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ABSTRACT

A survey study, using a questionnaire, was condugiel61 students and workers in a
French engineering school on symptoms experienaoedgluse of digital cellular phones.
A significant increase in concentration difficuti¢p< .05) was reported by users of 1800-
MHz (DCS) cellular phones compared to users of BBz (GSM) cellular phones. In
users of cellular phones, women significantly (%.@omplained more often of sleep
disturbance than men. The use of both cellular phoand VDT significantly (p<.05)
increased concentration difficulties. Digital céluphone users also significan{ly < .05)
more often complained of discomfort, warmth, anitking of the ear during phone
conversations as a function of calling duration gy and number of calls per day.
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82 SANTINI ET AL. INTRODUCTION

It has been reported that occupational exposuresicoowaves produce subjective disorders
such as headache, tiredness, sleep disorders, @ndrsnimpairment in humart€. Those symptoms,
associated with others (dermographism, tumors, t@dowmical alterations, reproductive, and
cardiovascular abnormalities) are known as micrevar radiofrequency sicknéssind were
described first by soviet scientiéts.

Digital cellular phones emit microwaves pulsed xtemely low frequency.In France, two
microwave frequencies are used: 900-MHz for Gl&atem for Mobile Communication (GSM) and
1800-MHz for Digital Cellular System (DCS)’

Some studies have reported biological effects ettedbmagnetic fields emitted by cellular
phones on working memory: a speeding of respomsest? or on events related to brain activity,
such as an effect on preparatory slow brain paknin visual monitoring, or an effect on rapid eye
movement during sleep.

Some other studies have reported nonspecific hegitiptoms (NSHS) during cellular phone
use, including headache, dizziness, concentratftioutties, and warmth around the &&t°

In this paper, we present a study involving 161 amrsubjects, students, and workers at a
French engineering school. This study, using attpresire given to users and nonusers of cellular
phones, aims to determine the influence of digigdllular phone use on nonspecific health symptoms
(NSHS).

MATERIALS AND METHODS

Questionnaire Used

A questionnaire was distributed to 161 people atsithool. General questions were about: age,
sex, model of digital cellular phone used (GSM o€S), and type of antenna (short, long,
incorporated). .

Other questions were about use of the cellular ehon

1) Number of calls per day:2 calls, 2 to 5 calls, 5 to 10 calls, > 10 calls.

2) Calling duration per day. <2 mm, ® 15 min, 15 to 60 min, >60 min.

3) How long the phone had been owned3 sonths, 3 to 9 months, 9 months to 2 years,2 to
years, > 5 years.

A question was asked about the use or nonuse idka display terminal (VDT). For subjective
disorders, questions asked were about:

1) General symptoms experienced by users and nonusers ofacgdhone:
headache, concentration difficulties, loss of mgmuredness, or sleep disturbance.

2) Symptoms experienced during cellular phone dizomfort, burning sensation of the face,
pricking sensation on the ear, or warmth of the ear
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Informations About Respondents

About 83% of respondents were under 40 years &@éh ere men and 45% were women,
51.5% of respondents had no cellular phone and48wned a cellular phone.

For users of cellular phones, 70% had a GSM (90Qz)vhd 30% had a DCS (1800 MHz)
phone. For 95% of users, the number of calls pgmdes < 5 and for 85% of users, the calling time
per day was < 15 min (only 3% of calls were lontiean 60 min per day). Eighty-four percent of
users owned a cellular phone for <2 years (1% forenthan 5 years).

Data Analysis

Results obtained were analyzed by the Chi-Squateni¢h Yates correctidfi by the way of a
VDT program (STATITCF, 1987—France). #.05 was considered statistically significant.

RESULTS

Comparison of Users vs. Non-users of Cellular Phoee

For general symptoms studied (headache, concemtrdifficulties, loss of memory, tiredness,
sleep disturbances), no significant difference whserved in complaint frequencies between users
and nonusers of digital cellular phones (Table 1).

Results for Digital Cellular Phones Users

1) Kind of antennatwo questionnaires had no response about theramté&or the 76 responses
obtained, 64.4% of cellular phones used had a simdeinna, 18.4% a long one, and 17.1%
an incorporated antenna. There was no significéiférence in general symptoms or in
symptoms occurring during communication in relattorthe type of antenna (results not
shown).

2) Comparison of GSM (900 MHz) vs. DCS (1800 MHz) sasrsignificant difference was
observed between users of DCS and GSM: more contpl§p<.05) were reported for
concentration difficulties by DCS users (45.8%)ntHaSM users (16.6%). No significant
difference appeared for other complaints, thouggdhehe and tiredness were more often
reported by DCS phone users.

3) Incidence of telephone time possessifur’ general symptoms and for symptoms experienced
during communication, no significant difference vedsserved between users with cellular
phone possession >9 months as compared to usdrscellitilar phone possession < 9
months (results not shown).

4) Sex differencewomen reported significantly more sleep disturlsasymptomgp<.05) than
men. This sex difference for sleep disturbancesnoas



Table 1. Percentages of Complaints Frequency for Studiedpyms and for Different Comparisons

900 1800 Cellular  Cellular Calling Calling  Number Number
Phone Duration Duration

Nonusers Usert MHz MHzV wom Men User: Phone+VD" <2 mir >2 mir  of Calls of Calls
Symptoms (83) (78) (54) (24) 27) (51) (28) Users (50) (22) (56) <2(50) >2 (28)
Headache 7.2 12.8 9.2 20.8 14.8 11.7 3.5 18 18.1 10.7 12 14.2
Concentration 24 25.6 16.6 45.8* 279 254 10.7 34* 22.7 26.7 28 21.4
difficulties
Loss of memory 14.4 6.4 3.7 125 74 3 0 10 9 5.3 8 3.5
Tirednes 54.2 53.¢ 46.z  70.¢ 66.€ 49 46.4 6C 54t 55.2 56 53.t
Sleep disturbances 18 12.8 129 125 259 5.8* 7.1 16 9 14.2 12 14.2
Discomfor 24 '20.¢ 22.z 21 14.2 26 0 30.3* 10 46.4*
Burning sensation 74 83 3.7 098 7.1 8 0 9 8 7.1
to the fac
Pricking of the ear 16.7 16.7 22.2 157 14.2 20 13.6 19.6 8 35.7*
Warmth of the ear 53.7 58.3 59.2 54.9 46.4 62 36.3 64.3* 42 78.6*

In parenthesis: number of subjects. Results of chi-square test: *=p<.05.
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observed in the group of cellular phone nonusessafaint frequencies for other general
symptoms and for symptoms expressed during commtioic were not significantly
different between men and women. The sex differdoncesleep disturbances was not
related to the model of cellular phone used (GSNDGE—results not shown).

5) Incidence of VDT useamong digital cellular phones users (900 +1800 Midme general
symptom, concentration difficulties, was signifidgnincreased(p < .05) for users of
both cellular phone and VDT as compared to usécellular phone only. Other general
symptoms and symptoms expressed during communicatiere not significantly
different.

6) Incidence of calling duration per dagomplaint frequencies for discomfort and for wdrmt
of the ear experienced during communication wegnificantly (p<.05) more often
reported when the calling duration per day was #2 as compared to a calling time per
day of < 2 min.

7) Incidence of number of calls per dagomplaints of discomfort, pricking sensation of th
ear, and warmth of the ear reported during comnatioic were significantly increased
(p<.05) when the number of calls per day was >2 as cordpare 2 calls per day.

DISCUSSION

In our study, we did not observe a significant efiféihce for general symptoms (headache,
concentration difficulties, loss of memory, tiredagsleep disturbances) between nonusers and users
of cellular phones, even when we observed, asenChia et al® study, an increased incidence of
headache (+77%) is nonsignificant in our case. Tésslt has to be put in perspective on considering
the fact that nonusers of cellular phones wereaa, fexposed to other electromagnetic sources they
knew about (for example, in our study: 70% of thara exposed to VDT) or did not know about
(microwaves from base station transmitters, radipfencies from radio and television transmitters,
extremely low frequencies from electrical wiringarisformers, electric appliances, etc.). This
situation may have affected results when we congpaocmusers and users of cellular phones because
people unexposed to electromagnetic fields are existant (at least in France). The lack of any
difference between users and nonusers of cellutemgs in general symptoms has also to be
considered with the fact that, in our study, useeaifular phones by the subjects was not heavy, in
mean, less than five calls per day and less thanid%er day for call duration. In their study, &let
alX® observed a significant increase of headache irsugieen call duration per day was > 60 min.

Some of our results are in agreement with thosaiméd by Mild et al* For example, we
observed that two exposure factors, calling dunatier day and number of calls per day, signifigantl
increased complaints reported during communicatenwarmth of the ear, pricking of the ear and
general discomfort. For the other exposure faciesstudied (duration of telephone ownership), no
significant difference was observed for general gtymms or symptoms experienced during cellular
phone use. As in the Mild et Hl.study, we observed a significant difference in ptaimts about
concentration difficulties in users of both cellugghones and VDT as compared to users of cellular
phones only. We did not observe, for VDT and cealiydhone users, the
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significant increase in skin symptoms like the lgrsensation of the face, as reported by Sandstrom
et al?’ for VDT users.

Some results obtained in our study are new. Werebdea significant difference between
women and men cellular phone users in complaintutalsleep disturbances. This result, not
observed in women and men nonusers of cellular ghomay be related to women's heightened
sensibility to electromagnetic field$!® Our study shows also that 1800-MHz users reposted
significant increase of concentration difficultim®re often than 900-MHz users. This result hasto b
put in relation to factors like power density, noisave frequencies emitted by digital cellular
phones, and factors which affect electromagnetiogdiion by the human he&¥Concentration
difficulties observed here for 1800-MHz users mayéhbeen correlated with a short-term memory
bioeffect of radiofrequency radiatiGh.

In a report of the UK independent expert group arbile phoneg?in line with precautionary
approach, the expert group notes that individualy ohoose to "use phones for as short a time as
possible." Our results agree with this safe approaft the independent expert group, because
nonspecific health symptoms (NSHS) are observee, ndren calling duration per day is >2 min.

Our study showed, for three of the four symptompeeienced during cellular phone use
(discomfort, pricking sensation on the ear, warpftihe ear), a significant increase in relationhwit
the number of calls per day. This result has tosben in relation to the fact that maximum
electromagnetic energy is generated by a cellidang at the begining of the cAl.

Electromagnetic fields emitted by digital cellufgtmones affect working memory in huméhs
and this effect may be related to cerebral vestt&ation, attributed to brain heating.It is well
known also that microwaves increase the temperatuneaterial from inside to outsid®. Thus, we
can say that the warmth sensation of the ear regoby digital cellular phone users during
communication is the result, at the skin level,nafd cerebral hyperthermia. Thus, the warmth
sensation of the ear might be a signal for usetigating that it is time to stop the call.

CONCLUSION

This study has shown that digital cellular phonersisnore often complained of discomfort,
warmth, and pricking on the ear during communicgtias a function of the calling duration per day
and the number of calls per day. The type of argeofthe cellular phone and the duration of
telephone ownership had no significant effecttbe incidence of complaints reported by digital
cellular phone users.

Users of 1800-MHz (DCS) cellular phones complaingdnificantly more often of
concentration difficulties than 900-MHz (GSM) usérhe combined use of cellular phones and VDTs
significantly increased concentration difficultiesusers of digital cellular phones.

In users of digital cellular phones, women commdirsignificantly more often of sleep

disturbances than men. This sex difference in sthsfpirbance is not observed between women and
men nonusers of cellular phones.
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