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Short communication
GSM cell phones can interfere with ionizing radiation
dose monitoring equipment
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Abstract. Cell phone use is growing worldwide. These phones transmit to adjacent base stations
using radiofrequency signals in the microwave range (~900-~1800 MHz). Portable electronic
dose monitoring equipment is used in hospitals and other institutions to monitor and control
levels of exposure to ionizing radiation, and to reassure staff. The objective of this paper is to
investigate the effect of mobile phones on a sample of dose monitoring devices. Two mobile
phones (Siemens C25 and Motorola CD930) were used in the study. Field strengths were
measured to be in the range 0 V. m ™' to over 100 V m™~!, depending on the distance from the
phone, and were strongest at the beginning of a call. Personal electronic dosemeters (n=7),
portable dose monitors (n=4) and contamination monitors (#=2) were assessed. All the units
were in service. Three of the personal dosemeters showed abnormal responses when exposed to
mobile phone transmission. One dosemeter (Siemens EPD-2) registered doses equivalent to a dose
rate of 99 mSv h™'. In addition, two of the portable dosemeters and one of the contamination
monitors also gave an abnormal response. Interference was observed across a number of detector
types from a number of manufacturers. Modern cell phones can interfere with ionizing radiation
dose monitoring equipment. This should be taken into account when distributing these devices
and when assessing results generated by them. Electromagnetic compatibility testing should form
part of the commissioning and specification protocol for new dose monitoring equipment.

There has been a dramatic increase in mobile
phone, or cell phone, usage in recent years. A
1998 study showed that up to 54% of the Irish
population use cell phones [1]. Mobile phone use
is commonplace among radiation workers who
need to be in contact for emergencies, particularly
among engineers, industrial radiographers, doc-
tors and medical radiographers [2]. Electronic
ionizing radiation dose monitoring is widespread
in modern institutions [3]. Dose monitoring
devices have provided a mechanism for monitor-
ing low doses of radiation (in the range of
microSieverts) with an instant read-out. This has
provided a cost effective solution to dose
monitoring and can be more pragmatic than the
use of film or thermoluminescent dosemeter
badges. Electronic dosemeters are based on a
number of technologies. These include Geiger
Muller (GM) and diode-based detectors. The
majority of units contain alarms to alert the
user when a pre-set dose rate is exceeded.
Quantitative readings are available in most cases
using a liquid crystal display (LCD). Dose and
contamination monitors are widely used for a
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variety of purposes. They rely on a number of
detector technologies, including scintillation crys-
tals, proportional counters, ionization chambers
and GM tubes [4].

Cell phones have caused concerns regarding
interference with medical devices; consequently,
mobile phone use is generally restricted in
hospitals [5]. Assessment of the effects of cell
phones is complex, as cell phone technology has
evolved rapidly in recent years [6]. GSM mobile
phones emit low levels of radiofrequency energy
in the microwave range (~900 MHz to
~1800 MHz). Phones now being marketed use
transmitters to locate an adjacent base station and
to communicate with that base station (location
updating). The base station re-transmits any
information received to a phone network.
Speech and other information are encoded using
frequency modulation and digital signal proces-
sing techniques [6-8]. The output of the phones
can be measured in terms of power density
(W cm™?) or electric field strength (V m™ ).
Output in this paper has been expressed in electric
field strength for comparison with other papers [9,
10]. The mobile phone dynamically controls the
amount of output power it needs to facilitate a
call. This level will depend on the distance from
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and the sophistication of the base station
transmitter [6]. The maximum output power of
the phone will broadly depend on the class, as
defined by the GSM standard. Recent hand-held
phones are generally dual band, and are class IV
with a maximum power output of 2 W at
900 MHz, and class I with a maximum output
power of 1 W at 1800 MHz [7].

Testing protocols for electronic dosemeters
have shown that these may be susceptible to
electromagnetic interference in the 500 kHz to
1 GHz range [9, 10]. Indeed, some manufacturers
now offer electromagnetically shielded housing
for dosemeters and advertise reduced electromag-
netic susceptibility levels in their dosemeters
(Siemens, Germany, NDS, Texas, USA). It is
the purpose of this paper to investigate the effects
of modern cell phones on electronic ionizing
radiation dose monitoring equipment already in
service.

Methods and materials

Dose monitoring equipment that was in service
and considered to be fully functioning was
selected for the study. The equipment is used
either in a hospital or as part of the national
regulatory inspectorate and dosimetry service of
the Radiological Protection Institute of Ireland.
All the units had been calibrated in the previous
12 months by a certified laboratory. The devices
tested in this paper are listed in Table 1. All the
units were tested in a laboratory where good
mobile phone reception was known to be avail-
able.

Radiofrequency field measurements were
recorded using a CA 43 portable field meter
(Chauvin Arnoux, France). This was calibrated in

Table 1. List of equipment tested and mode of operation

the previous 24 months, in accordance with the
French BNM-COFRAC standard (Nr2-1035),
which is equivalent to the UKAS standard in
the UK. Two types of GSM phones were tested in
this study, the Siemens C25 (Siemens, Germany)
and the Motorola CD930 (Motorola, Ireland).
Both phones are GSM class IV at 900 MHz and
class I at 1800 MHz.

Electric field strength was measured during
connection at the start of a call and throughout a
call. This was done for outgoing and incoming
calls. Information was kept constant in the
outgoing call by phoning a disconnected
number and using a voice recording for the
incoming call. A 4 s integration period of average
field strength was used to facilitate monitoring of
the continuous field density. The instantaneous
peak (400 ms) fluctuated too rapidly to permit
reasonable recording. Field strength was meas-
ured at various locations around the phone to
find a maximum. Field strength was also meas-
ured at 1 m and 2 m from each phone, and the
results are given in Table 2. Maximum field
strength was found in the area underneath the
aerial.

Each dosemeter was placed adjacent to the
phone at the maximum field strength point. If an
effect was observed, the unit was moved until the
effect was no longer observed. The unit was then
placed at 1 m from the phone. If an abnormal
response was still observed, the unit was placed at
2 m from the phone, and so on. The results of the
tests are shown in Table 3. Dose readings before
and after were documented, as well as any
activation of alarms. Alarm settings on each
device were those set by the user or manufacturer
and are not documented here.

Manufacturer/distributor

Electronic personal dosemeters

Los Alamos Rad alarm Chirper F&J speciality products Inc. Diode

(FL, USA)
EPD-2 Siemens (UK)
Pocket dosemeter with LED

Stephen 6000
Gammacom 4200

Gothic Crellon Bleeper 3 Gothic Crellon (UK)

Portable dose monitors

1015 MDH Radcal (CA, USA)
Berthold LB133 Berthold (Germany)
N/E PDRI1 NE Technology (UK)

Mini Instruments Series 1000

Contamination monitors
Berthold LB1210
Series 900

Berthold (Germany)

Appleford Instruments (UK) GM
Pocket dosemeter without LED  Appleford Instruments (UK) GM
R.A. Stephen/Centronics (UK) GM
R.A. Stephen/Centronics (UK) GM

Mini-Instruments (UK)

Mini-Instruments (UK)

Detector Display
Audio & LED
Diode Audio, LED, LCD quantitative

Audio, LED, LCD quantitative
Audio, LCD quantitative
Audio, LCD quantitative
Audio, LCD quantitative
GM Audio, LCD quantitative

Ton chamber LCD

Proportional Analogue meter
GM Analogue meter
GM Analogue meter

Proportional Analogue meter
Scintillation ~ Analogue meter

LED, light emitting diode; LCD, liquid crystal display; GM, Geiger Muller.

The British Journal of Radiology, September 2000

995

¥20g 49q0J0Q | | UO Jasn uepeyue - Aisioaun ejels sesuey Aq | Ly LZe./v66/€L8/E /o191 /w00 dno-olwepese/:sdjy Wwouy papeojumoq



P Gilligan, S Somerville and J T Ennis

Table 2. Mobile phone electric field strength (V m™') variation with distance

Phone Adjacent 1 m 2 m

Max. During call Max. During call Max. During call
Siemens C25 125 10-25 3.1 0.1-3.1 0.5 0.2-1.1
Motorola CD930 114 10-20 1.8 0.1-0.5 0.9 0.1-0.8
Results environment a number of times before it was

Maximum electric field strength was measured
at the start of the call when the phone set up the
call with the base station (Table 2). During the
call the field strength levels were lower and
fluctuated throughout the call (Table 2). The
same range of levels was noted for incoming
and outgoing calls. Table 3 shows that cell phones
can interfere with dose monitoring equipment. In
the majority of cases this interference happens
only when the phone is adjacent to the dose
monitoring device. The responses were the same
regardless of whether the call was incoming or
outgoing. In the case of one audible alarm
dosemeter, the effect was observed at up to 2 m
from the phone. The most marked effect was in
the Siemens EPD-2 electronic personal dosemeter.
This device showed dose rate levels up to 99 mSv
h™" at up to 60 cm from both phones tested. The
displayed dose climbed more slowly (~1 uSv s~ ')
than that anticipated by a dose rate of
99 mSv h™'. Two models of Appleford pocket
dosemeter were tested. The Appleford pocket
dosemeter fitted with a light emitting diode (LED)
showed a rapid initial increase in dose (335 uSv)
but no effect thereafter. This effect was difficult to

observed. The same effect was not seen in the
Appleford device without the LED.

The type of detector did not determine which
dose monitoring devices were susceptible to
abnormal response. A Radcal MDH 6 cc ioniza-
tion chamber registered a dose of 5 mR upon
exposure to the electric field strengths from each
phone. The Berthold LB133 portable dosemeter
showed an abnormal response that depended on
field strength. A reduced effect was noted at a
distance of 1 m compared with that adjacent to
the phone. The Berthold contamination monitor
(LB1210) registered high count rates when the
phones were operated adjacent to the meter. None
of the devices were affected at distances of 3 m.
All the units were fully functional after exposure
to a mobile phone.

Discussion

The American National Standards Institute
(ANSI) [11] N42.20 and other standards give
performance criteria for testing dosemeters.
Included in such criteria is testing for radio-
frequency/microwave interference in the range

reproduce consistently and required changing the 500-1000 MHz. The Siemens EPD-2 showed

Table 3. Description of observed effects on in-service dose monitoring equipment from mobile phones
Effect Phones” Distance

Electronic personal dosemeters

Los Alamos “Chirper” Continuous alarm CD930, C25 <2 m

Siemens EPD Increased dose reading CD930, C25 <60 cm
(73 uSv in 60 s);
increased dose rate
(>99 mSv h™ ! in 5 s); alarm

Appleford with LED Increased dose CD930, C25 Adjacent
(335 uSv in 5 s)

Portable radiation monitoring equipment

1015 MDH Increased dose reading CD930, C25 Adjacent
(SmR in 5 s)

Berthold LB133 Increased dose rate CD930, C25 Adjacent
(50 uSv h™! in 5 s); alarm

N/E PDRI1 Increased dose rate CD930, C25 Adjacent
(50 uSv h™'in 5's)

N/E PDRI1 Increased dose rate CD930, C25 1 m
(02 pSvh™'in 5's)

Contamination monitoring equipment

Berthold LB1210 Increased reading to 300-400 counts s~ ! CD930, C25 Adjacent

EPD, electronic personal dosemeter; LED, light emitting diode.

“ CD930, Motorola, Ireland; C25, Siemens, Germany.
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interference at field strengths of 100 V. m™! and
20V m~ !, but not 1 Vm '[9, 10]. The results
presented in this paper would corroborate the
findings of these studies. If mobile phone inter-
ference had not been seen in any of the devices
used in this study, it would not necessarily imply
that mobile phones do not interfere with the
device in all types of environments.

Mobile phones are generally worn in the
abdominal area, attached to a belt or stored in
a bag or pocket. Electronic personal dosemeters
are generally worn in the area of the trunk and
are usually attached to a belt clip. It is possible
that they could be worn next to an active mobile
phone that could generate high field strengths
when setting up an incoming call. The dose and
contamination monitors tested above are gener-
ally hand-held about 30-50 cm from the body. In
normal use, these are less likely to register
significant readings from the high electric field
strengths adjacent to a belt-worn mobile phone.
The effects that occurred exclusively at high field
strength could be mitigated by issuing instructions
with the dose measuring device that it should not
be used adjacent to a mobile phone that is
switched on. This instruction may become more
important as belt-worn ‘“hands free” voice-con-
trolled phones and phones that record informa-
tion in silent mode without alerting the user
become more common. Two electronic personal
dosemeters showed an abnormal response up to
60 cm and up to 200 cm, respectively, from both
mobile phones. These dosemeters could be
affected by mobile phone users other than the
wearer or if the wearer is using the phone adjacent
to the ear. Indeed, abnormal responses from these
devices to mobile phone use in other rooms have
initiated surveys for ionizing radiation sources in
the authors’ hospital. Electronic personal dose-
meters are often used in short surveys to reassure
non-radiation workers in a hospital that they have
been designated correctly. Examples of these
workers would include pregnant nursing staff in
intensive care units concerned about radiation
doses from portable X-rays who cannot be
reassured by didactic methods. The potential for
cell phone interference should be considered when
designing such surveys.

Assessment for mobile phone interference of
dose monitoring equipment already in service and
new dose monitoring equipment may provide
useful information. In this paper, a simple
approach has been used to test dose monitoring
devices. This is similar to the technique used by
the Medical Devices Agency in the UK for testing
electromagnetic immunity of medical devices from
mobile phones [12] and may provide the basis
for a pragmatic immunity testing protocol.
More extensive testing may require specialized
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equipment [12, 13]. Compliance with ANSI
standards [11] and other test results should be
specified in tender documents for new equipment.
Such information may also be available for
equipment already in service. The potential to
improve the susceptibility of problematic devices
by replacing shielding or other techniques should
be investigated.

Conclusions

Modern cell phones can interfere with ionizing
radiation dose monitoring equipment. This should
be taken into account when distributing these
devices and when assessing results generated by
them. Interference is observed over a range of
detector types and manufacturers. The potential
for electromagnetic interference should be
assessed when commissioning and specifying
these devices.
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