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health hazards of VDU work
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bstract

Word Heath Organisation (WHO) outlined in 2005 recommendations, how to treat people suffering from the functional impairment
lectrohypersensitivity in its document “Electromagnetic fields and public health”. Unfortunately the reduction of electromagnetic fields was
ot considered as a treatment option. The aim of the current study was to shield the computer user from the emitted electromagnetic irradiation
nd fields and to correlate that to the subjective symptoms reported by electrohypersensitive volunteers. The irradiation of the shielding
abinets was recorded. They housed either separate computer screens or whole laptops. When the volunteers had used the shielding cabinet
or 1–7 years, they were able work with their computers whole working day, Those who had used the shielding cabined for 2–3 months were
artially symptom free. The person who had used the cabinet only for 1 week reported some alleviation of her nausea. In conclusion: it seems
hat reducing the electromagnetic irradiation of the computer can lessen the symptoms of electrohypersensitivity and permit working without

roblems. Further studies are needed to clarify how the symptoms of different organ systems recover and make computer users to work also
rofessionally.

2012 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Symptoms of electromagnetic hypersensitivity were first
escribed in persons working on visual display units (VDUs)
also known as computer monitors or screens) in the early
980s. The reported symptoms were typically various kinds
f skin symptoms such as stinging, burning and itching sen-
ations on the face, upper body and arms [1].

Korpinen and Pääkkönen carried out in 2002 [2] an
xtensive enquiry, to study the working-age populationı̌s self-
eported symptoms associated with using mobile phones and
ther electrical devices. Their research questions were: (1)
ow the respondents described their symptoms associated
ith the use of mobile phones and other electrical devices,
nd (2) if the answers could be classified into subgroups
ased on symptoms or devices. The questionnaire was sent to
5,000 Finns and 6121 (41%) responses were received. Three

∗ Corresponding author.
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ifferent subcategories could be formed: (1) respondents
ith different self-reported symptoms which they associ-

ted with using mobile phones, (2) respondents who had
kin symptoms associated with long term computer use, and
3) respondents who had somatic symptoms associated with
sing mobile phones and other electrical devices [2]. From
he point of view of the current study, it is interesting that
n the enquiry made by Korpinen and Pääkkönen in 2002 it
as still possible to find a clear uniform group of respondents

laiming that they responded to computer screens. It looked
ike the phenomenon observed already in the early 1980s had
merged to stay.

Gangi and Johansson have found that several persons
orking at VDUs had both subjective and objective skin- and
ucosa-related symptoms, for example itch, heat sensation,

rythema, papules and pustules. Persons who suffered from

he functional impairment electrohypersensitivity (EHS) had
n their skin similar damages to those known to be affected
y UV light or ionizing radiation [3]. The most common
nding in the samples taken from the facial skin of persons

dx.doi.org/10.1016/j.pathophys.2012.01.005
mailto:Marjukka.Hagstrom@gmail.com
dx.doi.org/10.1016/j.pathophys.2012.01.005
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etting symptoms of electrohypersensitivity was an increase
f mast cells and their markers, histamine, tryptase and chy-
ase. These findings can explain the clinical symptoms of

ain, itch, edema and erythema [4].
The old cathode ray tube (CRT)-type monitors exposed

heir users to strong electric and magnetic fields. These
onitors used an electron beam to form the image on phos-

horescent dyes lining the inner surface of the cathode ray
ube. High voltages were needed to accelerate the electron
eam to required energies for sufficient phosphorescence and
trong electromagnets were used to deflect the beam to create
he required image patterns.

Liquid crystal display (LCD) screens used today are based
n electronic control of liquid crystals. The background
ight source in LCD screens is typically a cold cathode flu-
rescent lamp or a series of light emitting diode (LED)
odules. LCD screens do not produce as strong electro-
agnetic fields as CRT screens due to their relatively low

oltages and currents. LCD screens can, however, contain
ignificant digital integrated circuitry and switching power
ources which create radiofrequency electromagnetic emis-
ions. Several persons report that they still get symptoms
hile working at a computer with an LCD screen. The symp-

oms experienced by the persons are not only caused by the
adiation of screens but also that of central processing units
nd peripherals. Many parts of the computer can increase the
lectromagnetic load on a user. Our working hypothesis was
hat the shielding of electromagnetic fields might reduce the
ymptoms.

WHO in 2005 published a document “Electromagnetic
elds and public health” in which it stated that electro-
agnetic hypersensitivity symptoms that are commonly

xperienced include dermatological symptoms (redness, tin-
ling, and burning sensations) as well as neurasthenic and
egetative symptoms (tiredness, fatigue and concentration
ifficulties). In Sweden the prevalence of EHS was first esti-
ated at 1.5% [5] and a newer estimate is 2.6–3.2% [6]. In
ustria the prevalence was estimated to be less than 2% in
994 but it had increased to 3.5% in 2001 [7]. In Switzerland
% of the population has been estimated to suffer from EHS
8]. In California the prevalence of self-reported sensitiv-
ty to electromagnetic fields was 3.2% and with 24.4% of
hose surveyed reporting sensitivity to chemicals as well [9].
inally, the Canadian Human Rights Commission reported

hat approximately 3% of Canadians have been diagnosed
ith environmental sensitivities, including chemicals and
MF in their environment [10]. In the report the author espe-
ially recommended improving the environmental quality
t work places. WHO recommended that the treatment of
ffected individuals should focus on the health symptoms
nd the clinical picture. In the treatment program, demands
f affected individuals should not be considered, if they asked

or reducing electromagnetic fields in the workplace or home
!). If the symptoms associated with electromagnetic fields
ecome prolonged and severe, then according to WHO, the
ymptoms could be reduced by offering cognitive therapy
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s a treatment [11]. Hillert in 2001 [12] however clearly
emonstrated this to be without effect.

The aim of the present study was to clarify the effect of
eduction the electromagnetic irradiation by shielding the
omputer emitted irradiation with physical design on the
sers’ self reported sensations.

. Materials and methods

.1. Design of the shielding cabinet

The shielding cabinet was designed by one electrosensi-
ive subject with the help of a radio engineer. The cabinet was
onstructed out of 1 mm thick rolled steel. The sheets were
haped by cold pressing for rigidity and then welded together
ith continuous seams. The main door was manufactured

rom the same material and had two locking latches which,
hen closed, apply considerable pressure against the elec-

rically conductive door seals. The compressible door seals
re crucial for proper EMC (electromagnetic compatibility)
ealing. All electrical contact areas of the steel chassis were
eft unpainted to ensure a galvanic connection.

The front window was a 3 mm thick sheet of Optolite
hielded HSR (by Instrument Plastics, UK) with a 0.25 mm
itch steel mesh laminated inside. The specified attenuation
or the window is above 60 dB at the relevant frequencies.
o reduce moire effects the mesh inside the window had an
ffset rotation of 10 degrees. The conductive window edges
ere galvanically connected to steel mesh layer inside the
indow. The window edges were connected to the steel chas-

is by compression against the chassis by a rectangular steel
racket. A total of 44 evenly spaced tightening screws ensured
hat the bracket applied an even pressure against the brittle
indow.
The cables were run through a square 10 cm × 10 cm

ut-out opening on the back wall of the cabinet. Cables
ere inserted through the opening after which a steel panel
as re-inserted over the opening and tightened with 8

crews. Electrically conductive seals help to maintain EMC
ntegrity.

The cabinet materials offered a good isolation against
adiofrequency emissions and low-frequency electromag-
etic fields when fully sealed. The imperfect mating surfaces
f the main window, the main door and the cable aper-
ure cause, however, some leakage. A major electromagnetic
ompatibility (EMC) issue is the cable opening and the
ables which penetrate the shielding. The conductors in the
ables were electrically isolated from the metal chassis and
hey can act as signal conductors both into and out of the
abinet.

In the measurements we tested the cabinet by using a per-
onal computer and its 230 V power supply in the cabinet.
he mains voltage power cord ran through the cable aperture

MC shield. The laptop used an unearthed power supply and
id not have access to additional direct grounding.
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ably capture all emission lines in the 8001 point sweep both
in the 10–1000 MHz and 1000–3000 MHz ranges.
ig. 1. Reference emission measurement setup inside the shielded room of
WC laboratory.

.2. Evaluation of the shielding efficacy

The attenuation of the shielded computer cabinet was mea-
ured in the shielded room of the EMC laboratory, Turku
niversity of Applied Sciences (TUAS). RF frequencies from
0 MHz to 3 GHz were recorded with a test receiver (R&S
SPI, Germany). Two series of measurements were per-

ormed, first with the unshielded personal computer and then
he personal computer inside the shielded cabinet. During the

easurements the cabinet was earthed to the power mains
rotective earth. The antennas were located in the front of
he computer and the cabinet, roughly in the location where
he user’s lower face or upper chest would be during normal
omputer operation.

The personal computer used in the measurements was a
ujitsu-Siemens Lifebook C1020 manufactured in 2004. To
imulate the worst case emissions the laptop was running
PU and hard drive stressing software. No peripherals were
sed for these measurements and the only components were
he laptop and the power supply.

The measurement in the frequency range of 10–1000 MHz
as carried out using a Schaffner DPA 4000A antenna and

requency range of 1000–3000 MHz was measured using a
chaffner DPA 3000. The antennas had respective nominal
requency ranges of 200–1000 MHz and 1000–2800 MHz,
utside of which the performance of the antennas was not
uaranteed by the manufacturer. Especially the received spec-
rum components considerably below 200 MHz were not
ccurate and were further attenuated by the rapid loss of
ain and matching in the antenna. Measuring emissions above
000 MHz were not considered a priority as the strength of
pectrum components fell below the measurement system
oise floor towards 3000 MHz.

The antennas were positioned in 50 cm distance horizon-

ally from the center of the laptop and at a height of 100 cm.
he center of the antenna is was 60 cm from the laptop geo-
etric center. Fig. 1 visualizes the physical layout of the

F
v

Fig. 2. The laptop inside the shielding cabinet.

easurement setup for the unshielded reference case. For
he shielded case the laptop was inside the cabinet and posi-
ioned on the same spot as in the unshielded measurements.
he front side of the cabinet was 6 cm beyond the edge
f the laptop towards the antenna. The positioning of the
aptop and the cabinet for the shielded case are shown in
igs. 2 and 3.

By comparing the measurements between the reference
nshielded case and the shielded case one can estimate
he level of shielding introduced by the cabinet enclosure.
ig. 4 shows the measured spectrum power for 10–1000 MHz
ithout shielding and Fig. 5 shows the same measure-
ent for the shielded situation respectively. Figs. 6 and 7

how the unshielded and shielded measurements for the fre-
uency range of 1000–3000 MHz. The shielding attenuated
missions in front of the cabinet by up to 20 dB in the
0–1000 MHz range. The 300 kHz RBW was chosen to reli-
ig. 3. A view into the open shielding cabinet with the cable access panel
isible behind the laptop.
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Fig. 4. Emissions of an unshielde

.3. Volunteers

Five persons who had reported health hazards while work-

ng with their computers volunteered to participate in the
tudy. Three were men and two females. Their anthropomet-
ic characteristics are given in Table 1. One of the subjects was

Fig. 5. Emissions of the shielding cabinet at 10–1000 MHz.
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nal computer for 10–1000 MHz.

bese while the others had normal body mass index (BMI).
hey reported to be otherwise healthy and had no symptoms
xcept those related to their computer work. The volunteers

eported that they had had various symptoms for 4–21 years
hich they considered to be due to their computers (Table 2).
ll had various skin problems, headache, fatigue and two

ig. 6. Emissions of an unshielded personal computer for 1000–3000 MHz.
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Table 1
Characteristics of the volunteers participating in the study.

Subject Sex (m/f) Age (years) Weight (kg) Height (cm) Body mass index Symptoms

1 f 55 92 163 34.6 Erythema, tingling and burning sensations,
urticaria, shortness of breath, arrhythmia, fatigue
and nausea

2 m 51 69 180 21.3 erythema, numbness of the skin, back pains,
memory problems, emotional

3 m 50 82 186 23.7 Erythema and itching of the skin, shortness of
breath, arrhythmia, memory and concentration
problems, headache, blurred eyesight

4 m 48 54 171 18.5 Limb pains, muscle stiffness, headache
5 f 36 77 177 2

r
a

h

T
S
c

S

1
2

3

4

5

f
a
a
p
t
t
w
l
b

s
s
w
j
a
h
w

a
t
t

Fig. 7. Emissions of the shielding cabinet at 1000–3000 MHz.

eported memory problems and shortness of breath and one

lso pains and muscle stiffness.

The second subject was a 51-year-old male who reported
e experienced erythema and numbness appearing on his

able 2
ummary of symptom durations and improvements due to using the shielding
abinet of the computer.

ubject Time since
first symptoms

Duration of
cabinet use

Benefits

9 years 1 week Slight alleviation of nausea
21 years 7 years Disappearance of all

symptoms, can use a
computer full-time

4 years 2 months Improvement of all
symptoms and quicker
recovery time from
computer related symptoms

6 years 3 months Considerable alleviation of
symptoms, able to use the
computer for hours

7 years 1 year Became symptomless and is
able to work full-time with
a computer

t
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4.6 Burning sensations, redness and increased
temperature of the skin, shortness of breath

ace, hands, and sometimes all over his body while using
computer. He also told that he had back pains in his back

t computer work. This subject also suffered from memory
roblems while working at the computer. He had difficul-
ies retrieving data from his memory and also memorising
hings became difficult. The subject observed that while he
as working at the computer, his emotional life became shal-

ow, aesthetic sense disappeared and also associative thinking
ecame ‘stiff’.

The fifth subject was a 36-year-old female, whose major
ymptoms were skin symptoms like burning sensations of
kin. Especially in the skin of the face, neck and arms there
ere red. Skin damages looked like burns, observed both sub-

ectively and objectively. After the subject had been working
t the computer, her skin felt exceptionally hot as if the skin
ad been feverish. She also had shortness of breath which
as experienced by the first and the third subjects, too.
Each subject had a shielding computer cabinet at disposal

nd all of them used laptop computers with the cabinet. Either
he laptop or a separate screen for the laptop could be put in
he cabinet. If only the screen was put in the cabinet, then
he computer was located as far as possible from the user
iven the cable length limitations. The first subject put only
he screen in the cabinet. The second and the third subject put
he laptops into the cabinets. The fourth and the fifth subjects
ut separate screens in the cabinets. In all cases an external
eyboard and a mouse were used in front of the cabinet.

. Results

The first subject, a 55-year-old female, had been suffering
rom computer-related symptoms for 9 years. For the current
tudy, she spent only 1 week on using the shielding computer
abinet. However, she told us that at the computer without the
abinet she often felt undefined nausea that had slightly been
lleviated when she had started working with the shielding
abinet.
The second subject, a 51-year-old male, told that he had
esponded to the electromagnetic fields produced by com-
uters as long as for 21 years. Therefore, he had already
een using a solution comparable to the shielding computer
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abinet for 7 years. He told that immediately after the intro-
uction of the computer cabinet, all his symptoms had been
lleviated. The subject reported that thanks to the cabinet, he
id not observe any of his previous symptoms and was able
o work on the computer full-time.

The third subject, a 50-year-old male, reported getting
light symptoms from electromagnetic fields of computers
or 20 years, but in the past 4 years his symptoms had become
o serious that he was unable to work. For the current study he
ad been using the shielding computer cabinet for 2 months
nd he told that his diverse symptoms had been alleviated
nd recovery from the symptoms had also become quicker.
nly the skin symptoms caused by computers had continued

n the same way as before.
The fourth subject, a 48-year-old male, said to have had

esponded to the electromagnetic fields of computers for 6
ears. He used a shielding computer cabinet for the current
tudy for 3 months. During this time his symptoms were
lleviated remarkably. He described that without the cabinet
e was able to work on the computer for only 15–30 min
efore he started to get muscular pain and tension. Thanks
o the cabinet, he was able to use the computer for several
ours.

The fifth subject, a 36-year-old female, reported that she
ad been responding to the electromagnetic fields of comput-
rs for 7 years. Her symptoms had become insufferable after
he had started working on a computer full-time. For the cur-
ent study she tried a shielding computer cabinet for a year.
sing it had removed her breathing symptoms immediately.
kin symptoms had also been alleviated after she had started

o use the shielding cabinet. After using it for 2–3 months,
he reported that her skin had started to heal and now she is
ble to use the cabinet shielded computer full-time. Without
he cabinet she is not able to work because her skin symptoms
tarted gradually to return.

. Discussion

Our physical measurements showed that the designed
hielding computer cabinet clearly decreased the electro-
agnetic irradiation. The volunteers reported that they had

oticed various symptoms due to the computer work for more
han 4 years. As the time of shielding cabinet use varied
rom 1 week to months and years, one can see that the com-
uter users benefitted more and more with time it was used.
he shielding cabinet permitted even daily computer work,

f it had been used for than 1 year or more. If the shielding
abinet had been used for only 2 or 3 months already signifi-
ant increase of working time and more speedy recovery was
eported. Thus the recovery required time and was slow. This
s easy to understand as the reported symptoms had lasted

ears. In any case the results suggest that complete recov-
ry is possible, if regular shielding was used. As the main
mphasis of this study has been physical protection, more
tudies with volunteers are needed to clarify which organ

p
I
b
c

iology 19 (2012) 81–87

ystem responds earlier and which organs require more time
o recover.

Our results indicate the appropriately controlled provoca-
ion studies are important to establish the factors that drive
nd support the functional impairment electrohypersensi-
ivity. Present results also help to understand the relative
mportance of psychological and non-psychological pro-
esses in mediating observed symptoms. One way to establish
causal relationship is to introduce the provocative agent in
uestion, but likewise – as studied here – a very powerful
ool can be to reduce or eliminate the very same physical fac-
or, in this case the electromagnetic irradiation. A working
aboratory definition of electrohypersensitivity formulated
n symptomological terms is therefore needed to permit
ecognition of hypersensitivity reactions when they occur.
n previous provocation studies [cf. Ref. 13], the assump-
ion was made that true hypersensitive subjects would exhibit

ore or less the same symptoms in response to repeated
rovocations. The functional impairment is by definition
lways individual, personal and private. We therefore defined
lectrohypersensitivity as the occurrence of any medically
ecognized symptom in response to provocation using an
nvironmentally relevant electromagnetic irradiation-source,
uch as a personal computer; there was no requirement that
he same symptom must reoccur when the electromagnetic
eld re-occurred. This definition avoided the problem of
asking real effects and more appropriately matched the

aboratory procedure to the known characteristics of elec-
rohypersensitivity.

Current results in the general literature clearly show that
eople are suffering various symptoms, even losing their jobs,
nd furthermore, having to pay for protection from electro-
agnetic irradiation. For those people it acts as an actual

arrier that disturbs their social participation and well-being.
n Sweden, EHS is recognized as a functional impairment,
herefore, EHS persons can receive assistance and service
n accordance with the Swedish Act concerning Support
nd Service for Persons with Certain Functional Impair-
ents (“LSS-lagen”) and the Swedish Social Services Act

“Socialtjänstlagen”) [6]. “The UN 22 Standard Rules on
he equalization of opportunities for people with disabili-
ies” (1993), since 2007 upgraded into “The UN Convention
n Human Rights for Persons with Functional Impairments”
uarantees complete accessibility to people with disabilities.
he stance assumed by the WHO violates the rights of func-

ionally impaired people and for this reason it should be
mended.

The government of Sweden considers changing the envi-
onment as primary solution, because in Sweden impairments
re viewed from the point of the environment. This view
s expressed in the Swedish Action Plan for Persons with
mpairments (prop. 1999/2000:79 “Den nationella handling-

lanen för handikappolitiken – Från patient till medborgare”).
t is considered that no human being is in itself impaired,
ut instead there are shortcomings in the environment which
ause the impairment.



hophysi

r
i
p
a
m
b
t
f
t
t

r
b
D
o
t
e
i
[

c
w
r
O
g

b
i
o
i
c
s
t
t
O
i
s
t
r
t
e
i

i
o
h
o
s
t
p

A

K
E
s
h
M
E

R

[

[

[

[

[

M. Hagström et al. / Pat

The European Parliament has published a report that
equires information about the locations of electromagnetic
rradiation sources, such as mobile phone base stations and
owerlines, to recognize EHS persons and to grant them
dequate protection [14]. The report indicates 29 counter-
easures including the above-mentioned items, including

ullet point no. 28. “Calls on Member States to follow
he example of Sweden and to recognize persons that suf-
er from electrohypersensitivity as being disabled so as
o grant adequate protection as well as equal opportuni-
ies”.

In the USA, the Architectural and Transportation Bar-
iers Compliance Board has stated EHS and MCS to
e considered as disabilities under the Americans With
isabilities Act [15]. Furthermore, the National Institute
f Building Sciences, in the USA, has recommended
o provide rooms with low chemical and EMF lev-
ls in commercial and public buildings. The purpose
s to ensure accessibility for MCS and EHS persons
16].

As stated above, it is necessary to take a pre-
autionary approach and to provide social support, as
ell as to conduct further research to understand the

elationship between health symptoms and irradiation.
ur current study shall be viewed against this back-
round.

Two out of the five volunteers participating in the study
ecame totally able to work after using the cabinet damp-
ng the electromagnetic radiation of the computer for 1 year
r more. Symptoms of the other two volunteers participat-
ng in the study were alleviated after using the shielding
abinet for 2 or 3 months, but they were not completely
ymptom free. The one volunteer had only a week’s time
o use the shielding cabinet but despite the short test
ime, also she reported slight alleviation for her symptoms.
n grounds of the study that we have conducted, there

s reason to suppose that reducing electromagnetic fields
trongly reduced the health hazards of the subjects. On
he strength of this study result, we hope that WHO will
evise its recommended instructions [11] for treating elec-
rohypersensitive individuals and rather start changing their
nvironment into one with complete and equal accessabil-
ty.

In conclusion: the present results showed that the shield-
ng protection against irradiation is efficient way to reduce
f computer emissions. That is the only reasonable way to
elp people suffering from the electromagnetic irradiation
f computers emit. It is also a highly cost-effective mea-

ure to get people back into work, rather than to continue
heir lengthy sick-leaves and inability to continue in their
rofession.
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