 7. Normalized current as a function of partial
pressure of water vapour in air.

5. CONCLUSIONS

6. FINAL REMARKS

It is important that the periodic variation of the
output be solved. In order to find out its cause, the
SSDLs possessing a well type chamber are asked to
perform similar frequent constancy checks and
report the results to the IAEA. The following should
be stated in the report:

1. Measured currents (or charge) corrected for
temperature and pressure and source decay with
a statement of the used half-life.

2. Dates of measurement. It is recommended that
the measurements be done frequently, preferably
on a weekly basis, or at least twice a month, for
a period of approximately 6 months.

3. Type of source used in the constancy checks
(e.g. 137Cs, 24IAm) including its strength (e.g. in
terms of reference air kerma rate, air kerma
strength, apparent activity or any other quantity).

4. Electrometer model.

5. Type of well type chamber. Note that the request
is not limited to identical well type chambers as
that at the IAEA Dosimetry laboratory, nor is it
limited to chambers that are open to ambient
conditions. Thus, also sealed chambers can be
used in the measurements.

A summary of the results will be presented in a
forthcoming issue of the SSDL Newsletter. The
contributors will be acknowledged.
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The variations in the normalized currents, as
presented in Figures 6 and 7, is only of the order of
0.1% and are well within the estimated
experimental uncertainties. Based on these results, it
is concluded that the presence of water vapour in
the active air volume of the well type chamber does
not have a significant effect on the measured
current.
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