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KNAVE BG, WIBOM RI, BERGQVIST UOV, CARLSSON LLW, LEVIN MIB, NYLEN PR oWork
with video display terminals among office employees: II Physical exposure factors. Scand J Work Environ
Health II (1985) 467-474. This is the second report in a major epidemiologic health investigation on
work with a video display terminal (VDT). The first study showed that VDT operators reported more
eye discomfort than a reference group not employed in VDT work and that women reported more eye
discomfort, musculoskeletal complaints, headache, and skin disorders than men, regardless of whether
they worked with a VDT or not. The present report contains the results of the occupational hygiene
measurements (indoor climate, lighting and electrostatic conditions). Considerable differences were found
between VDT operators and referents and also between sexes. Indications were obtained of a possible
relationship between eye discomfort and luminance ratios in the working field of vision. Otherwise, no
association could be established between occupational exposure factors and subjective eye discomfort,
musculoskeletal complaints, headache, or skin disorders.

Key terms: electrostatic charging, electrostatic fields, epidemiologic study , floor resistance, indoor climate,
light air ions, lighting, ultraviolet radiation .

In the literature, no specific visual display or work en­
vironment factor has been fully identified as causally
relating to, eg, eye discomfort. A number of sugges­
tions have been made, however, for a relationship
between eye discomfort and workroom lighting, glare,
dry air, screen or character brightness, readability,
flicker, reflections, or phosphor characteristics (3,5,
10, 11, 12, 15, 16, 17). Most of these studies used com­
parison between subjective data (from the examinee)
only.

The present epidemiologic health investigation
involved about 400 video display terminal (VDT)
operators and, as a reference group, 150 office
employees without any VDT work. In a first report
(9), it was shown that the VDT operators reported
more eye discomfort and skin disorders than the refer­
ents. Furthermore, the women consistently reported
more discomfort than the men, regardless of whether
they were employed in VDT work or not.

In this second report of the epidemiologic study,
various indoor climate factors (dimensions of premises,
temperature, air velocity, humidity, and pressure) were
studied and measured at the workplaces of each in­
dividual operator and referent in the investigation;
lighting and ultraviolet radiation were also measured.
The extent of certain electrical phenomena (electrostatic
fields from the VDT screen, electrostatic charging
of operators and referents, light air ions) were also
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measured. The objective measurement results obtained
were related to various forms of subjective discomfort
and symptoms as reported in the health status ques­
tionnaire of the first report (9).

Subjects and methods

Subjects

Tables I and 2 in our first report (9) show the material
in terms of "exposed" (VDT operators) and "unex­
posed" (reference group) subjects. For the present
report it has in most cases been possible to use a
material comprising 539 persons (391 exposed and
148 reference subjects) or 516 persons (374 exposed!
142 referents) having almost the same sex and age
structure as was presented previously (9).

Methods

The overall structure and various stages of the epide­
miologic study have already been described, as have,
in greater detail, the questionnaire, the documentation
underlying the calculation of the discomfort indices,
the duration of the workhours, and the statistical
methods used (9). A description will now be given of
the methods used in measuring and assessing the
various physical exposure factors investigated.

Indoor climate. Room size (volume), globe tempera­
ture, air velocity, air humidity, and air pressure were
measured at the various enterprises on the days when
the questionnaires were completed and the eye examina­
tions performed. Temperature and relative air humidity
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were recorded with a Lambrecht thermohygrograph.
Air pressure was determined by means of a Lambrecht
registering barometer. Air velocity measurements were
taken using a Wallac GGA 23 S hot wire anemometer.
The mean radiated temperature was measured with a
globe thermometer with a standard 15-cm diameter
globe.

Lighting. 1lluminance and luminance were measured
against horizontal and vertical surfaces at the work­
stations (manuscript, screen, keyboard) and horizon­
tally in the offices (general lighting) using a Hagner
universal light meter (model S2). Luminance was also
measured in the paracentral part (referred to as "sur­
round" in the figures and as "close surroundings" in
the text) and periphery of the visual fields for each
subject in a normal work position. The luminance
measurements were recorded with the normal mea­
suring angle (10) of the instrument and also as lumi­
nance averages for a visual field restricted by a cone
having an apex angle of 60°. The luminance on 0.5 em­
of the screen surface was measured with a measuring
angle of 1° and with the instrument positioned 0.5 m
away from the screen. A measuring angle of 60° gave
a corresponding measuring field of 0.25 m 2

, which in­
cluded the whole of the VDT screen and part of the
workstation. These measurements were conducted
while work was in progress.

Contrast reduction on the manuscript and keyboard
was measured with a Bruel & Kjaer contrast meter
(type 1100). Contrast (C), which is the relative dif­
ference in luminance between surfaces (L[ and Lz),
can be defined as C = 100· (Lz- L})/L[ (percent).

Contrast reduction (CR) expresses the relation
between the observed contrast and the best possible
contrast, CR = 100· (1- C/CmaJ (percent). The
visual distance of the individual employee from the
manuscript, the keyboard, and the screen was mea­
sured at every workstation.

Ultraviolet radiation. Ultraviolet (UV) radiation within
the UVA wavelength band (315-400 nm) was mea­
sured with a UVM-8 Airam instrument. The detectors
were positioned with the sensitive surface facing the
ceiling and, where relevant, the VDT screen. In the
latter case the detectors were kept in the operators'
normal facial position, about 60 em in front of the
screen.

Electrostatic fields from the screen. The electrostatic
field was measured with an Eltex Q475 C "field mill."
The electrostatic field strength was recorded every
10th em between 10 and 70 em in front of the screen
with the field mill positioned centrally in front of the
screen. The casing of the mill was grounded for the
measurements, and the person taking the measure­
ments was grounded via the casing. The employee was
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not sitting at the workstation when these measurements
were performed.

This procedure agrees with that used by Cato Ol­
sen (4). Since then, and subsequent to the commence­
ment of our measurements, a different procedure has
been proposed by Harvey (6) and by Paulsson et al at
the Swedish National Institute for Radiation Protec­
tion (SSI) (13). In this procedure a large metal disc or
foil sheet is positioned parallel to the screen. The field
mill sensor is placed in a hole in this disc, and the
grounded casing of the field mill is also connected to
the disc. This procedure has two advantages. First, a
more homogeneous field is obtained, which means that
the potential on the surface of the screen can be esti­
mated more accurately, and, second, measurements are
less prone to interference from other charged objects.

We have investigated the relation between these two
methods with 14 screens (though not the same screens
as were included in our study). The results showed that
the values obtained at a distance of 10 em with the
method of measurement we used are about 2-2.5
times greater than those obtained with the methods
used by SSI and others. This ratio increases with in­
creasing distance. Thus the measurements obtained by
these various methods are not directly comparable.
However, the measurements obtained in this study are
real in the sense of showing the fields occurring in a
certain, realistic measuring situation. In addition, our
results are consistent insofar as comparisons can be
made within the study.

Electrostatic charging. Static charges of the employees
were roughly estimated using the aforementioned field
mill. The fields corresponding to these charges were
measured with the employee seated normally at the
workstation and also after the employee had been
moving about on the premises for a minute or so. The
measurement procedure for the employee was to hold
the ungrounded field mill and point it towards a
grounded metal disc, the distance between the disc and
field mill being about 1 em, whereupon the electrostatic
field in this measuring situation was recorded.

Another method, based on the same measurement
principle, has been presented, eg, by Ancker et al (1).
For reasons resembling those already stated concerning
the electrostatic fields from the VDT screen, however,
our measurements are not comparable with those
reported by Ancker et al (1). They can, however, be
used for purposes of comparison within this study.

Estimate of the electrostatic field between the screen
and the operator. A rough estimate of the electrostatic
field occurring in a typical VDT work situation has
been obtained by treating the observed fields as ho­
mogeneous, the field being calculated as E = (EF IO •

0.1 - STEL . O.OI)/VDscR, where E = the (estimated)
field between the screen and the operator in kilovolts
per meter, EF IO = the observed field from the screen



at a distance of 0.1 m (in kV/rn), STEL = the ob­
served field from the operator at a distance of 0.01 m
(in kV1m), and VDSCR = the distance in meters be­
tween operator and the VDT. (This rough estimate has
only been used for comparison purposes within the
present study.)

air ions at 5-min intervals. Ion content was measured
close to the employee and in the middle of the room
or about 2 m away from the employee.

Results

Floor resistance. Floor resistance was measured by the
method specified by the Swedish Planning and Ration­
alization Institute for the Health and Social Services
(SPRI) (14). The measuring instrument used was a
Norma Isolationsmesser 1806.

Light air ions. Charged particles will be affected by
electrostatic fields, as determined by the field and the
ion mobility, given in square meters per volts times
seconds, ie, meters per second divided by volts per
meter. So-called light air ions are small (about 0.001­
0.003 JIm), short-lived, and highly mobile (mobility of
SOme 10- 5 - 3 . 10- 4 m'/V . s). Larger ions (Langevin
ions, approximately 0.003-0.03 JIm) have a mobility
of about 5 . 10-7 _10- 5 m'/V . s, while charged
particles (Aitken nuclei, >0.03 JIm) have a mobility
of 10-9 - 5 . 10-7 m'/V . s (4, 7).

The content of small air ions in the air was measured
with an Allen Weston A 7893 instrument, the threshold
mobility of which was 5 . 10- 5 m'/V . s. (Thus these
measurements only include the small, highly mobile,
and short-lived ions.) This instrument alternately
measures the average content of positive and negative

Both the entire material and the exposed women only
have been used for the correlation analyses in the
present work. This procedure was used because the ex­
posed women were the largest homogeneous "discom­
fort group" in the material. As was shown in the first
report, the exposed employees stated significantly more
discomfort (eg, eye discomfort) than the reference sub­
jects, just as the women reported more discomfort than
the men.

Indoor climate

As can be seen from figure 1, several significant dif­
ferences were observed in the climate, both between
the exposed and reference groups and between the
sexes. The VDT operators' workstations were located
in larger rooms (figure IA), with lower temperatures
(figure lB) and higher air velocities (figure 1C) than the
referents'. Women were found to be working in larger
rooms with higher temperatures and air humidities but
with lower air velocities (figures lA - D) than men.

A correlation analysis showed several significant
(p < 0.001) correlation coefficients between the dif­
ferent climate factors. With the exception of a negative
correlation between the musculoskeletal discomfort
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Figure 1. Room volume (A), globe temperature (B), air velocity (C), relative air humidity (0), and air pressure (E) for the exposed
and reference groups and for the men (0) and women (9) in the two groups combined. (* p < 0.05, ** P < 0.Q1, *** P < 0.001)
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Figure 2. General room ill uminance (A). manuscript illuminance (8) and luminance (C), luminance in the close surroundings
(surround) (D), the ratio between the lum inance on the manuscript and in the close surroundings (E),and the contrast reduct ion
on the manuscript (F) fo r the exposed (diagonally striped columns) and reference (unstriped columns) groups and for the men
(0) and women ( 9) in the two groups comb ined (horizontally striped columns). (* p < 0.05, ** P < om, *** p < 0.001)
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Lighting

As regards the lighting factors investigated, there were
clear differences between the exposed and reference
groups (figure 2). The VDT operators had both lower
room illuminances and lower illuminances on the
manuscript (figure s 2A and B). Luminances were
lower on the manuscripts (figure 2C) and in the close
surroundings (figure 2D). The luminance ratios be­
tween the manuscript and the close surroundings and
the contrast reduction on the manuscript were con­
siderably higher among the exposed subjects than
among the referent s (figures 2E and F).

There were also differences in lighting between the
men 's and women ' s workstations , although these dif­
ferences were less conspicuous than tho se between the
exposed and reference subjects. Statistically significant
differences were only found with regard to manuscript
illuminance and luminance; lower values were recorded
for the women .

There were high correlation coefficients between the
various lighting factors, but no such associations could
be established between the lighting factor s and the
report ed subjective discomfort.

It is a well known fact tha t large luminance rat ios
between adjoining areas within the working field of
vision can generate what is termed contrast glare. [See
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scores and air pressure (p < 0.001), there were no
associations with the different subjective complaints.

Figure 3. Relationship between the luminance ratios and eye
discomfort for the women in the exposed group. (surround =
close surroundings)
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Figure 4. Visual distance to the screen, the keyboard , and the
manuscript for the men (0) and women ( ",) in the exposed
group (A) and the visual distance to the manuscript for the
women in the exposed (diagonally striped column) and reference
(unstriped column) groups (8). (** P < om, *** p < 0.001)
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Hopkinson & Collins (8).] Luminance ratios in the
region of 3 ; 1 have been stated as guidelines for a good
visual environment. The diagram in figure 3 has been
made to include (for the female VDT operators) eye
discomfort scores versus luminance ratios for manu­
script: screen (solid line), manuscript: close sur­
roundings (broken line), and for close surroundings:
periphery (dotted line). The data, as presented in the
figure , suggest that eye discomfort increases with
larger luminance ratios. This finding applies par­
ticularly to the manuscript: screen luminance ratio
(solid line). The eye discomfort score for a luminance
ratio of 20 : I differs from the other values in that
curve (p < 0.05). It is also worth noting that screen
luminance was significantly negatively correlated with
the various luminance ratios. This fact indicates that
the cause of the large luminance ratios may be found
in the low-luminance, dark VDT screens.
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Figure 5. Ultrav iolet (UY) radiation (UVA := 315-400 nm wave·
length band) measured towards the ceiling for the exposed
(diagonally striped columns) and the reference (unstrlped
columns) groups (A) and for the men (0) and women ( "') In the
two groups combined (horizontally striped columns) and mea­
sured towards the screen of the video display term inal (VDn
for the exposed group (8). (* * P < 0.01, * * * p < 0.001)

Visual distance

Measured distances between the eyes and various
visual objects showed that female VDT operators
worked at closer distances than the ir male colleagues
in relation to the screen, the keyboard, and the manu­
script (figure 4A). Furthermore, exposed women were
found to be working with the manuscript farther away
(mean about 8 em) than women in the reference group
(figure 4B). There was a clear correlation between the
various visual distances, but no relation could be
established with relevant subjective discomfort (eye
discomfort, musculoskeletal complaints , headache).

Ultraviolet radiation

When the UV instrument was aimed at the ceiling,
lower radiation intensity was observed among the VDT
operators than among the referents (figure SA). No
differences were established between the sexes (figures
SA - B), whether the instrument was aimed at the
screen or the ceiling. There was no association between
UV radiation and eye discomfort or skin disorders.
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Electrostatic conditions

Electrostatic field from the screen. The electrostatic
field was measured at a distance of 10, 20, 30, 40, 50,
60, and 70 ern from the screen for all worksites of the
exposed group. The measured field strength diminished
with increasing measuring distance (as expected) and
was 2-4 kV1m when measured at normal work dis­
tances for the group as whole (figure 6). There were
considerable differences, however, between individual
makes and models of screen. Some models displayed
a strong electro static field, others displayed a weaker
one, and some models did not display any quantifiable
field at all. Field strength at a measuring distance
of 10 cm varied from °to 200 kV1m between screens.
The estimated average potential of these screens is
about 3 kV (range 0-9 kV). These potentials agree
with other reported values of 0-10 kV (2, 4, 19).
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MEASURING
DISTANCE FROM
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Figure 6. Electrostatic field strength between the screen and
sensor at measuring distances between 10 and 70 cm .
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resistance (B), and the percentage of wall-to-wall carpet ing (C) for the exposed (diagonally striped columns) and reference
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Electrostatic charging and resistance. Figures 7A and
B show the results of measurements of static charges
and floor resistance. Figure 7C shows the relative in­
cidence of wall-to-wall carp eting in the offi ces, since
the type of floor has a bearing on electrostatic charges
and resistance. Both the exposed and referen ce sub­
jects had wall-to-wall carpeting in their office s in
about 80 llJo of all cases, while the remainder had
linoleum flooring. Significant relations were observed
between certain electrostatic conditions and the type
of flooring . On the other hand we did not find any
correlations in this material between electrostatic
charges and indoor climate factor s.

There were certain differences between the VDT
operators and the referents in terms of electrostatic
charges and resistance , just as there were between the
men and women as regard s resistance and type of
flooring . For example the VDT operators displayed
a significantly lower electrostatic charge than the
referents (measured as field strength to ground) .

Higher headache scores were recorded for persons
in workrooms with wall-to-wall carpeting, for both the
material as a whole and for the exposed women as a
group (p < 0.001). Otherwise no associations were
found between subjective complaints and electrostatic
charges and resistance.
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Figure 8. Positive (A and C) and negat ive (B and 0) light air ions
near the face (A and 8) and in the room (C and OJ for the ex·
posed (diagonally striped columns) and referen ce (unst riped
columns) groups and for the men (J ) and women (9) in the two
groups combined (horizontally striped columns) . (* *. p < 0.001)

The statistical analyses yielded no relat ion between
observed electrostatic fields and subjective disorders
(eye discomfort, musculoskeletal complaints, headache,
or skin rash).

Electrostaticfi elds between the screen and the operator

The estimated fields in work situations varied from a
to about 15 kV1m. The particle migration speed (par­
ticles measuring approximately 0.03-1 jLm, moderate
charge) was therefore between aand 7.5 mm/s . These
calculated migration speeds were considerably lower
than recorded air velocities at the VDT workstations
(figure IC). (Light air ions have much higher migra­
tion speeds.)

We did not find any relation between the field thus
estimated and alleged skin disorders.
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Light air ions
For both positive and negative ions measured close to
the face (figures 8A and B) and in the middle of the
room (figures 8C and D) there were clear differences
between the exposed and reference groups . Higher
ion contents were generally observed for the VDT
operators. This increase was particularly noticeable
when the referents were compared to the VDT operators
sitting at a VDT without an electrostatic field. There
were also clear differences between the sexes in that
the men had consistently lower ion values.

Significant correlation coefficients could be noted
between several of the electrostatic conditions and in­
door climate factors. Thus there were negative cor­
relations between ion contents and the electrostatic
field from the VDT screen, while there were positive
correlations between ion content and room volume and
humidity. Rooms with wall-to-wall carpeting had
higher ion contents than other rooms.

As regards subjective disorders, eye discomfort cor­
related with ions in the room for the material as a
whole but not for the group of exposed women.
Otherwise no correlations were observed between light
air ions and subjective disorders.

Questionnaireconcerningeye discomfort and headache
on the days when the occupational hygiene
measurements were taken
On the days when the occupational hygiene measure­
ments were made at the workplaces, the employees
concerned were asked to complete simple question­
naires concerning the occurrence of discomfort, name­
ly, eye discomfort and headache. Thus the data col­
lected in this way were related solely to the observa­
tion date. The questions in the larger questionnaire (9)
were worded in such a way as to cover a larger current
period and not just the observation date. The results
of the simpler questionnaire were no different, how­
ever, from the results of the larger one, even as regards
analyses of relations with the physical exposure factors
included in the present study.

Duration of workhours

In the first report on subjective disorders and symp­
toms, the importance of duration (number of years)
and intensity (number of hours per week or day) of
VDT work was evaluated by various methods, both
questionnaires, and special workhour measurements
(9). The physical exposure factors dealt with in the
present work have also been investigated and assessed
with reference to duration and intensity. There were
no clear indications that the impact of these physical
factors on the discomfort and symptoms was rein­
forced by a longer duration and intensification of VDT
work.

Discussion

The results of the present report show that there were
clear differences between the VDT operator groups and
the reference group as regards various exposure fac­
tors in the indoor climate, lighting, and electrostatic
conditions. The analyses undertaken of relations
between exposure factors and subjective disorders
and symptoms as registered in the standardized ques­
tionnaires did not, however, indicate any correla­
tions. There was one exception, that of the effect of
luminance ratios on the occurrence of eye discomfort.
(Seethe following discussion.) The reason for exposure
factors and discomfort otherwise not being correlated
may be that there was no actual relationship between
them or that the methods we used were insufficiently
sensitive or inappropriate.

This latter explanation is contradicted to some extent
by the fact that no relations could be established with
subjective disorders registered on the very day when
the physical factors were measured. Epidemiologic ,
retrospective studies generally suffer the shortcoming
that exposure measurements refer to one point in
time, while assessment of the degree of health/illness
requires a somewhat longer period of time, at all events
when the employees are required to complete a ques­
tionnaire.

Some of the physical factors are, no doubt, fairly
constant; this statement applies, eg, to the size of
room, visual distance, type of flooring, and resistance.
Some factors, eg, atmospheric pressure, vary from
one day to the next. Furthermore, seasonal fluctua­
tions do a great deal to influence variations in many
of the observed exposure factors, eg, indoor lighting,
electrostatic charges, temperature, and air humidity.
It is worth emphasizing, however, that the results from
our study indicate differences in exposure between the
VDT operators and the referents, and also between the
men and the women, irrespective of whether measure­
ments were taken on one day only or on a couple of
days. Thus the VDT screens have changed the occupa­
tional environment, even though we were unable in the
present study to relate such changes to discomfort or
other undesirable effects.

There does, however, seem to be one exception. The
greater the luminance ratios in the working field of
vision, the greater the eye discomfort experienced by
the subjects. This finding makes it worth emphasizing
once again that the large luminance ratios are partly
attributable to the dark screens. The introduction of
bright screens, therefore, might possibly improve the
situation, ie, reduce the occurrence of eye discomfort.

An increased deposition of atmospheric particles on
the operators and the screens , due to the electrostatic
fields between the screens and the operators, has
recently been shown (4, 18). (It should be observed that
these deposits comprised particles in the O.03-1-~m

size range .) After these measurements, Cato Olsen (4)
put forward the hypothesis that certain skin disorders
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observed in Bergen were related to an increase in ex­
posure to ambient atmospheric contaminants due to
these electrostatic fields. Air humidity is an important
factor in this hypothesis; the alleged skin disorders
appear to occur only in conjunction with low air
humidity. Analysis of the data presented by Cato
Olsen (4) revealed a correlation between the estimated
electrostatic field between the screen and operator and
the observed increases in particle depositions (2).
Ungethiim (18) suggested that the migration velocities
of charged particles which can occur in the fields
appearing between the screen and the operator are
negligible compared with normal air velocities in the
office environment. This suggestion was confirmed by
our findings. According to Ungethiim (18) facial
deposition ought therefore to be mainly dependent on
conditions in the immediate proximity of the operator's
face. According to this hypothesis, therefore, electro­
static charging of the operator is probably the most
relevant parameter.

This assumption makes it worth noting that we did
not find any correlation between electrostatic fields
from the screen or electrostatic charges of the operator
and reported skin disorders. Furthermore, our study
did not reveal any correlation between the estimated
screen-operator field (as already explained) and alleged
skin disorders. Thus our study does not corroborate
the hypothesis put forward by Cato Olsen (4).

There are several possible reasons for this discrepan­
cy. The air contaminants occurring in Bergen differ
in several respects from those in Stockholm. Therefore
the increased exposure suggested by Cato Olsen (4) and
Ungethiim (18) differs in real terms between these
geographic localities. Furthermore, about 30 % of the
groups investigated by us reported skin disorders, while
the cases discussed by Cato Olsen appeared to be
relatively unusual. The explanation put forward by
Cato Olsen, therefore, should not be expected to cor­
relate with the skin disorders reported in our study.
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