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Background: Dose rate meters are the most widely used, and perhaps one of the most impor-
tant tools for the measurement of ionising radiation. They are often the first, or only, device
available to a user for an instant check of radiation dose at a certain location. Throughout the
world, radiation safety practices rely strongly on the output of these dose rate meters. But how
well do we know the quality of their output?

Materials and Methods: This review is based on the measurements 1,158 commercially avail-
able dose rate meters of 116 different makes and models. Expected versus the displayed dose
patterns and consistency was checked at various dose rates between 5 pGy-h™ and 2 mGy-h™".
Samples of these meters were then selected for further investigation and were exposed to radia-
tion sources covering photon energies from 50 keV to 1.5 MeV. The effect of detector orienta-
tion on its reading was also investigated. Rather than focusing on the angular response distribu-
tion that is often reported by the manufacturer of the device, this study focussed on the design
ergonomics i.e. the angles that the operator will realistically use to measure a dose rate.

Results and Discussion: This review shows the scope and boundaries of the ionising radiation
dose rate estimations that are made using commonly available meters. Observations showed
both inter and intra make and model variations, occasional cases of instrument failure, instru-
ment walk away, and erroneous response.

Conclusion: The results indicate the significance of selecting and maintaining suitable moni-
tors for specific applications in radiation safety.

Keywords: Gamma Radiation Dose Rate Meters, Radiation Safety, Radiation Detector Orien-
tation, Radiation Detection Energy Response

Introduction

The significance of ionising radiation monitoring equipment has been emphasised
both internationally and nationally in Australia [1-3]. A publication by the International
Atomic Energy Agency (IAEA) mentions monitoring of the workplace as a requirement
under the application of the principles of radiation protection. It states that “registrants
and licensees, in cooperation with the employers where appropriate, shall establish,
maintain, and keep under review a programme for workplace monitoring under the
supervision of a radiation protection officer or qualified expert.”

Portable external gamma radiation survey meters (commonly referred to as dose
rate meters) are extensively used for ionising radiation monitoring. In the hands of a
well-trained operator, a dose rate meter has played an important role in maintaining a
radiation safe practice, even identifying an emergency situation and averting a serious
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radiation accident [4, 5]. Several codes of practice and safety
guides in Australia mention (i) that the regulators should en-
sure through the radiation management plan approval, the
availability of suitable dose rate meters, (ii) minimum device
characteristics such as dose rate range and alarms, and (iii)
calibration check frequency; etc. Specific requirements of
dose rate meters and their characteristics in practices involv-
ing nuclear medicine [6], fixed gauges [7], naturally occur-
ring radioactive materials [8], and industrial radiography [9]
are some examples. It is important to select a dose rate meter
with characteristics which are suitable for its intended use.
IAEA, for example, mentions that a dose rate meter which is
commonly used for conventional radioactive source radiog-
raphy may unsuitable for use with pulsed X-ray radiography
sources or higher photon energy linear accelerators [10].

The data for this review was obtained from a laboratory
which holds a certificate of reference standard of measure-
ment in Australia, the facility being traceable to the Austra-
lian primary standard of radiation exposure. Each year, the
lab checks a large number of commercially available dose
rate meters which are in use by different entities Australia
wide involved in activities such as human and veterinary
health, emergency services, education and research, chemi-
cal analysis, mineral exploration and industrial processing,
industrial radiography, scrap material handling, and check
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monitoring etc. A large number of commercially available
dose rate meters which are in use by a diversity of radiation
practices thus provide an overall view of their status and be-
haviour. This paper presents some aspects of observations
which have been divided in the following five sections:

- Displayed dose rates versus the expected dose rates

- Measurement of ambient background (lab environment)

- Effect of device orientation on the displayed dose rate

- Photon energy dependence of the displayed dose rate

- Failures and inadequacies

Observations and Discussion

The meters displayed dose rates in one of the following
three quantities and units; dose equivalent as pSv-h™, expo-
sure rate in mR-h™, or air kerma as pGy-h™. A comparison
for this review, however, required all values to be in the same
units. All data in this paper have been, therefore, converted
into the basic unit of air kerma rate in pGy-h.

1. Displayed versus expected dose rates

Figure 1 is the response of all functional dose rate meters
reviewed for this study. The results cover a total of 1,158
commercially available dose rate meters of 116 different
makes and models. The detector response was checked by

Deviation from expected value (%)
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Fig. 1. The observed deviation of the dose rate as displayed by a monitoring device from that expected from a calibrated *Cs source. About
22% and 3% of the values lie outside +10% deviation (dashed horizontal lines), and +25% deviation (continuous lines) respectively. For fur-
ther statistical analysis, the data have been subdivided into 11 arbitrary windows of the expected dose rate to which the monitoring device
was exposed. These data points in these windows have been shown in different colours in the in the figure.
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exposing it in an appropriate orientation at different distanc-
es from a '*'Cs photon source. As mentioned in the introduc-
tion, the expected dose rate is based upon the calibration of
the system traceable to the Australian primary standard of
radiation exposure [11]. The results have been plotted as the
percentage deviation from the expected dose rate versus the
expected dose rate in pGy - h™. For uniformity in the data set,
measured values in other units (uSv-h™ and mR-h™) have
been converted to pGy-h™ using standard conversion fac-
tors; 1.22 Sv/Gy [12], and 114 R/Gy [13]. The percentage de-
viation (8) of the measured dose rate (Hwieasurea) from the ex-
pected dose rate (Hespecea)is calculated as:

_ (H Measured_H Expec‘ted) %

3 100

€9

H, Expected

Each of the 8,077 points in Figure 1 is an average of five
readings, taken with all 1,158 meters. Overall, the results are
encouraging and suggest a good quality of the performance
of radiation monitors which are in use by different organisa-
tions Australia wide. Thus, out of the total readings, about
22% lie outside + 10% deviation and about 3% outside +25%
deviation from the expected value.

For the purpose of further statistical analysis, the results have
been divided into 10 different expected dose rate windows of
arbitrarily selected width as, 1-5, 5-10, 10-25, 25-50, 50-100,
100-250, 250-400, 400-700, 700-1,000 and 1,000-2,000 uGy-h.
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The data also includes 10 readings of >2,000 uGy-h™, they
are not further analysed due to a small number of readings
in this dose range.

Dose rate deviation frequency distributions of all readings
(1-2,000 pGy-h™) and in 1-5, 100-250, and 1,000-2,000
UGy-h dose rate windows are shown in Figure 2. One inter-
esting feature of these distributions is a gradual shift towards
the negative values of deviation with the increasing dose
rate. It may be due to some count rate loss (detection dead
time) at increasing photon intensity. As an average, the devi-
ation changes from near 0% in 1-5 uGy-h™ dose rate range
to about -7% in 1-2 mGy- h™' (Figure 2 inset). Although, indi-
vidual behaviour of different device models can substantially
deviate from this average. Suitable devices should be, there-
fore, selected depending upon the radiation dose rate range
required to be covered for specific applications.

The broadness of frequency distribution in deviation at
lower radiation dose rates (Figure 2) is perhaps a conse-
quence of larger statistical variations at lower count rates.

2. Measurement of ambient background (lab
environment)

All dose rate meters were tested for the ambient back-
ground reading in the lab environment. Ambient back-
ground photon energy spectrum is likely to be complex due
the presence of different naturally occurring radioisotopes
and the cosmic radiation, thereby making it harder to apply
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Fig. 2. Frequency distribution of the dose rate meter response deviation from the expected value (as in equation [1]). The results are plotted
for all measurements and for the readings in three different dose rate windows, 1-5, 100-250, and 1,000-2,000 pGy-h". The inset shows

the average value of deviation in different dose rate windows.
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Fig. 3. Frequency distribution of ambient background radiation dose rate as registered be different measurement devices. The dashed line is

a normal distribution fit to the data.

an energy dependent factors to convert all data in the same
dose rate units. An approximate correction was applied in
accordance with the factors suggested by the United Nations
Scientific Committee on the Effects of Atomic radiation (UN-
SCEAR) [14].

Figure 3 shows the lab background frequency distribution
of the dose rate registered by the 1,158 devices reviewed in
this study. As mentioned, the values include any contribu-
tion of the cosmic radiation. A large number of meters read
to one decimal point of uSv-h™. This has resulted in statisti-
cal anomalies in 0.0, 0.14 and 0.29 pGy - h™ bins.

About 2.5% of the readings are much higher than the dis-
tribution of the remainder 97.5%. However, these outliers in
ambient dose rate did not essentially fail in relatively accu-
rate measurements at higher dose rates. Excluding the 2.5%
outliers, the average of all readings is 0.21 pSv-h™. About
58% of the meters read within 0.14-0.28 pSv- h™' range, which
is +25% of the average.

The dashed line in Figure 3 is a normal distribution fit to
the ambient background data, which averages at 0.21 uSv-h™
with a standard deviation of 0.09. The wide spread in values
shows the inability of most devices to precisely and accu-
rately measure and resolve the dose rates near the ambient
background. The devices for environmental level monitoring
of dose rates should be selected on the basis of their adequa-
cy for that task.
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3. Device orientation

A number of manufacturers provide data about the detec-
tion system response with respect to the angle of incidence
of the beam. For practical applications, though, a user is likely
to hold the detector in an orientation such that he or she can
conveniently read the displayed dose rate, irrespective of the
radiation detector location or direction inside the dose rate
meter. As an example, Figure 4A shows three different orien-
tations A, B, and C in which a user may hold a detector to
read the dose rate from a source.

The effect of dose rate meter orientation on the readings of
anumber of commercially available devices was investigated
as part of this review. As indicated above, instead of focusing
on the angular response distribution of the device, we inves-
tigated the design ergonomics i.e. the angles that an operator
will realistically use to measure a dose rate.

Figure 4B shows the deviation in the dose rate reading of
14 different meters, when held in Position B or Position C,
relative to that in position A. Each point in Figure 4B is based
on 70 individual readings, 35 each at either orientation in the
dose rate range from 5-1,500 pGy-h™ due to a 662 keV inci-
dent photon beam from a "*’Cs point source. The error bars
represent the standard error of the mean. Only four (4) of the
14 dose rate metes (about 30%) display dose rates both in
Orientation B and Orientation C which are within +10% of
that in Orientation A. The results also show that, for some
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Fig. 4. (A) An operator can ergonomically hold the dose rate meter
in limited orientations with respect to the incident beam. The three
positions shown in this figure have been used for investigating the
effect of detector orientation on the displayed dose rate. (B) Dis-
played dose deviation with meters in orientations B and C relative to
that in orientation A.

commercially available meters, the change in the dose rate
reading with respect to orientation could be large - by a fac-
tor of 2 to 6 in this study.

4. Photon energy dependence

Gamma radiation dose is related to the amount of energy
deposited by the photons passing through a material medi-
um. Inside a dose rate meter, the radiation detectors, or the
data analysis codes are, therefore, designed with a compen-
sation so that their output should be proportional to the en-
ergies imparted by the photons reaching the detection sys-
tem. Energy response of the dose rate meters is occasionally
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Fig. 5. Measured dose rate (relative scale) by different meters ex-
posed to three different photon energies. The solid line is the aver-
age value at each energy, and the dotted lines are drawn at one
standard deviation from the average.

checked in the lab. The results of one such experiment have
been summarised in Figure 5, where the measured gamma
dose rate (uGy-h™) for six different makes of commercially
available dose rate meters has been displayed for gamma
emissions from *!Am (E,=59 keV), *"Cs (E,=662 keV), and
%“Co (E,=1,173 and 1,332 keV). Beta emissions from '*’Cs
and *Co were attenuated with a 10 mm plastic sheet.

The results in Figure 5 are on a scale relative to that regis-
tered by a thin window ionisation chamber of nearly flat re-
sponse in this energy range. Meter to meter variations in
photon energy dependence are obvious. The results also
show a general limitation of several commonly used dose
rate meters of poor response at lower photon energies. Over-
all, in this experiment, relative to a thin window ionisation
chamber, the average percentage of dose rate reading of vari-
ous meters was 12 (0.06), 81 (20), and 67 (12) corresponding
to 59 keV from **'Am, 662 keV from *Cs, and 1,173 & 1,332
keV photons from *Co, respectively. The number in the pa-
rentheses shows the standard deviation of the data.

5. Failures and inadequacies
In addition to the functional devices, for which the analysis
has been shown in this paper, about 1.5% additional meters
received for calibration check in the lab were either not per-
forming adequately, or they were regarded inadequate for
their intended use.
Such failures include:
- Meter displaying a value in ambient background region
but insensitive to above background radiation dose
rates.
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- Meter reading unstable i.e., keeps increasing or some-
times decreasing when exposed.

- Display set in incorrect units, e.g. units uSv-h but the
numbers read close to mR-h™".

- Display saturates above a certain dose rate without au-
dio or video warning.

Additional inadequacies include:

- Meter unsuitable for the expected application; for ex-
ample, saturates at higher dose rates, or cannot resolve
lower dose rates near ambient background, or the me-
ter may not adequately read X-ray photon dose rates.

- Unrealistic significant figures, e.g. showing up to three
decimal places of a uSv-h, which amounts to be 1
nSv- h™' resolution even for a short time constant.

- Device not a dose rate meter but a contamination mon-
itor with a poor gamma sensitivity.

Conclusion

This review of ~1,000 different of dose rate meters that are
used in Australia has shown that it is important to consider
the application and the radiation practice when selecting a
radiation monitor. Under lab conditions, most of the radia-
tion monitors that are in use in organisations across Austra-
lia perform well under calibration, with only 3% of those
measured deviating outside of 25% of the expected dose rate.
However, in real world the ergonomics and the design of the
detector can have a significant effect if for an application the
most natural way to use the detector means orienting it in a
way where it might have poorer performance. Additionally, it
is to be acknowledged that dose rate meters may be tuned to
perform in a certain photon energy range, and the dose rate
range, such that outside of those design parameters they can
significantly under report the dose rate. Dose rate meters can
fail to read the correct dose rate due to assorted reasons, and
therefore should be subject to regular checks for their behav-
iour.
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