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ABBREVIATIONS 

The following abbreviations are used throughout the 
text and tables without explanation: 

ACGIH = American Conference of Governmental Industrial Hygienists 
ANSI = American National Standards Institute 
BRH = US Bureau of Radiological Health 
CRT = cathode ray tube 
dB/dt = time derivative of the magnetic field 
ELF = extremely low frequency 
HF = high frequency 
IBM = International Business Machines 
IR = Infrared 
IRPA = International Radiation Protection Association 
LF = low frequency 
MF = medium frequency 
NaI(T1) = sodium iodine crystal, T1-doped 
NIOSH = US National Institute for Occupational Safety and Health 
NRC Panel = US National Research Council's Panel on Impact of Video 

Viewing on Vision of Workers 
SPL = sound pressure level 
SSI = Statens Stralskyddsinstitut (Swedish National Institute of 

Radiation Protection) 
TLV = threshold limit value 
UHF = ultra high frequency 
UK = United Kingdom 
US = United States 
UV = ultraviolet 
VDT = video display terminal 
VHF = very high frequency 
VLF = very low frequency 
WEAC = US Food and Drug Administration, Winchester Engineering and 

Analytical Center 
WHO = World Health Organization 



INTRODUCTION 

VDTs are more frequently being used in most coun- 
tries. In newspaper offices in the US and Canada, for 
example, the number of VDTs increased from 155 in 
197 1 to 30 000 in 198 1 ,  a figure which corresponds to 
a 70 % annual increment! The annual growth of 
VDT users in Canada is supposedly 20-35 % per 
year at present. By the year 2000 forecasts suggest 
that 60 Yo of the North American workforce will be 
using VDTs (127). 

Along with this expanding use of VDTs, reports 
and expressed concern about adverse health effects 
among VDT operators have appeared. A number of 
health effects have been discussed, such as eye prob- 
lems (both discomfort and cataract formation), 
headache and stress, skin rashes, muscle pain, and 
miscarriages or birth defects. 

Some of these discussed effects (eg, miscarriages, 
birth defects, or cataract formation) have not been 
shown to have any relationship with VDT work. 
Other effects are related but are also found frequent- 
ly in non-VDT workers, and in circumstances where 
the work requirement or work environment, rather 
than the VDT unit per se, appears to be the (major) 
decisive factor (stress, muscle pain, and possibly 
headache and skin rashes). Some eye discomfort 
problems do appear to be linked specifically to work 
with VDT units. 

Objective of the report 

The report summarizes and attempts to evaluate the 
considerable volume of research results and discus- 
sion which has appeared on the subject of the pos- 
sible health implications of work with VDTs. It is 
limited to the use of VDTs in the presentation of 
written text, and also to VDTs based on CRT techni- 
ques. 

The adverse health effects which have been dis- 
cussed in relation to VDT work include eye problems, 
musculoskeletal discomfort, skin rashes, adverse 
pregnancy outcomes, headaches, psychosocial prob- 
lems, etc. There is no disputing the reality of the 
observed effects, be they skin rashes, neck aches, or 
abortions. What must be elucidated is the possibility 
of any causal relationship between these health ef- 
fects and VDT work. 

The effects discussed should in principle be as- 
signed to one of the following groups: 

1. An adverse health effect directly related to a 
unique character of VDT work. Other complementary 

factors may be involved, but the fact that the work 
is performed on a VDT contributes a unique factor 
determining the health effect. 

2. An adverse health effect due to the presence of one 
or several factors, of which VDT work may provide 
one (or several) of the factors. However, the factor(s) 
provided by the VDT situation does not have to be 
unique; the same factor may appear in other (similar) 
situations (eg, in other types of office work, in which 
similar tasks are performed on paper). 

3. An adverse health effect due to factors (known or 
unknown - possibly of stochastic character) not re- 
lated to the VDT work situation. 

When causative factors are discussed, both physi- 
cochemical and psychosocial aspects are probably 
relevant. Psychosocial factors have been discussed as 
possible causes of the noted health complaints. They 
also add contributing or confounding factors which 
must be considered when the physicochemical back- 
ground of some health effects are evaluated. 

This report discusses, by and large, the physico- 
chemical factors. This limitation does not imply that 
psychosocial factors are unimportant - on the con- 
trary, indications are that they may have a major in- 
fluence on the noted health effects. However, know- 
ledge of these factors is limited in comparison to 
available information on the physicochemical effects 
- and the possibility of reaching a viable consensus 
on their influences is comparably small. 

In some respects, however, psychosocial factors 
will be discussed in detail. Job categories have a con- 
siderable influence on many noted health complaints 
and are discussed when appropriate. Many studies 
depend on descriptions (and evaluations) of effects 
by the VDT operator (or the investigator). In addi- 
tion the attitude towards VDT work may well lead to, 
eg, recall bias (of the operator). This phenomenon 
may complicate the evaluation of epidemiologic in- 
vestigations and may assign a health effect to group 
1, when an assignment to group 2 or 3 would be more 
appropriate. In addition the psychological impact of, 
eg, the public discussion on pregnancy and VDT 
work should be considered. 

Structure of the report 

The "mode of attention" of reports and evaluations 
on VDT and health problems varies considerably. 



Two extreme modes have been characterized (127): 
machine centered, emphasizing the technical and 
physical aspect of the VDT units and evaluating sug- 
gested or indicated health problems in terms of pos- 
sible VDT-originating factors, and people centered, 
emphasizing the environmental and psychosocial 
context in which the VDT technology is introduced. 
I consider both modes obvious assets when discussing 
VDTs and health aspects and have tried to structure 
the information in this report accordingly. The re- 
port has thus been divided into the following two sec- 
tions, reminiscent (although not strictly) of these two 
modes of attention: (i) a technical occupational 
hygiene description of factors (VDT or non-VDT 
originating) which may conceivably be of interest 
with respect to VDT health effects and (ii) a medical- 
ly and phenomenologically oriented description of 
reported/suggested/alleged health effects, when pos- 
sible, discussed with reference to the technical part. 

An additional reasdn for the "two-mode" presen- 
tation is the multifaceted relations involved. Infor- 
mation in section I (eg, on low X-ray levels) can be 
related to several chapters in section 11, and, con- 
versely, information in section I1 (eg, on no observed 
adverse pregnancy outcome) can be related to several 
chapters in section I. 

Section I 

The technical occupational hygiene section comprises 
eleven chapters. The extent of discussion in each 
chapter is primarily related to the extent of available 
literature. Two topics, however, have been discussed 
in more detail, electromagnetic radiation and fields 
(chapters 2-5) and display characteristics and work- 
room lighting (chapter 8). These discussions are mo- 
tivated by the importance of the topics with respect 
to cataracts, adverse pregnancy outcomes, and asthe- 
nopia. 

First is a brief discussion of VDTs based on the use 
of CRTs. Non-CRT-based VDTs are briefly com- 
mented on but are not further considered in this re- 
port. Thus the term VDT will (unless otherwise indi- 
cated) be synonymous with CRT-based VDTs. 

Next, in chapters 2-6, there is a description of 
electrostatic and electromagnetic phenomena in con- 
junction with VDTs. This description is specified - 
according to the frequency of the radiation or field 
- into ionizing, optical, and Hertzian radiation or 
fields and electrostatic fields, and it is followed by a 
short presentation (chapter 7) of the few (existing) 
data on audible and ultrasonic noise. Presently avail- 
able information and the consensus suggest that the 
two groups of factors presented in chapters 2-7 are 
only of minor importance for health effects on VDT 
workers. (It is possible that new data may force a 
modification of these evaluations in some areas. 
Nevertheless, present data support the given evalua- 
tion.) 

Following are four other groups of VDT work- 
related factors with possible impact on health and 
comfort in VDT-related jobs: display of information 
on the screen (oscillations, structure and luminance) 
(chapter 8), the operator and workstation design 
(chapter 9), the office environment (physical and che- 
mical factors) (chapter lo), and job design and 
psychosocial factors (chapter 11). 

Section II 

The medical-epidemiologic part of the report consists 
of nine chapters (chapters 12-20). Considerable at- 
tention has been focused on eye problems since they 
are the main present contenders as specific VDT- 
related effects. A thorough discussion is also in- 
cluded of the possibility of miscarriages or birth 
defects, since considerable apprehension and wide- 
spread concern about this possibility are found 
among many VDT operators. 

Chapter 12 gives some general comments on per- 
formed field surveys and epidemiologic investiga- 
tions, while chapters 13-15 present a discussion of 
the possible effects of VDT work on the eyes (dis- 
comfort as described both by subjective statements 
and by medical examination, and the possibility of 
pathological changes). In chapters 16 and 17 the 
topic is headache and stress. Skin rashes (chapter 18) 
and musculoskeletal complaints (chapter 19) are next, 
followed by a discussion of the possibility of adverse 
pregnancy outcome due to VDT work (chapter 20). 

Terminology and definitions 

Definitions of certain phenomena found in the VDT- 
related literature are unfortunately often ambiguous 
or vague. 

One example is polarity and contrast. In this report, 
a screen with positive polarity is defined as a screen 
with dark characters and bright background, nega- 
tive polarity implying bright characters and dark 
background. (Reverse definitions are found in some 
of the literature.) All quotations have been adjusted 
accordingly. 

The terms used to describe the subjective discom- 
fort of the eyes vary considerably between different 
reports and make comparison rather difficult. In this 
report, the term asthenopia has been defined as "any 
subjective visual symptom or distress resulting from 
the use of one's eyes." This definition has been sug- 
gested by the NRC Panel (94). 

Various field surveys have been conducted in 
which variations in, eg, job types are correlated with 
occurrences of health effects. Unfortunately, some 
studies are not sufficiently specific as to the job types 
or the effects. Differences in specific symptoms 
within the general syndromes of eye strain, headache, 
muscle discomfort, or skin trouble are probably of 
considerable importance when the effects of VDT 
work are being evaluated. 



SECTION I 

Technical and occupational hygiene aspects of 
video display terminals 

1. General description of a video display terminal 

Overall construction principles of the cathode The trajectory of the beam depends on the magnetic 
rav tube fields induced by the coils, in a complex relation; 

The following description is based on the book by 
Grivet et a1 (44) and the book entitled Reference Data 
for Radio Engineers (57). 

A CRT is constructed according to the same gener- 
al principles regardless of its application, in a televi- 
sion set, a VDT, etc. A description of the major com- 
ponents follow (figure 1). 

A cathode serves as the electron source. 
A grid is used to modulate the intensity of the 

electron beam. The electron beam can be cut off by 
a sufficient increase in the potential difference 
between the grid and the cathode (the former being 
negative to the latter). Grid potentials are typically 
-10 to -100 V. 

A series of two to three anodes accelerates and 
focuses the electron beam. Focusing (and also some 
modulation) of the beam is achieved by variation in 
the individual anode potentials (typically at a few 
hundred to a few thousand volts positive). 

Deflecting devices regulate the impact area on the 
screen. This action is normally accomplished by an 
arrangement of magnetic coils outside of the tube. 

aberrations, distortions of the beam shape, etc, do 
arise. (Electric deflection devices occur infrequently 
in VDT applications.) 

The CRT screen consists of two layers. The first is 
a metal layer with a high potential [postacceleration 
potential of up to about +25 kV (VDTs)]. This po- 
tential accelerates the electrons in the latter part of 
the trajectory. The layer also reflects light from the 
phosphor towards the observer and thus increases the 
brightness of the screen image. Another layer con- 
sists of fluorescent screen material, "phosphor," 
where the electron energy is converted to light. This 
phosphor is in principle constructed of a mineral 
(base) with a small amount of an activating (metal) 
material. Some examples are shown in table 1. 

The glass envelope of the CRT is conductive and 
has a permalloy layer, to shield the tube from elec- 
trostatic and magnetic fields. 

The tube is sealed off to maintain a vacuum of 
some 10W6 mm Hg (about Pa). Precautions are 
also taken against residual gas and ions produced 
within the tube. 
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Table 1. Characteristics of some screen materials used in CRTs (44; 57; Hansson C, Versal AB, personal communication). 

Name Base (mineral) Activating inetal Intensity maximum Persistence of 
(nm) emissiona 

p4 Zinc sulfide and cadmium sulfide Silver 
P 2 2 ~  Zinz s~licate Manganese 
P 3 ~  Zinc sulfide Copper 

440 and 525 (white) 100 ps 
525 (green) Mediumb 
522 (green) 70 ps 

a Decay time (from 100 to 10 O/O emission). Literature values differ considerably; see also page 28. 
Medium = 1-100 ms (57). Values from the literature differ considerably, from 60 ps to > 20 ms. 

off of f  on 
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off 

on 

off  

order to avoid distortions, unwanted lines as the 
beam returns, etc. Further discussions of these 
phenomena are found on pages 21-22 (frequencies) 
and 24 (magnetic fields). 

The phosphor used in VDTs must be determined 
according to color, persistence, etc. Phosphors vary 
in persistence time from P,, (Flying Spot Scanner) 
with 160 ns to, eg, P,,, (Medium Persistence Yellow) 
with 140 ms. Phosuhors used for disvlav uurvoses . - A  . 

Figure 2. "Matrix" system used in several types of non-CRT- have persistence times of around 100 ps or based VDTs. Some of the lines in the matrix carry current, de- 
termined bv the information to be dis~laved. longer. (These literature values vary considerably 

between different investigations, see also page 28.) 

Application of the cathode ray tube to 
video display terminal operation 

The generation of text or a picture on the screen is de- 
pendent on the following three cyclic procedures. 

1. A saw-tooth magnetic field with a periodicity (re- 
fresh rate) of between approximately 50 and 80 Hz 
applied to the vertical deflector system: This field 
gradually lowers the electron beam "down" the 
screen and then quickly returns the beam to the upper 
limit of the screen. This frequency governs the "re- 
fresh rate" of the screen information. 

2. A second saw-tooth magnetic field ("flyback") 
which gradually moves the beam towards the right of 
the screen and then quickly returns the beam to the 
far left: This field, with a frequency of between (nor- 
mally) 15 and 25 kHz is generated by the current 
from the flyback transformer and is applied to the 
horizontal deflecting system. 

3. Modulation (on/off) of the electron beam intensi- 
ty in order to produce light or dark spots along the 
horizontal sweep: The maximum rate of on/off sig- 
nals corresponds to the frequency of "pixel" (picture 
element) generation, and is usually performed with a 
digital clock frequency on the order of 5-10 MHz. 
This external signal from the computer or the process- 
ing unit (keyboard, etc) is applied to the gate. The 
potential on the gate can then cut off the electron 
beam, and a dark spot is produced. 

The two "fixed" (procedures 1 and 2) and one 
"varied" (procedure 3) signal must be correlated in 

Video display terminals of noncathode 
ray tube design 

VDTs can be based on techniques other than "con- 
ventional" CRTs (as have already been described). 
Some examples follow briefly. 

Plasma displays utilize a thin gas layer (neon and 
argon), which can be ionized by a current. This cur- 
rent is delivered by conductors, and ionization - and 
thus visible discharge - occurs only at the junction 
of two "live7' conductors (figure 2) (68). 

Liquid crystal display techniques are also being 
developed. In these displays light is refracted in liquid 
crystals, the refractive capability of which is deter- 
mined by electric fields. The pattern and sequency of 
the currents in the "matrix" (figure 2) determines the 
light and dark areas of the screen (2). 

Additional designs, eg, combining CRT techniques 
with plasma (134) or a current multiplier (74), are al- 
so being developed. 

These new VDT techniques have both advantages 
and disadvantages over "conventional" CRTs. Some 
problems are inherent in the design, while others are 
probably amendable by further development. These 
problems concern visual characteristics such as resolu- 
tion, contrast, luminance variation, etc. For instance 
all the examples thus far given for VDTs include a 
"matrix" based on the actual physical construction 
of individual cells (pixels - eg, intersections in the 
maze in figure 2 or individual cathodes in the CRT or 
plasma technique). Thus, improving resolution by 
the construction of more cells may be more costly 
with these techniques than with conventional CRTs. 



This report has been restricted to conventional the visual functions of some non-CRT VDTs can be 
CRT-based VDTs. An evaluation and discussion of found in the report of the NRC Panel (94). 

2. Electromagnetic radiation and fields 

VDTs based on the CRT are a source of several 
distinct types of electromagnetic radiation. Such 
emissions are characterized by a number of interde- 
pendent parameters, eg, frequency, wavelength, elec- 
tric field intensity, magnetic field intensity, energy/ 
quanta, effect density (w/m2), etc. (See appendix 1.) 

The range of the electromagnetic spectrum in 
terms of frequency is given in table 2. 

The electromagnetic field has both an E and a B 
(or H) component, the relations between which are 
rather complex. (See appendix 1 .) For practical rea- 
sons, the field is separated into a near field (less than 
- 1 wavelength from the source) and a far field. At 
the operator's distance from the VDT, the near field 
is only of interest with respect to radio frequencies 
and VLF/ELF. 

Most measurements of radiation and fields are 
averaged over time (during the whole pertinent cycle) 
and over space (for at least a substantial part of the 
screen). This procedure is possibly inappropriate in 
some specific situations, two of which have been 
given some attention, ie, nonsinusoidal magnetic 
fields, where the change in time of the magnetic field 
may be of interest (see page 24) and visible light, 
where the individual pixels radiate most energy during 
a limited time of each cycle (see pages 28-30). 

Potential electromagnetic radiation and 
fields from video display terminals 

A VDT based on the CRT is a potential source of sev- 
eral distinct electromagnetic spectral bands. The ac- 
tual intensity of each band, frequencies, etc, depend 
on the detailed technical design of the terminal, 
shielding, etc. 

X-ray radiation arises within the CRT tube when 
the fast electrons are quickly slowed down by the 
screen material. X-ray radiation (ionizing radiation) 
from VDTs is discussed in detail on pages 17-18. 

Optical radiation is purposely derived by the 
phosphor material in the screen, when it interacts 
with electrons. The overall (time average) emission 
levels are discussed later (pages 19-20), while details 
of visible light emissions are discussed under display 
characteristics (see pages 27-30). 

High radio frequency radiation does appear, ap- 
parently in relation to the frequency of pixel forma- 
tion, ie, the intensity modulations of the incident 
electron beam towards the screen (regulating the in- 
tensity of the "dots" on the screen). This frequency 
is then related to the frequency of the information 
signal system. (See pages 20-25.) 

Table 2. Frequency of different electromagnetic radiations and fieldsa 

Name Frequency range (Hz) Wavelength (m) Energy of photon 

Ionizing radiation 
X-ray radiation 
Ionizing UV radiation 

Optical radiation 
Nonionizing UV radiation 
Visible light 
IR radiation 

"Hertzian" radiation/fields 
Microwave, UHF radiation 3.108-3.1011 1-10-3 
Radio frequency (high) (VHF, HF) radiationlfields 3.10"3.108 10'- 1 
Radio frequency (low) (MF, LF) radiationlfields 3.103-3.106 lo5-lo2 
Very low frequencies (VLF, ELF) fields ~ 3 . 1 0 ~  > lo5  

Electrostatic fields 
Electrostatic fields 0 

a Note that the given limits are somewhat arbitrary; different authors use slightly different definitions of some radiation and 
field categories. 



Table 3. Results of measurements on VDT electromagnetic emissions and comparison with some pertinent standards. 

Spectral componenta Upper limit of 
emission from VDTb Swedish standards ~ ~ ~ ~ $ d s  (BRH Number of VDTs examinedC 

X-ray radiation Not detected (probably 5 mSvlyear 
~ 0 . 1  msvlyear) 

Actinic UV 10 pWlm2 = 30 Jlm2, 24 h 
0.3 Jlm2, 8 h 

Near UV <0.1 Wlm2 10 Wlm2 

Visible light and near IR < I  Wlm2, sr . . 
< 150 cdlm2 

VHF, HF (-  MHz) 
E < 0.5 Vlm 60-140 Vlmf 
H < 0.0002 Alm 0.16-0.4 Almf 

MF, LF ( -  kHz) 
E < 150 Vlm . . 
H <0.1 Alms . . 

VLF, ELF (-  Hz) 
E < 100 Vlm . . 
H <1  Alm . . 

Electrostatic fields 
E <30 kV1m . . 

Approximately 
10 rnsvlyear 

See the ACGlH 
TLVs (1) 
10 Wlm2 

60-614 Vlm 
0.16-1.6 Alm 

Many 

Many 

Many 

Many 

Many 
Few 

Many 
Many 

Few 
Few 

- - -- 

a See table 2 for definition. The frequency designations in the radio frequencies are approximations only. 
As detected by the investigations examined. The levels may be somewhat exceeded in exceptional cases. The levels normally 
refer to those found at 30 cm (or closer) from the VDTs. (See tables 4-12.) 
Many = more than 50 VDTs examined, few = less than 10 VDTs examined. 

d See comments on top luminance, page 29. 
Level of "no interest" [See the ACGlH TLVs (I).] 
Proposed. 
See the comments on time variations of magnetic fields, page 24. 
Applicable to frequencies above 10 kHz. 

a The ACGlH is studying this range but has so far (1983) not found sufficient data for establishing a TLV. 

Low radio frequency radiation emanates from the 
horizontal deflection system (flyback transformer, 
connecting wires, and the screen). (See pages 
20-25.) 

Very low frequencies arise around the refresh rate 
(vertical sweep frequency) and apparently depend on 
both the vertical deflection system (producing a pur- 
poseful magnetic field) and modulations of the elec- 
trostatic field (positive electrostatic charge modulated 
by the intermittent negative electron beam). (See 
pages 20-25 .) 

Electrostatic fields frequently appear in relation to 
the acceleration potential of the CRT. (See pages 
25-26.) 

Radiation or fields with a time dependence that 
cannot be described by a simple sinusoidal function 
(of a certain frequency) gives rise to "harmonics" of 
higher frequencies and lower amplitudes. Thus the 
bands of the high and low radio frequencies and the 
very low frequencies each include a fundamental fre- 
quency and several harmonics of higher frequencies, 
most of the energy normally being confined to fre- 
quencies within 10 times the fundamental frequency. 

monics can appear - as shown for the electric com- 
ponent of the band in the very low frequencies. 

See also pages 13-15 for a brief description of 
VDT/CRT technical design. 

Measurements of the electromagnetic 
spectrum 

With some exceptions, the whole frequency band 
from 0 to lOI9 Hz has been investigated with respect 
to  VDTs. Some regions have been examined however 
only cursorily (or not at all), ie, (i) ionizing radiation 
between 6 keV (0.2 nm) and 6 eV (200 nm) ("vac- 
uum" UV) [These photons do not penetrate air.], (ii) 
the lower part of the IR region, and (iii) the high fre- 
quency part of the microwave region. 

These bands do not include any frequencies where 
specific types of electromagnetic radiation are ex- 
pected from VDTs (for fundamental or technical rea- 
sons). This rationalization is supported by the (few) 
investigations performed in (some) of these bands 
and by the (low - nondetectable) findings in adja- 
cent, more intensively investigated bands.' 

Most regions are heavily dependent on the mode of I Some isolated readings in  rhe microwave region were 
operation of the VDT. This dependency has been found i n  one investigation from a few terminals only 

explicitly shown for the bands in the high radio fre- (approximately 1.4 GHz) (125). These findings were in- 
terpreted as being "associated with the computer and not 

quencies and the very low frequencies (and is self- the display terminals in the same room [p 3031," The 
evident for the band of optical radiation). BY special levels were orders o f  maenitude below current (US, Cana- 
measures (blinking cursor, interlace, etc), subhar- dian or Swedish) standGds. 



The low coverage of the VLF/ELF band is note- 
worthy, however, and is at least partly due to  the ab- 
sence of reliable instruments [see, eg, comments 
made by Paulsson et a1 (95)l. 

Based on this rationale, the following discussion 
has been limited to the six described spectral bands, 
ie, X-ray radiation, optical radiation, high radio fre- 
quency radiation, low radio frequency radiation, 
VLF radiation, and electrostatic fields. 

The results of performed measurements are de- 
scribed in subsequent chapters and are summarized 
in table 3. 

The electromagnetic spectrum of radiation from 
VDTs has been reasonably well investigated. Levels 
of radiation have been found to be low in compari- 
son to present standards. Thus the present state of 
knowledge enables the following statement to be 
made: VDTs are not a source of harmful intensities 
of electromagnetic radiation. This statement is based 

3. Ionizing radiation 

Considerable attention has been given reported cases 
of miscarriages, skin rashes, and cataracts among 
VDT operators. Since VDTs are potential sources of 
X rays, possible causes of these effects, a discussion 
of measurements performed on X-ray emissions 
from VDTs is appropriate. 

Terms in use are either X-ray or ionizing radiation. 
The former comprises electromagnetic radiation of 
frequencies above some 3.10" Hz, emitted when 
high-energy electrons are (quickly) slowed down 
("Bremsstrahlung"). Ionizing radiation has energies 
sufficient to cause ionization and comprises a 
somewhat larger frequency interval, from about 
3. 1015 Hz (some 12 eV) and above. However, radia- 
tion with photon energies below some 5 keV (vacuum 
UV) is of no practical interest, since these photons do 
not penetrate air. (See also table 2.) 

The background of X-ray radiation varies con- 
siderably, values between 0.1 and several millisieverts 
per year have been found in the literature. In the US 
and Canada, the background is typically some 1- 

on presently known data and is conditional on the 
failure of the following events to  appear: 

1. The existence of further (presently unknown) 
physical processes emitting high-intensity radiation 
in one of the narrow uninvestigated bands within the 
VDT. 

2. The appearance of new data on biological effects 
of radiation, correlating harmful effects with intensi- 
ties of orders of magnitude below presently known 
levels of harmful effects. (It should be pointed out 
that, if such would be the case, then the operation of 
many other industrial o r  household appliances would 
be considered equally harmful.) 

3. The establishment of a frequency window in a rele- 
vant region (for VDT emissions) in connection with 
appropriate amplitudes. 

some 10-25 keV (soft X rays), corresponding to a 
frequency band of 2-6.10" Hz. 

Normally, due to  their limited energies, these 
X-ray emissions are effectively shielded by the glass 
screen (133). The fraction that may escape is further 
attenyated as irradiance decreases fairly quickly with 
distance (r), although slower than r r 2  due to the 
nonpoint source and screen absorption (causing the 
angular distribution of emitted radiance to be strong- 
ly peaked towards the operator). A conservative esti- 
mate (133) suggests that the intensity at 40 cm would 
be "less than half" of that at 5 cm. My own calcula- 
tions suggest an intensity attenuation from 5 to 40 cm 
of some 90 %. 

Furthermore, the low energies of the photons re- 
sult in further attenuation in the human body, and 
tissues deeper than a few centimeters are effectively 
shielded (133). 

X-ray measurements 
2.5 mSv/year (133), while West German levels have 

Some 3 000 measurements have been performed on 
been quoted as about 1.1 mSv/year (71). the uossible X-ray emission from VDTs (14, 125, 

128, 133). Several models and units were tested in 

Video display terminals as sources of X-rays 
more than one investigation. Most units were tested 
at 5 cm or less from the screen under normal operat- 

The potential source of X-rays within a VDT is the ing conditions (often with maximum brightness and 
CRT and, specifically, the inside of the fluorescent a full screen). One hundred and twenty-five tests per- 
viewing screen. The energy of the photons is limited formed by the BRH (14) used also "phase 111" test 
by the high voltage used to accelerate electrons, to conditions (these test specifications include maxi- 



Table 4. Measurements performed on X-ray emissions from 
VDTs (14, 80, 95, 115, 125, 128, 133). 

Number 

Dose rate Of Unitsa (each 
posting) 

Emission above 
background not 
detected > 1 388 
c 1.0 pGylh > 626C 
~ 2 . 0  pGylh 925d 

Percentage 
(of all) 
(each 

posting) 

Accumulated 
percentageb 

47.0 (68.5) 
68.3 (99.5) 
99.6 (not in- 

cluded) 
99.7 (99.6) 

100 (100) 
- -- 

a Total number of units = 2 950. 
Accumulated percentage. Percentage with the Bell Canada 
results deleted (see footnote d) in parentheses. 
Implied: no X-ray emission detected above the background. 
Bell Canada tested 925 units and detected levels of 0.0-2.0 
~Gy lh .  However the test results as presented contained 
some anomalies. Furthermore, the Canadian Radiation Pro- 
tection Board retested several of the tested units and failed 
to find any emission. The Board apparently found these 
Bell Canada data questionable (133). 
One unit <2.8pGylh (133); two units had emissions detected 
at 3.5 and 3.7 pGylh, respectively ("phase Ill testing") (14). 
All these units were tested by "phase Ill" conditions (14). 

mum voltage and a worst-case component or circuit 
fault still compatible with a legible screen) in order to 
find the (theoretical) X-ray emission maximum. 
Some investigators (95, 128, 133) used more elabo- 
rate detection techniques in attempting to find a mea- 
surable emission (see the following discussion). 

A summary of these measurements, performed in 
Austria, Canada, Italy, Sweden, the UK, and the US, 
is presented in table 4. [A more detailed summary of 
most of these measurements can be found in the re- 
port of Zuk et al (133).] 

Efforts have been made to detect the actual X-ray 
emission from VDTs by various methods. In a detec- 
tion chamber (shielded from background), 52 units 
were examined without any emission being found. 
The limit of detection was reported to be lo-" Gy/h 
(133). With the use of a germanium detector (limit of 
detection < 10 nGy/h) in a shielded room, four 

4. Optical radiation 

VDTs were examined without any ionizing radiation 
being detected that could be attributed to  the VDTs 
(95). With a NaI(T1) scintillation detector and a pulse 
height analyzer, an emission of some 25 nGy/h was 
detected from a VDT. Emission bands appeared at 5, 
15, and 30 keV. The operating conditions were nor- 
mal, with a full screen. The same VDT gave off an 
additional 25 nGy/h at  20 keV under fault conditions 
(128). 

Compliance with standards 

In many countries technical emission standards for 
CRTs (applicable to  VDTs) are set a t  4.4 pGy/h. It 
is apparent that practically all VDTs tested (> 99 %) 
comply with these emission standards. Those failing 
to d o  so (only found during the phase I11 test condi- 
tions mentioned on page 18) in the US were removed 
from or denied access to the market (14). 

The International Commission on Radiological 
Protection has recommended a dose equivalent limit 
of 0.5 Sv (non eye exposure) and 0.15 Sv (eye expo- 
sure) as being "below the threshold levels for non- 
stochastic effects [p 461" (60). (Nonstochastic effects 
include those involving the eyes, skin, and fetuses.) 

National standards for the population at large (not 
radiation workers) in, eg, Sweden is 5 mSv/year. Ex- 
tensive testing of VDTs under operating conditions 
have failed to detect any VDT with X-ray emissions 
giving dose equivalents in excess of these standards2 
In general no ionizing radiation was detected unless 
elaborate procedures were used to eliminate the 
background influence. [In one study (95) a decrease 
in the background levels was actually noted at the 
operator's position, due to  the shielding of the 
background by the VDT.] 

Theoretically, these standards could be exceeded for oper- 
ators sitting very close to  one o f  the eight noncompliance 
VDT models. However, any reasonable assumptions as to 
viewing distances, attenuation, shielding, normal techni- 
cal work conditions o f  the VDT, etc, result i n  a dose 
equivalent from VDTs far below these standards. 

The range of wavelengths (100 nm to 1 mm) covered cludes some vacuum UV, which does not penetrate 
by optical radiation comprises nonionizing UV, vis- air). Actinic UV is associated with (most) biological 
ible light, and IR. effects ascribed to UV radiation (59). 

The uv region of  200-315 nm is termed "ac- The spectral emission curves of CRT phosphors 
tinic" uv (comprises UV-B/-midUV/erythema1 UV (P,-P,,) are registered with the Joint Electron De- 
and UV-C/far UV/germicidal UV. UV-C a l s ~  in- vice Engineering Council (14). These spectral emis- 



sions show a varied distribution throughout the 300 Spectral 

to 800 nm band (visible light and UV and IR bands 
mw/m2,nm 

directly adjacent to  the visible region). (See figure 3 
for an example of an emission curve). Thirty phos- 
phors have their maximum emission in the 500 to 600 
nm band (green color). 

At  far infrared, only "normal" thermal radiation 
has been detected (133). 

4 

Measurements of optical radiation 
Wavelength 

Measurements performed on a number of VDTs are 400 700 (nm) 

reported in table 5 (near and actinic UV) and table 6 
(visible light and near IR). l-he uv measurements Figure 3. Spectral emission of a P4 Phosphor (44, 95). Spectral 

irradiance taken from the experimental setup in the report of 
show irradiances of less than 0.1 W/m2 (most in- Paulsson et a1 (95). 

Table 5. Ultraviolet irradiance from VDTs in the near and actinic regions. (ND = not detected) 

Number of Distance Wavelength lrradiance 
VDTs tested (m) range (nm) (Wlm2) 

Reference 

0.01 
Close 

1.8.10-4 
N D (2 VDTs) 
10C5 (1 VDT) 
0.008-0.024 (3 VDTS) 
<5.10-4-3.10-3 
<5.10-4 (119 VDTS) 
6. lop4-6.5 
(1 7 VDTs) 
2.10-4-3.10-3 

5. lo-' (maximum, 10 VDTs) 
approximately 
1. (mean, 10 VDTs) 
ND (23 VDTs) 
1.25. loM6 
<10-6 
N D 

<1.2.10-' ?e 

Wolbarsht et al (128) 
Paulsson et al (95) 

Murray et a1 (83) 
Murray et al (84) 

Weiss & Petersen (125) 
Weiss (124) 
BRH (14) 

Wolbarscht et al (128) 

Cox [cited by Zuk et al 
(133)l 

a Filter in contactlclose proximity to screen. 
b Filter in contactlclose proximity to screen. Detector at distance of 0.5 m 
c One "typical" VDT. 
d Details not reported in the report of Zuk et al (133). 
e In Zuk et al (133), this value was cited as both 0.124 Wlm2 and 124 nWlm2. 

Table 6. Visible and near IR emission from VDTs. A direct comparison between radiance (rad) (in Wlm2), irradiance (irr) (in 
WIm2, sr), and luminance (lum) (in cdlm2) is not possible. 

Number of Distance 
VDTs tested (m) 

1 0.01 
la Contactb 
1 0.50 

> 2ooc ? 

Wavelength 
range (nm) 

200-700 
400-600 
200-700 
400-700 

Radiancelirradiancel 
luminance 

Irr: 0.4 Wlm2 
Irr: <0.1 Wlm2 
Irr: 2.2. Wlm2 
Irr: 2.5 Wlm2 

Irr: 0.05 Wlm2 
Rad: < I 0  Wlm2, sr 
Rad: 8.9.10-2 Wlm2, sr 
Lum: 37 cdlm2 
Lum: 3.4-127 cdlm2 

Reference 

Wolbarscht et al (128) 
Weiss (124) 
Wolbarscht et al (128) 
Cox [cited by Zuk et al 
(133)l 

BRH (14) 
Wolbarscht et al (128) 
Wolbarscht et al (128) 
Murray et al (84) 

a One "typical" VDT. 
b Filter in contactlclose proximity to screen. Detector at a distance of 0.5 m 

Details not reported by Zuk et al (133). 
Weighted according to relative luminosity, range 400-700 nm. 



vestigations found levels below 0.01 w/m2). These 
emissions were generally confined to the region 350- 
400 nm (near UV). Detected levels of actinic UV 
(200-320 nm) were about 1 pW/m2 (0.5 m) (128) 
and 10 pW/m2 (close) (95). (These levels were below 
the limit of detection in most investigations.) 

The distance normally used was 50 cm, often with 
the filter in close proximity to the screen. 

The irradiance of visible light from the VDTs 
tested varied between <0.1 and 2.5 W/m2 and it 
also showed an (expected) distance variation. The 
radiance was 0.1 W/m2,sr in one investigation, in 
reasonable concordance with the luminance levels of 
3.4-127 cd/m2. (Note that the radiance and lumin- 
ance values are not distance dependent. See also ap- 
pendix 1.) 

Compliance with standards 

The Swedish occupational standards for UV radia- 
tion (109) are 30 J/m2 (per 24 h - wavelength re- 
gion 230-315 nm) and 10 W/m2 (315-400 nm). 
The radiation levels indicated in table 5 are at least 
two to three orders of magnitude below these stan- 
dards. 

There is no Swedish standard for visible light or 
near IR radiation. Comparison is made with TLV 
guidelines proposed in 1983 by the ACGIH (I). These 

5. Hertzian3 radiation and fields 

In this section electromagnetic radiation frequencies 
below 300 GHz are discussed. This frequency range 
is used extensively by a large number of ubiquitous 
technical appliances [radio, television, microwave 
ovens, radar, etc; see, eg, the criteria of WHO (130)J 
and also includes fields (inadvertantly) caused by the 
common net frequency 50 Hz (60 Hz in the US and 
Canada). The frequency range has been separated 
into high radio frequencies (VHF, HF), low radio 
frequencies (MF, LF), and very low frequencies 
(VLF/ELF) in this chapter (see table 2). 

Investigations, discussions, and concern for pos- 
sible adverse health effects due to these ranges of 
electromagnetic radiation and fields have hitherto 
largely been confined to the microwave region (300 
MHz - 300 GHz); discussed effects include those on 
eyes, the nervous system, behavior, reproduction, the 
cardiovascular system, etc. Observed effects are as- 
sociated with an accumulation of absorbed energy 

The name "Hertzian" implies frequencies below 300 
GHz. 

guidelines are supposed to give protection against 
retinal thermal and retinal photochemical injury. 
"At luminances less than this value (lo4 cd/rn2), the 
TLV would not be exceeded [p 911" (1). The levels 
of visible light indicated in table 6 are considerably 
below lo4 cd/m2 (by two orders of magnitude or 
more). 

A spectral analysis was made from two VDTs ( 9 9 ,  
and the retinal thermal injury weighted radiation was 
found to be 0.12 and 0.29 W/rn2, sr, respectively, to 
be compared with the ACGIH TLV of lo2 W/m2, sr 
(long-term exposure). 

Top luminance 

As described in more detail on page 29, the top 
luminance of the phosphors used have not been 
measured. Preliminary calculations suggest that they 
may amount to  considerably more than 10,000 
cd/m2, during 5 s/h of VDT viewing (P3, phosphor 
data used for calculations). Thus these luminances (if 
real) would exceed the "no-interest'' guideline of lo4 
cd/m2, and a detailed spectral analysis would be 
necessary. However, according to a preliminary anal- 
ysis, the ACGIH TLV guideline levels (spectrally 
weighted) are still considerably higher than the emis- 
sion levels of these phosphors (Glansholm A, perso- 
nal communication). 

from the electromagnetic radiation. Existing occupa- 
tional health standards are generally designed to limit 
these thermal effects. 

Increased attention is now also being devoted to 
lower frequencies, including VLF and ELF (0 - ap- 
proximately 500 Hz, including the net frequencies). 
[See, eg, the reports of De Matteo (28), Gamberale et 
a1 (37), Hansson-Mild et a1 (51), Lovstrand & Berg- 
strom (73), Marha et a1 ( 7 3 ,  Stuchly et a1 (1 1 l ) ,  the 
University of Ottawa (121), and WHO (130).] So far, 
research results on effects of these lower frequencies 
are limited. As stated in a BRH report: "Research in- 
formation on bioeffects for frequency range 15-125 
kHz is lacking, so empirical estimates of injury are 
not possible [p 171" (14). 

Background levels 

The backgrounds of microwave radiation and radio 
frequency fields are due to natural sources (atmos- 
pheric electricity, sun, thunderstorms, etc), deli- 



berate man-made emitters, and unintentional man- 
made emitters (130). The overall intensity exposure in 
the range of approximately 10 kHz - 300 GHz for 
the US urban population has been estimated by Tell 
& Mantiply in 1978, cited by WHO (130), as: 

<0.05 W/m2 for 50 % of the urban population 
< 0.1 W/m2 for 95 Yo of the urban population 
< 1 W/m2 for 99 Yo of the urban population. 

The background of the E field (100 kHz - 500 MHz) 
measured by Terrana et a1 (115) in nonshielded 
rooms was some 0.2-0.3 V/m. 

The magnetic fields from a hand drill, a high fideli- 
ty loudspeaker, a television set, and a car engine 
ranged between 0.01 and 16 A/m (varied distance) in 
the kilohertz region. The dB/dt (time derivative of 
the magnetic field) from the same sources varied 
between 0.05 and 360 mT/s (95). 

Electric power station workers may be exposed to 
50- or 60-Hz fields of some 10 kV/m (E field) and 
between some 20 and 65 A/m (H field) (11 1). 

A number of household and office devices have 
been tested for their VLF/ELF magnetic field inten- 
sities (1 11). An electric typewriter, a pocket cal- 
culator transformer, a baseboard heater, an electric 
kettle, a hair dryer, and a hand mixer had magnetic 
fields between 0.2 and 9.3 A/m - with frequencies 
of 60 Hz (and harmonics) (the distances were not spe- 
cified). The magnetic fields in various indoor loca- 
tions (laboratory, office, kitchen, living room - 
with or without fluorescent light and television) 
varied between 0.02 and 0.19 A/m. 

Measurements of high radio frequency 
(- megahertz) fields 

In some studies, strong electric and magnetic fields 
(on the order of lo3 V/m and 1 A/m, respectively) 
have been measured around VDTs (83, 11 1). These. 
measurements were examined by the authors and by 
the BRH and were considered to be caused by a ca- 
pacitive coupling between the Narda meter (instru- 
ment used for measuring E and H) and the flyback 
transformer. Some other instruments, when used 
on the same VDTs, have not confirmed these high 
readings (1 11). [See also the reports of the BRH (14) 
and Zuk et al (133).] The conclusion drawn from 
these investigations was that of "no detectable emis- 
sions" in the high radio frequency (MHz) region 
from VDTs. The Narda instrument used has a limit of 
detection of some 50 V/m (E) and 0.7 A/m (H) (1 11). 

Using more sensitive instruments, however, con- 
sistent measurements have been obtained in the 
megahertz region. These fields appear to be very lo- 
calized and thus vary considerably with distance, the 
position of the measuring instrument around the 
VDT, and the activity of the VDT. Typical readings 
vary between < 1 mV/m at a 1-m distance to 0.5 V/m 
"at surface" (E field) and probably between 0.1 and 
200 rA/m (H field, 5- to 30-cm distance). The fre- 
quency range used by these emanations is 1 to  200 
MHz, with most activity concentrated around ap- 
proximately 3-30 MHz (see tables 7 & 8). 

As indicated by Weiss (124), this activity is sep- 
arated into two bands, one corresponding to the 
digital clock frequency (some 3-5 MHz and har- 

Table 7. E field strength from VDTs i n  the megahertz frequency region. 

Number of Distance Frequency range E field strength 
VDTs tested (m) (MHz) (VIM) Reference 

> 200 At surface 3-10 Maximum 0.5 Cox, cited by Zuk et al (133) 
10-30 Maximum 0.12 
30-300 Maximum 0.18 

2 At surface 20 and 27 "Detected" Moss et al (80) 
2 0.05 13-27 0.05-0.08 BRH (14) 
1 0.25 Approximately 10-100 0.005a Wolbarsht et al (128) 
4 0.30 Varies, eg, 3 <O.l Harvey (52) 
1 1 .O 30-225 0.0002-0.0006b Terrana et al (1 15) 
7 1.5 1.5-15 0.001 -O.OIC Weiss & Petersen (125) 

a Total for the frequency band 10 MHz-10 GHz, major emission within 10-100 MHz. 
Average over the frequency range. 

C Six of seven VDT's tested in t h i s  range; however, these emissions were not verified as VDT originating (125). 

Table 8. H field from VDTs in the megahertz frequency region 

Number of Distance Frequency range H field 
VDTs tested (m) (MHz) (Alm) Reference 

1 .10-7-2.10-4 BRH (14) 
1.9. lop6 Wolbarsht et al (128) 



Table 9. E field strength from VDTs in the kilohertz frequency range. 

Number of Distance Frequency range E field strength 
VDT's tested (m) (kHz) (vim) 

Reference 

"Surface" Maximum 1800 
Maximum 600 
Maximum >300 
35 % >60b 
21 -64 
35-280' 
Maximum 250 
Maximum 7 
16 % 5-7 
35 % >1 
0.225 

Cox, cited by Zuk et al (133) 

"Close" Zuk (133) 

BRH (14) 
WEAC (14) 
Zuk et al (133) 
Zuk et al (133) 

0.05 
0.05 
0.1 
"Keyboard" 

Approximately 10 
-100 
10-150a 

Wolbarscht et al (128) 

Maximum 4.4 
25 Oh >1 
0.3-2.4 
2.4-270 
2.4-4Cie 
3-30 
< 2' 
<0.6' 

Zuk et al (133) 

0.3 
0.3 
0.3 
0.3 
"Operator" 

18-200 
15-125 
15-125 
Approximately 16 
10-150 
150-300 
10-100 

BRH (14)d 
WEAC (14)d 
WEAC (14)e 
Harvey (52) 
Cox, cited Zuk et al (133) 

Approximately 
0.001 

Terrana et al (1 15) 

Approximately 
0.01 
0.005h 

Weiss & Petersen (125) 

Approximately 20 Weiss (124) 

a Total range tested was 10 kHz-200 MHz. Emissions assumed by Zuk et al (133) to be confined to the 10-150 kHz range. 
b Percentage refers to number of VDTs. 
C One additional unit emitted >300 Vlm. 
d Total for the 1 kHz-10 MHz region, most found in 10-100 kHz region. 
e Those 10 units for which readings were reported also at 0.05 m (14). 

Inferred, surface field strength "dropped by a factor of at least 1 000 at the position where the operator would normally be" 
[Cox, cited by Zuk et al (133)l. 

g A "typical" VDT. 
h Fundamental frequency. Root-mean-square, all frequencies (10 kHz-1 GHz) = 0.01 Vim. 

monics) and the other to  the digital signal frequencies 
(higher frequencies). (This phenomenon has also 
been indicated in an unpublished niemorandum by K 
Hansson-Mild.) 

Measurements of very low frequency electric 
and magnetic fields 

Few measurements have been made in the VLF region 
around VDTs (see table 11). As suggested by these 
results, the electric and magnetic fields in this region 
are comparable to those of the low radio frequency 
(kHz) region - some 50 V/m (E field) and 0.1- 
0.2 A/m (H field) (30-cm distance). 

Measurements of low radio frequency 
(- kilohertz) fields 

Electromagnetic fields around VDTs in the frequency 
range 10 kHz - 1 MHz have consistently been de- 
tected in a number of investigations. This frequency 
range corresponds to the horizontal sweep frequency 
(normally 15-25 kHz) and its major harmonics (ie, 
multiples of this fundamental frequency) (see tables 
9 & 10). In some investigations, at least 95 070 of the 
total field amplitude (all radio frequencies) was ac- 
counted for by the fundamental frequency and its 
five next harmonics (corresponding to the range of 
some 15 to 125 kHz). This occurrence was apparent 
for both the E and the H field (14). Other measure- 
ments indicate a wider spread of at least the magnetic 
field frequencies (95). 

The results show an E field of between 0.3 and 150 
V/m and an H field of some 0.05 A/m (at approxi- 
mately a 30-cm distance). 

Some comments on the appearance and 
measurement of electromagnetic fields 

The following discussion is (unless otherwise noted) 
limited to the low radio frequency (kHz) region, due 
t o  lack of data on  the detailed fields in the other 
regions. 

These measurements were made on a number of 
different VDTs, with different measuring instruments/ 
procedures and with varying background levels. Thus 
the considerable variations found between different 
measurements in each field and frequency region are 
not unexpected. 



Table 10. H field from VDTs in the kilohertz frequency range. 

Number of 
VDTs tested 

Distance 
(m) 

"Close" 
0.05 
0.25 
0.3 
0.3 
"Operator" 
0.7 
1 .o 

Frequency range 
(kHz) 

17.1 
18-200 
Approximately 10-100 
18-200 
15-530' 
17.1 
15-530' 
1 5-530C 

ti field 
( A h )  

Reference 

Tell (114) 
BRH (14) 
Wolbarscht et al (128) 
BRH (14) 
Paulsson et al (95) 
Tell (114) 
Paulsson et al (95) 
Paulsson et al (95) 

a A "typical" VDT. 
For the frequency region 1 kHz-10 MHz, most within 10-100 kHz region. 

C All frequencies 50 Hz-500 MHz, most confined to the principal (horizontal sweep) frequency and its harmonics. 

Table 11. VLF magnetic and electric field intensities around VDTs. 

Number of Distance Electric field Magnetic field 
intensity (Vlm)a intensity ( A l ~ n ) ~  Reference 

VDTs tested (m) 

3 0.03 . . 0.097-0.21 7 Stuchly et al (111) 
0.05 . . 0.084-0.131 

(power off) . . 0.042-0.063 
1 (at yoke) . . 4.019 Stuchly et al (111) 
4 0.03 30-65 . . Harvey (52) 

a Normal brightness, root-mean-square (all frequencies - 60 Hz and harmonics). 
Sum, all frequencies (60 Hz + harmonics up to 420 Hz). 

Confounding by background levels 
As seen in the preceding discussion, the levels in all 
ranges (except the E field of the kilohertz region) are 
below the background levels indicated on pages 
20-21. The use of shielded rooms for measurements, 
while used in several investigations (eg, 115, 128), 
was not always explicitly stated or inferred. (Verifica- 
tion of a VDT origin of specific signals was, in some 
investigations [eg, that of Weiss & Petersen (125)], 
made by the switching of the terminal on and off.) 

Variations due to instruments 
The capacitive coupling problem apparent with some 
instrumentation in the megahertz region has already 
been referred to. No such effect has been discussed 
for the kilohertz region. It is fairly obvious however 
that recordings made by different instruments will 
differ; see pages 22-23 and the BRH report (14). 

Variations in video display terminals 
The application of the same measuring procedures to 
different VDT models results in great variations in 
the E field, as exemplified by the WEAC measure- 
ments (14). The E field amplitudes varied between 28 
and > 300 V/m (at 5 cm) and between 2.4 and 100 
V/m (at 30 cm). In the report of Paulsson et a1 (95) 
the H field varied between 3 and 160 mA/m for dif- 
ferent models. 

The following possible VDT design-dependent fac- 
tors have been examined: 

1. The position of the measuring instrument around 
the VDT was investigated (52). The direction of the 
maximum field strength is dependent on the position 
of the flyback transformer (see figure 4). Note, 
however, that several sources exist for magnetic sig- 
nals of the the kilohertz frequency (transformer, 
wires and magnetic coils). 

2. The effect of this position is in turn influenced by 
the degree of shielding. Lining the case of an old 
VDT with a grounded copper foil caused a dramatic 
decrease in the measured electric field strength (kilo- 
hertz region) (52). Similar effects of shielding were 
also obtained by the BRH (14). 

3. In principle, the design of the magnetic coils 
around the yoke will greatly affect the electromagne- 
tic fields in the low radio frequency (kHz) and the 
VLF (Hz) regions. Decreasing the maximum deflec- 
tion angle causes a corresponding decrease in the 
magnetic  field^.^ Such a decrease is however tant- 
amount to lengthening the CRT tube (if the screen 
size is to be kept constant). 

The exact relationship between the angle of deflection of 
the electron beam and the magnetic field is rather com- 
plex. [See, eg, the book by Grivet (44).] 



brightness of the display. In the megahertz region, 
(some?) peak frequencies appeared to be "display de- 
pendent." They were generally absent with a "quies- 
cent" terminal. The kilohertz signals were (as should 
be expected) fairly independent of display param- 
eters. 

Figure 4. Geometric variations in the electric field (15.9 kHz) 
from a VDT. Dependence on the locations of the flyback 
transformer and shielding (52, 75). (-- x -- = locus of 
constant amplitude (55 Vim) (distance to VDT surface noted); 
. . . . . . . . = polar diagram of field in  horizontal plane, 30 cm 
from VDT surface) (Note: noncornparable scales) 
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Figure 5. Principal realtime appearance of pulsed magnetic 
fields used for horizontal and vertical deflections of the elec- 
tron beam. The real appearance of these fields can be quite 
complex. 

Realtime dependence of the fields in the kilohertz 
and hertz regions 
The fields in the kilohertz and hertz regions are due 
to the requirement for electron beam deflection and 
are thus related to the maximum deflection angle of 
the beam (as has already been discussed briefly) and 
to the scanning (horizontal sweep) and the refresh 
(vertical sweep) rates. Some principal appearances of 
these magnetic fields are shown in figure 5. The real- 
time appearance of the total magnetic fields is how- 
ever much more complex, since the total is formed by 
several constituent fields of varied location and fre- 
quency (95). 

With a B field (kilohertz region at 30 cm) of 0.07 
pT (H = 0.06 A/m) (see table lo), the time derivative 
of the field (dB/dt) will be of the order of 10 mT/s 
during the "return time" (see figure 5). 

In the VLF/ELF region, a typical value for dB/dt 
(from the vertical sweep) is about 0.5 mT/s (30-cm 
distance). 

The range of dB/dt (all frequencies 50 Hz - 300 
kHz) has been measured for a number of VDTs (99,  
ie, 13.5 mT/s (0.3 m, 43 VDTs), 2.3 mT/s (0.7 m, 7 
VDTs), and 0.8 mT/s (1 m, 28 VDTs). The range at 
a 0.3-m distance was 1 to 43 mT/s. 

Distance and field appearance 
The E and H fields (kilohertz region) were found to 
be radially directed from the VDT screen (14). In the 
report of Paulsson et a1 (95) the total (all frequencies) 
H field had a varied direction, with sizable compo- 
nents along all three coordinates. 

The electromagnetic fields from the VDT decrease 
quickly with increasing distance (as indicated for the 
megahertz E field and the kilohertz E and H fields in 
tables 7-11). The degree by which these fields ap- 
pear to decrease vary however between VDT models 
and also between investigators. The 5 cm/30 cm quo- 
tient of the E field, kilohertz readings from 10 mod- 
els in one investigation, varied between 6 and 30 
[WEAC measurements (14)l. Two of the VDTs were 
retested with another instrument by the BRH (14), 
whereupon the quotients found were considerably 
increased (from 12 to 16 and 27 to 93, respectively). 
This difference appears to be caused by the varying 

4. Harvey (52) has reported on the influence of the 
writing mode of VDTs on the measured electric 
fields. This influence was considerable in the ELF 
and the high radio frequency regions. Some examples: 
The ELF amplitudes were directly related to the 

instrumental sensitivity at varying distances. 
In the report of Paulsson et a1 (95) the H field (50 

Hz-300 kHz) decreased as about r-3 with distance 
(r), although considerable variations from this value 
were found for many individual models. 



Compliance of emissions from video display 
terminals with existing standards 

In Sweden, proposed occupational standards for 
radio frequency fields encompass the frequency re- 
gion 3 MHz-300 GHz. Within this region, field 
strengths in the band 3-30 MHz should not exceed 
140 V/m (E field) and 0.4 A/m (H field), while the 
maximum field strengths in the band 30-300 MHz 
are 60 V/m and 0.16 A/m, respectively (135). These 
limits are in general agreement with that of, eg, US 
(ANSI, NIOSH, ACGIH) and international recom- 
mendations (IRPA). 

The high radio frequency fields around VDTs are 
orders of magnitude below these standards. 

In the 10 kHz to 3 MHz region, the ACGIH has 
adopted TLVs of 600 V/m (E field) and 1.6 A/m (H 
field) (1). These values are somewhat higher than 
those of the IRPA (the latter however being confined 
to above 100 kHz). (No Swedish standards exist in 
this region.) The levels measured from VDTs in this 
region are considerably below these occupational 
standards. 

No standards exist for part of the low radio fre- 
quency and the VLF and ELF regions. An evaluation 
of VDT emissions in these regions is based on several 
points: (i) thermal mechanisms are thought to be re- 
sponsible for many of the effects on biological 
systems seen after exposure to primarily microwave 
radiation (130); (ii) the relative energy absorption of 
radio frequency radiation decreases with decreasing 
frequencies. [See, eg, the discussion on specific ab- 

sorption rates by Guy (48).] Thus the E field and H 
field intensities recorded in the low radio frequency 
and VLF regions are not expected to cause any effect 
(which depends on thermal mechanisms). 

However, resonance frequencies (allowing for 
nonthermal effects) have been under considerable 
discussion lately. In such (narrow) frequency bands, 
specific energy absorption may occur - coupled to 
specific receiver mechanisms and thus to specific ef- 
fects of modest intensities. The existence of such fre- 
quencies would invalidate the evaluation for that spe- 
cific frequency. 

No such resonance phenomena have (so far) been 
shown for frequencies and intensities of interest with 
respect to VDTs. (See, however, some comments on 
pages 65-66.) 

A second evaluation procedure is possible. In the 
kilohertz and hertz regions, VDT emissions are in 
general of the same order of magnitude (or lower) 
than many other ubiqituous devices or environments. 
Comparisons with television sets have been made, eg, 
by Harvey (52), Paulsson et a1 (99,  and Weiss (124). 
Harvey (52) found that, throughout the kilohertz and 
hertz regions, exposures due to VDT emissions were 
comparable to those of a color television set (even 
when allowances were made for an increased viewing 
distance to the set), whiIe others (95, 110) found 
levels of the kilohertz magnetic fields to be, for 
example, 50-100 times lower during normal televi- 
sion viewing when allowances were made for distance 
(1 10). 

6. Electrostatic fields 

Existence of electrostatic potentials Measurements of electrostatic fields from 
on video display terminal screens video display terminals 

Screens of CRT design frequently attain an electro- 
static potential when in operation. No explanation of 
the cause@) of these potentials and fields have been 
published, but they can readily be assumed to be de- 
pendent on two factors. First, there is the postac- 
celeration potential commonly used in CRT devices 
to accelerate the electrons towards the screen. This 
potential is applied to the metal-coated inside of the 
screen and may amount to 20 kV or more (44). 
Second, the screen itself should ideally serve as a 
shield for the field associated with this potential 
(charge), but this shielding may be imperfect, sup- 
posedly due to the limited conductance of the screen 
itself. [For a brief discussion, see the report of Cato 
Olsen (17).] 

A few reports on measurements of electrostatic fields 
from VDTs have hitherto been published. They have 
been summarized in table 12. When these data are 
compared, the following three causes must be consid- 
ered for the varying values: 

1. Differences according to make: Nylen et a1 (91) 
examined a number of VDTs of seven different 
makes. Two makes exhibited almost no fields, one 
had a fairly small field, and four had large fields. 
Similar patterns were also seen in the other investiga- 
tions. 

2. Differences according to measuring procedures: 
Cato Olsen (17) and Nylen et a1 (91) used the same 



Table 12. Measured electrostatic fields from CRT-based VDTs. 

Number of Distance Electrostatic field Fraction of VDTs Reference 
VDTS tested (m) range (kVlm) in this range 

52 % 
21 % 
21 % 
6 % 

Mean all 
Mean all 

7 Oh 
39 % 
41 % 
14 % 

Mean all 
Mean all 

Cato Olsen (1 7) 

Nylen et al (91) 
Paulsson et al (95) 

Harvey (52) 

a Measured without a grounded sheet adjacent to the field mill. 
b Measured with a grounded sheet adjacent to the field mill. 

procedure, ie, the placement of a field mill in a cen- Electrostatic ~otential  of the oDerator 
tral position in front of the screen. The mill was 
grounded and the field strength was noted. In the in- 
vestigations of Harvey (52) and Paulsson et a1 (95) 
the measuring procedure was supplemented by the 
placement of a large grounded metal plate adjacent to 
the field mill (with the field mill sensor in a hole made 
in the plate). The latter procedure is less vulnerable 
to distortions of the measured field. The introduction 
of the large grounded plate will, however, also change 
the field geometry considerably and cause a substan- 
tial decrease in field strength. Therefore direct com- 
parisons between the results of the two procedures 
are not possible. 

3. Differences according to distance: Paulsson et a1 
(95) found that the electrostatic field decreased as 
r-I "close" to the screen, and as r r 3  at "larger" 
distances (r) from the screen. 

Approximate potential on the screen 

In an attempt to eliminate the influence of the mea- 
surement geometry, the potential on the screen was 
calculated; the electrostatic field strength was mul- 
tiplied by the distance. (See comments in appendix 
1.) The results must be regarded with some reserve, 
due to the inexact potential approximation used and 
the different measuring procedures used, as pre- 
sented in the preceding discussion. 

The mean calculated screen potential of the dif- 
ferent investigations was 1.5 kV (52), 2.25 kV (17), 
3.3 kV (99, and 7.5 kV (91). After an examination 
of the variations in each investigation, all the VDTs 
could (provisionally) be divided into three distinct 
groups, ie, a "low" group with screen potentials 
between 0 and about 1 kV, a "medium" group with 
screen potentials of about 5 kV, and a "high" group 
with screen potentials around 10 kV. The high mean 
screen potential determined for the study of Nylkn et 
a1 (91) can partly be attributed to the large propor- 
tions of "high potential" VDTs included in the study 
and partly to the measuring procedure used. 

Numerous data exist on the electrostatic potential of 
humans. The potentials of VDT operators have been 
measured by, eg, Cato Olsen (17) with the same 
methods that were used LO measure the screen poten- 
tial. Of 78 measurements (on 16 individuals), 47.5 % 
had a negative potential between -2.2 and -0.2 kV 
(mean about -0.9 kV), 28.5 % had a potential close 
to zero (between -0.2 and 0.2 kV), while 21.5 % 
had a positive potential between 0.2 and 2.2 kV 
(mean approximately 1.1 kV). Two persons (2.5 %) 
had a positive potential of 3.8 to 4.2 kV. The overall 
mean potential was -0.6 kV. 

The measurements of Nylkn et a1 (91) indicate that 
the average field of operators is more positive [mean 
0.0 (SD 7.02) kV/m] than that of appropriate refer- 
ents [mean -3.68 (SD 11.72) kV/m]. 

Electrostatic field between the video display 
terminal and the operator 

A rough estimate of the electrostatic field between 
the operator and the screen can be derived from the 
formula: 

where E = the electrostatic field strength, V = the 
potential, and r = the distance between the screen 
and the operator. 

With data from Cato Olsen (17), the fields thus 
calculated vary between + 24 kV/m and -7 kV/m. 
(The latter corresponds to an uncharged VDT and a 
strongly positive charge on the operator.) The field 
between an "average" screen and an "average" 
operator (17) would be + 4.8 kV/m (at a distance of 
about 60 cm). The VDT/operator situations investi- 
gated by Nylkn et a1 (91) indicate an "average" field 
between the VDT and operator of the order of + 10 
kV/m. 



7. Sound and noise 

VDTs are potential sources of several sonic frequen- 
cies, in both the audible and the ultrasound range. 
This noise may conceivably have some bearing on 
certain physiological and psychological discomforts. 

I found very little information on this subject. 

Measurements 

The acoustic radiation emanating from VDTs has 
been measured by the BRH (14) and was reported to 
be within the frequency range 6.3-40 kHz. The 
dominant frequencies from the 25 tested VDTs were 
between 16 and 40 kHz and were related to the hori- 
zontal sweep frequency. The noise supposedly orig- 
inated in the flyback transformer core. However, the 
frequency used in this transformer is often too high 
for the audible range, especially that of middle-aged 
people. It is possible that secondary noise sources 
(with half the frequency of the transformer) may 
exist within the VDT units. 

The SPLs at about 50 cm from the VDT (in the di- 
rection of maximum emission) were within the 30 to 
68 dB range (mean 51 dB). In the 16-'20 kHz range, 
the maximum registered level was 61 dB (mean 53 dB) 
(14). Some measurements confirming these levels 
have been made by others (Wolf S, personal com- 
munication). 

The mean SPL of 14 of the 25 VDTs tested by the 
BRH (14) was 52 dB at the horizontal sweep frequen- 

cy with a lower SPL (mean 44 dB) at the double fre- 
quency. For five VDTs, the opposite was true, the 
mean being 47 dB at the sweep frequency and 49 dB 
at the double frequency. For all these VDTs, the 
sweep frequency was 20 kHz or lower, while the 
double frequency was above 20 kHz. One VDT had 
a higher SPL (51 dB) at half the sweep frequency 
than at the sweep frequency (44 dB at approximately 
35 kHz) (14). 

Compliance with standards 

Swedish occupational standards limit the SPL at 20 
kHz and above to between 105 and 115 dB (relative 
to 20 pPa) (86). At 8-20 kHz, the level is 80 dB. For 
"single tones" (conceivably the case with VDTs), the 
corresponding limit is 70 dB (87). 

Thus available information suggests that VDTs 
comply with present standards with respect to dan- 
gerous noise levels in the 6 to 40 kHz range. How- 
ever, the experimental basis for this suggestion is 
limited to only a few investigations. 

A correlation between complaints of noise from 
VDTs and emotional/mood complaints was noted by 
Stammerjohn et a1 (106). It has been suggested that 
high frequency noise might be a stress factor and that 
noise from VDTs may cause "sensory overload" 
(Wolf S, unpublished memorandum). So far, these 
suggestions have not been substantiated. 

8. Display characteristics and readability of text 

The information received by the operator of a VDT 
is derived from that of the screen, subject to the legi- 
bility of the screen characters. A number of parame- 
ters are relevant to a discussion of discomfort or 
health effects (eg, asthenopia) and job performance. 
These parameters have been divided into three 
groups, related to the oscillation, the structure, and 
the luminance of the presented symbols. Workroom 
illumination parameters are included in this chapter, 
since they are closely interrelated with the display 
parameters in defining, eg, screen contrast. 

Reading performance is discussed as an indication 
of adverse display presentation only - the rationale 
being that adverse reading performance will have ef- 
fects on eye discomfort, stress, etc. [For further dis- 

cussion, see, eg, the reports of Bouma (l l) ,  Engel 
(33), Radl (97), Timmers et a1 (1 16), and the NRC 
Panel (94).] 

Standards or recommendations are included only 
as a comparison, to indicate adverse display parame- 
ters. The text is not intended as a guide for specific 
design. [For a discussion of standards, see, eg, the re- 
ports of the European Computer Manufacturers As- 
sociation (34), the Swedish Institute of Standardiza- 
tion (107), and Knave (66).] 

The definitions of polarity as used in this review 
are as follows: positive polarity = dark characters on 
bright background, and negative polarity = bright 
characters on dark background. All the presented 
data have been adjusted accordingly. 
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Time (not Figure 6. Realtirne appearance of a fast and a 
to  scale) slow phosphor (in principle). 

Time-dependent variables of screen luminance phosphor, and they also vary considerably between 
different investigations. 

Pixel illumination rates 
As described on page 14, the electron beam in a CRT 
device sweeps across the pixels, producing an il- 
luminated dot or a line segment. 

A typical vertical sweep time of 19 ms (and a return 
time of 1 ms) corresponds to a refresh rate (repetition 
of each pixel irradiation) of 50 Hz. Refresh rates of 
56-77 Hz (typically 60 Hz5) and 48-81 Hz (typi- 
cally 50 HzS) have been noted by the BRH (14) and 
the Swedish SSI (99, respectively. 

The horizontal sweep frequencies varied consider- 
ably in the BRH (14) (between 2 and 35 kHz, typical- 
ly 15-20 kHz) and SSI (95) (15 and 53 kHz typically 
15-25 kHz) investigations. The return times varied 
between 2.8 and 10 ps (mean about 6 ps) (95). A hori- 
zontal sweep time of 54 ps (line frequency 15.6 kHz) 
corresponds to some 230-300 lines/frame (with 
some time allowed for return time, etc). With a 
character matrix of 7 x 9 pixels and 80 characters/ 
line, the passage time is about 0.1 ps/pixel. [The in- 
formation frequency needed for beam modulation 
(gate potential, figure 1) is then on the order of 10 
MHz.] 

Oscillation of pixel Iumination 
The realtime appearance of the pixel lumination is 
shown in figure 6, both for a fast and a slow phos- 
phor. Phosphor decay times (from 100 to 10 % of 
maximum lumination) vary considerably with the 

Net frequency i n  the US is 60 Hz as opposed to the Euro- 
pean 50 Hz. 

CRT decay times range from extremes of 160 ns 
(P,, - used in the Flying Spot Scanner) to 140 ms 
(P,,, in Medium Persistence Yellow). Typical decay 
times for VDT phosphors are 50-100 ps (Hansson 
G, Versal AB, personal communication), although 
more persistent phosphors are also in use, decay 
times of, eg, 1.5 ms (P,,) (Hansson G, Versal AB, 
personal communication) to > 20 ms ("amber") 
(Nylbn P, personal communication). In the report of 
Grandjean (41) decay times varied between 150 ps 
(P,) to 400 ms (P,,). A P,,, phosphor has a decay 
time of 60 ps [according to data of the Clinton Corp 
(Hansson G, Versal AB, personal communication)] 
and a decay time of 6 ms [according to data of the 
IBM Corp (41)l. 

Conceivably, the large variations in reported decay 
times may be due to the rise time of the detector - 
which determines the top luminance and thus the 
decay time. Unfortunately, the rise time of the instru- 
ments used have not been reported. (See figure 7 for 
comments .) 

The degree of oscillation has also been character- 
ized by uniformity figures, ie, the quotient between 
the darkest and the brightest phase of the cycle. 
Thus, a low uniformity figure corresponds to a 
"high" degree of oscillation. [These measurements 
- in contrast to those of decay times - are per- 
formed in an illuminated workroom and are thus re- 
lated to both the brightness control and the work- 
room lighting (67). 

The uniformity figures of single dots presumably 
correspond to the oscillation experienced by the 
fovea (67). 



Top luminance 

The measurement of the top luminance (luminance 
during steady state - ie, during excitation) requires 
instruments capable of recording luminances within 
100 ns. Fellmann et a1 (35) examined eight VDTs. 
Two "extreme" VDTs were described - mean lu- 
minance 40 and 38 cd/m2 and a top luminance of 
about 75 and 700 cd/m2. The decay times (100 to 
10 To of the recorded luminance) were >20 ms and 
about 2 ms. These recorded decay times are in excess 
of those reported, eg, by the Clinton Corp (Hansson 
G, Versa1 AB, personal communication). 

My own calculations, based on  mean luminances 
of a P,, phosphor of 50 cd/m2 (during the 20-ms 
cycle) and P,, decay functions with half-lives of 12 
and 56 ps (recorded with a moderately fast detector), 
indicate that the top luminance may be very high, ex- 
ceeding 10 000 cd/m2. So far, these calculated data 
have not been verified by actual measurements of top 
luminance. 

The blitz phenomenon 

Operators working with positive image screens, and 
also viewing customers or other objects above the 
screen (eg, in banks or travel bureaus), sometimes 
perceive a brightly shining horizontal line when their 
gaze moves down the screen. A tentative explanation 
for this phenomenon ("blitz") has been offered (90). 
The operator's (vertical) gaze velocity is similar to the 
vertical sweep velocity of the VDT. Thus the oper- 

ator's gaze may follow the "front" of illumination 
down the screen, and therefore a luminance con- 
siderably higher than the average screen luminance is 
seen. 

This blitz phenomenon was observed with a fast 
phosphor (P,,) but not with a slow one (amber). 
This finding is in accordance with the fast phosphor's 
higher contrast between top and mean luminance (90) 
(see figures 6 & 7). 

Flicker 

The variations in luminance during one refresh pe- 
riod can be percieved as a flicker. In principle, in- 
creasing luminance by a factor of 10 will increase the 
highest frequency at which flicker is noticeable by 10 
Hz (6, 94). Critical flicker fusion is defined as the fre- 
quency at  which (with 100 % modulation) no flicker 
is recognizable (65). 

In a field survey (20) 12 To of the examined VDTs 
showed flicker. In another survey, no flicker was ob- 
served on any examined screen. However, 68 % of 
the operators complained about flicker (106). Flicker 
perception is however dependent on a number of 
other parameters, eg, polarity, screen luminance, 
room illumination, degree of  oscillation, and con- 
trast, as well as on  whether foveal or perifoveal 
vision is utilized and on individual sensitivity (41, 
94, 106). Experiments done by Nishiyama et a1 (89) 
suggest that critical flicker fusion declines after expo- 
sure to 30 or 60 Hz. 

Luminance 
A (not to scale) 

I \ exposure time to 
10 000 cd/m 

I 1 \/ the real luminance 
of the phosphor 

Mean luminance 
during the 20 ms 
cycle 

10% of real / 
top luminance Tlme 

(not to scale) 
excitation by the rl = 0.1 ps (time 
electron beam tor electron beam 

pass across pixel ) 

r, + rc = 20 ins (cycle) 
4 

Figure 7. Detailed realtime appearance of a fast phosphor and the detected appearance as measured by a "slow" detector (in 
principle). Note that !he recorded decay time of the detector will be longer than the real decay time. Reported decay times 
in the literature are thus (partly) attributed to the detector and not (primarily) to the phosphor. 



Low frequency modulation (periods of several sec- 
onds) of the flicker may appear due to the oscillation 
of room lighting. A fixed synchronization between 
the CRT refresh rate and that of the general power 
supply - especially with a 180" phase shift - may 
eliminate this phenomenon (45). 

Flicker may adversely affect the visual comfort of 
the operator - and thus possibly cause asthenopia 
symptoms. Effects on visual reading performance 
per se has not been established (94). Visible flicker 
may cause an adaptive overload of the eye, since the 
retina will be repetitively overexposed. It has been 
suggested (67) that nonpercieved flicker may also 
have some adverse effects on the retina, but this pos- 
sibility has not yet been confirmed. 

Flicker should not be observable, according to 
present standards. 

Jitter 
Time variation in the position of display characters 
can sometimes be observed. This phenomenon is due 
to  improper variations in the magnetic fields used to 
deflect the electron beam. 

These time variations may have a frequency of 
0.03-0.5 Hz. Of eight examined VDTs, considerable 
jitter was found in four (35). According to subjective 
evaluations three VDT makes had good stability, and 
the other five showed "continuous trembling." 

Jitter is in principle harmless, but it may be irritat- 
ing and tiring. Jitter should not be observable (17) or 
exceed 0.7' (0.1 mm at a viewing distance of 50 cm) 
(34). 

The information processing techniques may be dif- 
ferent in stroke versus dot characters (94). Dot 
matrix presentation has been claimed to be superior 
for legibility (35). 

The fonts used in VDT representations are quite 
different from many established fonts in printed text. 
There may be a conflict between acceptability (ex- 
pected notions of character appearances), identifi- 
ability, and distinctness. Optimal font design is of 
particular importance for noncontextual presenta- 
tions (11). 

Resolution and character matrix 
Visible raster structure decreases legibility. This 
problem will dictate a minimum of scanning line den- 
sity, eg, 729 or 1 029 (obviously depending also on 
screen size) (94). 

Matrix sizes vary from 5 x 7 to  7 x 9 or higher, etc. 
Increasing the matrix from 5 x 7 to 7 x 9 will increase 
reading performance (14 Yo improvement in reaction 
time, 10 % decrease in errors in one study) (53). A 
7 x 9 dot matrix is necessary for the presentation of 
both upper-case and lower-case letters (16). Sugges- 
tions for an 11 x 14 matrix (for the symbol H) have 
been made (107). 

The optimum size of the characters is dictated both 
by sufficient size for identification and by their not 
being too large, since otherwise too few characters 
can be read simultaneously in the fovea [see, eg, the 
report of Bouma (1 I)]. The character height has an 
optimum for reading performance of some 20-28' 
(65). Standards have been suggested (107) for 20' 
symbols - corresponding to a height of about 3.8 

Afterglow mm (of the symbol H) at a reading distance of 60 cm. 
The symbol width should be 50-60 % of the symbol 

Some phosphors, notably those used for radar dis- 
height (excluding the letters I, 1 and the numeral 1). 

play, have a considerable afterglow, ie, the character With somewhat less stringent standards than those 
luminance decreases very slowly and is perceived for 

suggested by the Swedish Institute of Standardization 
several refresh periods after the corresponding pixels (107), eight VDTs were examined as to symbol 
are no longer irradiated. With fast phosphors (nor- characteristic parameters (matrix size at least 7 x9, 
m a l l ~  used VDTs) this phenomenon is seen. svmbol height 3.3-4.1 mm (0.7-m distance), and 

simbol width 50-75 % of height). Only ~WO'VDTS 

S t r u c t u r e  of screen c h a r a c t e r s  
fulfilled the standards, while four failed on one of 
the parameters. The remaining two failed on two 

Characters and symbols (35). [None fulfilled the standards sug- 
The character image may be composed of either gested by the Swedish Institute of Standardization 

strokes or dots (see figure 8). Examples of both (1071, and only one complied with more than one pa- 
image systems occur frequently. rameter requirement]. 

Dot 
Stroke character 
character (common 
(some VDTs) for VDTs) 

om0 

E 0 
Figure 8. Different types of character structure. 

Spacing and legibility of words 
Printed 
character Acceptable symbol line spacing is determined by the 
(paper) eye saccade movements. The distance between symbol 

lines should increase with increasing line length, with a 
minimum of a 2" return trajectory of the line saccade 
(line angle). T o  meet this requirement, vertical orien- 
tation of a full page screen (eg, with a 4:3 aspect) or 
a two-column presentation in horizontal orientation 
can be used (11). 



Suggestions have been made for the spacing 
between two symbols (in the same word) to be 
20-30 % of the symbol height, for the spacing 
between words to be 50-70 Yo of the symbol height, 
and for the spacing between lines to be at least 170 Yo 
of the symbol height (107). 

Again, less stringent standards were evaluated 
(space between symbols 20-50 % and space between 
rows 100-150 % of symbol height) (35). Only two 
of eight VDTs fulfilled one of the parameter require- 
ments. (None fulfilled both.) In a final evaluation, 
three of the eight VDTs tested were judged to give 
"good" legibility according to the standards used. 
Subjective evaluations (made by 10 subjects) con- 
curred (35). 

Geometric variation 
According to the European Computer Manufacturers 
Association (34) and the Swedish Institute of Stan- 
dardization (107) the relative image distortions 
should not exceed 1 % of the corresponding height 
or width. 

Sharpness and blur 
In principle, luminance is not constant across a single 
dot; instead it has a variable luminance distribution 
across (any) scan path of the dot. Techniques for 
evaluating sharpness include edge response and 
modulation transfer function. 

The modulation transfer function is the fourier 
transform of this line spread function. It is a useful 
concept for the analysis of contrast, resolution, 
jitter, etc (5, 94). 

With the use of the edge response technique, the 
sharpness of the characters can be characterized by 
the slope of the luminance across the character contour. 
This slope has been measured for five VDTs of dif- 
ferent makes with negative polarity (35). At maximum 
luminance, the slopes varied between 63 and 350 
cd/m2,mm and was between 37 and 127 cd/m2, mm 
at the "preferred" luminance. A VDT with "good" 
characteristics had a luminance slope of 116 cd/m2, 
mm, while a "bad" VDT had a slope of 37 cd/m2, 
mm (at preferred luminances). Sharpness was "poor" 
according to subjective evaluations (10 subjects) for 
two of the eight VDT makes (35). 

Blur affects accommodation processes (see page 
50). 

Luminance of screen information 

Polarity and general luminance 
Negative polarity means light or irradiated characters 
on a dark or nonirradiated background. The oppo- 
site is positive polarity. A positive polarity screen will 
have an average luminance of 2-2.5 times that of a 
negative polarity screen (94). 

If the adaptation of the eye is determined by the 
average luminance, a positive polarity screen will 
imply a somewhat higher (about 15 %) visual acuity. 
However, this assumption has been criticized, and it 
has been suggested that adaptation is not based on 
the average, but on the higher luminance (94). 

It has been suggested that transient adaptation 
glare may cause transient changes in pupil size when 
positive and negative polarity areas (document versus 
screen) are viewed alternately. This suggestion was 
based on experimental results obtained with a slide 
projector. However, the study was criticized on the 
grounds that the response may have been due to the 
brief dark periods between the slides (94). Further- 
more adaptation is presumably sufficiently fast (on 
the neural level) for the operator not to notice the 
change (16). 

In general, there are other possible benefits of 
higher luminance (increase in visual depth, increasing 
visual acuity due to less contrast with surroundings, 
etc). These conclusions have been drawn on the basis 
of research on paper presentation; similar research 
results on VDT screen presentation is somewhat 
limited (94). 

Positive polarity will reduce the appearance of dis- 
comforting glare and reflections (6, 34, 98). It will 
therefore reduce the measures necessary in work- 
station design and require less stringent workroom 
lighting restrictions. 

In an experimental set-up, positive polarity gave a 
higher test performance (letter transcribing), a higher 
visual comfort rating, and was preferred by 19 of the 
24 subjects (2 having no preference and 3 preferring 
negative polarity) (97). Similar findings were made 
by Bauer & Cavonius (6), ie, there were lower error 
rates with positive polarity. In this experiment, 22 of 
the 23 subjects preferred positive polarity. 

The flicker threshold will, however, be increased 
with an increasing average luminance. A refresh rate 
of 50 Hz is not acceptable for positive polarity (107). 
That of 100 Hz has been recommended (6). Accord- 
ingly, many existing VDT and CRT devices with 50 
or 60 Hz refresh rates may be unsuitable for positive 
polarity. It should be noted that some VDTs have 
been provided with options as to polarity. Such an 
option is clearly inadvisable if the refresh rate is low 
(50 or 60 Hz). 

Character stroke width should be somewhat wider 
for positive polarity (34). 

Workroom illumination 
Proper illumination is necessary for the reading of 
both screen and source documents. Recommenda- 
tions for workroom illumination show however con- 
siderable variation. For general office environments, 
recommendations vary between 75 and 1 600 Ix. For 
VDT workplaces recommendations are considerably 
lower, often in the 100-500 Ix range (106). Thus 
there is an apparent conflict between illumination for 



source documents and for the screen. This problem is 
often solved by a low workroom light level and ad- 
ditional lighting at the source document. 

NIOSH recommendations are 300-700 lx (without 
source documents) and 500-700 lx (with source 
documents) (79). 

Subjects allowed to adjust their workroom il- 
lumination normally select illuminances of 200- 
600 Ix; 500 Ix can be recommended for negative 
polarity, with 600-700 lx for positive polarity (53). 

Coe et a1 (20) found workroom illumination to be 
<250 lx (31 %), 250-500 Ix (63 %), and >500 Ix 
(6 %). Higher levels were determined in the study of 
Stammerjohn et a1 (106), a median of 500-700 lx. 
Furthermore the majority of the subjects (53 Vo and 
63 %) were satisfied with the workstation and back- 
ground illumination. 

In data entry work, source illumination was 550 lx, 
compared to 430 lx for work in a conversational 
mode, and 500-800 Ix for non-VDT workers (67). 

Contrasts between the screen and surroundings 
There are several definitions of contrast, for exam- 
ple, the ratio C, = L,:Lb or C = (Lo-Lb)/Lb, where 
L, is the object luminance and L, is the background 
luminance (9, 34). The latter definition is recom- 
mended. The data that follow however are presented 
as they appear in the literature, thus often as the ratio 
c,. 

Contrasts between the screen and surroundings 
should be 1:3 for the near field and 1:10 for the far 
field (24). However, less restricted limits (up to 1:20) 
show similar reading performances according to one 
study (53). 

In the study of Coe et a1 (20) 33 % of the worksites 
exceeded the near-field recommendation 1:3 (screen: 
source). For screen:background and a near field, 
54 Vo exceeded this recommendation, 24 % exceeded 
the far-field recommendation of 1:lO. The near-field 
contrasts in the report of Fellmann et a1 (35) varied 
between 1 : 1 and 1 :28 (negative polarity). Screen: 
source contrast varied between 1:8 and 1:25, while 
screen:frame contrasts were between 1: 1 and 1:8. Un- 
suitable colors on VDT boxes were frequently found 
and could affect visual performance (35). 

Very high contrasts were noted by Laubli et a1 (67), 
ie, 1:21-26 for the near field and about 1:300 for the 
far field. 

A wider frame around the VDT can bring improve- 
ment under unfavorable conditions, especially with 
continuous shading of the frame (97). 

Refections 
Reflections can be either specular (mirror-like) or dif- 
fuse. Here only specular reflections are considered. 

The virtual image which may appear is located be- 
hind the screen. For example, reflection of the opera- 

tor's face will typically lie about 22 cm behind the 
screen. Different accommodation levels are, in prin- 
ciple, required for the screen text and the image; this 
circumstance may be annoying and cause discomfort 
(94). 

Discom fort glare 
Glare can be defined as discomfort glare or disability 
glare; the latter is discussed elsewhere. Discomfort 
glare causes discomfort without immediate effects on 
reading performance. Discomfort glare may be direct 
(from bright luminance objects) or reflected (from, 
eg, keyboard keys) (106). 

In one field survey, 46 of the 53 workstations in- 
vestigated had potential discomfort glare due to 
luminance levels of up to 2 100 cd/m2 from windows 
or lighting. In the same study, 80 % of the VDT 
operators versus 62 Vo of the referents reported glare 
problems (106). 

Brightness of irradiated screen areas 
For negative polarity, adjusted character luminances 
vary between 7 and 160 cd/m2 (12, 41, 47). The pre- 
ferred adjusted character luminance in one field 
study was 31 cd/m2 (range 23-42 cd/m2 - with the 
lower values obtained from a VDT with a fast phos- 
phor (12). 

For positive polarity, suggestions have been made 
for adjusted background luminance of up to 170 
cd/m2 (107). 

In one field study (106), 70 % of the VDT opera- 
tors complained about character brightness. 

Screen contrasts and disability glare 
Reflected diffuse glare determines the luminance of 
the nonirradiated screen areas (background in nega- 
tive polarity, characters in positive polarity). 

Luminances of some 1-50 cd/m2 have been re- 
ported. For the higher range, there would be a re- 
duced contrast and disability glare, ie, glare directly 
interfering with reading performance (35, 41, 53, 
106). 

Character:background contrasts were 2:l among 
data entry workers and 9:l among workers using a 
conversational mode. The latter type of work ap- 
parently led to the operator adjusting the controls 
to predominantly screen viewing (67). Other field 
studies show varying contrasts (range 2: 1-30: 1) (41, 
53, 103). 

A VDT with "good7' characteristics had a screen 
contrast of 0.13 (C, = L,:L,), while a "bad" VDT 
had a contrast of 0.43 (preferred luminance settings) 
(35). The preferred contrast also increases with de- 
creasing background luminance, as well as with de- 
creasing room illumination (53). 

The contrast between the background luminance 
"near" a character and that of the character itself 
was determined (for the letter U) for some VDTs. 



The "near" background luminances were between 17 
and 82 Vo of the character luminance for maximum 
luminance and between 13 and 45 Vo for preferred 
luminances (35). 

The visual reading field is dependent on the con- 
trast. Low contrasts have no effect on foveal word 
recognition, but have a major impact on parafoveal 
word recognition. For a contrast of 0.90, about 80 Vo 
of the words were correctly recognized, compared to 
less than 50 Vo for a contrast of 0.12. (Positive 
polarity, contrast defined as C+ = (L,-L,)/L,, L, 
= background, LC = character luminance) (11). 
The visual field extention may be of importance for 
contextual reading. Similar results have also been re- 
ported by Timmers et al (116), in which both errors 
and response times increased with decreasing con- 
trast. These studies were performed with paper docu- 
ments. 

Campbell & Durdent (16) supported the use of a 
broad range of contrasts, adjustable for individual 
preference. The main argument was that "almost full 
visual acuity can be achieved over a wide range of 
contrast [p 1771." 

In one field study (106), 62 Vo of the VDT opera- 
tors complained about screen brightness. Reflected 
glare was present in 17 Vo of all workstations at a 
level sufficient to make reading difficult, since the 
contrasts between bright and dark areas were con- 
siderably reduced. 

Screen color 
There are few definite data to support the choice of 
one phosphor or screen color over others (49,94,99), 
and, despite some general and rather vague sugges- 
tion of green-yellow as the best, this issue is often 
considered secondary to other display parameters 
(94, 99). The possible impact of phosphor color on, 
eg, screen contrasts should be considered (116). 
Color filters are not recommended (97). 

Most phosphors used for display purposes have a 
yellowish green color, during both steady state (ex- 
citation) and decay. Some common phosphors have 
a white color (eg, P,, P,,), and orange or amber 
colors also occur (94, 95). 

The use of multiple colors for ease of scanning is 
increasing, but the designs have not always been 
optimal. Different colors should be used to increase 
proper emphasis. For example, red has a stronger 
emphasis than green, and should thus be used only 
for words important for the scanning process. The 
use of colors for information purposes is seldom op- 
timal, since man's color discrimination ability is 
rather limited (33, 97). 

Some results indicate that traditional colorimetry 
may not be fully compatible with the oscillating 
character of color emissions from VDTs. There may 
be discrepancies between measured and perceived 

colors. The implications of this possibility are not 
clear. [For additional discussion of this subject, see 
the report of Tarrant et a1 (112).] 

Conclusions 

Oscillation 
The oscillating nature of the screen luminance is 
probably relevant to eye discomfort. Explicit param- 
eters (decay times, top luminance, etc) are not well 
defined at present however. 

Flicker and jitter are important comfort param- 
eters, and the frequency at which flicker is percieved 
is an important design criterion. A number of other 
parameters, both display- and operator-dependent, 
influence this critical frequency. Increasing screen 
illumination will, eg, increase this frequency. 

Structure 
The character construction of dots (or raster lines) 
and their exact relationships are important for cha- 
racter recognition and text readability. Detailed stan- 
dards or recommendations exist. 

Sharpness is probably of major importance for eye 
comfort (possibly for accommodation processes). 
Sophisticated techniques for evaluating sharpness are 
available, but few results have as yet been reported. 

Luminance 
Positive polarity (dark characters on a light back- 
ground) has been suggested to be better than negative 
polarity due to several (interdependent) factors, ie, 
less adaptive changes, increased visual acuity, less 
contrast with surroundings, less occurrences of glare 
and reflections, the possibility of higher room il- 
luminance, less restriction in workstation design, 
better reading performance, and greater popularity 
with operators. 

Positive polarity VDTs demand a higher refresh 
rate however to avoid flicker, and some other display 
parameters may also have to be modified. 

Although some of the studies can be criticized as 
not being conclusive (especially the studies on adap- 
tation changes), the majority do indicate improved 
work conditions, job performance, and operator 
satisfaction with positive polarity. Furthermore, 
although these studies have been criticized, I am 
not aware of investigations indicating that negative 
polarity has similar advantages. 

Workroom illumination, brightness of irradiated 
screen areas (characters or background, depending on 
polarity), and the workstation geometry determine 
contrasts and disability glare, which are of importance 
for comfort. Reflections and discomfort glare are 
other parameters determining comfort. 



9. The operator and workstation design 

A number of characteristics of the operator have 
been shown to influence the incidence of reported 
health effects of VDT operators. The differences 
between male and female reporting are obvious in 
some investigations, but other characteristics may 
also be of importance. 

The physical characteristics of the individual 
operator are also of importance for workstation de- 
sign. In this chapter the physical design of display, 
chair, keytable, and desk is briefly reviewed as perti- 
nent to discussions on VDT situations. Although rec- 
ommendations for these parameters are mentioned, 
the text is not intended as a guide for workstation de- 
sign. Instead recommendations are mentioned prima- 
rily for comparison with data from field surveys. De- 
tailed recommendations have been given in several 
reports (22, 34, 55, 77, 84). 

For workstation lighting design, see pages 31-33. 

Operator characteristics 

Sex 
In Canada women constitute some 40 % of the total 
workforce, but up to 60-70 % of the workers in 
jobs affected by the introduction of VDTs. These 
jobs include clerical workers, typists, secretaries, 
telephone operators, bank tellers, and reservation 
clerks - all jobs for which women form a large ma- 
jority of the workforce (1 13). Similar relationships 
have also been found in other countries. 

This predominance of women in VDT workplaces 
is apparently not true, however, of newspaper of- 
fices. In the Baltimore Sun study (102), 55 % of the 
VDT operators were males and 45 % females. In a 
larger field survey of several newspaper premises 
(84), 505 men and 542 women participated; 81 TO of 
the men (N = 409) and 67 % of the women (N = 
363) were VDT operators. 

The type of work may, however, be quite differ- 
ent. In the Baltimore Sun study (102) women were 
more often found in data entry and clerical VDT 
work. In another field study (58), 94 % of the data- 
entry workers were female, and only 50 % of the fe- 
males did a type of work involving interactive com- 
munication. 

In another investigation (123) it was noted that 
women (as a group) had less education and a lower 
position in the organization, that fewer were "special- 
ists," that they included more part-time workers, 
worked longer hours per day at VDTs, and had 
longer work periods between breaks. Women re- 
ported being less satisfied with their jobs, experienced 
fewer possibilities ili using skill, initiation and work 
planning, had less job variation, had less over- 

view as to the relation between their jobs and the end 
"product," had less influence on the organization, 
had more somatic troubles, and worried more over 
the possible health risks of their work. They did, 
however, show higher satisfaction with their (general) 
wo-k environment. 

Age and eyesight 
There are no general data on the age of VDT oper- 
ators. Specific data are (when appropriate) referred 
to in discussions of specific field studies. As indi- 
cated in the investigation of Smith et a1 (102), VDT 
operators' age range may include the full working 
age range. For their study, the mean age was 39.1 
years, and the range was 18.8-64.4 years. 

The age of the operator may have a significant in- 
fluence on several health parameters. [See, eg the re- 
port of Sauter (101).] One such factor is the presence 
of presbyopia, necessitating the use of bi- or mul- 
tifocal glasses. 

Some impairment of visual ability (glasses not used 
or incorrect glasses used) may make VDT work more 
strenuous. Recommendations for a visual examina- 
tion have been made if such troubles are indicated 
(55, 84). 

Provisions for VDT work in Sweden, including de- 
mands for recurrent eye examinations (and prescrip- 
tions for glasses when necessary) of VDT operators 
are being considered by the National Board of Occu- 
pational Safety and Health. 

Dimensions 
Some investigators have used existing standard body 
dimensions to estimate, eg, viewing distance and 
viewing angle from data on workstation configura- 
tion [see, eg, the report of Murray et a1 (84)l. Exam- 
ples of body dimension, applicable to the US civilian 
population (extrapolated from military data), can be 
found in the report of the NRC Panel (94). These 
data include suggestions for converting "erect sit- 
ting" measures to normal or more frequently adopted 
measures (94), as well as the 5th and 95th percentiles. 
These latter figures are to be used in calculations. 

In an experimental set-up with adjustable display 
(height, distance, and tilt) and keyboard (height and 
distance), the subjects had full freedom (within the 
mechanical limits) to adjust the workstation con- 
figuration for maximum comfort. The position of 
the eyes of these operators were compared to eye 
position of "statistical subjects" derived from an- 
thropometric data based on the subjects' height but 
with a standard posture. The (real) subjects tended to 
have their eyes about 10 cm closer than the "statisti- 
cal" subjects (13). 



Electrostatic charges 
Electrostatic charges were discussed in conjuction 
with the electrostatic field from the VDT, on pages 
25-27, and also briefly in connection with humidity, 
page 37. 

Personal characteristics - Smoking, excercise, etc 
Theoretically speaking, personal habits may possibly 
influence symptoms experienced during VDT work. 
The report of the Health and Safety Executive in 
London (55) mentions the use of medication, espe- 
cially psychoactive drugs, as a possible confounder 
for certain eye symptoms. One suggested example is 
drugs that may slow eye movements. Interference 
may be caused by the wearing of eye and face make- 
up, possibly related to eye or skin problems. 

Unfortunately, I found few explicit data on the 
personal characteristics of VDT operators in the lit- 
erature. Bolinder (10) reported a field survey of hos- 
pital personnel (almost all female) using VDTs. 
Among the VDT users ( > 8  h/week), smoking was 
more common and physical exercise less common 
than among those who used VDTs occasionally (< 8 
h/week) or not at all. 

Duration of the work 
The time, hours per week, spent by operators at a 
VDT workstation is obviously dependent on a number 
of factors, and it is impossible to generalize. In one 
field study of a newspaper (102), the mean worktime 
was 21.7 h/week, with a range of 1-64 h/week. It 
should be noted that the time spent at a VDT work- 
station may not correspond to the time actually spent 
working with the VDT. For example, the actual time 
spent viewing the VDT may be short in certain types 
of jobs (eg, data entry). (Some data on viewing times 
are given on page 41.) 

With the present fast introduction of VDTs in 
many workplaces, the majority of present operators 
have not had too many years' experience working 
with the equipment. Data of Smith et a1 (102) will 
serve to illustrate this point. The mean length of em- 
ployment (all subjects) at a newspaper was 9.3 (range 
0.2-40.3) years, while the average time spent work- 
ing with VDTs was 3.8 (range 0.1-9.2) years. Thirty- 
nine percent of the VDT users had used a VDT in 
previous jobs. (The study was published in 1982.) In 
a field study (10) of VDT operators in a large hospi- 
tal, the majority of workers had less than five years' 
VDT experience, while a small group (6 %) had 
worked more than 10 years with VDTs. (The report 
appeared in 1983.) (Data in other studies showing dif- 
ferences in attitudes according to the number of years 
of VDT work should be checked for, eg, different 
types of VDT work, as this factor may have a strong 
confounding effect .) 

Education 
Few studies have explicitly given data on the educa- 
tion levels of VDT workers. The education levels are 
presumably closely correlated with the type of job 
performed (ie, differ, eg, between data entry and 
professional jobs), although large variations are to be 
expected between different types of workplaces. 

In the US newspaper study already mentioned 
(102), about 70 % had at least a college level educa- 
tion. Furthermore people with lower education were 
primarily found in the "eyes-fixed mode" of work 
(data entry or clerical). 

Operator's position at the terminal and 
workstation design 

Viewing distance 
Viewing distances and viewing angle (considered with 
reference to the horizontal direction) have been es- 
timated both by direct measurements and by com- 
parison of workstation measures with general an- 
thropometric data. (As has already been indicated, 
the latter procedure may possibly introduce over- 
estimates of the viewing distances.) 

In general the viewing distances are longer between 
the operator and the screen than between the opera- 
tor and the source documents. Mean values in the lit- 
erature vary between 43 and 88 cm for eye-to-screen 
distances and between 47 and 53 cm for eye-to-docu- 
ment distances (58, 70, 84, 91). In one experimental 
study (13) keyboard distances were adjusted by oper- 
ators to be about 11 cm shorter than screen distances 
from the eyes, with eye-keyboard distances of 50- 
52 cm. 

The viewing distances vary considerably depending 
on the type of work, the adjustability of workstation 
configuration, etc. In one field study (58) movable 
terminals changed the distances in comparison to 
those of built-in terminals (62 versus 43 cm for eye to 
screen, 47 versus 53 cm for eye to document) when the 
mode of work was one of interactive communication. 
For data entry and movable display, the distances 
were 58 cm for eye to screen and 48 cm eye to docu- 
ment. In simple data collecting, the viewing distances 
were 46 (eye-screen) and 45 (eye-document) cm. In 
data ciphering and collecting, the viewing distances 
were 88 (eye-screen) and 50 (eye-document) cm (70). 
Note that the last type of work included more time 
looking at the screen, but also a large fraction of the 
time looking "elsewhere." 

In general, individual variations in viewing distances 
were considerable. Variability in both eye-screen and 
eye-document distances were less for data entry work 
than for the conversational (interactive communica- 
tion) mode (102). Within data entry work, individual 
variability showed a tendency to increase with data 
ciphering and collecting compared to simple data 
gathering (70). (Both modes of work can be described 



as data entry, but with important distinctions, dis- 
cussed later.) Viewing distances (and also time varia- 
tions in these distances) have been shown to decrease 
as work speed is increased (in general) (70). 

Murray et a1 (84) found small differences also in 
the viewing distances (computed from anthropo- 
metric data) between men (longer) and women 
(shorter). Similar small differences were also found 
by Nylhn et al (91) (observed). 

Viewing angles (computed from a field study) were 
examined by Murray et a1 (84) and found to vary 
between 0 and >30°. Men usually had a 21 to 30" 
angle, while women tended to have somewhat smaller 
ones (but generally within the 10-30" range). In an 
experimental setup, the viewing angle (as adjusted by 
the subjects) was 17" (mean) (13). 

Recommendations for viewing distances are gen- 
erally found in the interval 45 to 50 cm, with viewing 
angles of 10-20" (84), but somewhat wider recom- 
mendations have also been given (34). It is apparent 
from the data presented that many workplace situa- 
tions do not conform to these recommendations. The 
variations may be due to several factors, such as 
restraints imposed by the equipment, task require- 
ments, individual requirements (eg, eyesight prob- 
lems such as prisbyopia), or individual preferences. 

Work posture 
No ideal sitting posture can be defined. The possibili- 
ty of changing posture is of paramount importance. 
Nevertheless, some general recommendatiops can be 
glven. The upper arms should be able to hang verti- 
cally, and the elbow angle should be less than 90". 
Wrists should not be flexed more than 20". The head 
should be inclined downwards up to 20" (viewing 
angle) and should not need to be turned frequently. 
Upper legs should be horizontal, with lower legs ver- 
tical and feet placed firmly on the floor (34, 84). 

In one field study of VDT workers (58) the neck 
and head angle varied between 55-61" (VDT) and 
58" (non-VDT typist), with lateral head rotation of 
8-12' versus 19" (typist). These figures reflect the 
more convenient placing of documents in data-entry 
work. The ulnar abduction (wrist flexing) was 9-20" 
(VDT) and 17-21' (typist). 

A factor analysis of the data (58) indicated that (i) 
an increased viewing distance led to arms more lifted 
and stretched, turning of the head, and a decrease in 
the lateral bending of the hand and (ii) reduced leg 
room led to a slanting position and thus the reclina- 
tion of the trunk increased and viewing distances 
were longer. 

Conversational VDT workers had more lateral 
head rotation than data entry workers (58). In 
general, considerable variations have been found in 
the postures of operators with different worktypes 
(1 02). 

In analyses of differences between different types 
of work, it is noticeable that traditional typists have 

more extreme postures with respect to arms and 
hands than VDT workers do. The lateral head rota- 
tion is higher for typists [in apparent contradiction to 
other observations (127) that traditional typists 
seldom move their glance from document to key- 
board to paper copy, while data entry workers do]. 
This difference is explained by the fact that typists 
have their body oriented towards the keyboard (arm 
position) but their head towards the document. 

Furthermore a comparison has been made between 
simple data collecting and data ciphering and collect- 
ing. The former group had larger homogeneity of 
posture than the latter. The average number of ob- 
served posture variants (during the observation period) 
was 2.6 versus 13.6. Immobilization was not total in 
either group, but it was clearly higher in the simple 
data collecting group. This difference was presum- 
ably due (i) to the simple data collecting group's pre- 
dominantly glancing at a single element (document) 
and spending less time looking "elsewhere" and (ii) 
to the higher work speed of this group (70). (See also 
page 41 .) 

Design principles 

Keyboard, desk and document placement. Keyboard 
and desk height is important for hand positions (not 
too high) and for leg room (vertical position of lower 
legs). Recommendations for keyboard height above 
the floor vary somewhat, but they are generally con- 
fined to the 72-79 cm range (about 72 cm for table 
height), and should be adjustable. A palm rest should 
be included (34, 84). 

These recommendations have not frequently been 
followed in workplaces investigated in field surveys. 
In the study of Murray et a1 (84) keyboard height 
varied between 72 and 87 cm, with 51 % in excess of 
79 cm. Palm rests were not always provided (58). 

Keyboards should not be too high and should be 
movable (34, 58). In a field study (101) of several of- 
fices there was a strong association between the mov- 
ability of the keyboard and viewing angle (mean 20' 
viewing angle with movable keyboards versus mean 
34' angle with keyboards attached). 

The dimensions of the key top should be 12-15 
mm (square) and at least 100 mm2 (nonsquare). The 
distance between keys should be about 19 mm. The 
distance the key should move downwards should be 
between 0.5 and 8 mm (34). 

Eight VDT makes were evaluated as to certain key- 
board characteristics (height above desk 30-50 mm, 
degree of reflection of keys and degree of reflection of 
keyboard box, both 0.2-0.5 (ratio 1ower:higher lu- 
minances). Only one make fulfilled all the require- 
ments, while two more were well designed "on the 
whole" (35). 

Chair. Seat height is also of importance. There should 
be adequate leg room, and body weight should be 
distributed at the buttocks and not at the thigh. Ad- 



justability of seat height is strongly recommended. 
Similarly, a sufficient and adjustable back support is 
essential for good lumbar support (22, 94). Normal 
seat heights are about 42 to 50 cm, with 18 to 30 cm 
to table top (34). The possibility of adjusting the seat 
angle has been recommended (43). 

Display. Display position is guided by the recom- 
mended viewing angle of 10-20°, the viewing 
distance, and the normally preferred perpendicular 
position of the display versus the line of sight. These 
factors in turn require the display site to be adjust- 
able, with tilts between some -3" to + 15' (from 
vertical). Height adjustments may also be desirable 
(34). 

Adjustability of the display position in an experi- 
mental set-up (13) resulted in the display being placed 
some 11 cm further than the keyboard from the eyes, 
with a tilt of some 10". 

The recommended vertical orientation of the 
screen is not found in many screen designs. Most 

10. Office environment 

A number of environmental characteristics are rele- 
vant to a discussion of the possible health effects of 
VDT work. They are defined and briefly discussed in 
this chapter, mainly as to common parameter values. 
Their possible health effects are discussed in appro- 
priate chapters in section 11. , 

General physical characteristics include such pararn- 
eters as temperature, humidity, and floor resistance. 
Physicochemical characteristics include measure- 
ments of air ions, air contaminants, and some other 
relevant parameters. Illumination characteristics are 
related to several display characteristics and have 
been described on pages 31-33. 

General physical characteristics 

Room temperature and humidity 
In an epidemiologic study (91) the room temperature 
of VDT operators and referents was 23.3 and 24.0 OC, 
respectively. There was also a slight difference be- 
tween the room temperatures of the men and the 
women (23.3 versus 23.5 OC). In another study 
(17) the temperature of some VDT offices was about 
22 "C. 

Nylen et a1 (91) reported the mean relative humidi- 
ty to be 26.5 Yo in the work environments of some 
400 VDT operators (34.8 qo for approximately 150 

screens vary between 15 and 20 cm in height and 20 
to 25 cm in width (41). Of 45 screens investigated by 
Paulsson et a1 (99,  three had a vertical orientation, 
with an aspect of 1.28 (mean) [recommended value 
1.33 (1 I)]. The 42 horizontally oriented screens were 
between 18 and 30 cm wide and between 11 and 22 
cm high. The aspect (horizontal/vertical) was 
between 1 .O and 1.8, with 75 Yo between 1.3 and 1.5. 

Conclusions 

There are apparently considerable differences as to 
the VDT job market between men and women, as 
well as differences dependent on education. Some 
other personal variations such as smoking, exercise, 
etc, may be secondary to these. 

Work postures found among VDT operators stress 
the need for adjustability in regard to tables, key- 
boards, displays, and chairs in order to remove 
restraints on operators in various types of work. 

referents). However, considerable differences were 
found between the rooms of the men and women 
(31.7 versus 37.6 Yo). In the study of Cato Olsen (17) 
the relative humidity was "consistently" below 30 % 
(with outdoor weather cold and dry). In another 
study, two-thirds of the operators complained about 
dry air (at 30-40 070 humidity) (103). The seasonal 
variation in the air humidity should be kept in mind 
when these studies are evaluated. 

In principle, the relative humidity is related to the 
body potentials, since body charges are eliminated 
much faster in humid than in dry conditions. 

Floor covering and resistance 
Women tend to sit in rooms with wall-to-wall car- 
peting to a higher degree than men (86 versus 61 %) 
(91). The floor resistance is generally very high, 9 700 
MQ for men and 8 000 MQ for women. For neither 
parameter has any difference been found between 
VDT operators and referents (doing similar types of 
work). 

Physicochemical characteristics 

Measurements of air ion concentrations 
In a study (91) of about 400 VDT stations and 150 
reference stations "light" air ions were measured 



both close to the operator's face and in the work- ucts, nitrates, etc, are found in many regions, but 
room at least a few meters from the VDT and the 
operator (or the referent). For the VDT operators 
both the positive and negative ion levels were general- 
ly significantly increased at both positions in com- 
parison to the corresponding levels for the referents. 
Exposed levels varied between 0.95. 10' and 2.62.10" 
ions/m3, while reference values were between 0.68. 
10' and 1.05.10' ions/m3. (There was a considerable 
difference ,between the men and women - all men 
0.55-1.73. lo8, all women 1.00-2.40. lo8 ions/m3.) 

These data were further separated according to the 
potential on the VDT screens. It was found that 
VDTs without screen potential coincided with ion 
concentrations of some 3.10' ions/m3. While work 
stations with strongly charged VDTs showed ion con- 
centrations more similar to those of the referents for 
ions close to the face, the levels were still somewhat 
higher in the room, further away from the VDT unit 
and the operator. It was tentatively concluded that 
the VDTs serve as a source of air ions (regardless of 
electrostatic field), while the electrostatic charges on 
the VDT screen "trap" negative ions and repel posi- 
tive ones (91). 

Wallach (122) suggested that the electrostatic fields 
(i) scavenge negative air ions (onto the screen), (ii) 
repel positive air ions towards the operator's face, 
and (iii) repel small positive ions from the near air 
space. These actions would increase the ratio between 
the positive and negative ions around the operator 
and also deplete the total ion count. However, the 
influence of the operator's charge is not clear. These 
suggestions are in contradiction to the results on 
measured air ions referred to earlier. 

Air particulates 
The particles of interest in this discussion are the "ac- 
cumulation mode particles," ie, particles between 
some 0.1 and 1 pm in diameter. These particles have 
normally appeared due to the coagulation of smaller, 
primary particles. 

Cato Olsen (17) examined the total mass of sus- 
pended particles in the air of some VDT offices, only 
particles < 10 pm in size (aerodynamic diameter). 
The range of 60 measurements was 10-450 pg/m3. 
All values above 150 pg/m3 represented periods of 
cigarette smoking. Nonsmoking areas had a range of 
12-40, pg/m3. These measurements show general 
agreement with data presented elsewhere (120). 

These particles normally carry charges, both due to 
fundamental statistical reasons (Boltzmann distribu- 
tion) and to the presence of charging mechanisms. 
One important such mechanism is interaction 
between these particles and air ions. 

Air contaminants 
The sources of aerosol air constituents are diverse. 
Generally present compounds such as reaction prod- 
ucts of sulfur dioxide, hydrocarbon oxidation prod- 

there is also the possibility of considerable geo- 
graphic variations due, eg, to proximity to salt water, 
frequency of inversion phenomena, etc. Other con- 
stituents depend on specific anthropogenic sources in 
the area (metals, metal oxides, many organic com- 
pounds, etc). [See the general review presented by the 
University Park Press (120).] 

Furthermore, indoor sources may contribute sig- 
nificantly to indoor aerosol concentrations. One such 
major constituent is cigarette smoke. 

Murray et a1 (83) sampled some chemical contami- 
nants at 136 workstations in three different sites. The 
levels of carbon dioxide, carbon monoxide, formic 
aldehyde, or acetic acid were very low. The major 
source of carbon monoxide was smoking. 

The levels of polychlorinated biphenyls (PCBs) have 
been measured in VDT workplaces (29). Values of 
56-81 ng/m3 were determined, whereas the levels 
outside the building were only 0.5-1 ng/m3. The 
authors suggested that capacitor and transformer com- 
ponents of these VDTs may contain polychlorinated 
biphenyls and that the levels found in these work- 
places may have originated from such VDT compo- 
nents. They did not, however, measure the levels in 
the building in VDT-free rooms. Another study (91) 
did not reveal any differences in polychlorinated bi- 
phenyl concentrations between VDT offices, non- 
VDT offices, and outdoor levels. 

Benoit et a1 (7) discussed other possible indoor 
sources of polychlorinated biphenyls (fluorescent 
lamp ballast and caulking material) and suggested 
that those emitted from VDTs were the result of pre- 
vious deposits of ambient polychlorinated biphenyls 
on the VDT - and subsequently evaporated when 
the VDT was operated (and thus certain parts heated). 

Aerosol deposition 
In the absence of any electrostatic field, and in fairly 
calm office air, diffusion is probably the dominant 
transport mode of aerosol particles (size < 1 pm). 
However, in the presence of an electrostatic field, the 
electric mobility may influence the transport. Par- 
ticles 0.03 pm in size have a mobility of about 
cm/s per V/cm (1-pm particles have a mobility of 
some cm/s per V/cm). Thus, particles in a field 
of about 10 kV/m will move at about 0.01 mm/s 
(I-pm particle size) to 1 mm/s (0.03-pm particle size) 
(17). These transport velocities do however appear 
small in comparison to ambient air velocities. 

The deposition. of these particles on a surface (eg, 
the face) is probably maintained until they are physi- 
cally removed by washing, etc (17). 

The deposition of air particulates has been mea- 
sured in two VDT offices (17). A substrate was 
charged with a positive or negative potential and 
placed at a specific distance from a VDT (with a posi- 
tive potential). The impacted particles were counted 



in an electron microscope. The results are shown in 
figure 9. 

As shown in figure 9, the particle precipitation flux 
appears to be closely related to the magnitude of the 
electrostatic field, a result agreeing well with the pre- 
vious discussion. The relationship between the depo- 
sition and either of the electrostatic potentials (011 the 
substrate or on the VDT) is less prominent, but lack 
of data precludes a definite evaluation on this point. 
[The data do suggest the necessity of a charge on the 
substrate (thus on the operator) for excess deposition 
to occur, but this possibility must be confirmed by 
further study.] 

Description of deposited particles 
The particles deposited in the study (17) referred to 
in the discussion of aerosol deposition were examined 
as to size distribution and also subjected to some 
(limited) chemical analysis. The total surface of the 
particles showed a maximum of around 0.3 to 0.6 
pm. Based on these data, it was estimated that a few 
percent of the aerosol submicron mass in a cubic me- 
ter of air will be deposited every hour on the face of 
the operator. The chemical analysis of larger individ- 
ual particles disclosed a relative abundance of alu- 
minum, silicon, and calcium followed by sodium, 
sulfur, chlorine, potassium, and iron, and finally 
magnesium. The majority of these particles were 
however probably carbonaceous. In the smaller par- 
ticles, an enrichment of sulfur and chlorine was 
found. 

Conclusions 

A number of parameters, eg, temperature, air hu- 
midity, and air velocity are important for comfort. 

Relative 
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deposition 
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Figure 9. Deposition of aerosol particles (size 0.07-2 pm) on 
an electrically charged substrate (17). The relative excess de- 
position has been adjusted for sampling time and ambient 
aerosol concentration with reference values subtracted (ex-' 
cess flux due to presence of and charge on VDT and charge 
on substrate shown) - relative values only. The electrostatic 
field value presented is the calculated absolute value of the 
field (see pages 25-26 for general comments). 

Some parameters, notably air humidity and floor 
covering and resistance, have also been considered in 
the etiology of skin rashes and asthenopia (see pages 
58 and 49). 

Concerning the possible relationships between air 
contaminants and some observed cases of skin rashes, 
the conclusion drawn by Cato Olsen (17) was: "It ap- 
pears, then, that the human exposure to any skin ir- 
ritants associated with the surface of airborne par- 
ticles, or existing as a submicron aerosol fraction, 
will be significantly increased in the presence of elec- 
tric fields generated by charges accumulated by the 
human body [p 281." 

11. Job design and psychosocial factors 

The psychosocial environment has been shown to 
have a major influence on many of the reported 
health effects afflicting VDT workers. It is apparent 
that VDT operator groups should not only be charac- 
terized as to the type of work performed but as to the 
organizational and social context of the work also. 
Unfortunately, such evaluations have seldom been 
attempted in the reviewed field studies. 

The structure of psychosocial influences on VDT 
operators is not well defined. The present communi- 
cation attempts to present such a structure, largely 
based on the discussion of Sauter (101) and the report 
of the NRC Panel (94). [See these papers for further 
discussion and for other sources, eg, the review paper 
by Westlander (126), discussing many of these and 

alternative concepts.] The reason for including the 
information in my review is the need to structure the 
discussion that follows and to pinpoint areas with in- 
sufficient information. 

In figure 10 three specified regions of the psycho- 
social environment of VDT work are shown: job re- 
quirements, organizational aspects, and social as- 
pects. These regions, singly or in cohorts, introduce 
a number of objective stressors and present some de- 
mand or deficit to the operator. A possible analytical 
concept is the person-environment fit, which com- 
pares the constraints and demands produced by the 
objective stressors with the need and ability of the 
operator. Misfit as to one objective stressor will in- 
troduce a corresponding subjective stressor. 
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The subjective stressors then determine the stress 
on the operator, and this interaction can either (i) de- 
termine a (subjective) health effect, (ii) influence the 
development of health effects (with other major 
causative factors), or (iii) influence the reporting of 
subjective health effects. 

The subjective health effects are reported, either 
by self-reporting (questionnaires - subject to recall 
bias) or by clinical or experimental observation (with 
possible bias on the part of the examiner). 

Epidemiologic and experimental results are (at 
present) largely confined to the impact of different 
job tasks. Various job tasks also cause a variety of 
physical stressors (eg, illumination or postural prob- 
lems) with profound health effects. Further details 
on this subject can be found in other appropriate 
chapters. 

The other presented concepts are also discussed, 
but the discussion is rather limited due to the dearth 
of specific VDT-related information in the literature. 

Specific attention should be paid to the interaction 
between these concepts and the sex of the operator. 
This attention is motivated both by theoretical con- 
siderations and by epidemiologic results (presented 

Figure 10. Influence of various psychoso- 
cia1 factors on the reported health effects 
of VDT workers. 

elsewhere in this review). Numerous interrelation- 
ships, serving as possible confounders in epidemiol- 
ogic studies, are apparent between, eg, the sex distri- 
bution of operators, job requirements, and the orga- 
nizational and/or social environment. Unfortunate- 
ly, several studies have not characterized the oper- 
ators in these respects, and some which do have not 
presented any factor analysis on the explanatory 
power of the individual parameters. 

Job requirements 

The type of job performed is of major importance 
for the occurrence of several symptoms (see section 
11). This phenomenon may be due to some character- 
istics of the work type which (i) imposes certain phys- 
ical restraints (and thus the possibility of muscular 
and/or visual strain), (ii) changes the reporting of 
subjective symptoms, and (iii) causes direct psycho- 
social strain. 

In those field studies in which the job types of 
VDT and non-VDT workers have been stated, ter- 
minology (and definitions) unfortunately vary. Some 
examples follow. 



Several studies differentiate between data entry 
and operations with a conversational mode or 
between data entry and data acquisition modes. A 
more complete classification of job types has been 
offered by the NRC Pane1 (94). It is based on the pre- 
dominant mode of operation: 

1. Data entry: Information is keyed into the com- 
puter, often according to a set format. Information 
may be noncontextual. Work pace is often high, with 
few interruptions, little control of work speed, and 
few opportunities for decision making. The visual 
emphasis is on the source document. 

2. Data acquisition: Data is recalled from the screen, 
thus with a high visual emphasis on the screen. The 
input rate is medium, with some interruptions. The 
control of work speed and decision-making opportu- 
nities vary. (Telephone operators are one such 
example.) 

3. Interactive communication (conversational mode): 
This form involves both data entry and data acquisi- 
tion operations. The input rate is medium and inter- 
mittent, with visual emphasis on the screen. Lags for 
processing occur, and the control of work speed and 
decision-making opportunities vary. (Travel reserva- 
tion clerks belong to this category.) 

4. Word processing: Text entry, recall, searching, 
format organization, and corrections are involved. 
The input rate is high but intermittent, visual em- 
phasis shifting between screen and source document. 
Interruptions are few, with some opportunities for 
speed control and decision making. 

5. Programming, computer-assisted design and 
computer-assisted manufacturing: These jobs are 
often characterized as professional. The time spent at 
a VDT unit may vary, but is often fairly low. Input 
rate is low and intermittent, with visual emphasis on 
both screen and documents. Interruptions are fre- 
quent, and there are major opportunities for work 
speed control and decision making. 

Other definitions and categorizations occur, but in 
many cases they conform reasonably well with the 
definitions already presented. [See, eg, the reports of 
Sauter (101) and Wilkins (127).] Definitions 1 
through 4 are commonly referred to  as clerical [eg, by 
Wilkins (127)l. 

No general statement as to the percentage of work- 
ers in each category can be based on  the field studies, 
since they are often workplace specific. In the investi- 
gation of Sauter (lo]),  eg, data entry workers com- 
prised 34 % (of workers in some governmental of- 
fices), while the percentage was only 10 % in an in- 
vestigation (18) covering several types of office 
workplaces - including a large number of telephone 

operators and reservation clerks). In the second study 
(18) the proportion of professional workers was also 
higher (17 %) than in the first (7 Yo) (101). 

Another field study (102) differentiated between 
an eyes-fixed mode (data entry or clerical) and an 
eyes-shifting mode (conversational or professional). 
The eyes-fixed mode is included in jobs where the 
VDT may be a major work component, whereas 
VDT work may constitute a smaller fraction of jobs 
done with the eyes-shifting mode. 

It is possible that the presented definitions may be 
insufficient for work characterization. Laville (70) 
found considerable differences as to  both position 
and degree of immobilization between simple data 
collecting and data ciphering and collecting, al- 
though both could be classified as data entry work. 

Work type relationships with some aspects 
of display utilization 

Luminance demands on the screen may vary between 
different job tasks. 

In one study (67) the mean luminance on the source 
documents was considerably higher (163 cd/m2) for 
data entry work than for conversational work (108 
cd/m2). As a corollary, reflections were more promi- 
nent for data entry work. Apparently, the data entry 
operators adjusted their lighting conditions primarily 
for the source documents, while the conversational 
terminal operators aimed for good reading condi- 
tions on the screen. This finding is of interest for the 
noted positive correlations between "bothersome vi- 
sual aspects of VDT as adjusted" with "job attitude 
of demanding work," as found by a field survey 
(102). 

Some characterizations of glance times have been 
made. In the study of Elias et a1 (31) data entry work- 
ers glanced at the screen for durations of about 1 s, 
and sweeping looks occurred 12-18 timedmin. 
Word-processing operators glanced 6-8 s on the 
screen and had sweep frequencies of about 8 min-I. 
Conversational operators glanced for 135 s (one 
group only). 

In simple data collecting (10) 70 % of the time was 
spent looking at the document, 18 9'0 at the screen, 
10 % at the keyboard, and 2 Vo elsewhere. Glance 
duration was 3 s for source documents, 1 s for the 
screen, and 0.4 s for the keyboard. In data ciphering 
and collecting, 30 Vo of the time was spent looking at 
the screen, 28 Vo at the document, 15 Yo at the key- 
board, and 27 % elsewhere. Glance duration was 
about 1.5 s for the document, screen, and keyboard. 

Organizational aspects 

Organizational factors may be associated with VDT 
work as distress sources. The following specific or- 
ganizational factors have been suggested: (i) lack of 



worker participation in VDT implementation, (ii) 
inadequate employee training, (iii) job security issues 
(downgrading, advancement, job loss), (iv) moni- 
toring of employee performance and supervisory 
style, and (v) presence of incentive pay schemes 
(104). 

In the study of Aronsson (3) workers in higher po- 
sitions in the organization tended to utilize the VDT 
as a flexible tool, with considerable user control, 
while workers in lower positions had their workpace 
more controlled by the VDT. Lower position workers 
experienced increasing intensity demand (concentra- 
tion, endurance, attention) to a higher degree than 
middle or higher position workers with the introduc- 
tion of VDTs. No changes were seen in production- 
related demand (skill or experience as regards the 
product). Higher intensity demand and routine work 
have been shown to reduce user control and mental 
involvement (3, 63). 

Social aspects 

Several social aspects of VDT work have been stud- 
ied, eg, interaction between distance to neighbor and 
social contact or isolation. Some Canadian office 
worker data (18) showed that distances to co-workers 
were "about right" for 59 % and "too crowded" for 
34 Yo. (Note that these data refer only to physical 
distance - and its possible influence on stress.) 

Workers in lower positions in the organization ex- 
perienced the most pronounced decrease in social 
contact when VDTs were introduced (3). 

Social aspects which might produce or affect strain 
are not limited to the workplace. Attention should be 
focused also on off-duty situations, for which possib- 
ly also some differences in the situations of males and 
females are relevant. It is plausible that the women's 
responsibilies, extending into child care and the 
household, may produce more stress factors than 
those of men. 

Job dissatisfaction, mood disturbance, and general 
illness were predicted from various social variables 
(subjects almost exclusively females) (101). Married 
workers reported less strain, among both VDT and 
non-VDT users. 

It should be noted that many workers using VDTs 
have a positive attitude towards their work and their 
use of VDTs. The percentage with such positive atti- 
tudes may however differ, depending on a number of 
factors. One factor is time spent at VDTs (which is 
confounded by type of job performed). In one field 
survey (lo), of those working with VDTs < 8 
h/week, 62 Yo were positive towards their work. The 
percentage reporting a positive attitude decreased to 
52 % among those working > 8 h/week, and to 
28 % among those working > 20 h/week with 
VDTs. However, another study, cited by Dainoff 
(24), reported higher job satisfaction with increasing 
time spent at VDTs. 

Job dissatisfaction was 70 % among data entry 
workers, compared to 28 % among workers using 
the interactive communication mode in one study 
(31). 

Objective and subjective stressors 

The stressor concept and the person-environment fit 
have been briefly presented in the introduction to  this 
chapter. Unfortunately, great variations in possible 
stressors are found in the literature, and few explicit 
results indicate the relative importance of each. It 
should also be pointed out that there are alternative 
models for analyzing stress, which have been used in 
examinations of office work [see, eg, the review by 
Westlander (126)J. 

The NRC Panel (94) suggested some stressors on 
the basis of theoretical considerations and some cir- 
cumstantial evidence only. They include worker con- 
trol, participation in job decisions, predictability and 
controllability of the work, work complexity, role 
ambiguity, threat of unemployment, quantitative 
work load, overload due to deadline and occurred 
delays, worker responsibility, role conflicts, and so- 
cial support. [Comments on the person-environment 
fit in relation to these stressors are found in the NRC 
Panel report also (94).] Many of these stressors were 
also found in some of the other reports reviewed (20, 
24, 104, 105). 

Two subjective stressors mentioned in the literature 
are boredom and fear of health risks (24, 104, 113). 

In one field study (58) of two groups of bank clerks 
(one utilizing VDTs), differences were found as to  
variety ("this work is varied" versus "with this work 
one always has to do the same thing"), less variety 
being found among VDT users. There were small dif- 
ferences as to quantitative and qualitative overload 
(both less for VDT operators) and no differences for 
task feedback or cooperation. 

In another field study (102) VDT users reported an 
intermittent work pace with lulls more than did 
referents. Increasing the VDT work duration (h/ 
week) was associated with decreased job autonomy, 
but also with a decreased backlog of work and less 
work pressure. Increased VDT work times were re- 
lated to higher levels of boredom, fatigue, monot- 
ony, and work being specified in detail, but also to 
higher job satisfaction (24). 

Workers using the eyes-fixed mode reported greater 
clarity in work definition, less job autonomy, less 
backlogged quantities of work, and less work pres- 
sure. Workers in the eyes-shifting mode reported a 
greater quantity of backlogged work and heavier 
work pressure (102). 

Clerical VDT workers have, in some studies, re- 
ported an increasing feeling of being dequalified by 
VDT work (compared to their old work), less mean- 
ingful jobs, greater fear of being replaced, faster 
work pace, and less control than referents or profes- 



sional VDT users (24, 105). In different workplaces 
clerical VDT workers have indicated both more su- 
pervisory and less supervisory control, both less and 
more peer cohesion, and both a lower and higher 
work pace than the referents (105). 

Most of these stressors are found in both VDT and 
non-VDT work. Their appearances depend on work 
types and design, organization etc. With similar 
stressors, VDT work and non-VDT work are expected 
to give the same results as regards job satisfaction 
(94, 101). 

Stressors determining or contributing to 
health effects 

In general the relations between (psychosocial) stressors 
and disease are not well understood. Some specific 
correlations are referred to in section 11 in connection 
with discussions on specific health aspects. 

Possibility of bias in reporting 

In addition to possible interactions with health ef- 
fects, subjective psychosocial stress may influence 
the self-reporting of various physical health effects. 
This possibility is of primary importance to field or 
epidemiologic studies - especially if questionnaire 
responses are low. [See the additional comments in 
the reports of Smith et a1 (103) and the NRC Panel 
(94). I 

One probable example of biased reporting is the 
occurrence of clusters of adverse pregnancy out- 
comes. The publicly discussed possibility that VDTs 
may cause harm to fetuses has caused the prompt re- 
porting of several clusters of increased miscarriages 
(or deformed births) among VDT operators, without 
the concomitant noting of clusters of ("unusually7') 
low miscarriage rates. A misrepresentation of the 
statistics would then occur if these reported "high 
rate" clusters were to be taken as an indication of an 
increased rate of miscarriage among all VDT oper- 
ators as a group. (See pages 62-63 for further dis- 
cussion .) 

Duration of work and rest periods 

Breaks in the work are necessary and contribute to 
comfort. These breaks may amount to doing alterna- 
tive work, stretch breaks, coffee (and lunch) breaks 
as well as exercise breaks. 

The optimal pattern of breaks has not been fully 
documented, however. It is possible that short, in- 
formal breaks may do more to alleviate symptoms of 
muscle and eye troubles. This assumption is based on 
the findings of Coe et a1 (20). These findings were, 

however, criticized by Dainoff (24) on the grounds 
that a decreasing incidence of blurred vision may be 
more related to formal (longer) breaks. The sugges- 
tions of informal (short) breaks for alleviating muscle 
complaints are in accordance with the discussions of 
immobility as a causative factor for muscle pain. 

Field survey data on the frequency of eye, muscle, 
and stress problem composites with varying hours 
per day of VDT work have been presented (18). For 
all three (composites of) variables, the frequencies 
were fairly stable up to 4 h of work per day. In- 
creasing the daily work period to 5 h or more pro- 
duced an increase in all three problem composites. 
Similar results were reported by Wallin et a1 (123). 
These results were apparently not evaluated as to 
type of work, which may have differed across the 
workers with different work durations and which 
may thus have been a strong confounding factor. 

In the US, NIOSH (79) has made the following rec- 
ommendation for work regimens: "Continuous work 
with VDTs should be interrupted periodically by rest 
breaks or other work activities that do not produce 
visual or muscular fatigue. As a minimum, a break 
should be taken after 2 hours of continuous VDT 
work and breaks should be more frequent as visual, 
mental, and muscular loads increase [p 91." 

Conclusions 

Results on subjective psychosocial stressors Cjob at- 
titudes, etc) show considerable variation, even within 
single field studies on multiple sites. If such parame- 
ters are evaluated in terms of VDT versus non-VDT 
work (eten with job tasks specified), many results ap- 
pear to be in conflict. Job attitudes associated with 
VDT work are probably more characteristic of the 
job rather than (primarily) the VDT factor. Such job 
characteristics are determined by a combination of 
job requirement, organizational, and social aspect 
factors. 

VDT work is apparently very diverse in these re- 
spects. Several studies suggest that some VDT work- 
ers may be described as "priviliged" groups (includ- 
ing, eg, professional workers), with more flexibility, 
more interesting jobs, more autonomy, but probably 
often with more work pressure. In contrast, some 
VDT workers may be described as "routine" groups, 
with more monotonous jobs, less job autonomy, etc. 

Unfortunately, practical and methodological prob- 
lems limit the conclusions that can be drawn based on 
current literature. Some of these problems are (i) 
confusion as to terminology and definitions, (ii) the 
absence of stress factors in many field or epidemio- 
logic studies, and (iii) the absence of factor analysis 
in some studies that do include stress factors. 



SECTION II 

Medical and epidemiologic aspects of work 
with video display terminals 

12. General comments on performed epidemiologic studies and 
field surveys 

A number of studies have been performed, investi- Adequacy of sampling 
gating the possible associations between VDT work Thus far studies have not been sufficiently specific on 
and several health effects. Those studies included in diverse populations, diverse job environments, and 
this review are shown in table 13. (For the results, See diverse VDT display parameters. Responses have 
the appropriate chapters in this section.) often been too low. 

The NRC Panel's criticism of performed 
surveys 

A review of some of the studies has been presented 
by the NRC Panel (94), together with both general 
and specific criticism of the surveys. The following 
methodological problems are discussed: adequacy of 
theory, adequacy of research design, adequacy of 
measurements, and adequacy of sampling. The NRC 
Panel did not find any field study that fully met all 
these criteria. 

Adequacy of theory 
In many studies, the lack of a theory linking specific 
health effects to specific casuaI factors in VDT work 
makes study design difficult and chance findings 
("nonsense correlations") difficult to explain. 

Adequacy of research design 
Most studies are cross-sectional, so little knowledge 
is gained on the possibility that effects may have 
existed prior to VDT work commencement. Con- 
founding by psychological, demographic, and situa- 
tional factors may occur, but few studies have been 
designed to detect such factors. Individual differences, 
as well as specific job descriptions, have seldom been 
noted. 

Adequacy of measurements 
Several study questionnaires appear too vague to 
generate proper health data. The questionnaires 
should include multiple indicators of a condition and 
standardized and focused questions. 

Additional comments 

A number of health effects among VDT operators 
show a relationship to the sex of the operator. Thus 
the absence of ma1e:female ratios in epidemiologic 
studies may lead to erroneous conclusions. [For 
examples, see the report of Murray et a1 (84) where 
three sites were studied with varying ma1e:female ra- 
tios for the exposed and referents and which showed 
varied results as to many complaint frequencies.] Age 
effects were not always investigated. 

Furthermore, job types are important factors in- 
fluencing complaint frequencies. It is apparent that 
complex relationships exist between job type param- 
eters, psychosocial factors, operator sex, and com- 
plaint occurrences. 

One such chain of relationships might be job 
monotony - little control of speed or decision 
making - job type - physical or psychological 
strain, where the job type may also be specific for 
women. If job type or sex is a causative factor of a 
specific strain, a simple field study questionnaire de- 
signed to study relationships between "user control" 
and "muscular strain" may well find such a correla- 
tion, irrespective of the ("real") causative factor. 
Factor analysis and predictive models may separate 
the impact of specific factors in such chains, pro- 
vided data exist on each factor of (possible/plausible) 
interest. Design and analysis of the data may how- 
ever be difficult without an adequate theory on the 
relationships involved. 

VDT-related parameters have not been specified in 
many studies. Few studies have attempted to dif- 
ferentiate between "good" or "bad" VDTs (in ac- 
cordance to some specific definition of "good" ver- 
sus "bad"). This shortcoming may be (partly) due to 



Table 13. Epidemiologic studies and field surveys included in this re vie^.^ 

Health effects studiedb 
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National Associa- 
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a Note that some studies have appeared in several reports. The reference given is to the most used report for this review. For a full list of authors, 
titles, etc, see the reference list. 
A review of the health effects studied can be found on the following pages: asthenopia: pp 45-50, eye damage: pp 52-53, headaches: p 54-55, 
stress: pp 55-57, skin rashes: pp 57-59, muscle pain pp 59-62, adverse pregnancy outcome: 62-67. 
Cited by Wilkins (127). 
Cited by Dainoff (24). 
Compared different VDT groups. ' One of two studies. 

g Few details available in the English summary. Information from this study has been used only in chapters 15 and 20. 
h Tabulation of number of clusters with high frequency of adverse pregnancy outcome. 
I Reported by Smith (103). 
J Tabulation of cases of skin rashes in Norway. 

the lack of appropriate theories linking specific VDT should probably also be specified as to  various 
parameters to  noted health effects. types.) 

Definitions and descriptions of health effects have Varying definitions make comparison between dif- 
been inadequate in many studies. Some studies indi- ferent studies difficult. Responses also differ depend- 
cate differences in occurrences of specific symptoms ing on the specific phrasing of the questionnaires, eg, 
within general syndromes such as eye strain, mus- on frequency of symptoms (eg, daily versus occa- 
cular discomfort, or headaches. (Skin problems sionally). 

13. Asthenopia and eye strain symptoms 

In this chapter, the occurrence and possible etiology A comparison of occurrences of  eye strain between 
of subjective complaints of (transient) eye-related different studies is somewhat problematic due to  the 
problems is discussed. Relevant data from medical varying definitions used. The NRC Panel (94) has 
examinations are also included. Reading performance, discussed some of these definitions and has recom- 
oculomotor investigations, and the possibility of mended the terms "ocular discomfort" and "changes 
pathological (irreversible) eye changes are discussed in visual performance" (findings related to  "changes 
later. in oculomotor functions" are discussed in a separate 



chapter). Eye strain can be defined as a syndrome, 
based on specifications of a number of symptoms. As 
is presented briefly in the following discussion, the 
response will be considerably influenced by the spe- 
cific definition used. 

The term asthenopia would refer to "any subjec- 
tive visual symptoms or distress resulting from the 
use of one's eyes" according to the NRC Panel (94). 
The symptoms of asthenopia have been classified as 
(i) visual (eg, blurring), (ii) ocular (eyes tired, hot, un- 
comfortable, or painful), (iii) referral (eg, headaches), 
and (iv) functional (behavioral). Causes and mecha- 
nisms for the appearance of these symptoms are not 
well known, and neither are the relationships 
between these (subjective) phenomena and objective 
measures of eye functions (24, 94). (Note that there 
are also other definitions of asthenopia.) 

It is apparent that the term asthenopia, as defined 
by the NRC Panel, includes a wider spectrum of ef- 
fects than ocular discomfort or eye strain. In the 
present review, the term asthenopia has been restricted 
to visual and ocular (groups ofl symptoms. Head- 
ache problems will be discussed on pages 54-55 and 
stress problems on pages 55-57. The terms "eye 
strain," "visual complaints," etc, are used when ref- 
erence is made to a specific report where the term is 
explicitly or implicitly defined. In some studies, eye 
strain (roughly) corresponds to  the ocular group of 
symptoms of asthenopia. 

Occurrence of ocular discomfort 

VDT operators (as a group) have high incidences of 
asthenopia. Reported incidences from field studies 
vary between 40-85 % (at least occasionally) and 
10-40 Vo (daily). They could be classified as both vi- 
sual and ocular (24, 25, 31, 41, 46, 47, 77). The in- 
cidence varied considerably due to a number of fac- 
tors related both to the work situation and to the 
study design. 

Most studies report higher incidences of asthenopia 
among VDT workers than among (corresponding) 
non-VDT workers (10, 18, 23, 36, 38, 67, 84, 93, 98, 
104). 

In a few studies [eg, that of Coe et a1 (20) or that 
of Murray et a1 (84), in which one of three sites 
showed no differences] no significant difference was 
found ,as to asthenopia. However, when the symp- 
toms were separated into "fatigue-like" and "ir- 
ritant-like" groups, a significant difference was found 
for the former (20). The no difference finding for the 
one site in the study of Murray et a1 (84) can be ex- 
plained by confounding from different ma1e:female 
ratios for the referents and VDT operators. In Starr's 
investigation (108) asthenopia tended to occur more 
often among VDT workers than among referents, 
but the difference was not statistically significant. 
Sauter (101) found that VDT use per se was not pre- 
dictive of eye strain, except that it correlated with 

other factors that were predictive, eg, display and 
workroom lighting problems. 

It should be noted that traditional office workers 
also report high incidences of asthenopia (20, 41, 84, 
108). 

Reviews generally report the same conclusion of a 
higher asthenopia occurrence among VDT operators 
(41, 103, 127), with one exception (94). The NRC 
Panel (94) suggested that the uniqueness of VDT 
work in producing ocular discomfort has not been 
proved and that the complaints are similar to those of 
" a wide variety of occupations." 

Different field studies show different occurrences 
of asthenopia. One obvious cause is the different cri- 
teria used with respect to the individual's frequency 
of occurrence, from daily to occasionally. These oc- 
currences may differ by a factor of 2 to 5 (41, 46, 47, 
84). 

Some of the complaints may last until the next day 
(67, 77, 103). Laubli et a1 (67) found that 40-45 % 
of VDT workers reported visual impairments at the 
end of the day versus 18-31 % of non-VDT work- 
ers; the corresponding figures were 11-19 % versus 
7-14 Yo for watching television, 11-15 070 versus 
6-8 Yo for reading, 13-17 (70 versus 8-13 % for 
the time when one is going to sleep, 2-8 % versus 
0-2 % for the next morning, and 1-4 % versus 
2-3 % for Sundays. (The higher non-VDT values 
were consistently found for typists.) Visual symp- 
toms (blurring, etc) often disappeared fairly rapidly 
after work (103). 

Occurrence of specific eye strain symptoms 

The individual eye strain symptoms noted vary 
between different field studies, but they can be sepa- 
rated into the following two groups: (i) eye being 
painful, irritated, burning, red or tingling or having 
a "gritty feeling," etc, all related to ocular astheno- 
pia symptoms, and (ii) vision being blurred, double 
or flickering, ie, visual asthenopia symptoms (10, 18, 
31, 36,41,67,98, 108, 127). This separation was also 
explicitly found in one study (67) by factor analysis. 

In some studies (3 1, 67, 84, 127) the ocular symp- 
toms were more frequent than the visual, but this was 
not always the case (18, 108). As has already been 
stated, a significant difference between VDT and 
non-VDT workers was found only for visual astheno- 
pia symptoms in one study (20). In contrast, an ex- 
cessive occurrence of ocular symptoms among VDT 
operators, compared to referents, was found in two 
sites (84), but only in one site were excessive visual 
symptoms found. Considerable variations in indi- 
vidual symptoms also occurred within each study re- 
viewed. 

In a short note (42) a color visual aftereffect 
(McCollough effect) was described. Operators watch- 
ing a display with green characters on a dark back- 
ground afterwards saw a pink discoloration of white 



objects. The effect sometimes lasted a day or longer 
but was not considered permanent or harmful. 

Correlations between ocular discomfort and 
other variables 

The relationships between asthenopia and other VDT 
work characteristics are many. This discussion has 
been separated into two parts. The first emphasizes 
confounding factors of field studies, while the second 
is more concerned with possible functional relation- 
ships. (The distinctions between these two are some- 
times diffuse.) 

Ma1e:female ratios and age 
According to Wallin et a1 (123) women tend to report 
a higher occurrence of asthenopia than men. The 
same result was indicated in the investigation of Mur- 
ray et al (84), but only for VDT workers. 

Differences in asthenopia reporting do not appear 
to be connected with the age of the VDT operators 
(77). In the study of Rey & Meyer (98) the higher in- 
cidence of asthenopia in persons aged 36-65 years, 
compared to those aged 18-35 years, was not statis- 
tically significant. 

Work categories 
In principle, the type of work can have a clear in- 
fluence on the appearance of asthenopia. The reg- 
imentation of work and work demand are important 
factors (102, 103, 127). In a Bell Canada investiga- 
tion, international operators showed more frequent 
eye strain symptoms (with a few exceptions) than did 
the local operators. The reviewer (127) suggested that 
the higher stress on the international operators might 
be a factor. 

Data entry, data acquisition, and conversational 
mode operators generally tend to report higher in- 
cidences (18, 67). 

Laubli et a1 (67) reported that conversational mode 
VDT workers had the highest occurrences of each in- 
vestigated symptom, followed by data entry VDT 
workers and traditional typists, traditional office 
workers being last. The authors commented that this 
profound difference between conversational mode 
VDT workers and traditional office workers was 
quite remarkable, since both (in the study in ques- 
tion) performed similar work tasks (payment transac- 
tions). The higher occurrence in conversational ver- 
sus data entry was not unexpected, since the former 
have their visual attention turned more towards the 
screen. 

When the persistence of discomforts was examined 
however, data entry workers had more persistent oc- 
currences (67). This phenomenon was not discussed 
further (67). 

Duration of work and work breaks 
The majority of studies indicated that the occurrence 
of asthenopia increased with increasing work time at 
VDTs (18, 20, 38, 77, 84, 98, 123, 127) - usually 
with a "break point" after about 4 h of work (18,20, 
98, 123, 127). The symptoms investigated included 
both ocular and visual asthenopia. 

In apparent contradiction to these findings, a few 
studies did not show any correlation between work 
duration at VDTs and asthenopia (101, 104). It 
should be noted that Sauter (101), in contrast to most 
other authors, included factor analysis and predic- 
tion models in his study. Thus it is conceivable that 
the effects seen by many investigators are due more 
to the type of job performed (and its corollaries) and 
lighting problems than to the worktime per se. In the 
investigation of Smith et a1 (104) headaches, pre- 
ceded and accompanied by double and blurry vision, 
were significantly negatively associated with work- 
time (h/week) at VDTs. The results, however, were 
not confirmed by a second test group. 

The duration of work without breaks has also been 
investigated. Mellner & Moberg (77) found a signifi- 
cant positive correlation between the duration of 
work without a break and the frequency of symptom 
occurrence. Of those working less than 30 min with- 
out a break, 47 % complained of "visual fatigue" 
versus 66 % of those working more than 30 min 
without a break. Murray et a1 (84) suggested that a 
15-min break after 2 h of work may not be sufficient 
to alleviate asthenopia symptoms (at least for the 
type of work performed at the investigated sites). 

Subjective evaluation of work 
Some studies have investigated the correlation 
between subjective work evaluation and asthenopia. 
In a study on Canadian workers eye problems were 
more prominent for workers who had less control, 
higher work pressure, and high job dissatisfaction 
(18). Worry showed a positive correlation with asthe- 
nopia in another study (123). An association between 
job attitudes (work being hard, fast, and with insuffi- 
cient time to do the job) and symptoms have also 
been indicated (102), but the results were not retained 
in the predictive model analysis. 

It is possible that the type of job performed, as 
well as the ma1e:female ratios, may be strong con- 
founders of these results and that they may better 
explain the differences found. 

Possible influence of visual disorders on asthenopia 
It has been suggested that preexisting visual disorders 
may influence the appearance of asthenopia in VDT 
operators. [See, eg, the report of Campbell & Dur- 
dent (16)l. This possibility can be discussed in the fol- 
lowing two ways: (i) do visual disorders influence the 
appearance of asthenopia and (ii) can differences in 
(preexisting) visual disorder frequencies explain the 



differences between VDT operators and referents 
with respect to the occurrence of asthenopia? 

VDT operators who wear glasses report more eye 
troubles than VDT operators who do not (67, 77, 
101, 103). This statement applies mainly to wearers 
of monofocal glasses (101). It is possible that incor- 
rect glasses and slight noncorrected astigmatism may 
be related to these findings, and also the increased 
reading distance to VDTs compared to "normal 
reading" might be a problem (16, 46). 

This tendency (correlation complaints - using 
glasses) was also seen in reference groups (67). 

Several studies cited by Dainoff (24) indicate that 
the asthenopia symptoms were not in general related 
to visual acuity defects, since optical correction had 
not alleviated the problems in the majority of work- 
ers seeking clinical help for their eye trouble. Fur- 
thermore visual defects (visual acuity, accommoda- 
tion, binocular vision, etc) were not significantly 
higher among the VDT workers than the non-VDT 
workers, although asthenopia was (98). However, for 
older people a possible correlation was noted 
between decreased visual acuity and increased visual 
complaints at VDTs (98). Laubli et a1 (67) found a 
positive correlation between low visual acuity and 
impairments at 'VDTs, but not between uncorrected 
eye defects and complaints. 

Irritated conjuctiva was seen more often in VDT 
workers with ocular asthenopia than in referents with 
the same disorder (67). 

It was tentatively concluded by Laubli et a1 (67) 
that "work at VDTs may cause impairments in oper- 
ators both with and without eye defects [p 9381." 

Correlation to musculoskeletal symptoms 
Hiinting et a1 (58) and Laubli et a1 (67) found that the 
same operators who experienced musculoskeletal 
problems also indicated eye impairments. The authors 
suggested that this phenomenon may be due to the 
more exacting conditions of the work, producing a 
"general fatigue," manifested as both musculoskele- 
tal and visual problems. Such relationships were also 
found by Mellner & Moberg (77). 

However, the results of Smith et a1 (102) indicate 
a more specific relationship, where bothersome 
lighting aspects of the VDT units produce both asthe- 
nopia symptoms and a tendency for the operator to 
compensate for difficult viewing conditions -a t  the 
cost of musculoskeletal symptoms. This suggestion 
merits further investigation. 

Probable causes of ocular discomfort 

The finding of Sauter (101) that VDT work per se did 
not produce increased ocular discomfort is of con- 
siderable interest. The study does not suggest that 
VDT use is not associated with ocular discomfort but 
rather that control of display and workroom lighting 

characteristics can alleviate the problems. There is 
general agreement on this point (94). 

Definite casual relationships between specific dis- 
play characteristics and asthenopia symptoms have 
not been established however. Suggestions, based on 
various findings, have been made for correlations 
with a number of different display and environmental 
parameters. 

It has been suggested that asthenopia complaints 
are related to workroom lighting (18, 104), glare (18, 
104, 106), dry air (la), screen or character brightness 
(102, 106), readability (102, 106), flicker (102, 106), 
and reflections (23, 77). 

Some indications in the investigation of Smith et a1 
(102) suggest that ocular asthenopia may be primarily 
associated with workplace lighting characteristics 
(glare, brightness of main lighting, shadows, etc) and 
not display characteristics, while some visual asthe- 
nopia symptoms may be more related to the display 
characteristics. Both of these suggestions were con- 
firmed by factor analysis, and the second was also 
confirmed by a predictor model and by a test on 
another VDT/non-VDT group. 

Time-dependent display characteristics 
Laubli et a1 (67) found that the degree of oscillation 
of single characters on VDT screens (used for conver- 
sational mode work) correlated positively with ocular 
asthenopia symptoms, but not with visual symptoms. 
These findings were supported by medical observa- 
tions (red conjuctiva). In addition high oscillation 
values correlated with low visual acuity. The rationale 
presented was that operators with visual acuity prob- 
lems increase the character brightness and thus in- 
crease the oscillation degree (see also the discussion 
on page 28). The degree of oscillation was associated 
with jitter and with low character sharpness. 

Visible flicker causes an adaptive overload of the 
eye since the retina is repetitively overexposed in 
such situations. It has been suggested (67) that non- 
perceived flicker may also have some adverse effects 
on the retina, but this possibility has so far not been 
confirmed. 

A positive correlation between degree of annoyance 
by flicker and the degree of complaints of asthenopia 
was found by Stammerjohn et a1 (106), both for pro- 
fessional and for clerical VDT workers. 

In an experimental set up (89) asthenopia symp- 
toms were more prominent after 60 min of exposure 
to a 30-Hz refresh rate than to 60-Hz or stable text. 
(The experiment used a chopper disk to simulate the 
oscillation of VDT screen characters.) Changes in 
measurable visual function parameters were also 
seen; see page 5 1. 

Structure-related display characteristics 
Difficulties with character resolution, distortions, 
and readability are intimately linked with job task 



performance. A discussion of this problem can be 
found on pages 30-3 1. 

A significant correlation between annoyance caused 
by low readibility and a high occurrence of astheno- 
pia was found by Smith et a1 (105), but only for pro- 
fessional and not for clerical workers. The results 
were not tested by factor analysis, and there are con- 
siderable problems of interpretation, as readability 
could be linked to glare, brightness, etc (105). 

Luminance-related display characteristics 
Brightness of screen characters has been associated 
with asthenopia (102, 106) but only in professional 
workers (106). These results were not analyzed for 
confounding factors. 

Workroom lighting 
The parameters associated with lighting, and their 
interrelationships with the display, have been the 
most consistently suggested as possible causes of 
asthenopia among VDT operators. Numerous studies 
have testified to  the inadequate lighting conditions 
found in many VDT workplaces. 

Glare is considered a (tentative) major factor in the 
development of asthenopia during VDT work. This 
assumption is supported by the findings of some field 
studies (19, 106). Furthermore glare (and reflections) 
occur in general statements on the presence of work- 
room lighting problems in some other field studies 
(101, 102), in which factor analyses were also per- 
formed. 

Reflections on the screen are definitely annoying 
and should be eliminated. Images reflected from the 
screen are seen at a further distance than the text pre- 
sented at the screen surface. This phenomenon has 
been suggested as a possible .cause of adaptation 
problems, which could presumably cause some asthe- 
nopia. 

A correlation between the occurrence of reflections 
and the occurrence of asthenopia has been found in 
some field studies (23, 77) but not in others (67). 

High contrast has been associated with an increase 
in reported visual asthenopia problems. Conversa- 
tional mode operators were found to have problems 
with the contrast between the source document and 
the screen. The symptoms persisted during the eve- 
ning. However, the findings were only marginally 
significant (when low and high contrasts were com- 
pared). No such differences were found for referents. 
Data entry operators had higher asthenopia when 
contrasts between source documents and tables were 
high (67). 

Workroom environment 
An association between dry air and the occurrence of 
asthenopia has been suggested (18). A possible expla- 
nation may be the changes in blink rates found in an 

experimental setup (98). A reduced blink rate oc- 
curred due to (i) duration of a difficult visual task, 
(ii) a general low illumination level (screen surrounded 
by darkness), and (iii) the eye being myopic (near- 
sighted). As discussed by Campbell & Durant (16), a 
reduced blink rate can cause a drying effect and mild 
anoxia of the corneal epithelium. The problem is 
aggravated by low air humidity. 

There is scant information available on these 
phenomena in VDT situations. A higher blink rate 
was found among VDT users (compared to non-VDT 
referents) by Mourant et a1 (18). Nevertheless, the 
suggestions made are attractive when the differences 
between normal and myopic operators are being con- 
sidered. 

Conclusions 

There is general agreement between most studies that 
VDT work is related to  higher occurrences of asthe- 
nopia symptoms. The occurrences of specific symp- 
toms may, however, differ, ocular symptoms (irrita- 
tion, pain, red eyes, etc) being in general more prev- 
alent than visual symptoms (blurred, flickering, 
double vision, etc). Differences between individual 
field studies as to percentages of each symptom or 
groups of symptoms are considerable, due in part to  
the definition of symptoms and the phrasing used in 
questionnaires. After work, symptoms may persist 
throughout the evening. 

There are considerable correlations between asthe- 
nopia occurrence and various other operator-VDT 
variables. Women report asthenopia to a higher de- 
gree than men, and more complaints are found in 
some types of VDT work; data entry, data acquisi- 
tion, and conversational mode operators report more 
problems than professional workers. Duration of 
work is generally found to be related to the frequency 
of asthenopia, as is probably the length of work pe- 
riods without breaks. 

Operators wearing glasses report more visual prob- 
lems than others. However, this difference does not 
suggest that the increased occurrence of asthenopia 
among VDT operators can be explained by preexist- 
ing visual defects, since no difference in this respect 
has been found between operators and referents. 

The specific causes of asthenopia have not been es- 
tablished. Some contenders for a causal relationship 
are display characteristics (eg, screen and character 
brightness, flicker, readability) and workroom light- 
ing characteristics (glare, reflections, contrasts). It is 
possible that ocular symptoms (irritation, etc) may be 
more linked to workroom lighting, while for visual 
symptoms (blurring, etc) display characteristics may 
be more important. 

The relationships between the different display and 
workroom lighting characteristics are, however, very 
complex. Relationships with job requirements and 



other factors are also incompletely understood. crease the frequency of asthenopia occurrence, prob- 
Nevertheless, it is generally agreed that improving ably in connection with changed job requirements 

display and workroom lighting performance will de- (including workbreak possibilities). 

14. Effects of work with video display terminals on measures of 
eye functions 

This chapter considers the changes seen when VDT 
operators are examined by ophthalmological methods. 
The emphasis is on visual and oculomotor functions. 

Most attention in this respect has been given to the 
"triadic near reflex," which is composed of accom- 
modation, vergence, and pupil constriction. It should 
be noted that these three components of the triad are 
subject to  considerable interrelationships, where the 
state of each mechanism may exert considerable in- 
fluence on the others. 

Accommodation is stimulated by blur. This phenom- 
enon may supply a possible causal factor between 
VDT and ocular discomfort. Blurred characters may 
deprive the accommodation system of this stimulus. 
However, other stimuli drive accommodation in ad- 
dition to  blur. Accommodative spasm or accommo- 
dative asthenopia (fixed accommodation at a near or 
far point, respectively) may also be related to the in- 
cidence of VDT ocular discomfort (94). 

Eye movements can be divided into the following 
extraoculomotor functions: saccadic trajectories, 
dual-mode movements, higher-level eye movements, 
and gaze and the vestibuloocular reflex. An abnor- 
mal blinking rate may possibly be associated with 
some symptoms of ocular discomfort (redness, burn- 
ing, heat sensation, headache) (94). (See also page 49.) 

In general, relationships between subjective mea- 
sures of fatigue (included in asthenopia) and physio- 
logical functions have not been successfully estab- 
lished. Temporary changes in oculomotor function 
may be due to (i) true muscular fatigue (as some 
studies argue), but also to  (ii) adaptation of the sen- 
sory organs, (iii) habituation of the central nervous 
system, or (iv) a decline in motivation. [See also the 
report of the NRC Panel (94).] 

There are some experimental studies though which 
suggest transient changes in accommodation during 
the day when VDTs are used. They attribute these 
findings to  visual fatigue. 

In one such study (47) a significant difference in 
the drift of the near point of  accommodation was 
found between a "normal" work routine and an "in- 
tensified" one for two groups of younger VDT oper- 
ators. For a group of older VDT operators, no such 
tendency was found. (The authors speculated that 
this difference in age groups may be due to the lower 
elasticity of the lens, which requires the morning to 
recover.) In another study (92) laser optometry mea- 
surements on two groups working with CRT equip- 
ment indicated some accommodation changes (dark 
focus movement and accommodation stimulus-re- 
sponse regression slope changes). The changes were 
statistically significant only for the group with more 
taxing work. 

In a third study using similar techniques (54) both 
VDT workers and referents were examined. The near 
point of accommodation did not change during the 
day, nor did the regression line (stimulus-response). 
For neither parameter was there any significant dif- 
ference between VDT and non-VDT workers. It 
should be noted that the work was described as "not 
intense." Others have also failed to observe changes 
in accommodation between VDT and non-VDT work- 
ers [see the report of the NRC Panel (94)l. 

In another type of accommodation study, the time 
taken for accommodation from the far to the near 
point (and reverse) was higher in VDT work than in 
hard copy work (the differences were about 12-13 
ms) (81). 

Criticism of the accommodation findings 
The first two affirmative studies presented have been 

Occurrence of decreased accommodation criticized by the NRC Panel (94), and the results dis- 

performance claimed, since "various aspects in the design, anal- 
ysis, and interpretation of data, the results cannot be 

Performed studies interpreted with any certainty [p 1461." In essence, 
No correlation was found in a n  epidemiologic study the studies were criticized because they used samples 
(102) between VDT use (hours/day, years of VDT of opportunity, included scant information on 
use or "current VDT use") and accommodation demographic and work environments, and did not 
changes. include appropriate reference groups. No informa- 



tion on visual status was presented, and the tech- 
niques used in some studies were subject to, eg, gen- 
eral fatigue and subject motivation. No information 
on statistical analysis was presented. 

The last study presented on accommodation time 
(81) was also criticized by the NRC Panel (94) since 
it used a subjective measuring method and did not 
present any data on the variability of the results. The 
imprecise method may invalidate the (formal) sta- 
tistical significance of the study. Since four of the six 
subjects were older than 50 years, and showed the 
same effect, it is arguable that accommodation plays 
no significant role in this reported phenomenon. 

Vergence 

Some VDT work requires movements of the gaze 
between a document and the screen and thus requires 
vergence activity. Jitter may also lead to vergence 
work. Both may possibly contribute to ocular dis- 
comfort (94). 

Few results from VDT workstations have been re- 
ported in respect to vergence. Gunnarsson et al (47) 
found the near point of convergence to be moved 
outwards 1-4 cm during a day's VDT work. This ef- 
fect was increased during "intense" as compared to 
"normal" work routines. (See the preceding criticism 
with respect to this study.) A high percentage (about 
25 070) of VDT operators working at screens with low 
contrasts were reported to have exophoria occurring 
occasionally. No operators at screens with high con- 
trast reported exophoria (67). 

Hedman (54) found no change in the near point of 
convergence either for before versus after work or 
for VDT versus non-VDT workers. 

Some experimental results have also appeared. The 
divergence time was increased after a VDT task pe- 
riod (compared to before the period), and the vergence 
amplitude was decreased. No change in convergence 
time was seen (62). 

Lateral phoria changed during the workday, both 
for VDT-exposed and reference groups. There was 
no significant difference between the groups how- 
ever. (Both inward and outward movements of the 
far vergence point were seen.) Vertical phorias were 
not affected (40). 

Pupil constriction 

Transient adaptation glare may cause transient changes 
in pupil size, as indicated by experimental studies. 
This possibility is of importance in relation to posi- 
tive and negative contrast. Alternatively viewing a 
negative contrast screen and positive contrast docu- 
ments may then cause overexposure of the retina 
(15). Others have criticized the experimental basis for 
this suggestion and its implication (16, 94). (See also 
page 3 1 .) 

It has also been suggested that a high flicker rate 
of 1-6 Hz may cause a sustained pupillary constric- 
tion and thus ocular discomfort. Some early experi- 
ments show relief after the blocking of pupillary 
constriction, while another study failed to show any 
overall relief (94). The relationships between subjec- 
tive flicker rates of VDTs and pupillary constriction 
merit further study (94). The refresh rate of VDTs is 
substantially higher than the flicker rates used in 
these experiments however. 

Decrease in visual acuity 

A temporary reduction in visual acuity (temporal 
myopization) during VDT work has been reported 
(49). The myopization was from visus 1.1 to 0.8 for 
green characters, and from 1.1 to 0.9 for yellow char- 
acters. Recovery took about 15 min. This study was 
criticized on several points (94). The tests for visual 
acuity could have been influenced by, eg, general 
fatigue or adaptation to VDT display, which may 
have reduced contrast sensitivity. The reference 
group did not perform a similar job task. Further- 
more, no details on the statistical analysis were pre- 
sented. The small decreases in visual acuity found 
(0.14 diopters for yellow, 0.24 diopters for green) are 
frequently found in many non-VDT situations. 

In an experimental setup (89) relationships 
between the refresh rate, oscillation degree, and va- 
rious subjective and measurable eye symptoms were 
investigated. (The experiment used a chopper disk to 
simulate the oscillation of VDT screen characters.) 
At refresh rates of 30 and 60 Hz, several significant 
changes in measurable visual functions were observed: 
decreased critical flicker fusion, decreased visual 
acuity (near vision), increased lateral heterophoria 
(30 Hz), and decreased contrast sensitivity (60 Hz) 
(exposure time 1 h). 

Other studies (23, 40) found no significant dif- 
ferences in the visual acuity of VDT operators before 
and after work. 

Conclusions 

Some studies suggest changes in accommodation and 
vergence phenomena during near work (both in VDT 
operators and referents). Other studies, however, fail 
to confirm these findings. No study presented has 
shown conclusively any change in oculomotor func- 
tions which can be attributed specifically to VDT 
work. 

Since the pupil state was not measured, the optimal 
or suboptimal accommodative state cannot be as- 
sessed. Difficulties remain in defining experimental 
results as to fatigue or boredom or adaptation (94). 

Thus present knowledge is evaluated as suggestive 
regarding some changes occurring during VDT work, 



but inconclusive as to whether any of these changes whether such changes should be considered signs of 
are specific for VDT work and also inconclusive as to fatigue or not. 

15. Pathological changes in the eyes 

The possibility of permanent eye damage due to VDT 
work has been suggested. Considerable debate has 
been aimed at the question of cataracts, but acquired 
myopia has also figured in VDT discussions. 

Cataracts are the formation of opacities in the eye 
lenses; they may (if sufficiently dense) lead to impair- 
ment and loss of vision. Small opacities occur in most 
old people's eyes and are one of the most frequent 
reasons for loss of visual acuity. The causes of these 
senile cataracts are essentially unknown, but here- 
ditary factors, radiation (eg, solar UV radiation), 
diet, or poisons all influence the time of appearance 
of cataracts. Congenital cataracts also occur, but are 
very rare. Certain disorders can lead to the develop- 
ment of cataracts in younger people, as can also the 
prolonged intake of some medicines. 

The development of cataracts after, eg, ionizing 
radiation is a prolonged process, with a latency pe- . - 
riod of months to years. 

Cataracts may appear at first in the central (nuclear) 
or the peripheral (cortical or subcapsular) regions of 
the lens. Apparently there are fundamental differ- 
ences between these regions as to the mechanisms of 
cataract formation. The nuclear cataracts appear due 
to normal (or accelerated) age-related pigmentation 
processes possibly resulting from free radical phenom- 
ena. Cortical cataracts are probably due to induced 
changes in protein configuration and aggregation, 
leading to localized water-insoluble (turbid and 
opaque) areas (71). 

Some confusion appears due to the different defi- 
nitions of cataract used in various investigations. 
Some studies [eg, that of Frank (36)] apparently only 
report cataracts that interfered with vision (but did 
not explicitly state the decrease in visual acuity con- 
sidered for diagnosis), whereas other studies [eg, that 
of Smith et a1 (102)l considered all opacities (but they 
also specified subgroups as to visual acuity decrease). 

Cataracts among operators of visual display 
terminals 

Reported cases of cataracts 
In 1977 two cases of cataracts had been diagnosed in 
New York by ophthalmologists as incipient radiant 
energy cataracts. These diagnoses were confirmed by 
Zaret (131), whose diagnoses read: "Bilateral inci- 
pient radiant energy cataracts and early macular reti- 
nopathy of the left eye" (case 1) and "immature ra- 

diant energy cataract of the right eye and incipient ra- 
diant energy cataract of the left eye." 

Both of the men (aged 29 and 34 years) with the 
cataracts worked as copy editors at the New York 
Times, and both had, within the last few years, been 
introduced to VDT work. For neither of them could 
a reasonable and established work environmental 
factor be determined as the cause although the pos- 
sibility of a preexisting congenital defect was sug- 
gested by the Times consulting ophthalmologist. This 
latter suggestion was disputed by Zaret (131). 

Since then, Zaret has made similar diagnoses in at 
least eight other cases (1980), all involving work with 
CRT equipment. In the majority of the total of 10 
cases, the cataracts were described as "capsular opa- 
cification at the posterior surface of the lens" (131, 
132). 

Possibility of an association between cataracts and 
work with video display terminals 
Epidemiologic studies. Two recent epidemiologic 
studies have been performed at newspaper offices in 
the US and Canada. In the Baltimore Sun study (102) 
the incidence of cataracts was 27.1 Vo among VDT 
users and 33.2 % among non-VDT users. (In both 
cases the majority had only minimal opacities, with 
no decrease in visual acuity. Some 1.4-1.5 Vo of 
both groups had cataract formation sufficient 
enough to reduce visual acuity to at least 20/25. 
These findings were based on ophthalmologic exami- 
nations.) 

In the Mount Sinai study of 1 047 workers (36) 
2 Vo of the VDT users reported cataracts, while 
0.7 % of the non-VDT users had cataracts. There 
was a clustering of cases in one study location (10 
cases, 5 of which had appeared during the last five 
years prior to the study). However, many of the VDT 
cataract cases had developed prior to the onset of 
VDT work. (It should be noted that these data are 
the result of a questionnaire, ie, self-reporting on 
previous diagnosis by different ophthalmologists. 
There was no information on the criteria used for 
these diagnoses. Results from the opthalmologic ex- 
aminations also included in the study have not yet 
been reported.) 

In a survey made by the Canadian Labour Con- 
gress (18), the frequency of cataracts was the fol- 
lowing: (i) for people under 45 years of age: 1.1 Vo 
for VDT operators and 0.9 % for non-VDT workers 



versus 1 Yo expected; (ii) for people over 45 years of 
age: 3.6 Yo for VDT operators and 4.6 Vo for non- 
VDT workers versus 4 Vo expected. No details as to 
means of examination, nor basis for the "expected" 
values, were given in the reference. The total number 
of workers was 2 330. 

None of these studies can be considered conclusive 
as to cataract appearance among VDT users versus 
nonusers. One problem is the fairly short exposure 
periods of most workers to VDTs [eg, mean 3.8 years 
in the investigation of Smith et a1 (102)], so an in- 
fluence of VDT exposure on cataract formation (if 
there should be one) may not have been manifested 
(36, 102). 

Other epidemiologic studies (some of them pro- 
spective) on the relation between cataracts and VDT 
work are under way. 

Suggested factors related to video display termi- 
nals. The only relevant VDT-dependent factor for 
cataractogenesis is electromagnetic radiation. Four 
regions of the electromagnetic spectrum are consid- 
ered cataractogenic: ionizing, actinic UV, IR, and 
microwave radiation. For all of these regions, the 
levels now known to produce cataracts are orders of 
magnitude higher than those emitted from VDTs (71, 
96, 129). 

[The suggestions and data of Zaret (131) are ap- 
parently due to the confusion of pertinent wave- 
length regions. In UV radiation the 0.1 pW/cm2 
cataractogenic dose refers to the actinic region 
(> 320 nm), while the 0.1 pW/cm2 VDT exposure 
levels refer to the near UV region (350-400 nm). 
(The highest level of actinic UV radiation measured 
was some 0.001 pW/cm2 - see table 5, page 19.) In 
the hertzian region, cataractogenic radiation appears 
to be limited to the microwave region, whereas the 
high levels of 10 W/m2 referred to by Zaret (131) 
are found in the low radio frequency and the VLF 
regions (see table 2, page 15).] 

It should be pointed out that the cataractogenic 
level of UV radiation is characterized by the energy 
delivered, not the effect. This phenomenon appears 
to be consistent with suggested mechanisms for, at 
least, nuclear cataract formation (cumulative) (71). 
(See the following discussion.) 

Tentative evaluation. At present there exist neither 
epidemiologic nor experimental data to support the 
suggestion (based on a few case reports) that VDT ex- 
posure could lead to cataract formation. Two of the 
three studies cited [that of the Baltimore Sun (102) 
and that of the Canadian Labour Congress (18)] sug- 
gest that there is no such association. Evaluation of 
the Mount Sinai study (36) must await a report on the 

ophthalmologic findings. However, none of the hith- 
erto reported epidemiologic studies can be considered 
fully conclusive in this respect. 

Similar cautious conclusions have been drawn by 
NIOSH (69, 103) and by others (125). A more defi- 
nite (negative) evaluation of VDTs as cataractogenic 
was made by the NRC Panel (94). 

Myopia development 

A Japanese survey of 1 591 VDT operators and 125 
referents has suggested that VDT work may lead to 
nearsightedness (myopia), since the number of people 
who had to get corrective glasses during a one-year 
period was higher than normal (64). Thirty-seven 
percent of the VDT operators reported deteriorating 
eyesight in comparison to 26 Vo of the referents. Since 
the age distribution of the reference group is not 
known, no evaluation of the claim can be made. 

However, another study (36) revealed no significant 
differences in the number of eyeglass prescription 
changes of VDT users and nonusers. (No details were 
given on the type of eye glasses, etc.) 

It is possible, as discussed by Wilkins (127), that 
the visual effort required in work with VDTs is such 
that the operators also tend to correct minor visual 
impairments, while similar impairments among per- 
sons in similar, non-VDT jobs may be ignored or 
even go undetected. 

Other possible permanent damage investigated 

A number of other indicators of permanent eye 
damage were (routinely) investigated in the question- 
naires and the ophthalmologic examinations of some 
epidemiologic studies, without the detection of any 
difference between VDT-exposed persons and refer- 
ents. Thus there are at present no indications that 
VDT exposure may lead to glaucoma, maculopathy, 
iris inflammation, etc (36, 104). [See, eg, the report 
of Smith et a1 (104) for an example of these ophthal- 
mologic examinations. It should however be noted 
that few epidemiologic studies have (so far) studied 
the possibilities of chronic visual disturbances due to 
VDT work in detail. [See the brief discussion in the 
report of Smith (105).] 

Most specific pathological processes in the eyes are 
related to the total energy delivered, not the effect. 
This phenomenon is of interest when the oscillating 
character of VDT display pixels are considered (see 
pages 28-30). Effect-related pathological processes 
are possible in theory, but will most likely require in- 
tensities far exceeding those suggested by the top 
luminance measurements of VDT pixels (page 29). 
Most effect/energy relationships are due to the limited 
temporal resolution of the retina (about 20 ms). 



16. Headaches and epilepsy 

Headaches can be related both to asthenopia and to 
stress. [The definition of asthenopia used in this re- 
port, that of the NRC Panel (94), includes headache 
as a referral type of symptom.] Due to the uncertain 
etiology, headaches have been discussed separately in 
this chapter. 

Another physiological effect is also briefly dis- 
cussed, the possibility of photosensitive epileptic sei- 
zures being induced. The literature on this phenom- 
enon in connection with VDTs and CRTs is very li- 
mited. 

Headaches 

Occurrence 
The percentage of VDT operators and referents 
complaining of headaches varies considerably 
between different studies, conceivably due both to 
different work situations and to the design of the 
field study questionnaires. The incidences reported 
for both groups vary between 11 and 89 To (18, 84, 
103, 108, 127). 

Some field surveys have found a significant in- 
crease in reported headaches among VDT operators 
in comparison to referents (18, 36, 38, 102), while 
other studies have failed to do so (10, 84, 103, 108, 
123). 

Three different worksites were investigated by 
Murray et a1 (84). None of the three showed any dif- 
ference between VDT operators and referents as to 
reported headaches. However, at one site, the per- 
centage of headaches was considerably higher (both 
VDT and referents) when compared to the groups of 
the other sites. Furthermore, at this site only, VDT 
operators reported significantly more "frequent head- 
aches" than did the referents (37 versus 13 %). [A 
similar finding was reported by Bolinder (lo).] 

Table 14. Different headache descriptions and their relations 
with VDT work parameters (102). 

Description of headache Association founda 

Occurring during tension, Years of VDT work, negative 
worry andlor stress 
Associated with work Bothersome visual aspects 

of VDT, positive 
Workplace light, positive 
Job hard, fast, positive 

With eye strain symptoms Bothersome visual aspects 
(problem workstation), positive 

Superficially located Eye shift mode, positive 
With doublelblurry vision Hours of VDT work, negative 

a Negative = significant negative association found; posi- 
tive = significant positive association found. 

Different headache symptoms 

Frontal headache occurred more among VDT oper- 
ators than among referents (36). Ghingirelli (38) re- 
ported that 27 % of the VDT operators studied 
complained of frontal headaches "not related to pre- 
vious medical history." 

Smith et a1 (102) investigated 17 different headache 
descriptions in relation to a number of VDT work 
parameters. The results of the factor analysis are 
shown in table 14. 

The presented data were retained by factor analysis 
and predictive model fit. In a test of the results on a 
second group (with different job types) only head- 
ache associated with work was retained. The remain- 
ing 12 headache variants were not associated with 
VDT work parameters. [See the report of Smith et a1 
(102) for the details.] 

Relations between headache and work type 
or duration 
In one study, cited by Smith (103), an increased in- 
cidence of headaches was seen (82 versus 47 %) when 
some specific VDT work groups (data entry, word 
processing, file maintenance) were compared to 
matched referents. Data entry workers complained 
more of headaches than conversational mode work- 
ers (31). 

VDT operators who worked > 4 h with VDTs had 
more frontal headaches and headaches at the back of 
the head than those working < 4 h (18). An increase 
in headache occurrence with working time at VDTs 
was also found by Wallin et a1 (123). However, Smith 
et a1 (102) reported that an increase in the number of 
hours per week at VDTs was negatively correlated 
with headaches preceded or accompanied by blurry 
or double vision. 

Correlations between headache and other 
investigated variables 
A group of telephone operators reporting more stress 
than another group also reported more headaches 
(19). 

There was a positive correlation between bother- 
some visual aspects of VDT work and some headache 
types (table 14). 



Epilepsy Conclusions 

Perceived flicker may have some bearing on the pos- 
sibility of inducing photosensitive epileptogenic sei- 
zures, although the flicker rates needed to induce 
these seizures are much lower than the refresh rates 
used [8-14 Hz versus 30 (interlace) to 50-70 Hz 
(normal) (94)l. 

Epileptic seizures have been observed in connec- 
tion with television viewing. The phenomenon ap- 
pears to be rare however and of concern to a small 
fraction of the population (1/2 500 to 1/10 000) 
which could potentially be subject to it. Nevertheless, 
persons known to be at risk should be medically ex- 
amined prior to the use of VDT equipment (16, 127). 

In the investigation of Nishiyama et al (89) a small 
percentage (< 2 %) of operators and referents had 
had an epileptic seizure within the previous five 
years. There were small differences between the ex- 
posed and the referents 

An increased occurrence of headache among VDT 
operators in comparison to referents is possible, as 
indicated by some studies, but other studies have 
failed to verify this suggestion. It is possible that a 
more precise specification as to type and location 
of headache in the questionnaires may reveal dif- 
ferences; this possibility has been suggested by the re- 
sult of one study. (Such differences are probably 
appropriate for an effect of diverse etiology.) 

Differences in headaches as to job tasks can also be 
suggested, and these differences may partly explain 
the various results when headache occurrence and 
duration of VDT work are compared. 

The relationships between VDT work and head- 
aches need further study. 

The present state of knowledge indicates that 
epileptogenic seizures induced by VDT flicker are 
fairly improbable events. 

17. Stress and psychological effects 

Mention has repeatedly been made of psychosocial 
problems among VDT operators. Such problems in- 
clude mood disturbances and (secondary to these) 
psychosomatic disorders. These effects are less well 
documented, though, and are only briefly discussed. 

Mood disturbances reported in the literature are 
anger, frustration, irritability, anxiety, confusion, 
and depression. A classification of "fatigue" into 
three groups has been proposed in connection with 
the "F scale" [cited by Binaschi et a1 (8)]. The second 
of these groups - "difficulty in concentration, due 
to mental fatigue," contains several mood distur- 
bances. 

Some physiological disturbances have also been 
noted, which are presumably linked to these mood 
disturbances (a psychosomatic etiology). Among 
these psychosomatic correlates are gastrointestinal 
disturbances, muscular or "psychic" tension, changes 
in heart rate, and sweating. Effects on sleep pattern 
and appetite have also been studied in a few reports. 
Headaches have been discussed elsewhere (pages 
54-55), since they may also be related to eye discom- 

Occurrence of mood and psychosomatic 
symptoms 

Occurrence of symptoms 
Emotional disturbances and their psychosomatic cor- 
relates occur frequently in the general population. 
These high occurrences are also seen among VDT 
operators. 

In the study of Elias et a1 (31) the occurrences of 
nervous disturbances (anxiety, irritability, and de- 
pression) among VDT operators varied between 25 
and 70 %. Psychosomatic disorders (constipation, 
swellings, palpitations, and chest pains) varied 
between 15 and 50 %, while 15 to 45 % had an 
inadequate sleep pattern. 

Anxiety and depressive disorders were reported by 
about 40 % of the VDT operators in another study 
(38). Irritation was found among 14 Yo of the VDT 
operators in the investigation of Johansson & Arons- 
son (63), and 44 Yo of the Bell Canada telephone 
operators who used VDTs reported nervousness or 
general stress (19). 

fort. 
Measures of stress hormones (adrenaline and nor- Differences between operators and referents 

adrenaline) have been reported in one study by Jo- A number of studies have investigated the possible 
hansson & Aronsson (63). differences between VDT operators and referents as 



to the occurrences of psychosomatic symptoms. The 
results have varied. 

According to one study (36) irritation and sleep 
disturbances were correlated with the use of VDTs. 

Four other studies (18, 63, 84, 127) found symptoms 
more frequently among some groups of VDT oper- 
ators only. 

In one study, by Heron (56), VDT clerical workers 
had higher "stress points" than referents, while 
VDT-using programmers had the lowest "stress 
points." In another investigation (18), mood and 
psychosomatic complaints (irritation, sleepiness, diz- 
ziness, and loss of appetite) were higher among VDT 
operator groups than among similar referents for 
professional, data entry, and "dialogue" work, but 
not for "clerical" work. (Note that job classifica- 
tions may vary.) 

Smith et a1 (103) found that fatigue, nervousness, 
and "pounding heart" were found more often 
among VDT operators than referents at one site. A 
second site showed excess irritability, depression, and 
anxiety among VDT operators, while no differences 
between VDT operators and referents were seen at a 
third. The first worksite was characterized as having 
"rigid work procedyres," while operators at the two 
other sites held jobs that were more flexible and 
autonomous, had more user control, etc. 

Gastrointestinal disturbances were more common 
among some VDT groups (intermediate VDT work 
duration) in comparison to referents (and to VDT 
operators working more than 50 % of their worktime 
at VDTs) (63). 

In contrast to these findings, two studies found no 
association between psychosomatic symptoms and 
VDT work. In one (8) "fatigue" (defined according 
to the "F-scale" mentioned earlier - including 
nervousness, anxiety, etc) was not significantly 
higher among VDT operators than among referents. 
In the other (101) a negative correlation was seen 
between VDT work per se and mood disturbances. 
No significant correlation was found between VDT 
work per se and illness symptoms. (It should be noted 
that these results were based on factor analysis, and 
the results only reflect VDT use, not VDT work 
parameters.) 

Physiological measures of stress 
In one study (63) several physiological measures of 
"stress" were reported for VDT operators and refer- 
ents. The adrenaline levels of VDT operators were 
higher before noon than the referents', while the 
opposite was true in the afternoons. These variations 
correlated with self-reported changes in anxiety, 
fatigue, and stress. The average workday adrenaline 
levels were also higher among VDT operators than 
among referents, and the differences remained also 
in the evenings after work. (All individual levels were 
reported in percentage of corresponding levels on 
days off from work.) 

Relations between stress and work factors 

Psychosocial stressors 
As can be inferred from the preceding discussion, job 
types and job stressors are probably of major impor- 
tance to the determination of mood symptoms. Sau- 
ter (101) found job future uncertainty to be positively 
correlated with mood disturbances, illness symptoms, 
and job dissatisfaction. Job control or social support 
was not associated with mood or illness symptoms, 
but was negatively associated with job dissatisfac- 
tion. Work load demands were positively associated 
with illness symptoms, but not with job satisfaction 
or mood symptoms. 

Telephone operators placing international calls 
were somewhat more susceptible to "strain," osten- 
sibly due to "cross-cultural" differences while plac- 
ing calls (19). Lower control of work, higher job 
pressure, lower job satisfaction, higher degree of 
monitoring, or "incorrect" distances to other workers 
were associated with higher "stress" (19). (This re- 
port did not however perform any factor analysis.) 

Duration of work 
Longer duration of work has been linked to higher 
stress according to Wilkins (127). However, no asso- 
ciation (by factor analysis) has been found between 
hours of daily VDT use and mood or illness symp- 
toms (101). Johansson & Aronsson (63) concluded 
that operators with intermediate jobs apparently have a 
greater incidence of gastrointestinal symptoms. 

Breaks in work routine 
A number of complaints about unscheduled breaks 
in processing have appeared. In the investigation of 
Wallin et a1 (123) 81 % of the questioned VDT oper- 
ators experienced "disturbances" due to long and 
varying waiting times. In another study (63) 63 % of 
the respondents would have liked to maximize the 
waiting time to 5 s, while only 5 % could accept wait- 
ing times of more than 30 s. 

Johansson & Aronsson (63) reported that 60 % of 
VDT operators working > 50 % of their worktime at 
VDTs could "not relax" during unscheduled breaks, 
compared to about 10 % of those working only occa- 
sionally at VDTs. 

During one unscheduled break (duration 3.5 h), 
the levels of adrenaline and diastolic blood pressure 
were significantly higher than during normal VDT 
work. Irritation and stress were also increased during 
this break period (63). (The study was performed 
once with six individuals.) 

Physical parameters of work 
Professional VDT operators had a positive correla- 
tion between level of complaints of several physical 



VDT parameters and their level of complaints about 
mood disturbances (106). The study did not use 
factor analysis, so the interrelationships of this 
finding with, eg, eye discomfort were not evaluated. 
Of possible interest, however, are the increased 
complaints of "noise from VDTs" (see page 27). 

There has been conjecture regarding possible 
health effects from exposure to positive and negative 
ions, especially on mood parameters (122). So far, 
these have not been substantiated for VDT oper- 
ators. 

A comprehensive literature review (4) concludes: 
"There is no evidence that concentrations of small 
air ions between 10h--lO'O ions/m3 constitute a 
health hazard to man. The effects of ion concentra- 
tions > 101° ions/m3 on man are more difficult to 
evaluate since long-term studies of the biological ef- 
fects of small air ions are lacking [p 1101.1' In the 
report of Nylkn et a1 (91) levels of air ions around 
VDT units were generally below 5 . 10' ions/m3. 

18. Skin rashes 

Considerable attention has been given to the pos- 
sibility that work with VDTs may involve a risk of 
developing facial skin problems. So far, a number of 
case reports have appeared describing facial rashes 
among VDT operators in Norway (with isolated re- 
ports from Great Britain and S ~ e d e n ) . ~  

These cases include 4 in Great Britain (1978) (loo), 
35 in Norway (various locations, 1979-1980) (117) 
[Some Bergen cases were described in detail in pub- 
lished reports (72, 88).] and 1 in Sweden (UmeA, 
1982) (39). Additional facial rash cases among VDT 
operators do apparently appear (as indicated by case 
reports), but these have (so far) not been verified. 

Occurrence 

Description of observed facial rashes 
The Norwegian rash episodes usually started after a 
few hours of exposure and began with itching, fol- 
lowed by erythema and sometimes also papules. 
These phenomena were usually confined to the 
cheeks. The redness developed successively and was 

6 Published reports are limited to a description of some of 
the Norwegian cases. 

Conclusions 

Mood disturbances (anxiety, irritability, etc) and 
psychosomatic disorders (gastrointestinal problems, 
etc) appear to be more linked with job design and 
psychosocial stressors in the job than with the use of 
VDTs per se. In contrast to many other health 
findings, no definite increase has been found in 
complaint levels with increasing VDT worktime. 

Neither is there a clear correlation between job 
designations (data entry, professional, etc) and mood 
complaints. Further site-specific variables are war- 
ranted, such as autonomy, social contact, job uncer- 
tainty, etc. (Note that these variables may differ 
within a specific job type.) 

One specific VDT-related factor has however been 
suggested, ie, unscheduled breaks and long waiting 
times for processing are a cause of complaints among 
VDT operators (similar phenomena do not occur 
among referents). In one investigation, these com- 
plaint levels have been supplemented by data on 
adrenaline levels. 

usually graded as weak (72, 88, 117). In a few cases, 
a diffuse redness appeared on the cheeks and other 
portions of the face (88). Minor desquamation was 
frequent (1 17). These cases could be characterized as 
neither allergic contact dermatitis, photosensitive 
dermatitis, nor rosacea (88). 

The British cases also showed erythema and pap- 
ules, but the investigators found some resemblance 
to rosacea (100). The reported Swedish case was 
"similar to the Norwegian and British cases." Some 
desquamation was found (39). 

The rashes usually subsided within the day or over 
the weekend (39, 72, 88, 117). 

Epidemiologic studies 
The number of cases is small compared to the large 
number of VDT operators. The appearance of skin 
rashes was observed only in some locations and ap- 
pears to be unknown in most offices. An earlier epi- 
demiologic study (36) failed to find any differences 
between VDT users and nonusers (in newspaper of- 
fices in the US and Canada) as to the occurrence of 
skin rashes. However, Murray et a1 (84) found an 
increased occurrence of self-reported skin rashes, 
itching skin, or allergic skin reactions at all three of 



the sites they investigated. The differences in oc- 
currences between VDT and non-VDT workers were 
significant for only one of the three sites however (62 
versus 38 %). 

Possible causes 

Relation to work 
Considerable efforts have been made to find other 
causes for these outbreaks than VDT work, but (so 
far) without success. No atopic dermatitis in child- 
hood (or among relatives) was found in the Nor- 
wegian cases (1 17). 

The rash victims consistently claimed to have de- 
veloped rash only when working with VDTs and that 
the rashes disappeared away from VDT work (39,72, 
88, 100, 117). In at least one case, a relation between 
the time spent working with the VDT and the inten- 
sity of the rash was suggested (39). 

The four British cases worked full (three cases) or 
part (one case) time at VDTs. Another VDT operator 
also worked full-time with the same VDT make (in 
another office of the same factory) without develop- 
ing any rash. Several other operators also worked 
with VDTs for short periods in the same office as the 
rash cases without developing any lesions (100). 

Provocation tests have been carried out with 
varying results. Five patients were placed in front of 
a VDT for three work periods without any rash de- 
veloping (88). Another investigation claims however 
to have provoked facial rashes in two operators (72). 

Other possible factors 
One consistent observation in many reports has been 
the coincidence of the facial rash with dry periods 
(low relative humidity) and with the frequent occur- 
rence of electrostatic phenomena. 

Humidity was generally low, around 40 To (100) or 
below (72, 117), "usually between 20 and 30 %" 
(72). Floor carpets were often of a type prone to 
electrostatic charging (72, 88, 100, 117). 

One investigation (72) has reported the successful 
provocation of skin rashes among four rash-prone 
VDT operators with the aid of a van de Graaff gener- 
ator (producing a strong electrostatic field). 

The possibility of radiation-induced skin lesions 
has been dismissed. Some investigations of ionizing 
anh nonionizing (UV) radiation levels were made on 
the actual VDTs, and the levels were found to be very 
low to nondetectable (88, 100) (in accordance with 
the levels reported on pages 19-20). 

Suggested mechanisms 

The localization of the problem to only a few offices 
has led to the suggestion of other (complementary?) 
factors being involved in the development of these fa- 
cial rashes. In this context, the presence of electro- 

static fields between the VDT and the operator, and 
the possible redistribution and thus enhanced operator 
exposure to ambient aerosols has been investigated 
(17). These investigations were performed at Tele- 
verket, Bergen, Norway, where the six cases referred 
to by Nilsen (88) worked. (The general findings of 
this investigation are described on pages 25-26 and 
37-39). The specific details pertinent to this discus- 
sion follow. 

High electrostatic fields were found around some 
of the "rash-prone" VDTs, but also around other 
VDTs for which no rash episodes had been reported. 
High electrostatic body potentials were found almost 
exclusively in offices where rash episodes had oc- 
curred, but they were (indiscriminately) found on 
rash-prone operators, nonrash-prone operators, and 
also on the investigators (17). 

In an experimental study (17) the deposition of ex- 
cess aerosol material increased with increasing elec- 
trostatic fields between the VDT and the operator (in 
comparison to referents) (17) (see figure 9). The 
author suggested that electrostatic fields (especially 
influenced by the electrostatic charge on the operator 
- and augmented by the electrostatic charge of the 
VDT) enhanced particle deposition on the face, and, 
depending on the presence of aerosol contaminants 
and on susceptible individuals, skin reactions to these 
contaminants might occur. 

According to this suggestion, the air humidity 
would be important, since the electrostatic charge on 
the operator is strongly dependent on air humidity. 
All the cases of skin rashes in Norway occurred 
during the winter (Tjonn HH, personal communica- 
tion), when the humidity is low. Murray et a1 (84) 
found no obvious relationship between air humidity 
and the occurrence of skin rashes. The authors 
pointed out however that the measured humidity may 
not be representative of either seasonal or year-round 
conditions. 

Attempt to prevent facial rashes among 
rash-prone operators 

Increasing the air humidity (to about 50 %) has re- 
duced rash reactions "markedly." The elimination 
of carpets prone to static electricity in combination 
with high humidity resulted in the disappearance of 
the facial rashes (72). 

The placement of a grounded metal screen or a 
water screen (glass container with an electrolyte solu- 
tion) between the VDT and the operator has in some 
cases reduced the skin rashes (72), but this procedure 
has not always been effective (39). 

The placement of a window glass between the VDT 
and the operator has had varying effects in that it has 
both reduced and intensified the rash reactions (72, 
100). 

One operator reduced his reactions by viewing the 
VDT at an oblique angle (100). 



Conclusions 

So far, no causal relationship has been established 
between VDT exposure and the occurrence of facial 
rashes. The majority of VDT workers appears not to 
be at an increased risk of such disorders. 

However, the reported few and geographically 
localized cases of facial rashes among VDT operators 
have not been adequately explained. The possibility 
of VDT work involvement in combination with other 
factors remains. (The strongest argument for a VDT 
work involvement is the absence of any viable alterna- 
tive explanation.) Such factors include electrostatic 

19. Muscular discomfort 

Several studies have indicated the occurrence of 
various musculoskeletal symptoms among VDT 
operators. The incidences vary with a number of 
other variables, due both to the operators' situation 
and to the study design. 

The musculoskeletal pain may be of various types 
(pain, stiffness, fatigue or tiredness, cramps, numb- 
ness, tremor, etc), occur at various locations in the 
body (neck, shoulder, arms, etc), and occur with 
varying frequency for each operator (daily, occa- 
sionally, or seldom/never). 

Most studies are based on subjective reports of 
muscular discomfort in field studies. These question- 
naires were, in some studies, supplemented by med- 
ical observations of, eg, painful pressure points 
and/or posture measurements. 

Some but not all field studies used reference 
groups. Job task classifications were made in some 
studies. Confounding factors (notably ma1e:female 
ratios) have been checked for only in a few studies. 

In this chapter, the reported incidences of muscu- 
loskeletal complaints from field studies are presented 
and discussed. One major issue is whether the re- 
ported complaints are unique to VDT work or com- 
mon with other types of office work. Some possible 
explanations of the occurrences of musculoskeletal 
symptoms are also given. Further data on posture 
measurements are found on pages 34-37 and on dif- 
ferent job types on pages 39-43. 

Occurrence of musculoskeletal symptoms 

When the musculoskeletal complaints of VDT opera- 
tors have been compared with those of (appropriate) 
referents, the results have varied. Some studies testify 
to higher occurrences of musculoskeletal problems 

phenomena, low humidity, and probably individual 
variations (sensitivity, habits, etc) among operators. 

Further studies of these effects appear warranted. 
The electrostatic phenomena should be better char- 
acterized. There are indications that the electrostatic 
charge on the operator may be more relevant to a dis- 
cussion of these phenomena than the electrostatic 
field from the VDT. 

Present knowledge does not support the possibility 
of electric fields causing facial rashes of this type "by 
themselves" (17). Unfortunately, the possibility of 
an influence of varied ambient pollutants on the skin 
rashes has not been adequately examined. 

among VDT operators, eg, that of Frank (36), while 
others have failed to find any higher occurrences 
(10, 18, 40). Murray et a1 (84) found an increase in 
musculoskeletal complaints in one of three worksites 
examined. (See the discussion on sex distribution 
that follows.) In the investigation of Smith et a1 
(102) VDT users were found to suffer greater mus- 
culoskeletal discomfort than non-VDT users, but this 
result did not survive analysis by confounding fac- 
tors. 

In two of the three workplaces examined by Mur- 
ray et al (84), subjects were asked both whether a spe- 
cific symptom "has occurred" and whether the 
symptom "occurred frequently or constantly." For 
both VDT and non-VDT users, the latter responses 
were between 10 and 50 Yo of the former. A more de- 
tailed analysis (made by myself) shows that, in these 
two sites (each comprising some 100-150 subjects), 
there was a clear tendency for VDT operators to state 
that their reported symptoms were "frequent or 
constant" to a higher degree than the referents. 

At one site, 22 Yo of the operators reporting symp- 
toms stated that they were "frequent or constant," 
versus 13 Yo of the referents. The percentages were 
averaged over 14 different question responses con- 
cerned with musculoskeletal problems. 

At the other site, the percentages were 49 Yo (VDT 
operators) versus 34 Yo (referents). This finding 
(greater "frequent or constant symptoms" among 
VDT operators) was true for 12 of 14 questions at site 
1 [not "shoulder soreness" (16 versus 34 Yo) nor 
"loss of strength in arms or hands" (1 1 versus 17 Yo)] 
and in all 14 questions at site 2. [The proportion of 
men was 62 Yo (site 1) and 20 Yo (site 2) among the 
VDT operators and 37 Yo (site 1) and 25 Yo (site 2) 
among the referents.] 
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Similar observations were made by Bolinder (lo), 
who found that VDT operators tended to report their 
problems as more serious than those of referents. 

Musculoskeletal symptoms in various body 
locations 

More definite differences between different types of 
jobs (including both VDT and non-VDT jobs) were 
seen when specific complaint locations were examined. 

In one study (58) data entry workers (VDT) and 
typists (non-VDT) had more complaints in the neck 
and shoulder regions than conversational mode 
workers (VDT) or traditional office workers (non- 
VDT). These subjective symptoms were verified by 
medical examination and were also manifested as 
painfully limited head mobility. 

Data entry workers (VDT), conversational mode 
workers (VDT), and typists (non-VDT) complained 
more than traditional office workers (non-VDT) of 
back pain (58). Data entry workers (VDT) had more 
arm complaints than had conversational mode work- 
ers (VDT) and typists (non-VDT), who in turn had 
more complaints than traditional office workers 
(non-VDT). Rain during isometric contractions of 
the forearm increased in the following order: tradi- 
tional office workers - conversational mode work- 
ers - typist - data entry workers (58). 

Upper leg problems were reported primarily by 
data entry workers (VDT), followed by traditional 
office workers (non-VDT) (58). 

A higher incidence of primarily neck and shoulder 
complaints among some types of VDT jobs com- 
pared to (some) non-VDT jobs has also been seen in 
a number of other studies (18, 36, 43, 108). 

Correlations between musculoskeletal 
symptoms and other variables 

Sex 
The sex of the operator appears to have a strong in- 
fluence on the reporting of musculoskeletal prob- 
lems. In the investigation of Murray et a1 (84) the 
average symptoms reported (14 questions) were ap- 

Table 15. Relationship between male: female ratios and the 
reporting of musculoskeletal symptoms 

Percentage of workers reporting 
Percentage of women symptoms 
in group VDT oDerators Referents 

-- - 

a These data are subject to a number of other confounders; 
see the text for a discussion of this problem. 

parently related to the sex of the VDT operator. For 
the referents no such relation was seen (table 15). 

Wallin et a1 (123) reported a number of possible 
confounders, related to work periods, job types, or- 
ganization, etc, to be different for the men and wom- 
en of their study. Unfortunately, few studies have 
been conducted in which both sex (ma1e:female ra- 
tios) and various job characteristics have been ana- 
lyzed by factor analysis. 

Work categories 
As has already been indicated, the type of job has a 
strong influence on the reported musculoskeletal 
complaints. In general, data entry workers often 
have a higher incidence of pain in specific body loca- 
tions, as compared both to non-VDT workers (18, 
58) and to other VDT workers (18, 31, 58, 77). 

Other types of work result in a more varied re- 
sponse between VDT and non-VDT workers. Clerical 
VDT workers reported more complaints than their 
non-VDT counterparts, while professional VDT or 
telephone VDT operators did not (18). 

In one Canadian study, a considerable difference 
in back muscle pain was found between international 
and local telephone operators (both groups using 
VDTs). The reported incidences were 48 versus 24 % 
(19). 

Duration of work 
A higher incidence of neck, shoulder, or back com- 
plaints has been found with increasing time spent at 
the VDT (18,40,77, 123, 127). The incidence of pain 
in the arms, hands, or legs was found by Wallin et a1 
(123) to be associated with increasing time spent at 
the VDT but not by Smith et a1 (102). 

The increase in reported pain was found to be a 
fairly monotonous function of the workhours, both 
in field studies (19, 123) and in experimental studies 
(40). Such increases with worktime were, however, 
seen in both VDT and non-VDT work (40). 

The incidence of reported pain was significantly 
and positively correlated with the length of the work 
periods (in the range 30 min - 2 h) (77). Relief was 
noted during the lunch break (40). 

Subjective evaluation of work 
Pain and stiffness in the extremities were not sig- 
nificantly associated with job-attitude variables, 
while pain and stiffness in axial musculature were, es- 
pecially with "job being hard, fast, with little time to 
do it" (102). (These findings were however not veri- 
fied by a predictive model.) 

Another study (which did not include factor analy- 
sis) indicated a higher incidence of reported pain 
when (i) the job was controlled by the system, not the 
user, (ii) job pressure was high, and (iii) job satisfac- 
tion was low (18). 



Relation to display, illumination and eye strain 

Pain and stiffness in the shoulders, neck, and back 
appear to be correlated also with visual aspects of 
VDT work - such as bothersome lighting, glare, and 
flicker. These findings were supported by a model 
predictive analysis, but not by the study of a second 
group of VDT and non-VDT workers (in the same 
study) (102). 

In another field study (77) a positive correlation 
was noted between the occurrence of eye strain and 
musculoskeletal complaints. 

Bifocal glasses 

In the discussion, presbyopes who lean their head 
back in order to use the lower part of their bifocal 
glasses have been suggested to be a t  greater risk of 
developing muscle pain. So far this has not been con- 
firmed by any study. (In some of the studies made, 
the number of wearers of bifocal glasses was too 
small for analysis.) 

Smith et a1 (102) found that wearers of bi- or multi- 
focal glasses had lower incidences of pain and aches 
in the axial musculature. This association was not, 
however, verified by subsequent analysis of the data. 

Some notes on the etiology of observed 
musculoskeletal complaints 

In general, the musculoskeletal problems noted are 
considered to be caused by postural restraints due to  
the workstation and the type of job performed. The 
various elements of the workstation to be viewed im- 
pose demands for viewing distances, etc, which are 
(presumably) met at the cost of postural problems. 

The problems are principally due t o  incorrect pos- 
ture (wrong ulnar deviation qf the hands, excessive 
bending of the neck, changes in the lumbar region 
during sitting - due both to  chair characteristics and 
leg room - wrong elbow angle, etc), to  static work 
(eg, due to the absence of wrist or back support), and 
to immobilization (58, 77, 94). 

Immobilization and static work lead to the ob- 
struction of blood vessels, with a painful accumula- 
tion of waste products (70, 94). 

In one field study (58) ,  correlations were seen 
between (i) hand and arm pain and keyboard height 
(above some 7-8 cm), (ii) pain and excessive ulnar 
abduction (> 20°), (iii) absence of (used/usable) 
support for the arms and pain in the neck, shoulder, 
and arms, and (iv) increased head inclination and 
turning with pain in the neck and shoulders. These 
findings correlate well with the general remarks al- 
ready made and with the developed standards. A de- 
crease in table height was associated with increased 
shoulder, neck, and arm pain, but this occurrence 
was attributed to the absence of document holders, 
not to the table height per se. 

The importance of workstation design (as indicated) 

has been confirmed by others. In another field study 
(84) excessive keyboard height (from floor or chair) 
and excessive viewing angle were suggested to  be as- 
sociated with the occurrence of musculoskeletal 
problems. [Due to the strong confounding influence 
of varying ma1e:female ratios, no analysis was pos- 
sible.] 

Similar confirmation has also been presented by 
Sauter (101), who found chair comfort and work- 
station configuration t o  be predictors of musculo- 
skeletal pain. In specific, musculoskeletal strain in- 
creased with increasing viewing angle and was allevi- 
ated by the presence of a detached keyboard. (These 
results were not subjected to factor analysis.) 

However, these results should not be used to define 
workstation design with a "correct posture," for 
several reasons. Differences as to  the correct posture 
exist in the literature [eg, on elbow angle (94)]. Indi- 
vidual dimensions vary considerably from the norm 
- especially if male and female or ethnic differences 
are considered. Individual preferences may show 
considerable variation, as does work demand. 

An adjustable workstation is of major importance. 
One example has been given by Sauter (IOl), in which 
the absence of a detachable keyboard was found to 
be associated with increased muscular pain occurrence. 
Murray et a1 (84) suggested that flexibility is needed 
for seat height, backrest height and tension, key- 
board height, and screen height and tension. 

The need to move is stressed by several physiologi- 
cal functions (skin discomfort at the point of contact 
with the chair, the requirement of the extra periph- 
eral pump for muscle contraction, etc). 

Immobilization is related to type of  work (both 
VDT and non-VDT). In two variants of data entry 
work, simple data collection and data ciphering and 
collection, the former was associated with a higher 
degree of immobilization (70). (See further page 36.) 
In general, data entry work probably results in more 
movement restraints than, eg, conversational mode 
work (31). 

Permanent damage 

There are no studies on possible chronic muscle disor- 
ders. Available literature on non-VDT situations sug- 
gests however that wrist and/or lower back disorders 
may develop. These suggestions are complicated by 
the somewhat different postural constraints and 
strains in VDT jobs compared to non-VDT jobs (94, 
103). 

Conclusions 

The occurrence of musculoskeletal problems per se 
does not appear to be specific to VDT operator 
groups; many problems can be found in other types 
of traditional office work (eg, typing) also. However, 
some data suggest that the frequency of occurrences 
(for an individual - reported as often compared to 



seldom) may be higher among VDT operators. This 
latter point needs further study however. 

There are apparent differences also as to the site of 
pain. VDT workers have a tendency to report more 
centrally located pain (shoulders, neck, possibly upper 
arms), while in non-VDT workers (especially typists) 
pain is felt more in the extremities. These findings are 
probably explainable by the different constraints in 
posture imposed by the different workstation con- 
figuration of, eg, data entry (VDT) workers and 
traditional typists. 

20. Adverse pregnancy outcome 

The appearance of several clusters of pregnant VDT 
operators, for which an unusually high miscarriage 
or birth defect rate was reported, has been given con- 
siderable attention. Debates on the possible influence 
of VDT work on pregnancy outcome have led to ap- 
prehension and worry among VDT operators, and a 
need to investigate this possibility. 

Table 16. Reported increased incidence of spontaneous abor- 
tion (SA) or congenital defects (CD) among VDT operators (US 
and Canada) (28,85,113 and an unpublished memorandum by 
Binkin et al). Only clusters occurring (at least partly) in the 
time period 1979-1980 are i n ~ l u d e d . ~  (ND = neonatal 
death, PB = premature birth). 

Place of occurrence 

Sears Roebuck, 
Dallas, Texas 
(Dept 168) 
Defense Logistic 
Agency, Atlanta, 
Georgia 

Toronto, Star, 
Toronto, Ontario 

Canadian Air 
Line, Dorval, 
Quebec 

Old City Hall, 
Toronto, Ontario 

Surrey Memorial 
Hospital, 
British Columbia 

Office of the 
Solicitor General, 
Ottawa, Quebec 

Date 

May 1979- 
June 1980 

October 1979- 
October 1980 

May 1979- 
May 1980 

February 1979- 
February 1980 

May 1978- 
October 1982 

Events notedb 

SA = 7112 
(ND = 1112) 

SA = 317 
CD = 217 
(PB = 117) 

SA = 417 
(PB = 117) 

a Additional clusters have since appeared in, eg, Renton, 
Washington (3 adverse of 5), Alma, Michigan (17 adverse of 
32), Atlanta, Georgia (6 adverse pregnancies of 15), Great 
Neck, New York (6 adverse, total number of pregnancies in 
the period not stated), San Francisco, California (19 adverse 
of 48), and Gander, Newfoundland (3 adverse of 31) (85,113, 
136, 138). 
Number of occurrenceslnumber of pregnancies in a (speci- 
fied) group (only abnormally high incidences noted). 

The occurrence of musculoskeletal pain in VDT 
operators is also correlated with sex (more often in 
females than in males), type of work (data entry 
highest), duration of work, etc. 

The causes of muscle pain in VDT operators are to 
be found in the constraint of posture and immobiliza- 
tion in specific types of VDT work and workstation 
design. Correct and adjustable workstation configu- 
ration, in connection with flexibility of posture, va- 
riations in job tasks, and short breaks, are obvious 
methods of alleviating these problems. 

A number of employers, in both North America 
and Europe, accept worry about dangers of VDT 
work as a justifiable reason for the woman to be as- 
signed to work away from VDTs during (the re- 
mainder of) a pregnancy. These agreements do not 
imply an implicit acceptance of VDTs as dangerous 
during pregnancy; the explicit motivation is the wom- 
an's worry. 

The basis for this concern is examined in some de- 
tail, first as to the clusters of adverse pregnancy out- 
come that have appeared and epidemiologic studies 
that have been performed and second as to the pos- 
sible factors in VDT work that may conceivably cause 
a teratogenic effect. An evaluation, based on available 
data, is made. 

Reported clusters of spontaneous abortions 
or congenital defects 

A number of "clusters" of high frequencies of spon- 
taneous abortion or birth defects has been reported, 
primarily among VDT operators in the US and Cana- 
da. Those found in the literature, and which occurred 
during 1979 or 1980, are shown in table 16. Only the 
first three clusters have been reported in detail, and 
only the first two have been subjected to a statistical 
analysis. Additional clusters have since appeared, a 
comment in Microwave News in May 1984 cited 11 
clusters being "made public" since 1980 (79, 136). 
Further cluster appearances have been claimed by, 
eg, the 9 to 5 Campaign (85). A few clusters have also 
been reported from other countries. 

Statistical evaluation of reported clusters of 
spontaneous abortion 
The six reported groups with high rates of sponta- 
neous abortion within the time period summer 



1979-summer 1980 can be summarized as follows: Epidemiologic studies 
number of pregnant women in each group 7-19 
(mean 12.2), percentage of spontaneous abortion in 
each group 43-58 Yo (mean 52 Yo). There was no 
trend in the percentage values as the group size in- 
creased. 

A plausible explanation for these recorded clusters 
is the combination of chance (random accumulation 
of a number of spontaneous abortion cases in a few 
of the many groups of pregnant women working with 
VDTs) together with the selective identification of 
only these groups. 

A realistic model based on these data and sugges- 
tions is presented in appendix 2. It appears that the 
expected number of groups with high (more than 
50 To) spontaneous abortion rates is in agreement 
with or in excess of the number of observed (re- 
ported) groups. The calculations in appendix 2 thus 
support a chance explanation of these findings. 

The same explanation for these clusters has been 
suggested by Binkin and co-workers in an unpublished 
memorandum in 198 1. The memorandum states that 
"Over a three-year period twenty-five hundred 
groups would have excess adverse outcomes at p = 

0.05, 500 at the 0.01 level, and 50 at the 0.001 level 
on chance alone." (The group sizes and assumed 
total number of pregnant women were somewhat dif- 
ferent than what is used in appendix 2.) 

Statistical evaluation of reported clusters of 
congenital defects 
The three reported clusters of congenital defects can 
be summarized as follows: number of pregnant wom- 
en in each group 7-15 (mean 9.7), percentage of 
congenital defects in each group 20-57 qo (mean 
35 Yo). 

An analysis similar to that for the spontaneous 
abortion cases is also made in appendix 2. The ex- 
pected number of groups with birth defect rates simi- 
lar to those observed exceeded the number of ob- 
served groups. This evaluation does not differentiate 
between different congenital defect disorders. In the 
Toronto Star cases (four congenital defects) there 
were four different defects, ie, underdeveloped eye, 
club foot, cleft palate, and hole in the heart. (One 
mother reported a family history of cleft palate.) 
These differences do not support the possibility of 
one single external factor as a cause of (all) these ef- 
fects (32). 

When some of the groups that were reported later 
(Renton, Washington, and Gander, Newfoundland) 
are included, a trend is noted whereby the maximum 
percentage for reported birth defects decreases with 
increased group size, eg, rate 57 %/group size 7, rate 
29 %/group size 7, rate 20 %/group size 5 and 15, 
rate 10 %/group size 31. Such a trend, while not 
statistically tested, is in accordance with a chance 
explanation of these findings. (See table 2 in appen- 
dix 2.) 

So far, only a few epidemiologic studies have been 
performed on the possibility of a correlation between 
VDT work and adverse pregnancy outcome. In one 
(36) the data were insufficient to be used in evaluat- 
ing the possibility of birth defects or miscarriages. 

The preliminary results of a second study, by 
McDonald et a1 (61, 76), is presented in detail in the 
following discussion. This detailed scrutiny is mo- 
tivated by the use of the presented data by a reviewer 
(28) to claim a significant correlation between VDT 
use and miscarriages. The authors of the study (and 
myself) disclaim such a correlation. 

A case-referent study in Finland was based on 
existing registers of congenital defects (Kurppa K, 
personal communication). There was no difference in 
VDT exposure between mothers of malformed and 
normal children. (The relative risk point of, eg, 
mothers working with VDTs for > 4 h compared to 
those not working with VDTs was 1.0.) The study 
comprised 2 950 women. 

A Japanese study (64) on 1 591 VDT workers in- 
cluded 50 pregnancies. Thirteen were described as 
"abnormal pregnancies or abnormal deliveries." Of 
these 13 pregnancies, 4 (8 070) ended in abortion, 
while 6 others (12 070) were described as "threatened 
abortion." These abortion rates appear to be similar 
to abortion rates reported for other worker groups - .  

in Japan. The small size of this study makes it im- 
possible to draw any conclusions however. 

A study is at present being conducted in Sweden 
jointly by the National Board of Occupational Safety 
and Health and the National Board of Health and 
Welfare to investigate the relations between work at 
VDTs and adverse pregnancy outcome (30). This 
study utilized existing registers to define a study 
group of 500 mothers with adverse pregnancy out- 
come, each with two referents. In the second phase, 
these mothers were asked to complete a questionnaire 
on their work history, including use of VDTs. The 
steering group7 has made an evaluation of the pre- 
liminary results of the study and have found no indi- 
cations that VDT work leads to increased risks of 
spontaneous abortion, congenital defects, or perinatal 
death. The final results are expected in February of 
1985. 

NIOSH is initiating a study on the possible effects 
of VDT use on reproductive health (79). The study 
will, if possible, include a prospective component. 
Other studies are being planned, eg, in Denmark and 
the US (Michigan and North Carolina). 

The steering group is composed of experts and representa- 
tives of trade unions and employers' organizations. 



The Montreal study 

Aim and methods 

The only significant increase noted for VDT work- 
ers in this study was that of the spontaneous abortion 
rate. 

The project's aim is to  find correlations between a 
number of job-related factors and certain adverse 
pregnancy outcomes, ie, spontaneous abortion, con- 
genital defects, and low birth weight (61). 

All women attending 11 Montreal hospitals for 
childbirth or after a spontaneous abortion during a 
two-year period are being interviewed. The inter- 
views concern the present and past pregnancies, so- 
cioeconomic data, data on the job situation during 
each pregnancy, etc (61). 

The results now presented (76) have been derived 
from the interviews made the first year (May 1982 to 
May 1983) and are only concerned with the first preg- 
nancies of women who entered the hospital because 
of a second pregnancy. Thus the pregnancy for which 
they entered the hospital was not the pregnancy from 
which data were derived for the analysis. 

Presented results 
(All significance tests mentioned were performed by 
me.) 

A total of 14 708 women were interviewed in detail 
- 18.1 Vo had had a spontaneous abortion, 4.5 Vo of 
the rest gave birth to defective children, and 7.6 VO 
gave birth to children with a birth weight of less than 
2.5 kg. 

The spontaneous abortion rates were significantly 
higher for women with employment (in general), and 
specifically for certain job categories. Some work- 
related factors were correlated with higher rates of 
spontaneous abortion (range 20.7-28.6 %). Among 
these factors, VDT work was related to a rate of 
spontaneous abortion of 21.5 %. Compared with all 
women in the study, this higher rate was statistically 
significant (p < 0.05). 

There were small differences in the rates of con- 
genital defects in the study. The authors made no de- 
tailed analysis of these data, since the types of defor- 
mity were too heterogeneous. Work with VDTs did 
not show any significant increase in (the total) birth 
defect rate compared with that of the total cohort. 

Low birth weight was more prevalent for women 
without employment than for those employed. Work 
with VDTs was not correlated to any increase in the 
rate of low birth weight. 

Table 17. Rate of spontaneous abortion among women in the 
Montreal study (76). 

Rate of spontaneous abortion 
Time of first 
conception VDT workers Non-VDT workers 

("10) ( "/. ) 

Prior to 1981 10.4a 11.6 
During 1981 63.5 69.7 

a 6.1 % for women using VDTs for 1-4 hlweek, 12.3 % for 
women using VDT for more than 20 hlweek. 

64 

Evaluation of the data 
The authors of the study expressed doubt about the 
validity of the VDT data with the following state- 
ment "This shorter interval for first conceptions 
ending in an abortion (to the present pregnancy), in 
conjunction with the trend to a wider use of VDT's 
systematically biases the relation between the two 
events. . . [pp 5-61'' (61). They also presented some 
data on VDT and spontaneous abortion by separating 
1981 first conceptions from prior to 1981 first con- 
ceptions (see table 17). The apparent dubious spon- 
taneous abortion percentage data for 1981 concep- 
tions are explained by the selection bias previously re- 
ferred to and by the conclusions of McDonald et al 
(76), which can be summarized as follows: Few wom- 
en who started their first pregnancy in 1981 and gave 
birth to a living child will have their second pregnancy 
completed during May 1982 to May 1983 (prerequisite 
for inclusion in the study). In contrast, a large propor- 
tion of the 1981 conception women whose pregnancy 
ended in a spontaneous abortion will start a second 
pregnancy fairly soon, and thus they will become 
eligible for inclusion in the study. 

These phenomena are studied in some detail in ap- 
pendix 3. In principle, the outcome of the first preg- 
nancy will influence the probability of and the time 
interval to the next pregnancy, and this occurrence 
will in turn influence the fractions of women with 
different pregnancy outcome which are included in 
the study. If a subgroup, such as VDT workers, is 
increasing rapidly during the pertinent time period, 
then the relative proportion of spontaneous abor- 
tions and other outcomes will also be disturbed - 
thus any comparison between such a group (VDT 
workers) and other groups includes a systematic er- 
ror. In a quantitative model of the McDonald study 
(see appendix 3), the impact of this error for VDT 
workers and spontaneous abortion was estimated. It 
appears that the increase in spontaneous abortion 
among VDT workers noted in the report of McDon- 
ald et a1 (76) is fully explainable by this error (selec- 
tive bias). 

In light of this selection bias, the difference noted 
between women using VDTs for 1-4 h/week and 
those using VDTs for > 20 h/week is difficult to 
evaluate, since no data are available on the possible 
time trends of VDT use (hlweek, person). 

Possible factors related to the use of video 
display terminals and adverse pregnancy 
outcomes 

In attempts to explain the aforementioned clusters, 
some VDT-related factors have been discussed as 
possible causes. Factors under discussion have been 



electromagnetic radiation and fields, emission of 
polychlorinated biphenyls, and stress. 

Electromagnetic radiation and fields from VDTs 
are not found at harmful intensities, as evidenced 
from a large number of measurements in many fre- 
quency bands (see pages 15-17). Two specific bands 
are discussed in this presentation, ionizing radiation 
(X rays) and low radio frequency magnetic fields. 

Polychlorinated biphenyl emission from VDTs has 
been suggested in one report (29). This suggestion has 
been repudiated by other investigations. VDTs are 
not considered a source of such emission (see page 
38). 

Stress has been suggested as a cause of the pre- 
sented miscarriages. As discussed on pages 55-57, 
stress appears to be more linked to the type of job 
and the work situation than to the use of VDTs per 
se. It should be noted that a link between stress and 
spontaneous abortion has yet to be verified (Binkin et 
al, unpublished memorandum). 

X-ray emissions in relation to observed 
adverse health events 

There is a general consensus that VDTs do not emit 
ionizing radiation (X rays) at detectable levels (see 
pages 17- 18). 

DeMatteo (28) has cited a few results of the BRH 
(14) as an indication of possible excess emission from 
some VDTs. However, these results did not appear 
during normal operating conditions, but during ex- 
treme test situations not compatible with normal 
operation. The makes were recalled or denied access 
to the (US) market (and have never appeared on the 
Canadian market). 

Furthermore, even on the extreme assumption that 
such a unit should have been used under such ex- 
treme conditions at any of the cluster sites, the expo- 
sure levels would not exceed the background levels 
(about 2.5 mSv/year) and would be considerably 
below existing standards for the general population. 

In addition, of the eight cases in the Sears cluster 
(including one neonatal death), only two worked full- 
time (160 h/month) with VDTs, the remaining six 
worked only about 6 h/month at the VDTs. The 
VDT units were not of the same makes as the faulty 
ones tested by the BRH (14 & Binkin et al, unpub- 
lished memorandum). 

The VDTs used by the Toronto Star cluster were 
tested as to ionizing radiation, and no radiation was 
detected. Nonionizing levels were very low or nonex- 
istent, well below existing standards (32). The same 
results were found for the VDTs used at the Old City 
Hall in Toronto, where another cluster appeared. 
The "faulty" units tested by the BRH (14) were not 
used in Canada. 

It can be concluded that ionizing radiation from 
VDTs cannot be considered a viable explanation for 
the reported clusters of adverse pregnancy outcome. 

The effects of magnetic fields of very low 
frequency on chick embryogenesis 
Description of studies performed 
In a series of experiments, Delgado and his co-work- 
ers (26, 27, 118, 119) have indicated the possibilitfl 
that low intensity, VLF magnetic fields may adversely 
affect developmental processes. 

A number of newly fertilized hen eggs (probably 
White Leghorn) were exposed to pulsed magnetic 
fields (duration about 0.5 ms) with frequencies of 10, 
100, or 1 000 Hz, intensities of 0.12, 1.2 or 12 pT. 
After 48 h the embryos were examined as to gross 
morphology of the intact embryo and histology of 
sections of the embryo. 

In the first report (27) 36 of 42 exposed eggs (ver- 
sus 4 of 26 controls) showed gross morphological ab- 
normalities8 In the exposed eggs, the cephalic ner- 
vous system appeared to be more susceptible to ab- 
normalities, compared to the truncal nervous system, 
the heart, vessels, or so mite^.^ Although effects were 
seen in the exposed eggs at all frequencies and all 
amplitudes, they were more pronounced (both statis- 
tically as to number of eggs involved and qualitative- 
ly as indicated by histological sections) at 1.2 pT 
(compared to other amplitudes), and at 100 Hz (com- 
pared to the other frequencies). Both 100 and 1 000 
Hz showed malformations in at least some organs in 
all exposed eggs (100 versus 15 % in controls), but 
the morphological abnormalities were more pro- 
nounced in the 100 Hz series (especially at 1.2 pT). 
No statistical evaluation was reported. 

In a subsequent report (1 19) a larger number of ex- 
periments were described, and there was also some 
variation in pulse form. The repetition frequency was 
100 Hz, and the pulse duration 500 ps in all the ex- 
periments. A significant increase in morphological 
abnormalities among the exposed versus the control 
eggs was found only for certain pulse types, and at 
amplitudes of 0.4 or 1.0 pT. Other pulse types at 
these or other amplitudes showed no difference 
between the exposed and control eggs (see table 18). 

Time derivative of the magnetic field 
It has been suggested by others [eg, by the SSI (110) 
and Tell (1 14)] that the relevant parameter for bio- 
logical effects of the aforementioned magnetic fields 
would be the time derivative of the amplitude B; 
dB/dt. I have therefore reexamined the data from 
Ubeda et a1 (1 19) as to dB/dt based on reported rise 
times of the pulses. The results - and their associa- 

Normal embryos were those which had reached at least 
stage 9 [see the report of Hamburger & Hamilton (50)J 
after 48 h, and also exhibited normal morphological and 
histological appearance. 
Somites refer to segmented blocks of epithelioid cells ad- 
jacent to the neural tube of embryos, later developing into 
bone, connective tissue, dermis, muscle, etc. 



Table 18. Rate of change of magnetic fields and effects on chick ernbryogenesis (pulse repetition rate 100 Hz). 

Pulse 
typea 

Rise Magnetic field Abnormalitiesb 
time amplitude B dBldt Abnormality 

GLS) GLT) 
(mTls) Exposed Control ratioC 

eggs eggs 

a See the report of Ubeda et al (119) for the details, and the text for further discussion. 
Abnormal eggsltotal number. 
% exposed; % control, NS = not significant (p > 0.05) [p values from the report of Ubeda et al (119)l. 
Revised data according to an unpublished memorandum by Hansson-Mild in parentheses. (See the comments in the text.) 

tion with the experimental results - are shown in ta- 
ble 18. 

As can be seen from table 18, there is no apparent 
relationship between the dB/dt and the abnormality 
ratios. Significant results were seen for 24 and 200 
mT/s, but nonsignificant results were also seen at 
these and other rates. 

Thus it appears that the descriptive parameters rep- 
etition frequency and the magnetic field amplitude B 
or its time derivative dB/dt are insufficient to dif- 
ferentiate between "potent" and "nonpotent" mag- 
netic field conditions in these experiments. One fur- 
ther possibility would be the pulse shapes, possibly 
characterized by their Fourier transforms (spectral 
analysis). Preliminary investigations by the SSI indi- 
cate that the pulse shape C and D would extend up 
to some kilohertz, while pulse shape B may possibly 
extend up towards the megahertz range (Paulsson 
L-E, personal communication). 

The rise times of the C and D pulses reported by 
Ubeda et a1 (119) are apparently in error due to un- 
certain technical procedures (unpublished memoran- 
dum, Hansson-Mild K). New rise times have been 
given, and they are included in table 18. While these 
new data do change somewhat the correlation be- 
tween the dB/dt and the effects, they do not mate- 
rially affect the preceding conclusion - that dB/dt 
does not appear to be a major factor determining the 
effect. 

These results have so far only been published by 
Delgado and his co-workers. Results verifying some 
of these findings have been claimed by Hansson- 
Mild. Another group (led by Miller) has, however, 
apparently failed to verify Delgado's results (137). 
Both the results of Hansson-Mild and Miller will be 
published fairly soon. It should be noted that some 
differences existed between Hansson-Mild's and Mil- 
ler's parameters. The exact parameters to be used for 
these experiments have yet to  be defined. Extensions 
of the results of Delgado to other animal species 
(mice) are planned by the SSI. 

Possible relationship of these results to exposure 
to video display terminals 
It has been suggested that, if these results of Delga- 
do's are accurate, then one possible extension would 
be the possibility of embryogenetic effects of mag- 
netic fields from VDTs (1 14 & Hansson-Mild K, un- 
published memorandum). 

The arguments as presented are: 

1. Delgado's results (if accurate) indicate the existence 
of frequency windows (resonance frequencies) for 
embryological effects of VLF magnetic fields. 

2. One relevant parameter should be dB/dt. The 
dB/dt values presented are of the same order of mag- 
nitude as that of the horizontal deflection system 
(1-43 mT/s at a distance of 0.3 m (see page 24). 

3 .  Thus the possibility of effects of VDT exposure on 
embryos should be investigated. (Such experiments 
are under way or planned in both Sweden and Can- 
ada.) 

My own evaluation and opinion are as follows: 

1. The results of Delgado et a1 are interesting but 
should be repeated by independent groups. At pres- 
ent there are too many uncertainties in the study de- 
sign for one to consider them reliable. Work on this 
problem is in progress (Hansson-Mild K, unpub- 
lished memorandum). 

2. The results at present contain several diffuse 
points, especially on the relevant exposure parame- 
ters to  be used. Delgado claims (27) the existence of 
a frequency window at 100 Hz. In the data (27) how- 
ever all the eggs exposed to both 100 and l 000 Hz 
showed some abnormalities, although those at 100 
Hz showed the "most consistent and powerful inhibi- 
tory effect on embryogenesis." The issue of the rele- 



vant frequencies is not resolved, especially in light of 
the various pulse shapes and the presented Fourier 
analysis discussion. Furthermore, the possibility of 
an "amplitude window" (as claimed by Delgado) 
should preferably be supported with a suggestive ex- 
planation of a mechanism explaining such an effect. 
Very few eggs were used in some combinations of 
amplitude and frequency when the frequency and 
amplitude windows were defined. 

3. At present, the experimental condirions d o  not 
show agreement with the magnetic fields of the 
VDTs. First, the frequency issue is not resolved (and 
the claimed frequency of maximum effect, 100 Hz, is 
far from the discussed relevant VDT frequency of 
15-30 kHz). Second, although the dB/dt ratios cor- 
relate (although possibly not a t  relevant frequencies), 
the correlation between dB/dt and the noted effects 
remains to  be shown. 

In conclusion, I am of the opinion that, while the 
results of Delgado et a1 are interesting, their rele- 
vance to  VDT situations has not been shown, based 
on presently available data. 

Conclusions 

A number of "clusters" of high frequencies of spon- 
taneous abortion or birth defects has been reported 
among VDT operators in (primarily) the US and 
Canada. A small number of such clusters (about 
5-10) is reported every year. 

The frequency with which clusters of adverse preg- 
nancy outcomes appear are consistent with the as- 
sumption that female pregnant VDT operators as a 
group experience normal occurrences of miscarriage 
or birth defects. The clusters that do appear should 
thus only represent those few groups with outcomes 
at the extreme high end of the probability distribu- 
tion of adverse pregnancy outcomes. 

The data available on epidemiologic studies d o  not 
suggest an increased frequency of adverse pregnancy 
outcome among VDT operators. 

The possibility that these clusters may be explained 
by chance is further strengthened by the observation 
that it is the only explanation which is consistent with 
known data on exposure to VDTs and with relevant 
scientific knowledge on teratogenesis in general. 

Alternative possible explanations based on electro- 
magnetic radiation or fields from VDTs cannot be 
supported by presently known data. No measurable 
levels of ionizing radiation are found at VDTs, and 
the levels of nonionizing radiation are considerably 
below present occupational standards. 

Chick embryogenesis has been adversely affected 
by pulsed magnetic fields in studies reported by one 
group. So far, the magnetic fields used in this study 
have not been shown to be similar to  those from 
VDTs, neither as to the frequency nor to  the ampli- 
tude. Several research groups are actively investi- 
gating these phenomena. 

The conclusion that VDT units do not cause mis- 
carriage or congenital defects is based on the fol- 
lowing rationale: One plausible explanation of the 
observed clusters has been given (that of chance 
alone), and no alternative explanation has been 
found, based on known data. 
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Video display terminals (VDTs) have come into in- 
creasing use in most countries. In newspaper offices 
in the United States (US) and Canada, for example, 
the number of VDTs increased from 155 in 1971 to 
30 000 in 1981, a figure which corresponds to a 70 % 
annual increase. The annual growth of VDT users in 
Canada is supposedly 20-35 % per year at present. 
By the year 2000, forecasts suggest that 60 VO of the 
North American workforce will be using VDTs. 

In the wake of this expanding use of VDTs, reports 
and expresse'd concern about adverse health effects 
among VDT operators have appeared. This concern 
has been largely directed towards ergonomic aspects 
(effects on vision) in Europe and the possibility of ra- 
diation hazards in North America. In later years, our 
knowledge on these possible effects has been ex- 
panded and also, in part, consolidated; therefore 
some consensus statements are feasible. 

The information and evaluations in this document 
are divided into two sections, a technical-occupa- 
tional hygiene description of factors (VDT or non- 
VDT originating) which may conceivably be of in- 
terest in respect to the health effects of VDTs and a 
medically and phenomenologically oriented descrip- 
tion of reported/suggested/alleged health effects, 
when possible discussed with reference to the tech- 
nical part. 

There are fundamental objections to the use of 
terms like "prove" or "impossible" in empirical 
science. Accordingly, the presented summary on 
VDT and health must be considered to be limited by 
available knowledge. 

The evaluations included in the summary are based 
on the following principles: 

1. A consensus statement is made if (i) there are 
several independent studies confirming the statement 
and (ii) there is no scientifically based opposition to 
the statement (or, if there is, it has been judged to be 
irrelevant or inconsequential to the issue by the re- 
viewers). 

2. A statement is made if (i) there are a few indepen- 
dent studies confirming the statement and there is no 

scientifically based opposition to the statement (or, if 
there is, it has been judged irrelevant or inconsequen- 
tial to the issue) or (ii) there are several independent 
studies confirming the statement, but there are also 
some contraindicative studies. 

3. A comment is made if the information is consi- 
dered relevant to the issue but does not qualify as 
either a consensus statement or a statement. 

Technical and occupational hygiene aspects 
of video display terminals 

The cathode ray tube 
The VDTs considered in this document are based on 
the cathode ray tube (CRT) technique for presenting 
written information. CRT devices contain the fol- 
lowing elements of interest: (i) a cathode, serving as 
the electron source; (ii) a grid, used to modulate the 
intensity of the electron beam; (iii) anodes, which ac- 
celerate and focus the electron beam; (iv) deflecting 
devices, regulating the impact area on the screen, 
normally through an arrangement of magnetic coils 
outside of the tube; (v) a screen, consisting of two 
layers, a metal layer given a high potential for accel- 
erating the electrons and a fluorescent screen material, 
phosphor, where the electron energy is converted to 
light; and (vi) a conductive glass envelope. 

The generation of text or a picture on the screen is 
dependent on three cyclic procedures: (i) a vertically 
deflecting magnetic field with a frequency (refresh 
rate) of between approximately 50 and 80 Hz, (ii) a 
horizontally deflecting magnetic field with a frequen- 
cy of between (normally) 15 and 25 kHz, and (iii) 
modulation of the electron beam intensity in order to 
produce light or dark spots along the horizontal 
sweep, with frequencies in the megahertz region. 

The electron beam passes across one picture ele- 
ment (dot) in a very short time, on the order of 100 
ns, and returns about 15-20 ms later. 



Electromagnetic and electrostatic radiation 
and fields 
A VDT based on the CRT technique is a potential 
source of several distinct electromagnetic spectral 
bands. X-ray radiation arises within the CRT tube 
when the fast electrons are quickly slowed down by 
the screen material. Optical radiations are purposely 
derived by the phosphor material in the screen, when 
interacting with the electrons. High radio frequency 
radiations appear, apparently related to the frequen- 
cy of the intensity modulations of the incident elec- 
tron beam towards the screen. Low radio frequency 
radiations emanate from the horizontal deflection 
system. Very low frequencies arise around the refresh 
rate and apparently depend on both the vertical de- 
flection system and modulations of the electrostatic 
field by the intermittent negative electron beam. 

Electrostatic fields frequently appear in relation to 
the acceleration potential of the CRT. 

The electromagnetic spectrum of radiation from 
VDTs has been reasonably well investigated. Levels 
of radiation have been found to be small compared 
to present occupational and environmental stan- 
dards. No standards, however, have been defined for 
very low frequencies or for electrostatic fields. 

Consensus statement. VDTs are not a source of 
harmful intensities of electromagnetic radiation in 
the X-ray, ultraviolet, visible, infrared, microwave, 
or high radio frequency parts of the spectrum. 

Considerable electrostatic fields from several types 
of VDTs have been detected. 

Statement. Low radio frequency radiation (< 3 
MHz) and very low frequencies (< 3 kHz) are not 
considered to be harmful at intensities emitted from 
VDTs. This assumption is based on occupational 
standards, on comparison with other (ubiquitous) 
emitting devices, and on theoretical considerations. 

Comment. Adverse health effects of moderate in- 
tensities in the very low frequency band (frequencies 
around 50-100 Hz) have been suggested, but have as 
yet not been substantiated. Neither have specific cor- 
relations with frequencies and intensity levels emitted 
from VDTs been established. 

The measured electrostatic fields from some VDTs 
may possibly be of relevance for the appearance of 
skin rashes among VDT operators, but this possibili- 
ty has as yet neither been confirmed nor repudiated. 

Sound and noise 
Sound emissions from VDTs have been detected, 
both in the audible and in the ultrasound regions. 

Consensus statement. No consensus statement is 
appropriate. 

Statement. The limited number of measurements on 
the levels of sound emissions suggest that they will 
not cause any harmful physical effects. 

Display chgracteristics and readability of the text 
The information received by the operator is derived 
from that of the screen. This information transfer is 
subject to the legibility of the screen characters. A 
number of parameters are relevant for a discussion of 
health effects. These parameters have been divided 
into three groups related to the luminance, the struc- 
ture, and the time variation of the information pre- 
sented. 

The luminance and the structure profoundly affect 
the readability of the text. (This document does not, 
however, include evaluations pertaining to readabili- 
ty unless they are pertinent to discussions of health 
effects and discomfort, notably asthenopia.) (Asthe- 
nopia is defined in this document in accordance with 
the recommendations made in 1983 by the US Nation- 
al Research Council's Panel on Impact of Video 
Viewing on Vision of Workers (the NRC Panel) as 
"any subjective visual symptoms or distress resulting 
from the use of one's eyes.") 

Consensus statement. Display parameters as they are 
found in many workplaces, and in combination with 
workroom illumination, are important factors in the 
development of asthenopia. In a number of field sur- 
veys, several of these parameters have often been 
found not to conform to recommendations. This 
finding was particularly notable for contrasts, il- 
lumination levels, glare, and reflections. 

Statement. Oscillation characters of the screen dis- 
play are probably of some importance in determining 
discomfort and asthenopia. Some notable parame- 
ters are flicker, jitter, and oscillation degree. 

One specific issue is polarity (positive, ie, dark let- 
ters on bright background versus negative, ie, bright 
letters on dark background). Positive polarity appears 
to be related to improved performance (higher read- 
ing speed and fewer errors), to suitable workroom il- 
lumination settings, and possibly also to less discom- 
fort caused by the operator's gaze moving between 
the source document and the screen. 

Comment. Unfortunately, some of the oscillation 
parameters appear not to be well documented. Liter- 
ature values of decay times (roughly the duration of 
the luminance of a bright "dot") vary by several or- 
ders of magnitude. These differences may be due to 
measuring difficulties - decay times in the microsec- 
ond region have been reported. 

The refresh rate must be considerably higher than 
50 Hz (up to 70-80 Hz) in order to avoid flicker in 
positive polarity VDTs. 



The operator and workstation design 
A number of characteristics of the operator have 
been shown to influence the incidences of reported 
health effects of VDT operators. Parameters dis- 
cussed include sex, age, body dimensions (as in- 
fluencing posture at a VDT workstation), educa- 
tional status, etc. 

A second area of major importance is the design of 
the workstation, its impact on viewing distances and 
angles, and work posture. Some principles of work- 
station design are briefly discussed. 

Consensus statement. Viewing distances to  the screen 
are generally longer than to the document or to  the 
keyboard, but the range of observed viewing distances 
is fairly large. 

No ideal work posture can be specified. Individual 
adjustments and measures to prevent immobilization 
are of prime importance. 

Statement. The sex of the operator is a major factor 
in the variations found in occurrences of some ob- 
served health effects. 

The type of job performed at the VDT is a cofactor 
closely linked to the sex ratio; female operators often 
have the more monotonous jobs. Education is an- 
other aspect of the same set of  interdependent factors 
(sex, education, work type). 

Age may be another factor for some health effects. 

Office environment 
Several workroom characteristics are discussed in 
connection with some health effects, such as astheno- 
pia and skin rashes. General physical parameters are, 
eg, temperature, humidity, and floor resistance. 
Some physicochemical parameters are air ion con- 
centrations and air contaminants. 

Consensus statement. No consensus statement is 
appropriate. 

Statement. In the presence of a (strong) electrostatic 
field between the VDT and the operator, aerosol 
particle deposition on the operator's face is increased. 

The air humidity is an important factor for deter- 
mining the electrostatic charge on the operator. 

Comment. Aerosol particle deposition and air hu- 
midity may possibly be linked t o  cases of skin rashes 
among VDT operators. 

Job design and psychosocial factors 
The psychosocial environment has been shown to 
have a major influence on many of the reported 
health effects afflicting VDT workers. It is apparent 
that VDT operator groups must also be characterized 

as to the type of work performed, as well as to  the or- 
ganizational and social context of the work. Unfor- 
tunately, this categorization has seldom been done. 

Job types can be characterized as data entry, data 
acquisition, interactive communication, word pro- 
cessing, or professional. 

Consensus statement. The type of work performed 
has a profound effect on the occurrences of all ob- 
served health effects. 

Work breaks are a necessity for alleviating discom- 
fort. 

Statement. Further separation of job types may be 
necessary to  describe work conditions accurately in 
relation to some health effects. 

Job attitudes associated with VDT work are prob- 
ably more characteristic of the job than (primarily) 
the VDT factor. The place of the workers in the orga- 
nizational hierarchy is of importance in describing a 
number of stressors - control of work, intensity of 
work, mental involvement, social contact, etc. 

The attitude towards work, while positive in many 
VDT workers, may be quite different depending on 
the job type - and related to job monotony, time 
spent a t  the VDT, etc. 

The optimal pattern of work breaks has not been 
elucidated. 

Comment. In descriptions of the social aspects of 
VDT work, attention should not be limited to the 
workplace; considerations of situations outside the 
work may also be of importance. 

The work type and organizational and social 
aspects may also influence the possibility of recall 
bias in field surveys. This possibility is of importance 
in studies in which operators report complaints in in- 
terviews or on questionnaires (self-reporting). Such 
influences may lead to considerable errors when com- 
plaint frequencies are estimated - especially in field 
studies with low response rates. 

Short informal breaks may be of major importance 
in preventing (at least) musculoskeletal problems. 
Subjective asthenopia occurrence (and possibly that 
of some other health effects) is apparently increased 
if reported worktime/day exceeds about 4 h. 

Medical and epidemiologic aspects of work 
with video display terminals 

Asthenopia and eye strain symptoms 
The symptoms of asthenopia discussed are visual 
(blurred, double, or flickering vision, etc) and ocular 
(irritation, pain, red eyes, etc). Unfortunately, some 
confusion exists as to  the exact symptoms included in 
eye strain, visual symptoms, etc, in various field sur- 
veys. This confusion often makes direct comparison 
difficult. 



Consensus statement. VDT work is associated with 
an increased occurrence of asthenopia symptoms in 
comparison to similar work performed without 
VDTs. 

The development of asthenopia symptoms is de- 
pendent on problematic characteristics of display and 
workroom lighting. No specific parameter has been 
fully identified however. 

Nevertheless, it is generally agreed that improving 
display and workroom lighting performance will de- 
crease the frequency of occurrence, probably in con- 
nection with changed job requirements. 

Statement. Asthenopia symptoms may persist through- 
out the evening after work. Complaints have been 
correlated with workroom lighting, glare, screen or 
character brightness, readability, flicker, reflections, 
and dry air. 

Different studies show major differences as to the 
occurrence of asthenopia. This variation may be re- 
lated to different ma1e:female ratios (females having 
higher asthenopia incidences), the work type (varying 
trends between data entry and interactive communi- 
cation reported), length of work periods between 
breaks, and duration of work (hours/day), as well as 
differences in display and workroom lighting adjust- 
ments. Reported symptom frequencies also differ 
due to the different survey criteria used (eg, symp- 
toms occurring daily versus occasionally). 

Comment. Ocular asthenopia symptoms may be 
primarily associated with workplace lighting charac- 
teristics (glare, brightness of main lighting, shadows, 
etc) and not with display characteristics, while visual 
asthenopia symptoms may be more related to the 
display characteristics. 

The relationship between the different display and 
workroom lighting characteristics are however very 
complex. Relationships with job requirements and 
other factors are also incompletely understood. 

The wearing of glasses has been correlated with 
asthenopia symptoms (for both VDT operators and 
referents). 

Effects of the work on measures of eye function 
Attention has been focused on the possibility of re- 
lating asthenopia symptoms to objectively measured 
changes, eg, in oculomotor functions. This possibili- 
ty has generally not been very successful. 

Some findings specifically related to asthenopia in 
VDT operators are of interest. 

Consensus statement. No consensus statement is 
appropriate. 

Statement. Temporary changes in accommodation 
and vergence may occur during work, in both VDT 
operators and referents. The interpretation of these 

findings as results of eye fatigue has not however 
been established. 

These changes have not been shown to be more fre- 
quent in VDT operators than in referents. 

Comment. This area needs further research, both as 
to fundamental issues and as to its application to 
VDT work. 

Furthermore, the "temporary myopization" seen 
in some studies should be further investigated. 

Pathological changes in the eyes of operators 
Permanent eye damage due to VDT work has been 
suggested. Primary attention has been given the pos- 
sibility of cataract formation, while some suggestions 
on acquired myopia have appeared recently. 

The suggestion of cataract formation due to VDT 
work is based on some case reports. 

Consensus statement. There exist neither epidemio- 
logic nor experimental data to support the suggestion 
that VDT exposure could lead to cataract formation. 

Statement. Apart from myopia, no other permanent 
eye damage due to VDT work is at present suspected 
or considered. 

Comment. The epidemiologic studies on which the 
consensus statement is based are (formally) not fully 
conclusive, due to the inadequate worktime spent at 
VDTs by most study subjects. However, the negative 
findings of these studies are supported by the lack 
of (presently known) factors connected with VDTs, 
which could conceivably be linked with cataract for- 
mation. 

The possibility of myopia development due to near 
work (eg, office work, VDT work) cannot be eval- 
uated at present. 

Headaches and epilepsy 
A number of other effects such as headaches have 
been discussed in connection with VDT work. It has 
also been suggested that VDTs may induce photosen- 
sitive epileptogenic seizures in sensitive individuals. 

Consensus statement. No consensus statement is 
appropriate. 

Statement. Some epidemiologic studies have found 
an increased occurrence of headaches among VDT 
workers in comparison to referents, while other stud- 
ies have failed to do so. 

Headaches among VDT workers are probably re- 
lated to the type of work performed. 



Comment. Photosensitive epileptogenic seizures are uals. The third is sensitivity of the operator to such 
not likely to occur among VDT operators. air contaminants. 

Stress and psychological effects 
Several psychophysiological variables have been dis- 
cussed in connection with VDT work. Specific com- 
plaints noted in the discussion are anxiety, depres- 
sion, irritability, nervousness, increased heart rate, 
etc. 

Consensus statement. These complaints, while fre- 
quently occurring in VDT workers (and in ref- 
erence groups), are linked more to the psychosocial 
aspects of the workplace than to the VDTs per se. 

Statement. There are differences in symptom ap- 
pearance between different work types, different 
worksites, different work organizations, etc. No def- 
inite pattern can be discerned from the literature 
however. 

Comment. In one study, utilizing both question- 
naires and measurements of stress, hormone levels, etc. 
the following notable influences were seen: VDT op- 
erators gave frequent interruptions in VDT process- 
ing as one major cause of stress, and adrenaline levels 
and diastolic blood pressure increased significantly 
during a 3.5-h interruption. 

Skin rashes 
A few reports on skin rashes among VDT operators 
have appeared. In connection with these reports, at- 
tention has been focused on electrostatic phenomena 
of both the VDT and the operator. 

Consensus statement. No causal relationship has 
been established between VDT exposure and the oc- 
currence of facial rashes. The majority of VDT work- 
ers appears not to be at increased risk of such dis- 
orders. 

Statement. A small number of facial rashes has not 
been adequately explained by other factors. The pos- 
sibility of a VDT factor involvement remains - sup- 
ported by experimental findings of increased aerosol 
deposition on the face of operators in strong electro- 
static fields. 

Comment. A suggested etiology for the (few) cases of 
skin rashes that have occurred among VDT operators 
includes three factors. The first is the presence of a 
strong electrostatic field, which will increase facial 
deposition of air contaminants. (The electrostatic 
charge on the operator may possibly be more im- 
portant than the charge on the VDT. If so, low 
humidity is an additional prerequisite.) The second 
is the presence of an air contaminant capable of 
causing skin rashes among (some) sensitive individ- 

Muscular discomfort 
Several studies have indicated the occurrence of var- 
ious musculoskeletal symptoms among VDT oper- 
ators. The incidences vary with a number of other 
variables, both due to the operators' situation and 
due to the study design. 

The musculoskeletal symptoms may be of various 
types (pain, stiffness, fatigue or tiredness, cramps, 
numbness, tremor, etc), occur at various locations in 
the body (neck, shoulder, arms, etc), and occur with 
varying frequency for each affected operator (daily, 
occasionally, or seldomhever). 

Consensus statement. The occurrence of musculo- 
skeletal discomforts per se does not appear to be 
specific to VDT operator groups; high levels of 
complaints can be found in other types of traditional 
office work (eg, typists). VDT workers have a tend- 
ency however to report more centrally located pain 
(shoulders, neck, possibly upper arms) than non- 
VDT workers. 

The causes of muscle pain in VDT operators are to 
be found in the constraint of posture and immobiliza- 
tion in specific types of VDT work and workstation 
design. Correct and adjustable workstation configu- 
ration (in connection with possibilities for postural 
flexibility), variations in job tasks, and short breaks 
are obvious methods for alleviating these problems. 

Statement. Female VDT operators report higher oc- 
currences of musculoskeletal problems than male 
operators. This finding is probably interrelated with 
the type of work performed (data entry showing 
higher occurrences of problems) and duration of 
work. 

Comment. It is possible that the frequency of oc- 
currences (for an individual - reported as often 
compared to seldom) may be higher among VDT 
operators. This latter point needs further study 
however. 

No studies have been performed evaluating the 
possibility of permanent damage due to repeated 
trauma in VDT workers. 

Adverse pregnancy outcomes 
The clusters of high frequencies of spontaneous 
abortion or birth defects that have been reported 
among a few VDT operator groups in (primarily) the 
US and Canada have caused considerable apprehen- 
sion among VDT operators that VDT work may cause 
adverse pregnancy outcomes. 



Consensus statement. VDT/CRT units do not cause 
birth defects or spontaneous abortion. This con- 
clusion is based on the following rationale: 

The frequency by which clusters of adverse preg- 
nancy outcomes appear are consistent with the as- 
sumption that female pregnant VDT operators as a 
group experience normal occurrences of miscarriage 
or birth defects. The clusters that do appear only rep- 
resent those few groups with outcomes at the ex- 
treme high end of the probability distribution of ad- 
verse pregnancy outcomes. (Other groups, according 
to this assumption, have had lower occurrences, but 
have not appeared in the debate.) To base conclu- 
sions only on those clusters being reported (due to 
their high occurrences of, eg, miscarriages) is a form 
of selection bias. 

An alternative explanation, suggesting an excess 
frequency of miscarriages or birth defects, would be 
viable if any exposure factor could be identified that 
could conceivably link the VDT/CRT unit or VDT 

work to such effects. No such exposure factor has 
been found. For example, no ionizing radiation has 
been detected from operating VDT units. 

Thus one plausible explanation of the observed 
clusters has been given - that of chance alone - and 
no alternative explanation has been found. 

Comment. So far, a few epidemiologic studies have 
been made of pregnancy outcome among VDT oper- 
ators. The results of these studies do not indicate any 
excessive occurrence of adverse pregnancy outcome 
among VDT operators. 

Chick embryogenesis has been adversely affected 
by pulsed magnetic fields in studies reported by one 
group. So far, the magnetic fields used in this study 
have not been similar to those from VDTs, either as 
to the frequency or as to the amplitude. Several re- 
search groups are actively investigating this phenom- 
enon. 
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APPENDIX 1 

Some relations between the electromagnetic measurement units used 
in this report 

Measures related to the energy of a photon 

The energy of a quantum (photon) of electromag- 
netic radiation can be characterized by some interde- 
pendent variables, ie, energy, wavelength, and fre- 
quency. They are related by the following equations: 

E = h u  and A = c.u-', 

where E is the energy, A is the frequency, and u the 
wavelength. With E measured in electron volt (eV), X 
in hertz (Hz) and u in meters (m), the constants h 
(Planck's constant) and c (speed of light) are: 

h = 4.1358. 10-l5 eVs and c = 2.9979. lo8 ms-I 
(in vacuum). 

Ionizing radiation is usually characterized by the 
photon energy (range about 12 eV and above). The 
frequency of optical radiation (IR, visible, and UV) 
is normally indicated by the wavelength (range about 
1 mm - 100 nm), while that of microwave, radio 
frequencies, and lower frequencies (Hertzian fields) 
is indicated by the frequency (0 to about 3.10" Hz). 

Measurements of the electric field strength (E) 
and the magnetic field strength (B) 
(or the magnetic field H) 

(The relation between H and B in vacuum (air) is: 
H = l/p;B; l/p, = 7.371.105 Nm2CP2.) 

The magnetic (B) and electric (E) field strengths at 
distance r from a conductor with current I are, in 
principle, given by Maxwell's equations. However, 
the exact mathematical formulas are complex and 
cannot be generally computed without some simpli- 
fying conditions. 

In the near field, where r < A, the magnetic and 
electric fields are approximately the same at an alter- 
nating current [AC; I(t)] and a similar direct current 
(DC; I = constant). There is no direct and simple re- 
lationship between E and H (or B); both should be 
measured separately (H in amperes per meter and E 
in volts per meter). B is measured in teslas (T, T = 

VsmU2) (1 T = lo4 gauss). 
In the far field, where r + X, the magnetic and 

electric fields can be described by a plane wave, with 
the plane perpendicular to  the radial distance (= line 

of propagation) from the source. The E and B field 
vectors are perpendicular to  each other (in the plane). 
The magnitude of these fields are related by the for- 
mulas: 

where poc = 377 D (E and H in volts per meter and 
amperes per meter, respectively). 

The demarcation line between the near field and 
the far field cannot be generally and strictly defined. 
Several methods have been proposed. The approach 
used in this text is to  define the demarcation line 
where r = X; thus the near field is extended to r < X, 
and the far field to  r > A. This demarcation is in ag- 
reement with the one used by the National Board of 
Occupational Safety and Health, Sweden, in pro- 
posing occupational standards for high frequency 
electromagnetic fields (5). 

At a distance from an electromagnetic source cor- 
responding to that of the operator's from the VDT, 
near field conditions occur for frequencies below 
some 3.  lo8 Hz (wavelengths above - 1 m). These 
frequencies include radio frequencies and very low 
frequencies (VLF/ELF) (see table 2 of section I, page 
15). In this frequency interval, occupational stan- 
dards are given separately for the E and the H fields. 

Far field conditions are considered (at the oper- 
ator's distance) for all frequencies above some 3. lo8 
Hz (wavelengths below - 1 m). In this frequency in- 
terval, occupational standards can be given in irra- 
diance (power density) E . H ,  measured in watts per 
square meter. (Standards for visible light and ionizing 
radiation are, however, frequently expressed in other 
units; see the following discussion.) 

In the text, considerable attention has been given 
the time derivative of the magnetic field, dB/dt. The 
reason for this is that this parameter is directly re- 
lated to  the magnitude of induced currents in an ob- 
ject placed in the magnetic field. The time derivative 
in the text is given in teslas per second. 

Radiation quantities for ionizing radiation 

Ionizing radiation doses, etc, are frequently expressed 
in rontgen, rem, and rad. These units are being su- 
perseded by appropriate SI units, as specified in ta- 
ble 1. 



The relationship between the electrostatic 
charge and the field 

In principle, the electrostatic field (E) at distance r 
from charged object S (eg, a screen) - in the absence 
of other potentials (charges or grounded objects) - 
is given by: 

For several reasons, this integral is difficult to eval- 
uate. The charge distribution on the screen is not uni- 
form, and the screen dimensions are of the same 
magnitude as the distance of interest (to the opera- 
tor). Furthermore, the presence of other charged 
and/or grounded objects in the room will distort the 
field. 

In the investigations referred to on pages 25-26, 
the fields were measured in a "standard" situation, 
and the screen potential (V) was approximately de- 
rived by the assumption of 

This relationship is exact in homogeneous fields - 
which is not the case in VDT work situations. Here, 
the derived value for V will depend strongly on the 
distance r used. The situation can be "normalized" 
by the use of calibration factors. Thus, unless the 
measuring procedures and the calibration factors 
used are known, screen (or body) potentials based on 
different measurement procedures of the electrostatic 
fields are not fully comparable. 

Measurements of optical radiation 

The measurement units used for the "level" of op- 
tical radiation require some comments. (The fol- 
lowing discussion is limited to the units used in this 
report.) 

UV and IR radiation levels are measured as the ir- 
radiance, expressed iri watts per square meter. 

Visible light levels can be expressed either in ra- 
diometric (in watts, etc, energy related) or in photo- 
metric terms (in lumens, etc, radiometric levels 
weighted by the eye's sensitivity to light of different 
wavelengths). The relations between these parame- 
ters are given by the V, curves. For photopic vision 
(strong light), and monochromatic light of 555 nm 
wavelength, 1 W corresponds to 683 lm. [See, eg, the 
report of Andersson & Liedquist (2).] The luminous 
equivalents of phosphors range between some 25 and 
530 lm/W. For P,, and P, phosphors, the values are 
230 and 290 Im/W, respectively (3). 

The visible light level can be further characterized 
by the irradiance/illuminance or by the radiance/ 

Table 1. Relationships between radiation quantities (4). 

Quantity SI unit Replaced 
unit Relation 

Exposurea C. kg-' a R (rdntgen) 1 R =  
2.58. C. kg-l 

Absorbed Gy (gray) rad 1 rad = 
dose (D)b (J . kg-l) Gy 
Dose equi- Sv (sievert) rem (rontgen 1 rem = 
valent (H)C (J . kg-') equivalent lo-z Sv 

man) 
-- 

a Applies only to photon radiation. The SI unit relates to the 
total charge (C) of all ions of one sign produced in 1 kg of 
air by the ionizing radiation. 

b Defined as energy absorbed per unit mass of a medium; 1 
R exposure corresponds to 8.8.10-3 Gy. 
Derived from absorbed dose D by weighting factors Q and 
N; H = DQN. At present, both Q and N are defined as = 
1 for photon radiation. 

Table 2. Relationships between some of the measurement 
units for visible light. 

Radiometric Photometric 
units units 

- 

Specific for Radiance, in Luminance, in 
the source (distance- Wlm2, sr cdlm2 
independent) 
Specific for Irradiance, in Illuminance, in 
the viewer (distance- Wlm2 Imlm2 ( =  lux) 
dependent) 

luminance. The latter are expressed per unit of solid 
angle (sterradian, sr). [See table 2.1 

The radiance can also be weighted with other 
spectral functions, to determine the level of visible 
radiation relative to retinal thermal injury (burn 
hazard function) or retinal photochemical injury 
(blue-light hazard function) (1). Both of these func- 
tions have a strong selection of light around 440 nm 
(blue light). 
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APPENDIX 2 

A model study on the occurrence of adverse pregnancy outcomes 
in clusters of workers using video display terminals 

Definition of the problem 

A number of groups of VDT operators have been 
found for which the rates of spontaneous abortion 
and congenital defects were considerably higher than 
for the normal population. (See table 16 of section 11, 
page 62.) These findings should be evaluated as to 
possible explanations - chance, work-related fac- 
tors, or nonwork-related factors. In this appendix, 
the possibility of a chance explanation will be ex- 
amined. 

The findings could be due to a combination of (i) 
chance (the random accumulation of a number of ad- 
verse pregnancy outcome cases in a few small groups 
out of a large number of groups) and (ii) selection 
bias (the reporting of only these groups with high 
rates, without normal or subnormal rates in other 
groups being reported). This suggestion was inves- 
tigated in a model by the computation of the ex- 
pected number of groups with a rate of spontaneous 
abortion of 50 % (or a rate of congenital defects of 
35 %) on the assumption that the rate of sponta- 
neous abortions or congenital defects among all VDT 
workers was the same as that of the general popula- 
tion (null hypothesis). 

Model assumptions 

Some simplifying assumptions had to be made. The 
three described variables (population size, group size, 
and adverse outcome rates) were assigned reasonably 
well-motivated values for the calculations. Variations 
in all variables were then made within justifiable 
limits. 

Model population 
The estimated number of VDT operators in the US 
(7 000 000 in 1981, see, eg, the unpublished memo- 
randum of Binkin et al) includes more than 50 % 
women. In this memorandum, Binkin et a1 apparent- 
ly used a pregnancy rate of 20 out of 92 workers 
during three years for estimates, based on data from 
the Sears cluster (see table 16 of section 11, page 62). 
The use of a similar pregnancy rate (7 %/year) 
would mean about 500 000 pregnant women working 
with VDTs every year in the US. 

A pregnancy rate of about 5 Vo was used in the 
model, the result being an estimate of 350 000 preg- 
nant VDT operators per year, to be used in the calcu- 
lations. (This value, which is not expected to be 

wrong by more than a factor of 2 in either direction, 
was used for the present model study only.) 

These 350 000 pregnant women were then divided 
into 29 200 groups with 12 pregnant women in each 
(spontaneous abortion model), and 35 000 groups 
with 10 pregnant women in each (congenital defect 
model). The group sizes were taken from the report- 
ed clusters (see table 16 of section 11, page 62). 

Rates of adverse pregnancy outcomes 
The rate of spontaneous abortion was assumed to be 
12.6 % (mean of reported data in the study of Axels- 
son (I), with a range of 8.9 to 15.3 %). Binkin et al, 
in their unpublished memorandum, used 14.4 % as 
the rate for their estimates, whereas McDonald et a1 
(3) reported a rate of 18.1 %. 

Rates of congenital defects appear to be less well 
defined; rates of between 1.3 and 4.5 % were found 
in the literature (2, 3,4). The rate used for the model 
calculation was 2 %. 

Spontaneous abortion 

Calculations 
The probability distribution of the number of spon- 
taneous abortions in the groups is hypergeometrical 
(no return), ie, Hyp (350 000, 12, 0.126), which can 
be approximated with a binomial distribution Bin 
(12, 0.126). 

Results 
In figure 1 the expected number of groups per year 
with a rate of spontaneous abortion higher than x is 
shown as a function of x. As can be seen, close to 
5 400 of the 29 200 groups should be expected to 
have a spontaneous abortion rate higher than twice 
the normal rate. The model suggests that 55 groups 
would be expected to have a rate of spontaneous 
abortion higher than 50 Vo, and 6 groups higher than 
58 Vo. (During 1979-1980 (one year), six groups 
were reported with a mean spontaneous abortion rate 
of 52 %.) 

Variations in the assumptions 
Variations in group size and miscarriage rate are 
shown in table 1. Most combination results show that 
some groups should be expected to have at least a 



50 % miscarriage rate. Only in the case of the largest 
group size used (N = 20) and the smallest miscarriage 
rate found in the literature (8.9 %), should no group 
be expected to have a miscarriage rate exceeding 
50 %. However, it is not implied that the result (in 
this combination) is a significant deviation from the 
null hypothesis. 

The size of the total population will affect the re- 
sults only proportionally. If the population size is 
doubled, the number of expected groups will also be 
doubled. Increases in the total model population size 
occur for (i) the inclusion of Canadian data and (ii) 
an extension of the (model) study time period. 

Conclusion 
The six groups of high rates of spontaneous abor- 
tions which have been reported in the US and Canada 
during one year (in 1979-1980) are consistent with 
the hypothesis that the rate of spontaneous abortion 
among VDT operators is the same as in the general 
population. Alternative explanations are considered 
on pages 64-67. 

Congenital defects 

Calculations 
The probability distribution of the number of con- 
genital defects in the groups of the model is hyper- 
geometrical, ie, Hyp (350 000, 10, 0.02), which can 
be approximated with a binomial distribution Bin 
(10, 0.02). 

Results 
The expected number of groups per year with a rate 
of congenital defects higher than x is shown as a 
function of x in figure 1. Approximately 6 400 of 
35 000 groups should be expected to have a rate of 
congenital defects higher than 10 %. Six groups are 
expected to have a rate higher than 35 %. [During 
1979-1980 (one year) three groups were reported 
with a mean rate of congenital defects of about 
35 %.I 

Variations in the assumptions 
Variations in group size and rate of congenital de- 
fects are shown in table 2. The majority of the combi- 
nations shows that some groups should be expected 
to have at least a 35 % congenital defect rate. The as- 
sumption of a small rate among the total population 
(1.3-2 %) indicates that the group size is crucial. 
(See the discussion on group size on page 63.) The 
failure in some combinations to show that the report- 
ed numbers agree or are lower than the expected 
numbers do not suggest that the deviation is statisti- 
cally significant. (The previous comments made on 
the total population size are valid also for these cal- 
culations.) 

Number of 
groups 

Figure 1. The expected number of groups per year with a fre- 
quency of adverse pregnancy higher than x % as a function 
of x. The rate of spontaneous abortion used for the calcula- 
tions was 12.6 %,and the group size was 12 -total of 29 200 
groups. The rate of congenital defects used for the calcula- 
tions was 2.0 %, and the group size was 10 - total of 35 000 
groups. (A = normal rate of spontaneous abortions used for 
the calculations, B = normal rate of congenital defects used 
for the calculations, C = observed rate of spontaneous abor- 
tion in six reported clusters in one year (1979-1980), 
D = observed rate of congenital defects in three reported 
clusters in one year (1979-1980), x - - x  = spontaneous abor- 
tions, 0-• = congenital defects) 

Table 1. Calculated number of groups which will be expected 
to have a frequency of miscarriage higher than 50 %, with 
variations due to different assumptions. 

Rates of miscarriages in all VDT-exposed 
Assumed pregnancies 
group sizesa 

8.9 % 12.6 % 14.4 % 18.1 % 

a Number of groups (total population: 350 000 pregnant VDT 
operatorslyear) in parentheses. 

Table 2. Calculated number of groups which will be expected 
to have a frequency of congenital defects higher than 35 %, 
with variations due to different assumptions. 

Rates of congenital defects in all 
Assumed VDT-exposed pregnancies 
group sizesa 

1.3 % 2.0 % 4.5 % 

7 32 88 556 
(50 000) 

10 1 6 83 
(35 000) 

15 (0.01) (0.01) 4 
(23 300) 

a Number of groups (total population: 350 000 pregnant VDT 
operatorslyear) in parentheses. (The comments made on 
the total population size are valid also for these calcula- 
tions.) 



Conclusion 
The three groups of high rates of congenital defects 
which have been reported in the  US and Canada dur- 
ing 1979-1980 agree reasonably well with the es- 
timates on  the expected number of groups that 
should appear (according to  the model). Thus, chance 
appears to  be a plausible explanation of  these find- 
ings. Alternative suggestions a re  considered on pages 
64-67. 
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APPENDIX 3 

A model study on an epidemiologic cohort, examining some 
complications due to temporal factors 

Definition of the problem 

In a Canadian epidemiologic study (2, 3) the cohort 
was defined by hospital attendance due to childbirth 
or to spontaneous abortion. The women were inter- 
viewed in depth on their first (previous) pregnancy. 
(The pregnancy which was the object of these inter- 
views was then not the present pregnancy.) 

This definition of the study cohort may cause a 
major methodological error. The outcome of the first 
pregnancy will influence the probability of and the 
time interval to the next pregnancy, and this situation 
will result in selection bias, two possibilities of which 
will now be presented. 

1. All groups where the probability of a second preg- 
nancy is increased will be overrepresented in the 
study. Conversely, all groups where the probability 
of a second pregnancy is decreased will be underrep- 
resented in the study. 

If the first pregnancy ended in a spontaneous abor- 
tion, the probability of a second pregnancy is definite- 
ly higher than if the first pregnancy had ended in a 
normal childbirth. This is one plausible explanation 
of the surprisingly high rate of spontaneous abortion 
in the Canadian study: 18.1 % of the total cohort (3). 
In the literature, spontaneous abortion rates between 
8.9 and 15.3 % have been found (1). 

If the first pregnancy ended in the birth of a de- 
formed child, it is plausible to assume that the prob- 
ability of a second pregnancy is lower than after the 
birth of a normal child. Thus, the rate of congenital 
defects in the study (3), 4.5 Yo, may be too low. 

As a first approximation, these misrepresentations 
may be the same for all groups of women in the study 
cohort and will not affect the relative differences 
found between different groups in the study. [It is, 
however, possible that an adverse outcome of the 
first pregnancy (spontaneous abortion or congenital 
defect) will dccrease the inclination for a second 
pregnancy, specifically, among women using VDTs.] 

These misrepresentations will not be further dis- 
cussed in this appendix. 

2. If the cohort is separated into subgroups depend- 
ing on a factor (eg, occupation) which increases or 
decreases with time and these subgroups are further 
separated into subsubgroups by factors influencing 
the time interval to the next pregnancy (eg, occur- 
rence of spontaneous abortion or birth of a malform- 
ed child in the first pregnancy), an additional compli- 

cation will appear. All such subsubgroups, where (i) 
the second pregnancy tends to appear earlier (com- 
pared to the total subgroup) and (ii) the defining fac- 
tor for the subgroup (eg, occupation) does increase in 
time, will be overrepresented in the total cohort. 
Thus the rate of, eg, spontaneous abortion for this 
subgroup will be too high (compared to the rate in 
the total cohort). 

Due to the cohort definition, the majority of the 
women whose first pregnancy ended in spontaneous 
abortion will tend to have had their first pregnancy 
fairly recently, while women with normal first preg- 
nancies will be contributed to the study from earlier 
dates, at which time the fraction due to the defining 
(occupational) factor was smaller. This phenomenon 
is discussed in detail later. (See table 1 for other sub- 
subgroups.) 

Application to an actual study 

In the study performed by McDonald et a1 (2, 3), 
14 708 women were adequately interviewed between 
May 1982 and May 1983 regarding previous pregnan- 
cies. Women whose first pregnancy ended with a 
spontaneous abortion comprised 18.1 % of the total 
cohort. Among the subgroup (N = 836) working with 
VDTs, the subsubgroup whose first pregnancies had 
ended with spontaneous abortion comprised 21.5 % . 
For the women included in the study, this difference 
(21.5 versus 18.1 %) was statistically significant 
(p < 0.01). 

Table 1. Change in observed versus occurred frequencya as 
influenced by certain temporal factors of various groups in 
the study. 

Decrease in Defining Tendency of time of Increase in 
factors time of 

next preg- defining 
nancyb constant defining 

factorsC in timeC factorsC 

Earlier Lower Same Higher'-' 
Same Same Same Same 
Later Higher Same Lower 

a Change in the observed frequency of the subsubgroup of 
the cohort due to these factors (represents error in the rate 
of, eg, spontaneous abortion or congenital defects in the 
subgroup, when compared to the rate in the total cohort). 
Time displacement of the next pregnancy due to the out- 
come of the first pregnancy specified in the subsubgroup 
(eg, spontaneous abortion or congenital defects), as com- 
pared to the displacement of the next pregnancy after a nor- 
mal childbirth. 
Defining factors of subgroups, eg, occupation. 
This situation applies to spontaneous abortion among VDT 
workers in the Canadian study. 
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Figure 1. Time distribution of the end of the second pregnancy as influenced by the outcome of the first pregnancy. (For the 
model assumptions, see page 85.) (N, = women whose first pregnancy ended in the birth of a normal child, SA, = women 
whose first pregnancy ended in spontaneous abortion) (Note: no comparison between the absolute sizes of the two groups 
intended.) 
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Figure 2. Fraction of women whose first pregnancy began in the period indicated and whose second pregnancy ended between 
May 1982 and May 1983. (For the model assumptions, see page 85.) (N, = women whose first pregnancy ended in the birth 
of a normal child, SA, = women whose first pregnancy ended in spontaneous abortion) (Note: no comparison between the 
absolute sizes of the two groups intended.) 
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The increased use of VDTs in many occupations 
and the shorter time interval between pregnancies 
when the first pregnancy ended with a spontaneous 
abortion (1, 3) may, as indicated in table 1, imply 
that the observed frequency (21.5 Vo) is too high in 
comparison to the actual ("true") frequency. Thus it 
was of interest to investigate whether these findings 
could be explained quantitatively by the discussed 
phenomena, on the assumption that the rate of spon- 
taneous abortion (18 %) was the same among women 
working with VDTs and other women. 

Since accurate data on the population under study 
were lacking in pertinent detail, a model study was 
performed. This model was then varied to examine 
the possible variations attainable in the results. 

Model assumptions 

A number of assumptions had to be made for these 
calculations to be possible. These assumptions repre- 
sent "reasonable" estimates and are later varied as a 
test of the variations in the possible outcomes. 

Model population 
The model population was 14 000 women, all with 
their first pregnancy commencing between January 
1976 and December 1982 (1 000 per 6-month period), 
and their second pregnancy no later than six years 
after the first. No woman in this population had 
more than two pregnancies. (The last omission is dis- 
cussed later.) Of these women those whose second 
pregnancy ended during the time period May 1982 - 
May 1983 are defined as the model cohort. 

Frequency of spontaneous abortion 
The frequency was set at 18 Vo for all women. No 
difference was assumed between women working or 
not working with VDTs. 

Pregnancy distribution 
The distributions are described in figure 1. Data on 
which to base these assumptions are limited. A 
Swedish study (1) implies that, of the women sponta- 
neously aborting in their first pregnancies (SA,), 
50 Vo have started a new pregnancy within six 
months, and 75 % within 12 months (after abortion). 
Women with normal childbirth in the first pregnancy 
(N,) will wait about two years. For figure 1 this in- 
formation, together with some further premises, are 
used to derive a reasonable distribution curve, de- 
scribing the distribution of women as to the time 
between the conception of the first pregnancy and the 
end of the second pregnancy. These women show a 
clear split into two populations, depending on wheth- 
er the first pregnancy ended in spontaneous abortion 
or in a normal delivery. (There is a further splitting 
of these groups, depending on the outcome of the 

second pregnancy - it, however, is not immediately 
apparent in figure 1.) 

In figure 2 the fractions of the women observed in 
the study (due to their second pregnancy ending 
between May 1982 and May 1983) are shown; these 
fractions are strongly influenced by the outcome of 
the first pregnancy (groups SA, and N,, respectively.) 

Introduction of a third pregnancy, between the 
first (object of the study), and the last (defining the 
cohort), for a (small) fraction of these women would 
result in roughly similar distribution curves for this 
fraction. The difference between the two curves 
would be somewhat smaller, and they would be 
shifted considerably to the right (about three years). 
In effect, only the SA, group would sufficient- 
ly contribute to the observed group - in the 
model. In reality, the N, group also contributes, 
since the cut-off at 1976 is an artifact of the model. 
Thus introduction of a third pregnancy in the model 
would result in a (small) overestimate of the impact. 

The mass of the curves in figure 1 is the same, 
100 Vo of each group (SA, and N,, respectively). 
This circumstance is feasible since the model does not 
examine the total change in spontaneous abortion 
due to the cohort definition, but only the relative 
change between different groups. If a third pregnan- 
cy had been introduced, the probability of this "in- 
serted" pregnancy would have to be estimated, since 
it would determine the contribution from this group. 
Data on which to base such an estimate were not (im- 
mediately) available, though. 

For these two reasons, the model was limited to 
women with two pregnancies only. 

Introduction rate for video display terminals 
The McDonald study (3) gives VDT occupancy at 
4.9 % of all women in the study in 1976-1977 and 
14.9 Vo of all women in 1981. The basic assumption 
was an exponential curve between these dates and 
constant occupancy after 1981. This procedure will 
probably result in an underestimate of the impact of 
the studied influences, but such an underestimate was 
judged to be better than extrapolation of the curve 
after 1981. (The latter procedure may, due to pos- 
sible market satiation, introduce an overestimate of 
the impact.) See the following discussion for alterna- 
tive assumptions. 

Calculations and results 

In the model the rate of spontaneous abortions in the 
subgroup exposed to VDTs was computed, on the 
basis of the preceding assumptions. This computa- 
tion was done twice, both in the subgroup of the 
model population (all women) and in the subgroup of 
the model cohort. 

The computations performed are shown in table 2. 
Occurred pregnancies describe the actual first preg- 



Table 2. Calculation of the observed versus occurred rate of spontaneous abortion among VDT operators in the model. (N, = 
first pregnancy normal, SA, = first pregnancy spontaneous abortion). 

Time to 2nd Fraction of Number of 
women Number of observed 

Date of 1st Pregnancy VDT operators spontaneous spontaneous abortionse 
pregnancy end if de- abortions 

conception tected by Percent Number 
studya 

(months) N1 
SA, of all preg- SAld N,d SA1 N, Total 

women nantC 

1976 January-June 70-88 0.0669 0.0584 4.16 41.6 7.49 34.14 0.437 2.284 2.721 
July-December 64-82 0.0736 0.0662 4.70 47.0 8.47 38.57 0.561 2.839 3.400 

1977 January-June 58-76 0.0868 0.0662 5.31 53.2 9.57 43.58 0.635 3.783 4.418 
July-December 52-70 0.1370 0.0664 6.00 60.0 10.81 49.24 0.718 6.746 7.464 

1978 January-June 46-64 0.2537 0.0664 6.78 67.8 12.21 55.63 0.811 14.113 14.924 
July-December 40-58 0.4904 0.0664 7.67 76.6 13.80 62.85 0.916 30.822 31.738 

1979 January-June 34-52 0.6731 0.0664 8.66 86.6 15.59 71.01 1.035 49.797 48.832 
July-December 28-46 0.6198 0.0754 9.78 97.8 17.61 80.23 1.328 49.727 51.055 

1980 January-June 22-40 0.3626 0.1801 11.06 110.6 19.90 90.65 3.584 40.085 43.669 
July-December 16-34 0.1083 0.5198 12.49 124.9 22.48 102.42 11.685 11.092 22.777 

1981 January-June 10-28 0.0163 0.7288 14.11 141.1 25.40 115.72 18.512 1.886 20.398 
July-December 4-22 0.001 1 0.6309 15.00 150 27 123 17.034 0.135 17.169 

1982 January-June 0-16 0.0000 0.2690 15.00 150 27 123 7.263 0.006 7.269 
July-December 0-4 0.0000 0.0289 15.00 150 27 123 0.780 0 0.780 

Sum 65.299 276.61 4 

Percentage of spontaneous abortions in each group 18 % 23.6 '10 

a Time to May 1982-May 1983. 
See figure 2. 
Assuming total pregnant group of 2 000 womenlyear. 
Under null hypothesis: 18 % of all pregnancies ending in spontaneous abortion. 
In this model: pre-1981: 9.4 % spontaneous abortion observed, 1981: 95 % spontaneous abortion observed (cf table 1). 

liancy events occurring in the model population. 
These calculations are based on (i) an 18 % incidence 
of spontaneous abortion for women working with 
VDTs and other women - thus it is assumed that 
VDTs will not affect the rate of spontaneous abor- 
tion (null hypothesis) and (ii) an increased use of 
VDTs (as has already been discussed). Observed 
pregnancies are those which should be found by a 
study similar to the one made by McDonald et a1 (3), 
based on the pregnancy-time distribution of figures 1 
and 2. 

The result is that, while 18 % spontaneous abor- 
tions have occurred, 23.6 % spontaneous abortions 
are observed among VDT operators, due to the over- 
representation of women with first pregnancies 
ending in spontaneous abortion. 

Variations in the assumptions 

A number of variations were made in the model, in 
both the introduction of VDTs and the pregnancy- 
time distributions. 

The VDT variations were only those compatible 
with reported data from the McDonald study, ie, 
4.9 % in 1976-1977 and 14.9 % in 1981. If this in- 
crease was assumed to have occurred momentarily in 
early 1978 with a constant VDT use thereafter, the 
observed frequency of spontaneous abortion would 
be 18.0 %, identical to  the occurred frequency. (In 
effect, this VDT variation is then constant, as far as 

these time effects are concerned.) More realistic as- 
sumptions (linear, exponential) or extremely late in- 
creases in VDT occupancy all result in a higher ob- 
served frequency (20. 4-33 Yo). 

The pregnancy-time distributions were varied con- 
siderably, since those in figures 1 and 2 are based on 
Swedish data and not Canadian. The mean time dif- 
ference was, in one case, made as low as 0.5 years 
(versus 2 years in the Swedish data) and still resulted 
in an increased observed frequency, 21.8 %. Other 
assumptions caused the observed frequencies to vary 
between 20.4 and 34 070 (varied VDT occupation 
figure also being used). 

Conclusions 

The model has been used in an attempt to quantify 
the impact of the temporal factors on the outcome of 
a study similar to that of McDonald et a1 (3). 

The (formally) statistically significant increase in 
spontaneous abortion observed in women working 
with VDTs appears to be fully explainable by these 
time factors. Similar and higher observed frequencies 
can be found in a reasonable model, still assuming no 
increase in the real frequency of spontaneous abor- 
tion among VDT workers. Conversely, a model which 
failed to give a substantial increase in observed fre- 
quencies required rather unrealistic assumptions on 
eg, the increase in VDT use. 



Such an influence was also discussed (but not 
quantified) in the paper by McDonald et a1 (3). 

However, if these phenomena are investigated in 
depth, it appears likely that all the factors experienc- 
ing a change in time will be subject to  similar in- 
fluences, the quantity of which will depend on the 
rate of change of the factor. Thus all factors increas- 
ing in time will have observed frequencies that are 
too high for spontaneous abortions, and probably 
also too low for congenital defects, compared to the 
occurred frequencies (see table 1). It was, however, 
not possible to  quantify these effects, except for the 
VDT group. It is probable that the influence on the 
subgroups smoking, education, employment, etc, 
will be less dramatic, due to  a slower increase in time. 

It  is fully conceivable that other factors may exist 
which will diminish or eliminate the impact of the 
temporal effects just discussed. Such possible factors 
d o  not appear to be easily defined (as witnesses the 
fairly strong variations in the present model due to  

variations in assumptions). Thus the introduction 
and acceptance of further (ill-defined) factors will, 
by themselves, introduce substantial uncertainties t o  
the material - and thus make any statistical signifi- 
cance of the material rather dubious. 
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