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Abstract

Electronic dosimeters are very much more versatile than existing passive dosimeters such as TLDs and film badges which
have previously been the only type of dosimeters approved by national authorities for the legal measurement of doses to
occupationally exposed workers. Requirements for the specifications and testing of electronic dosimeters are given in the
standards produced by the International Electrotechnical Commission Working Group IEC SC45B/B8. A description is
given of these standards and the use of electronic dosimeters as legal dosimeters is discussed.

1. INTRODUCTION

Electronic personal dosimeters (EPDs) have for at least the past 25 years been used as
secondary dosimetry for occupationally exposed workers and because they are easy to read
and incorporate alarm capability they have almost replaced pocket ion chambers (commonly
called pen dosimeters) for this application. As the size of EPDs have diminished and their
capabilities have increased with improvements in electronics, they are being considered for
primary dosimetry in place of the commonly used film badges and thermoluminescent
dosimeters (TLDs). It has long been predicted [1] and [2] that such devices may replace films
and TLDs for use as primary dosimeters in personal dosimetry services approved by their
national authorities for occupationally exposed workers. However, as with all innovations the
EPD brings with it some of the problems of instruments which are not seen with traditional
dosimeters. Before EPDs are accepted as primary dosimeters the radiation protection
community has to reassure itself that their costs, reliability and accuracy of the data are
comparable to traditional methods.

The International Electrotechnical Commission (IEC) in 1984 set up a working group, IEC
SC45B/WGB8, to produce standards on electronic dosimeters.

This report describes the standards being produced by this DEC working group and discusses the
role of electronic dosimeters in radiation protection monitoring.

2. IEC STANDARDS

2.1. Discussion

DEC Working Group TC45/SC45B/B8 terms of reference are to prepare draft standards on
pocket active electronic direct reading and warning dose equipment rate monitors for use with
photon and neutron radiations. It is served by 24 experts from 11 different countries. It has
produced four separate standards for equipment to measure the personal dose equivalent
Hp(10) from penetrating radiation. These standards are titled:

IEC 1283, radiation protection instrumentation - direct reading personal dose equivalent (rate)
monitors - X, gamma and high energy beta radiations.
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DEC 1323, radiation protection instrumentation - neutron radiation - direct reading personal
dose equivalent and/or dose equivalent rate monitors.

DEC 1525, radiation protection instrumentation - X, gamma, high energy beta and neutron
radiations - direct reading personal dose equivalent and/or dose equivalent rate monitors.

DEC 1344, radiation protection instrumentation, monitoring equipment - personal warning
devices for X and gamma radiations.

This last standard is for simple warning equipment, frequently known as a bleeper. It provides an
audible and/or visual alarm and does not quantify the dose received since it has no recording or
digital indication of the accumulated dose.

In addition to these four standards, a standard DEC 1526: (45B/162/CDV) has just been approved
for registrations as a FDIS.

DEC 1526, radiation protection instrumentation - direct reading personal dose equivalent and/or
dose equivalent rate dosimeter for the measurement of personal dose equivalent Hp(10) and
Hp(0.07) for X, gamma and beta radiations.

Since all the standards are for measurement of the same quantity, namely the personal dose
equivalent, great care has been taken to ensure that the relevant specifications and test methods
of all the standards are consistent. Therefore to illustrate the specifications to be found in all
these standards those for this last standard for the measurement of Hp(10) and Hp(0.07) are
described.

2.2. Requirements of Standard

2 . 2 . 1 . RADIATION PERFORMANCE SPECIFICATIONS

The scope of the standard is for dosimeters worn on the trunk of the body which measure the
personal dose equivalents (rate) Hp(10) and Hp(0.07) from X and gamma radiations of
energies 20 keV to 1.5 MeV, and from beta radiation of mean energy >0.06 MeV. Where the
dosimeters are to be worn by individuals in the location of nuclear reactor installations where
6 MeV photon radiation is present then testing is required at photon energies above 4 MeV.
The required specifications for the dosimeter are given in Table I. These requirements are
applicable for both the measurement of Hp(10) and of Hn(0.07). For the determination at the
relative intrinsic error 137Cs is to be used for Hp(10) and 9°Sr/90Y for Hp(0.07).

For the variation of the response with radiation energy, tests are required for both beta and
photon radiations. For the beta tests the ISO radiations from l47Pm(Emax = 0.225 MeV),
io4Tl(Emax = 0.78 MeV), and !06Rh(Emax = 3.5 MeV) are used to test that the Hp(0.07) response
is within ± 30% of the 90Sr/90Y response. For the photon tests the use of the ISO filtered X-
radiation, low air kerma rate series, at 17,26,30, 48 60(or 241Am), 87, 109, 148 and 211 keV
and 60Co shall be used to demonstrate that the response over the energy region 20 keV to 1.5
MeV is within ± 30% of the Hp(10) response to 137Cs, whilst at 6 MeV the response has to be
within -50% to +100%. If, for the design of the dosimeter, the air kerma rates from the ISO
Low Air Kerma Rate Series are insufficient to perform the test conveniently then the follwing
energies of the ISO Narrow Series shall be used (20,24,33,48,65,83,100,164 and 208 keV).
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TABLE I. TESTS PERFORMED WITH VARIATIONS OF INFLUENCE QUALITIES

Characteristic under test or
influence quantity

Relative intrinsic error

Response time
Accuracy of alarm levels

Radiation energy
Beta
Photon

Angle of incidence
Beta
Photon

Retention of reading
Class I and 2 dosimeters
Class I dosimeters only

Dose equivalent rate dependence
Overload
Power supply voltage

Primary batteries
Secondary batteries

Drop tests
Vibration test
Microphony
Ambient

Temperature 3)
Temperature shock

Relative humidity
Electromagnetic field of
external origin
Magnetic field of
external origin

Electrostatic

Range of values of influence
quantity

Effective range of measurement

5s
All settings

>Emax = 0.78MeV
20keVtol.5MeV
6MeV

0° to ± 60°
0° to ± 60°

8 hours
24 hours after loss of principal

jK>wer supply
Up to 1 Sv.h'1

10 times range maxima

After 100 h continuous use
After 10 h continuous use
1.5 metres
2gn over frequencies 10 to 33 Hz
10 cm
-10°Cto40°C
- 20°C to 50°C
-10°Cto50°C

40% to 90% at +35°C
100 Vm"1 at 100 kHz to 600 MHz
and IV m"1 at 500 MHz to 1 GHz
60 A m"1 at 50 to 60 Hz

6 kV, 2mJ

Limits of variation of
indication

Dose equivalent: ± 15%
Dose equivalent: ± 20%
<±10%
± 15%
± 20%

± 30%
± 30%
-50% to+100%

± 30% for '"Sr/^Y
+ 20% for 137Cs
± 50% for 241Am

±5%
±5%

< ± 20%
Indication > full scale

± 15%
± 15%
+ 10%
±15%
spurious dose <1 fiSv
± 20%
± 50%
+ 15% relative to+20°C
± 10%
+ 10%
± 10%
± 10%

± 10%

The specifications of the variation of response with angle of incidence of beta and photon
radiation is made for two planes, one horizontal and one vertical through the front face of the
dosimeter. For the 90Sr/90Y beta radiation the ratio of the dosimeter reading Hp(0.07) at 0°
relative to the reading at a = 0° for angles at 0°, 20°, 40° and 60° shall be within ± 30% of the
ratios given in Table 2. For the photon radiations two energies are used and at 60 keV from 0°
to 60° the ratios in Table m shall be within ± 50% and for 662 keV from 0° to 60° the ratios in
Table III shall be within ± 20%.

It should be noted that all the IEC SC45B standards on electronic dosimeters specify that all
the radiation tests shall be performed with the electronic dosimeter mounted on the ISO water
phantom of 30 cm x 30 cm x 15 cm.
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TABLE II. CONVERSION FACTORS FOR A TISSUE EQUIVALENT SLAB PHANTOM FOR
HP(0.07) FOR BETA RAYS (EMITTED BY STANDARD SOURCES AND EXTENDED AREA
SOURCES) AT ANGLES OF 0°, 20°, 40° AND 60°, NORMALISED TO 0° (SEE NOTE)

Nuclide

Data (extended area sources)

Strontium-90/Yttrium-90

Strontium-90/Yttrium-90

Thallium-204

Thallium-204

Promethium-147

Data (PTB standards)*

Strontium-90/Yttrium-90

Typel

Type 2

Thallium-204

Promethium 147

Data normalised to zero degrees

Distance (cm) 0° 20° 40° 60°

20.0

30.0

20.0

30.0

15.0

30.0

30.0

30.0

20.0

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.03

1.02

1.02

1.01

1.87

1.02

1.02

0.97

0.95

1.10

1.08

1.00

0.97

1.7

1.10

1.10

0.93

0.71

1.14

1.09

1.82

0.80

0.48

1.15

1.19

0.73

Note:

Type 1: With beam flattening filter.
Type 2: Without beam flattening filter
In compliance with ISO series 1 reference radiations [11]

For beta irradiations it is only necessary to use factors to convert from normal incidence of the
radiation to different angles of incidence as the calibration beams of the secondary standard beta units
are normally calibrated in units of Hp(0.07) in tissue.

The electrical, mechanical and environmental performance requirements are summarised in
Table I. Of these the most practically important are the performance of the dosimeter with
variations in power supply, to temperature shock and the ability of the dosimeter not to
respond to RF fields. This latter requirement is particularly important since in an emergency
situation the wearer may also be operating a portable radio transmitter.

TABLE m. REQUIRED VARIATION OF THE RATIO OF READING AT oc° FOR PHOTON
RELATIVE TO THE READING AT <x = 0° FOR MONITORS USED TO MEASURE
PERSONAL DOSE EQUIVALENT (RATE), H P ( 1 0 )

Radiation
source

241Am (or
filtered X-
radiation)

137Cs

Photon
energy

59.5 keV
(or 60 keV)

662 keV

Ratio = reading ocTReading at 0°

oc=15°

0.99

1.0

oc = 30°

0.97

1.0

oc = 45°

0.90

0.98

°c = 60°

0.77

0.95

oc = 75°

0.51

0.80
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The required mechanical characteristics of the dosimeter are as follows:

2.2.2. SIZE

The dimensions shall not exceed 15 cm length, 3 cm depth, 8 cm width, excluding any clip or
retaining device but in addition the volume shall not exceed 250 cm3 excluding the clip or
other fixing arrangement.

2.2.3. MASS

The mass shall not exceed 200 g.

2.2.4. CASE

The case should be smooth, rigid, shock resistant, dust and shower proof

The dosimeter shall be able to withstand dropping onto a hard floor from 1.5 m.

Means shall be provided for fixing the dosimeter to clothing, e.g. a strong clip or a ring or a
lanyard. Due regard should be given to the necessary orientation of the detector and alarm
indicators.

2.2.5. SWITCH

If external switches are provided these shall be adequately protected from accidental or
unauthorised operation. Operation of any switches provided shall not interfere with the
integrating function of the dosimeter. Switches should be operable through a plastic bag if
used for contamination control and with gloved hands.

In the near future there are likely to be significant advances in the design of electronic
dosimeters. They are almost certain to replace some dosimetry systems based upon passive
detectors and in a few cases already have. It is therefore fortunate that the JEC standards on
electronic dosimeters are already well developed and will provide the basis for manufacturers
to design and test as well as for users to evaluate the dosimeter's potential performance against
the standard criteria.

3. DISCUSSIONS

EPDs are obviously more complex than passive dosimeters, and in particular compared to
TLDs. The degree of complexity that is required can to some extent be reduced by the specific
needs of the operators and some of these are discussed in a US report [3] which deals with the
adoption of EPDs as legal dosimeters.

(1) Users of EPDs have noted the tendency of workers to use the EPD as a survey meter.
This will invalidate the results from the EPD and lead to recording of excessively high
exposures. They therefore recommend that two steps should be taken to eliminate the
tendency to use the EPD as a survey meter. First, display of dose rate should be eliminated
and replaced by a single resetting alarm. If additional dose rate information is needed, survey
meters or supplemental EPDs should be used. Second, administrative controls should be used,
including worker training on the use of EPDs and worker reprimands for misuse of EPDs.
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(2) Permanence of record is an issue with the EPD since electronic failure could lead to loss
of data. Many EPDs periodically write the dose data to a nonvolatile EPROM memory.
Transfer of data should occur at short intervals. Any EPD used as a primary dosimeter should
have a non-volatile memory with dose data written to memory at least every 15 minutes.
Documented procedures for recovery of the information from the nonvolatile memory must
exist.

(3) EPDs can be susceptible to electromagnetic interference (e.g. RF emissions). This
susceptibility, particularly in the case of EPDs designed to measure Hp(0.07), may be virtually
impossible to eliminate in intense fields such as pulsed radar or radio/TV transmitters.
Therefore all EPDs should pass the test criteria given in the IEC standard. Manufacturers
should have a quality control program that tests each EPD for susceptibility. Users should
eliminate use of EPDs in high RF emission areas or areas with intense magnetic fields and
should institute worker training programs.

(4) Many commercial EPDs have a poor low energy photon response. However, this may
not be a severe problem in most environments. Studies in America, [4] and [5], have shown
that significant beta or low energy photon exposures are rare in nuclear power plants. Below
50 keV, the value of Hp(10) per air kerma decreases rapidly as a function of decreasing
energy, down to zero at 10 keV, while that for Hp(0.07) decreases by only 20% down to 10
keV. Thus, below 50 keV, it is the personal dose equivalent Hp(0.07) that is more restricting.
Also, the data produced by ICRU and ICRP show that below 100 keV, the measurement of
Hp(10) significantly overestimates the effective dose equivalent as well as the dose to most
individual organs. Hence, it can be argued that the dosimeter's Hp(10) response can fall
significantly at low energies to compensate for this overestimation. Alternatively, there is no
need to establish a requirement for measurements below 50 keV.

(5) Many commercial EPDs do not measure Hp(0.07). Also, neutron dose is not easily
measured by using EPDs. Users should therefore review workers' exposure data to determine
the need to measure Hp(0.07) since it is generally not a concern and Hp(0.07) and neutron dose
could be handled by supplemental dosimetry or workplace studies.

The conventional dosimeter is worn on the trunk placed on top of clothing. Usually, such
workers wear a shirt or blouse and a coverall. With the thinnest shirt being about 30 mg.cm'2,
it is obvious that the worker's body is never receiving a dose equivalent at a depth of 0.07 mm
(7-mg.cm"2). It is also questionable that the shallow dose recorded should be assumed to be
received by the wearer's extremities. The spatial dose-rate distribution from weakly
penetrating radiations is frequently very variable and usually so inhomogeneous that the
values measured on the trunk provide only little information on the actual exposure situation
of the person to be monitored [6]. It would therefore seem more prudent to monitor the dose at
the location where the dose is accumulated, namely by the issue of conventional extremity and
skin dosimeters. For example Thind [7] observed that in radiation source fields near the hands
of operators the dose gradient between the wrist and the tips of the fingers could vary by
factors of up to 30. Thus, requirements for neutron measurements and measurements of
Hp(0.07) with EPDs may not be justifiable in many cases and are probably handled better with
conventional dosimeters.
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(6) Alarms are often difficult to hear and, in the case of multiple alarms may be difficult to
distinguish particularly in noisy environments. It is therefore recommended that manufacturers
are aware of the alarm problem and the use of earphones, vibrators, etc., should eliminate the
audibility problem. Reduction of dose-rate alarms and other alarms should reduce the
problems with multiple alarms. Dose, dose overload, battery failure, and dosimeter failure
should trigger audible alarms; combining the three latter alarms would be practical since they
indicate a need to leave the area and check the dosimeter for condition. Actual alarm condition
could be displayed. Thus, one dose, one dose-rate, and one "failure" alarm would need to be
available.

4. CONCLUSIONS

In summary the advantages of using electronic dosimeters over passive dosimeters are:

• no specialised processing laboratory is required to read out the doses

• they can be readily linked to entry and exit controls

• they can alarm to warn the wearer, or his controller, that pre-set dose or dose rate
levels have been exceeded.

Disadvantages are:

• the cost of the dosimeter is significantly higher than films or TLDs

• their size and weight is much greater

• they need batteries to operate the dosimeter. Such batteries should be standard E C
batteries which are readily available in the country of use and also present no
safety problems. It should be noted that the most recent commercial EPD operates
without any batteries [8].

Some manufacturers claim that electronic dosimeters are more sensitive than TLDs and so
will enable lower doses to be measured. Typically electronic dosimeters integrate in units of
1 ̂ Sv. A European Commission (EC) environmental intercomparison [9] showed that even the
most simple EPDs could, after correction for its inherent response and cosmic response,
measure accurately environmental doses (Figure 1).
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FIG. 1. Measurement of environmental doses with EPD.
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These environmental measurements with TLDs and electronic dosimeters were made at a
standard field station where the air kerma rate was about 75 nGy.h"1 (approximately 0.07
(iSv.h"1). The electronic dosimeter with 1 jaSv sensitivity would have to be in this field for 14
hours before the first digit was displayed. However, with the more sensitive TLD materials
now available and using glow curve analysis the TLDs were accurately reading, within ± 20%,
the dose after only 6 hours exposure. To achieve a response as good as these TLDs the
electronic dosimeter would have to have a 0.1 u.Sv sensitivity.

1.70E+01 4.00E+01 7.00E+01 1.00E+02 4.00E+02 7.00E+02 1.O0E+O3 4.00E+03

Photon Energy keV

Multi PIN - - Single PIN - - GM - - - Direct Ion Storage
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