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ABSTRACT 

HEALTH ASPECTS OF VIDEO DISPLAY UNITS 

I.A. Marriott and M.A. Stuchly 

Radiation Protection Bureau, Health and Welfare Canada 
Ottawa, Ontario KIA OL2* 

I 

Video display units (VDUs) are in widespread and continuously 

increasing use by a large number of people. Various problems including 

effects on health have been attributed to their use. The physical 

factors that are related to work with VDUs and that may affect an 

operator's health are discussed in this review. ,Issues related to 

vision, to ergonomics, and to radiation emissions are critically 

reviewed, other health considerations such as cataracts, 

polychlorinated biphenyls (PCBs), skin rashes, and pregnancy outcome 

are briefly. described. Well documented health problems such as 

musculoskeletal and visual fatigue can usually be successfully 

controlled through proper design and use of work stations. Some other 

problems that have been attributed to work on VDUs are, after careful 

scrutiny, found either to be nonexistant or not related to VDUs per se. 

* This review was prepared as a part of the collaboration 
program between the World Health Organization, Regional 
Office for Europe and the Radiation Protection Bureau, 
Health and Welfare Canada. 
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INTRODUCTION 

Video display units (VDUs), in their simplest form, as 

cathode ray tubes (CRTs) have been in use for a long time. It is the 

advent of the microprocessor, which has expanded our ability to process 

information, that has brought the VDUs into everyday use and put it 

into the hands of many workers who are not computer specialists. These 

workers have suddenly been introduced to a new technology. This 

explosive use of computers has been accompanied by a number of side 

effects, not the least of which have been the many concerns expressed 

by workers about the possible effects of VDUs on their health. The 

literature on the health aspects of working with VDUs is relatively new 

but already it has become voluminous. The literature has by no means 

been confined to the scientific world; it extends into newspapers, 

trade journals and Trade Union publications, and health aspects of use 

VDTs enjoy a degree of popularity with the broadcast media. The number 

of conditions alleged to be caused by the VDU is by not small, but can 

be narrowed to a few general areas. While some of the health effects 

are well documented, some allegations are without substantiation. 

Health scientists recognize the existence of both physical 

and psychological influences on workers' health. The purpose of this 

review is to provide, as completely and obj~ctively as possible, 

guidance on these hea 1th aspects of work with VDUs that are due to 

physical factors. No attempt, however, has been made to give a 

comprehensive critical evaluation of the numerous scientific and other 

publications on the subject. Rather, only those publications that 

contain results of _well-performed studies are relied on. Only 

. publications in refereed journals and technical reports, mostly 
/' 
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prepared by various government organizations, have been included. 

Whilst endeavouring to concentrate the attention of this 

review on the physical aspects, it cannot be denied that these are, in 

many ways, inseparable from the psychological. There is evidence that 

the number of physical complaints about VDUs is related inversely to 

the degree of job satisfaction, a not altogether surprising conclusion. 

The difficulty of isolating the degree of physical causation by the 

confounding effect of psychosocial elements is apparent, and it is 

unlikely that the two will be separated totally in the near future. 

THE EYES AND VISION , 

,, 

Concern has been expressed for some years by workers and 

workers' organizations that VDUs have a harmful effect on vision. The 

subject of vision and working with VDUs has been recently reviewed by a 

panel of experts (NRC, 1983). Scientific investigators, of a number of 

the surveys have reported a high incidence of complaints related to the 

eyes. Various symptoms have been variously described and reported, the 

most common being 11 eyestrain 11
• However, eyestrain is a condition not 

recognized by ophtalmologist as a clinical entity. Duke-Elder and 

Abrams, quoted by NRC (1983), regard it as a number of symptoms that 

they classify as visual (especially blurring), ocular (the eyes feel 

tired, hot, uncomfortable or painful), referral (e.g. headaches), and 

functional (behavioural). The causes may be environmental, ocular or 

constitutional. We are concerned principally with the environmental 

(illumination, the visual task, and the characteristics of the objects 
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viewed) and to some extent with the ocular (the visual status) causes. 

The causes of visual complaints may be considered as arising from the 

visual display itself, the conditions of environmental lighting or the 

operator's vision. 

VDU Displays 

The requirements for easy reading (which is the basic visual 

demand) can be simply expressed as: the reader must have good eyesight 

(corrected if necessary), the object must be clearly visible and there 

must be a minimum of distracting influences. The questions of 

visibility and distractions will be chiefly addressed, since there is 

evidence that eyesight prcblems play a comparatively minor part in the 

generation of symptoms. 

Although there exists the potential for other types of 

display, for practical purposes it is possible to I assume that a 11 

alphanumeric characters are displayed in a dot matrix form on a CRT. 

The display may consist either of light characters against a dark 

background (negative contrast) or dark characters against a light 

background (positive contrast). In some terminals, textual material 

may be shown in one contrast 'r'lhilst information to the operator is 

shown in the other. 

Character Display 

The factors that ensure good visibility of individual 

characters or the whole text on a VDU display have been discussed in 

d~tail elsewhere (NRC,· 1983): The principal manufacturers of currently 

available VDU models. have incorporated the essentials into their 
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designs. There is, therefore, no longer any need to belabour many of 

the points that have been discussed in detail in the past. 

Nevertheless, the visual comfort of the VDU user depends not only on 

the work of the manufacturer but also on the environment of the 

workplace. Certain characteristics of the VDU display interact with 

environmental conditions to the extent that attention must be paid to 

them. 

Modern VDU displays are, on the whole, designed with a view 

to minimizing obstacles to easy vision. To facilitate better 

understanding the principal characteristics are briefly discussed. 

The Image 

The image on the screen is produced by the impact of the beam 

of electrons on the phosphor which coats the inner surface of the 

screen, thus causing the phosphor to glow for a short time. 1he 

alphanumeric display is made up of the elements of a dot matrix. It is 

now generally agreed that a 7X9 matrix (i.e. one with seven-dot rows 

and nine-dot columns) is the lowest density that should be used. For 

adequate resolution, upper case characters should subtend an angle of 

15-21 minutes of arc to the eye, with the higher figure preferred. 

Taking the mean, i.e. 18 minutes of arc, this means a character height 

of about 2.6 mm at a 50 cm or 3.6 mm at a 70 cm viewing distance. 

Character spacing, line spacing, and other similar details are also 

important (Cakir et al, 1980). 

Phosphors 

So far we have considered nothing that might not apply to the 
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printed page. However, the image on the video screen is produced by a 

beam of electrons that activate a phosphor and produce an image made 

from glowing light. Furthermore, this image is produced on the back 

side of the thick, curved, glass base of the CRT. An image produced in 

this way brings with it questions relating to brightness, contrast, 

flicker, colour and refiections. 

Flicker 

The light that is emitted when the phosphor is excited by 

electrons begins to fade immediately. To produce a steady image it is 

necessary that the phosphor be refreshed at a suitable rate. The 

refresh rate required is influenced by the degree of persistence of the 

particular phosphµr. Most units ~se short to medium persistence 

phosphors with the refresh rate at the frequency of the mains current. 

This is 50 Hz in Europe, and 60 Hz in North America. However, a 

refresh rate of 100 Hz has been recommended for displays with positive 

contrast viewing, in order to counteract the higher flicker threshold 

produced by the higher luminance of the positive contrast display (NRC, 

1983) • 

Colour 

There is general agreement in the published lit era tu re that 

the colour of the display, which depends on the particular phosphor, or 

perhaps on whether a colour filter has been added, ha_s little, if any, 

effect on legibility~ Use of colours at the blue or red ends of the 

~pectrum would be liable to ·make the image less distinct owing to the 

chromatic aberration of the eye (NRC, 1983). · In practice these colours 
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are not used. It is comparatively easy to shift one's vision between a 

printed source document and a positive contrast display with a white 

phosphor (both objects showing black lettering against a white 

background) as opposed to having to adjust repeatedly to alternating 

. positive and negative contrast when a negative contrast display is 

used. 

Luminance and Contrast 

Questions of brightness (luminance) and contrast are 

discussed in detail elsewhere (Cakir et al, 1980; NRC, 1983). 

Manufacturers now supply displays with sufficient luminance and 

contrast. To accommodate the preferences of individual operators, and 

the ambient lighting of the particular environment, it is important 

that luminance, and particularly contrast, are adjustable by the 

operator. 

Hard-Copy Quality 

There is another visual task performed by many operators, 

especially those engaged in word processing and data entry, and that is 

the reading of printed or written material. This material may often be 

of poor quality and legibility, and may arise from carbon copies, 

telexes or handwritten texts (Cakir et al, 1980). Paper quality is 

important, too, and the use of glossy paper can, under certain lighting 

conditions, result in an image that is extremely difficult to read. 

' 
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LIGHTING CONDITIONS 

Re fl ec ti on s 

Perhaps the most common and serious factor degrading image 

quality arises not from the design characteristics of the individual 

CRT but from reflections arising from light sources external to the 

equipment. Such sources include, for example, overhead lights, 

inadequately shielded lighting from adjacent desks, from windo\\'S and 

even from the operator's own clothing, particularly if it is 

light-coloured and the ambient light level is comparatively high. 

Reflections may be either diffuse or specular, and the latter will 

appear to the operator to be located at a point behind the screen. 

This may give rise to accommodation problems if the operator is 

subconsciously attempting to look both at the screen characters and at 

the reflection. All reflections affect the apparent contrast between 

the alphanumeric characters and their background, and they may limit it 

to such an extent as to make the display unreadable. This effect is 

well known to anyone that has attempted to watch television in a 

brightly sunlit room. 

Reflections are best avoided by controlling their source. 

Overhead and desk lights should be suitably shielded, windows should be 

obscured with venetian blinds, window shades or drapery. Overall 

illumination should not be too high. However, if it is not possible to 

eliminate all sources of reflections an attempt should be made to 

eliminate their effect on the VDU by other means. One method is to 

provide a hood to shade the screen from the source or sources causing 

the reflections. This method may interfere with the task because of 

the need to extend the hood for some distance forward of the screen. 
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The second method is to attempt to reduce reflections either by 

treating the glass or by the use of an anti-reflection filter (Cakir 

et al, 1980; NRC, 1983). No method of surface treatment or filtration 

is yet sufficiently satisfactory to allow recommendations to be made. 

Most methods degrade the luminance of the display and impair character 

resolution. Questions of cost and of filter life also are important. 

The original proposition, that the best way to deal with screen 

reflections is by eliminating the source, remains unchallenged. 

An irritating source of visual discomfort may arise from the 

keyboard. Keys are generally made with concave surfaces, but if they 

have a shiny finish, and particularly when they are dark in colour, 

each one can be a source of specular reflection, especially when a 

light source is directly, or almost directly, overhead. This may not 

a ff ec t expert opera tors, who seldom look at the keys, but many VDU 

users do not have this degree of skill. VDU keyboards may have a main 

group of keys for the letters, a second group for the figures and yet a 

third group for the commands. A person \-Jho is not fully familiar with 

the keyboard will need to identify many keys by sight, and this can be 

very difficult under the adverse circumstances mentioned above. Keys, 

therefore, should be matte-surfaced, and preferably have dark 

characters against a light background. 

Work Place Lighting 

Finally, in dealing with vision, there is the question of 

work-place lighting. It is generally agreed that ambient lighting in 

work areas where VDUs are used should be somewhat less bright than is 

normally recommend£d for general office work. However, the 
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recommendations made by a number of authorities concerning both general 

office lighting and general lighting for VDU work are so varied that it 

is difficult to come to a firm conclusion. For instance, for typing, 

standards vary from 480 to 1615 lux, with an average of 756 lux 

(Desnoyers and Le Borgne, 1982). A number of recommendations for VDU 

general lighting have been made (IRSST, 1984), which can vary from 50 

to 750 lux, with 300 lux being perhaps the median figure. This is the 

level of illumination at which the display can be seen clearly and 

which is adequate for most other tasks the operator performs, but it 

may not be adequate for reading source documents. If this is so, these 

documents should be lit by a separate lamp, shielded to eliminate 

specular reflection for other workers, and with a rheostat control so 

that the operator can adjust the degree of illumination of the 

document. 

Glare 

Glare is defined as the sensation produced by luminances 

within the visual field that are sufficiently greater than the 

luminance to which the eyes are adapted. Glare causes annoyance, 

discomfort, or loss in visual performance and visibility (NRC, 1983). 

Glare can also be defined as a visual condition that occurs when the 

range of luminances in the visual field is too great, with the result 

that the processes of visual adaptation are disturbed (Cakir et al, 

1980). Apart from screen glare arising from reflections, the principal 

sources of glare that will affect a VDU operator are windows, walls, 

luminaires and task li.ghting of source documents. Operators should not 

. sit facing bright windows. Either the windows should be shaded with 
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curtains or blinds or the operator should sit at right angles to the 

window (to sit with one's back to the window merely invites further 

reflections). Walls should have a matte surface and only a moderate 

degree of reflectance, as should desk tops. Luminaires in many offices 

often consist of groups of fluorescent tubes above a sheet of plastic 

material, flush with the ceiling, which diffuses the light and provides 

relatively even illumination. However, luminaires of this kind are 

significant sources of glare and their use should be avoided wherever 

possible. A number of other types of fixtures are available that do 

not cause glare owing to their shielding the operator from light 

directed sideways from the light sources. 

Visual Performance 

No matter how excellent the display, and no matter how 

well-designed the lighting arrangements, the operator must have 

adequate vision (corrected if necessary by suitable lenses). Although 

Smith et al (1984) failed to find any meaningful relationship between 

adequacy of refractions in their survey and the reporting of 

work-associated symptoms, one cannot ignore the fact that a large 

proportion of the population does not have adequately-corrected vision 

(Cakir et al, 1980). 

Accommodation 

As the VDU becames more ubiquitous, its use will spread to 

more and more segments of the population, including many persons over 

the age of 40, which is about the age at which most people v,ho have 

hitherto been proud of their 'perfect' eyesight begin to have problems. 
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These are chiefly due to loss of the power of accommodation, i.e., the 

ability of the lens of the eye to change shape enough to bring near 

objects into focus. Although this defect can be corrected by suitable 

spectacles, such a correction may limit distant vision so much that, 

for example, whilst objects may be seen clearly through a lens at, let 

us say, 20 cm, the same lens allows clear focussing up to no more than 

40 cm. This explains why some individuals who find their spectacles 

excellent for normal reading distances cannot focus clearly on a VDU 

screen, which is liable to be at 50 cm or more from the eyes. Users of 

bifocal spectacles may, therefore, find that the upper part of the 

lens, adjusted for distant vision, will not allow them to focus down to 

the 50-70 cm range that they need to use. Alternatives, such as the 

use of trifoca) or progressiv~ addition lenses are often 

unsatisfactory, and the older user of a VDU may need a lens prescribed 

for the VDU working distance. Other conditions of the eye may also 

affect the ability to see the screen clearly, and chief among these are 

the phorias, or eye muscle imbalances. Within limits these may be 

compensated for by subconscious muscular effort, but this may result in 

a degree of unacceptable muscular fatigue. Adequate correction by 

lenses is usually but not always possible. 

WORK STATION DESIGN AND LAYOUT 

It is important, when discussing work station design, to 

b_egin with the question: ''What kind of work?". The VDU is no more 

than a tool, and the·work station must be designed around the kind of 
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work the user is doing. Even constant users of VDUs, such as airline 

counter clerks, may need the space immediately in front of them for 

writing (e.g. making out tickets or baggage checks) and they may also, 

in some locations, have to load baggage onto conveyors. Their work 

stations must, therefore, be designed with these other tasks in mind, 

even though they may use the VDU for processing each passenger. 

Nevertheless, the multi-tude of varied tasks need not deter 

one from approaching the subject. It is generally found to be most 

convenient to start with the full-time operator in mind, performing a 

relatively complex task. The example that first comes to mind is the 

word-processing operator. In this work there is keying information in, 

accurately and rapidly, using a hard copy of varying quality, laying 

out the text, proof-reading and editing, making changes to earlier 

drafts and finally, operating a printer. There may be a need to use 

several different kinds of paper, or perhaps forms, and a need to 

consult reference material. In additional there is the equipment 

itself to consider. Flat-screen presentations are still rare, so one 

must contend with a CRT that, CRT which, with its associated 

components, is both bulky and heavy. Attached to it (but not fixed to 

it) is the keyboard, which in most cases is much wider than a 

typewriter keyboard. There may also be the disc drive, set either on 

the desk surface or below the desk, a printer, and perhaps a modem. 

(In some installations the discs may be operated from a central 

facility and several operators may share the same printer, but let us, 

for the purposes of argument, assume the worst case.) This means that 

the operator requires much more space - more floor area and probably 

more desk surface - than a typist doing comparable work. 
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It is both conventional and sensible to build workspace 

around the seated operator. Until recently it has been taught (Cakir 

et al, 1980) that the correct position for sitting in front of a 

keyboard was one in which ankles, knees, hips and elbows were all at 

more or less right angles, with thighs and forearms parallel to the 

floor. This convention has been challenged more recently in the case 

of school children and others ·whose work consists principally of 

reading and writing· (Mandel, 1982; Grandjean et al, 1983). Personal 

observation of a limited number of word processing operators tends to 

confirm the impression that, even with adjustable furniture, they do 

not necessarily prefer the 11 conventional 11 seated position. Studies 

(Dainoff, 1984; Shute and Starr, 1984) have shown that the use of 

adjustable furniture can lead to a decrease in the nu'lnber of 
I 

musculoskeletal complaints but a preferred posture is still not well 

defined. Further studies are necessary before firm conclusions can be 

reached. Research on this topic should carry a high priority because 

of its potential impact on furniture design, particularly that of the 

chair. 

Whatever position may be found most comfortable by operators, 

certain fundamentals remain. The feet must be firmly and comfortably 

supported, either on the floor or on a foot rest, and there must be 

ample room to move the legs. The thighs, again, must be supported, but 

the front edge of the chair must not exert pressure on the popl i teal 

area and is therefore best curved downwards. The seat itself should be 

suitably padded and shaped. The back must be properly supported. This 

implies a degree of curvatu_re of the back rest to support the lumbar 

region, but it is equally important that the back rest be high enough 
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to provide support at least up to the angles of the scapulae. The 

hands should be comfortable, too. Grandjean et al (1983) found that 

the mean preferred elbow angle among their subjects was 99 degrees, and 

Cakir et al (1980) recommend an elbow angle of 90 degrees or more. An 

angle of 20 degrees of forward inclination of the head is usually 

suggested. One further matter of importance is the viewing distance. 

This has already been discussed in the section on vision. It should be 

not less than 45 cm and not more than 70 cm, depending on character 

size. 

Given the above requirements, one is faced with the problem 

of how to satisfy them when dealing with a population ranging from 

small women to tall men. The range of dimensions is considerable and 

therefore a degree.of adjustability of furniture is essential. Several 

authors have made specific recommendations on furniture dimensions, and 

a summary of the major recommendations can be found in IRSST (1984). 

Certain basic pr{nciples applicable to the chair, the footrest, and the 

desk will be discussed here. 

The chair is the most important item involved. It is possible 

to improvise to some extent with regard to other items, but not the 

chair. Its range of adjustments should cover seat height, seat tilt, 

and backrest height and tilt. Armrests generany are not desirable, 

but if they are provided they should be adjustable for height and 

easily detachable. All adjustments should be capable of being made 

from the seated position without the use of tools and with a minimal 

degree of physical effort. 

The footrest should be adjustable over an adequate range of 

_ height and angle, ·and. shculd be wide enough to allow shifting of the 
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feet for purposes of comfort. Its upper and lower surfaces must 

provide enough friction so that the feet do not slip on the footrest 

and that the footrest does not slip on the floor. 

The desk or table must provide for the keyboard to be lovJ 

enough for the hands to rest comfortably, but it must not be so low as 

to intrude on the space required by the thighs. On the other hand, the 

CRT must be high enough to allow the line of sight to i.ntersect the 

middle of the screen at the proper working distance with the head held 

at a comfortable angle. If reference material has to be consulted, it 

must be easily accessible. Adjustments, if provided, must be capable 

of being made by the operator, from the seated position, quickly, 

without the use of tools, and with a minimum of physical effort. 

This challenge to the furniture engineer has been met in 
I 

various ways. At least 50 models of table are available in Europe 

(Shute and Starr, 1984). In the United States the most commercially 

successful models have one platform supporting the display screen and 

another supporting the keyboard, with the height of each being capable 

of adjustment independently of the other. One or both platforms may be 

moved forward and back. In the models that we have observed the 

adjustments of height may be set either manually or by electric motor. 

Considerable ingenuity is required in designing a hand-cranked platform 

that can be easily operated, particularly the rear platform, which is 

the one carrying by far the greatest weight. Tables used by a number 

of operators should be provided with suitable markings by which the 

operator may adjust the platform rapidly to his or her preferred height 

without having to experiment_on each occasion. 

Wrist supports have been suggested by a number of authors. 
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Grandjean et al (1983) found that in their experimental work stations 

forearm or wrist supports, when provided, were used by 80 per cent of 

subjects and were disliked by only 3 per cent. 

The Keyboard 

We mentioned earlier the question of a separate keyboard, 

which is not a fixed part of the display unit. Although in some 

instances a fixed keyboard may be preferred, or can be tolerated 

because of limited frequency of use, for most operators a sep9rate 

keyboard is essential. The reason is that for any given person and any 

given preferred seating position the existence of a fixed keyboard 

dictates the distance from the eyes to the display screen and also the 

inclination of th,e head, i.e., the viewing angle. The only way in 

which these two can be. changed is by adopting a less comfortable 

position. However, if the position of the keyboard relative to the 

display screen is not fixed it is possible to achive an optimal 

distance from the eyes to the screen and a different, although not 

necessarily optimal, viewing angle. Such an angle tan only be 

guaranteed if it is also possible to adjust the height of the display 

screen at will. 

The document holder is a feature to which sometimes little 

attention is paid. The holder does not need to be complicated in 

design, but it must be adjustable so that the hard copy is at the same 

height as the screen, is close to the screen (to avoid gross head 

movements), is at the same distance from the eyes as the screen itself 

and is at right angles. to the line of vision. 

Adjustable worktables can be expensive. Cakir et al (1980) 
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have appraised the physiological and cost advantages and disadvantages 

of various combinations of fixed versus variable heights of desk, 

seating and footrest. Their conclusions are that control over all 

three parameters is physiologically desirable but very costly. The 

combination of variable desk and seating height with fixed footrest 

height is judged to be physiologically highly acceptable but 

uneconomical. The combination of fixed desk height with variable 

seating and footrest height is appraised as physiologically 

satisfactory and the most economical. 

Other alternatives are available when funds are limited. For 

instance, it is possible to install a ledge against the front edge of a 

normal desk and at a level some 8 cm below its surface that will hold 

the keyboard and will improve comfort for most operators, even though 

it may still fall' short of the ideal. The CRT unit may be raised on a 

specially designed stand so that it more nearly approaches a 

satisfactory working height. A stand which also allows a degree of 

forward and backward tilt and of rotation in the horizontal plane helps 

to eliminate reflections. Footrests that are not adjustable for height 

will not be ideal, but again they may help in what, on occasion, will 

be inevitable compromises between operator comfort and financial 

constraints. 

RADIATION EMISSIONS 

Background Information 

Probably more concerns have been expressed regarding possible 
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health effects of radiation emissions than on any other subject r_elated 

to the use of VDUs. Numerous misconceptions, misinterpretations, and 

misinformation are frequently encountered. 

In this section a brief description is given of the various 

types of radiation emitted by VDUs and of their sources; results of 

surveys conducted world\'Jide on radiation emissions are summarized and 

the levels of emissions are compared with those recommended by various 

national and international standards or, where such standards do not 

exist, with the available scientific data on health hazards of exposure 

to these radiations. No attempt has been made in this section to 

review the biological effects of the various radiations, but references 

to published reviews are cited and some contentious issues are 

addressed briefly. 

Radiation may be defined as the propagation of energy in a 

physical system. Two types of radiation are associated with VDUs: 

electromagnetic radiation and acoustic radiation. Electromagnetic 

radiation encompasses a wide range of frequencies as illustrated in 

Figure 1. There are two types of electromagnetic radiation, ionizing 

f 
(wh~ch. i.s most frequently associated with the term 11 radiation 11

) and 

non1on1zrng. For ionizing radiation, a single photon can ionize an 

~r:r' . atom or a molecule. For non ionizing radiation- the ,J!ot;U''%fJl.or'µ 
\' less than the thermal energy (kT) at room temperature·, and this type of af ~ 

radiation does not ionize matter but interacts with biological systems~ l<T . 
by other mechanisms. (As a somewhat arbitrary dividing threshold a ..;; _a__o-<£.fltl 

~-4~ 
photon energy of 3 ~ is generally ac_:!pted.) As can be~ from ~A 
F_igure !, nonionizing radiation covers a very wide range of 0,~ 
frequencies, and various mechanisms in different frequency ranges are ~~ 

/l~j,J 7 J-r dt.k ~.a11, 
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responsible for interactions with biological systems. 

Acoustic radiation in this context refers to the propagation 

of sound and ultrasound. 

Sources of Radiation 

The potential sources of radiation from VDUs are the CRT 

(which may produce X-rays, UV, visible light and IR) the horizontal 

deflection system, coils, transformers and other electronic circuitry 

which may produce emissions at extremely low frequencies (ELF) and at 

radio frequencies (RF). The flyback transformer in the horizontal 

deflection system is also responsible for audible sound and ultrasonic 

emissions. 

X Radiation 

VDUs usually operate at a relatively low CRT voltage (about 

12 kV, for monachrome units, and up to about 25 kV for colour units), 

and X-rays produced are absorbed by the glass of the CRT. Under these 

conditions emissions of X-rays are well below the natural background. 

Furthermore, designs of modern VDUs are such that a significant 

increase of the CRT voltage, which would result in an increased 

production of X-rays, is impossible. In monochrome VDUs the display 

becomes unusable at about 15 kV. In colour CRTs (as those used in 

colour TV sets), where higher voltages are used, control circuitry is 

employed which causes the VDU to cease operation when the CRT voltage 

exceeds a set level. 

Some countries, -~·9· U.S.A. and Canada, have government 

regulation of TV receivers and VDUs. These regulations specify a limit 

\_ T/,i JlS -r-v. <;1JPVPt11I !Jn!J µff. 

V/J /A-s I 
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for permissible X-ray emissions (Bureau, 1981, Environmental, 1983). 

A large scale study of X radiation from VDUs performed in the 

U.S.A. indicated that the emissions under normal and severe test 

conditions are 0.1 mR/h or less (Bureau, 1981). Numerous tests of VDUs 

in use showed that X-ray emissions were below the natural background, 

i.e. about 10 µR/h (National, 1981; Environmental, 1983; Terrana et al, 

1980; Wolbarsht et al, 1979). I·n a few cases, reports of excessive 

levels of X-rays were found to have resulted from faulty measurements 

(National, 1977; Environmental, 1983). Some models, which in 

pre-market testing were found to produce X-rays above 0.5 mR/h, were 

not allowed onto the market (Bureau, 1981). Finally, tests performed 

in a low-background facility with the natural background radiation 

reduced showed that X-ray emissions for nearly 70 different models were 

less than 0.003 µ R/h. This is -- the background level in the test 

facility employed, and it can be considered as extremely low. No 

X-rays could be attributed to operation of the VDU as th.e measured 

levels were the same independently whether power of the test VDU was on 

or off (Pomroy and Noel, 1984). 

In view of the aforementioned studies, the conclusions and 

recommendations of various government agencies (as reviewed in 

Environmental, 1983) are well justified. The main conclusion is that 

X-ray emissions from VDUs are either nonexistent or so low that they do 

not pose a hea 1th hazard to the operator or fetus. Furthermore, there 

is no need for periodic testing for X-rays of VDUs whose models meet 

appropriate government regulations, as there is nothing inherent in 

their design and operation .that can cause an increase in production of 

X-rays. 
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UV, Visible Light, Infrared 

Measurements of emissions from VDUs in these parts of the 

electromagnetic spectrum have been reported (Aust~alian 1983, 1984; 

National, 1977, 1981; Weiss and Peterson, 1979; Roy et al, 1984; 

Wolbarsht et al 1979; Weiss, 1983). Representative data are summarized 

in Table 1 and are compared with the limits recommended in the U.S.A. 

(TLVs, 1984). Similar exposure limits are recommended in other 

countries. From this comparison it is apparent that ultraviolet, 

visible and infrared emissions from VDUs are about 100 or more times 

below the recommended limits. 

Radiofreguencies 

Extensive measurements at frequencies from 10 kHz to 10 GHz 

(Australian, 1983, 1984; Bureau, 1981; Environmental, 1983; Harvey, 

1984; National, 1977, 1981; Ontario, 1984; Paulsson et al, 1984; 

Petersen et al, 1980; Radiation, 1984; Roy et al, 1984; Stuchly et al 

1983b; Weiss and Petersen, 1979; Weiss, 1983; Wolbarsht, 1979) have 

indicated that the main sources of emissions are the flyback 

transformer or the horizontal deflection coil, which are parts of the 

electronic circuitry responsible for moving .. the electron beam 

horizontally on the screen. This movement is usually done at a 

frequency of between 15 and 22 kHz. In some VDUs the main source of 

emissions is the high-voltage secondary wiring. Because of the complex 

waveform of the scanning signal, up to ten harmonics of the fundame'ntal 

(15-22 kHz) frequency ~re pr~sent (Bureau, 1981; Harvey, 1984; Ontario, 

_1984). Outside the ·frequency range of about 15 to 220 kHz, the 
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emissions at radio and microwave frequencies are very low, well within 

the ambient background. 

Radiofrequency (RF) fields around VDUs at frequencies between 

15 kHz and 220 kHz are very low for very many models. Various 

measurements (Australian, 1983, 1984; Bureau, 1981; Petersen et al, 

1980; Roy et al, 1984; Wolbarsht et al, 1979; Weiss and Petersen 1979;) 

showed that only a small per~entage of VDUs produce measurable 

emissions. A small scale statistical sampling (Environmental, 1983; 

Stuchly et al, 1983b) showed that only about 35% of VDU models was the 

electric field strength in excess of 1 V/m at the operator's position. 

Table 2 summarizes the data on maximum strengths of the 

electric and magnetic fields (rms values) at the operator position. 

This position was defined in a conservative manner as 30 cm from eyes 

to screen. A decrease in the field_strengths is observed with distance 

from the screen. At 30 cm from the screen, the maximum electric field 

strength was 15 V/m and the maximum magnetic field strength \'JaS 0.17 

A/m. These maximal values were obtained after testing 203 different 

models of VDUs, and therefore they can be considered as representative. 

At a distance of 30 cm from the VDU surface, close to the 

location of the flyback transformer or other sources of emission, the 

maxima of the field strengths may reach 50 V/m and 1.1 A/m for the 

electric and magnetic fields, respectively° (Australian, 1984; 

Radiation, 1984). Values of 15 V/m and 0.5 are more typical 

(Australian, 1984; Ontario, 1984; Radiation, 1984). These fields are 

localized. Still higher field strengths have been found in proximity 

to the VDU surface,. however the accuracy of measurements of these 

f-ields is suspect (Environmental, 1983). The VDU operators are highly 
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unlikely to spend a considerable amount of time, if any, at 30 cm from 

the side or the back surface of the VDU. Therefore, the field 

strengths measured in front of the screen are representative of 

exposures. 

Recommended limits of exposure to RF fields are summarized in 

Table 3. A comparison of the reported VDU opera tor exposures with 

these limits leads to the conclusion that even the highest exposures 

are within the most stringent standards. In nearly 65 percent of the 

cases exposures are a factor of 10 below the most stringent standards 

(i.e. the electric field strength is below 1.5 V/m). 

Considerable discussion of possible health effects of 

exposure to radiofrequency fields from VDUs have recently ensued 

following research reports on the biological effects of weak 

electromagnetic fields (Bioelectromagnetics, 1984). In the last few 

years it has been shown that weak electromagnetic fields are capable of 

interactions with biological systems at specific frequencies and 

intensities (Adey, 1981; Bioelectromagnetics, 1984). Both the electric 

and the magnetic field appear to be capable of such interactions, but 

their mechanisms are not known. The effects reported occur, however, 

at frequencies between 1 and 1000 Hz and they are pertinent to 

evaluation of emissions at extremely low freq1:.1encies (ELF), not at 

radiofrequencies. Suggestions have been made that the waveform of the 

fields associated with biological effects may be of importance (Delgado 

et al, 1982; Ubeda et al, 1983). However, this can only be considered 

as an interesting hypothesis yet to be scientifically confirmed. 

When exposure of the VDU operator is compared with available 

scientific data on- health effects of radiofrequency fields, and when 
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this exposure is compared against recommended exposure limits, it can 

be concluded that it is very unlikely that these fields are of any 

health significance. 

Extremely Low Frequencies (ELF) 

VDUs, like any other electrical or electronic device, produce 

stray electric and magnetic fields at the power-line frequency (60 or 

50 Hz) and its harmonics. Measurements of the electric field strength 

(Harvey, 1984; Ontario, 1984) have yielded a maximum value of an 

electric field strength of 10 V/m (RMS). Magnetic field strengths up 

to 0.22 A/m (Stuchly et al, 1983a) and 0.56 A/m (RMS) (Ontario, 1984) 

have been reported. Only a few models of VDU have been tested. 

The ELF fields around VDUs are not much different from 

ambient levels in laboratories an~ homes, and they are weaker than the 

fields around other electrical devices e.g. household appliances 

(Ontario, 1984; Stuchly et al, 1983a). 

There is a substantial amount of scientific evidence that 

much higher strengths of ELF fields than those associated with VDUs are 

required to cause potentially hazardous biological effects (Anderson 

and Phillips, 1985; Stuchly et al, 1983a; Tenforde, 1985). Some 

evidence has recently emerged that relatively weak fields, particularly 

magnetic fields, can under some conditions cause biological effects 

(Adey, 1981; Bioelectromagnetics, 1984). Most of these effects, but 

not all, are quite subtle and not necessarily hazardous. Only in a 

handful of the studies that have found the interactions, were the field 

strengths comparable to those in some ambient environments and around 

VDUs. Furthermore, the effects observed occurred only under very 

7 
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specific conditions and in infrahuman subjects. For instance, Delgado 

and his associates (Delgado et al, 1982; Ubeda et al, 1983) reported 

teratogenic effects in chick embryos produced by weak magnetic fields. 

The effects were produced only by specific wave-forms of the pulsed ELF 

fields. While one or two parameters of the exposure fields employed in 

these studies are fairly similar to those around VDUs, there are 

significant differences in numerous other parameters describing the 

exposures, and comparison of the fields can be considered tenuous. 

Although the scientific importance of the weak interactions 

of ELF fields with biological systems must not be ignored, and they 

certainly warrant further research, their significance from the health 

protection viewpoint is less obvious. At this time it does not appear 

that these interactions are likely to affect human health to any 

significant degree. However, should this conclusion prove incorrect, 

the outcome applies not only to VDUs, but to practically all electrical 

and electronic devices, including electricity distribution systems. 

Electrostatic Fields 

A quasistatic (varying very slowly in time) electric field is 

produced by the electric charge on the screen of the CRT (Harvey, 

1984). The strength of the static electric fi.eld decreases rapidly 

with distance away from the screen. The charge on the CRT screen 

depends on the display brightness, the number of characters on the 

screen, the rate at which the writing beam is turned on and off, and 

the operating history of the unit (Harvey, 1984). The design of the 

unit and the ambient ·conditions (humidity) are also likely to play a 

role. 
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Measurements performed on 54 units that comprised 27 models 

showed that typical static electric field strengths were between -

150 V/m and 150 V/m, with a maximum of 1500 V/m, at a distance of 30 cm 

from the screen (Ontario, 1984). Electrostatic field strengths up to 

30 kV/mat a distance of 30 cm from the screen were reported in a study 

of 44 models of VDUs. Some models, however, did not produce a static 

field (Paulsson et al, 1984). Although the the results of the two 

studies may appear vastly different, this is not so. In the Ontario 

Hydro study (Ontario, 1984) the field strengths reported refer to 

exposure levels, while the Swedish report (Paulsson et al, 1984) cites 

the results of measurements of uncorrected perturbed fie 1 ds, which 

should rather be considered as emission levels. 

The measured strengths of the static electric field near VDUs 

can be compared to natural fields •·in the environment. At ground level 

the average DC electric field is about 130 V/m in the fair weather 

(Barnes, 1985). The field strength decreases with elevation, and at 

100 m above ground is about 100 V/m. Local strengths of the field vary 

widely depending on temperature and humidity. Before and during 

thunderstorms much stronger fields are produced, and field strengths up 

to 3000 V/m can be observed even in the absence of local lightning 

(Barnes, 1985). 

The static electric field does not produce current through 

biological bodies, unless a physical contact is made with a charged 

object producing the field. The static field may produce superficial 

effects at the skin (Sheppard, 1983). It may also produce indirect 

effects through changes in. ion balance in air (Sheppard, 1983). The 

available scientific data (Barnes, 1985; Sheppard, 1983) do not 
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indicate that the electrostatic fields produced by VDUs or currents 

passing through the body, when the person touches the VDU, can cause 

any harmful biological effects. The indirect effects of alterations in 

air ions are more difficult to assess. Firstly, changes depend not 

only on the static field produced by the VDT, but on other 

environmental factors such as humidity, temperature, air circulation 

and other materials and objects in the environment. Secondly, although 

many claims have been made regarding effects of ions on human health, 

there is actually no scientific data showing a significant air ion 

effect on human physiology (Sheppard, 1983). 

Skin rashes in some VDU operators have been attributed to the 

static fields (Linden and Rolfsen, 1981; Nilsen, 1982). These may have 

resulted from a combination of the V_DU electrostatic field, ex,~remely 

low humidity and likely other factors related to air quality (see 

further discussion in the next section). 

Acoustic Radiation 

The source of acoustic radiation in VDUs is the flyback 

transformer, and depending on the scanning frequency the emissions are 

sonic -tl5 to 20 kHz) or ultrasonic (20 to 32 kHz) (Bureau, 1981). 

Measurements performed on 25 models of VDUs showed that maximum levels 

at the operator position were from 30 to 68 dB. These levels are well 

below the recommended upper limits of 75 dB (Hill and ter Haar) and of 

80 dB (World, 1982). However, there are indications that a small 

percentage of people are sensitive to lower levels of sound or 

u_ltrasound than the recommended limit (Chatterjee and Crookes, 1984). 

This greater sensitivity, though, does not imply the existence of 
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physiological damage. 

In most practical situations acoustic emissions from VDUs 

contribute relatively little to the noise level in the office 

environment (Chatterjee and Crookes, 1984). 

MISCELLANEOUS HEALTH CONSIDERATIONS 

Cataracts 

Although an association between cataracts and VDU use has 

only been reported by one investigator, the subject has received 

considerable publicity. NRC (1983) has evaluated the matter in some 

detail. It was pointed out that no scientific report were published in 

a refereed scientific journal, that of the ten cases reported, six had 

inconsequential opacities not appreciably reducing visual acuity, and 
I• • that in the remaining four cases there was either known pre-existing 

disease or exposure to a cataractogenic agent. The causes of 

lenticular opacities are many, and the vast majority of visually 

disabling cataracts are associated with aging. NRC (1983) has also 

considered the kind of study that would be required to establish 

whether there is a causal relation between VDU use and cataracts. The 

NRC concluded that, at the time of writing, the size, complexity and. 

cost of such a study makes its pursuit both unjustifiable and 

unreasonable. The matter was al so considered briefly by IRSST (1984) 

which came to the conclusion that it \'las improbable that VDUs would 

produce cataracts in exposed workers. 
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PCBs (Polychlorinated Biphenyls) 

Digernes and Astrup (1982) measured PCB levels in a room in 

which VDUs were used and found them to be 56 to 81 ng/m3 as against 0.1 

to 1 ng/m3 in the outdoor air. However, they did not measure PCB 

levels in the air in other parts of the same building, but merely 

inferred that the electrical components within the VDUs were the 

probable source of contamination. However, Benoit et al (1984) who had 

al ready experienced PCB con ta mi nation of the air in their own 

laboratory from caulking materials located near the fresh air intake, 

have come to a different conclusion as the result of their experiments. 

They found PCB emissions from eight VDUs used in a building where the 

ambient air was contaminated with PCBs, .but they also found PCB 
-

emissions from an electric typewriter used in the same building. On 

the other hand, they found no PCB emissions from VDUs of the same type 

used in another building in which the air was not contaminated with 

PCBs, but they did find emissions of polycyclic aromatic hydrocarbons 

both in the air of that building and from the VDUs. They concluded 

that PCBs were deposited onto the VDUs from the contaminated air and 

did not arise from the electrical components in the units. 

Photosensitive Epilepsy 

Cakir et al (1980) discuss this subject in some detail. 

Between 1 and 3 per cent of the epileptic population (5-15 per 100,000 

of the total population) is subject to seizures provoked by visual 

stimuli, but the inc.idence falls off quite rapidly after the age of 

16-18 years. The optimum frequencies rates to induce convulsions are 
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between 10 and 25 Hz, although one study showed that convulsio~s could 

be produced at frequencies between 10 and 43 Hz by patterned 

stimulation (Cakir et al, 1980). There are no known reports of 

VDU-caused convulsions. It seems reasonable, however, to recommend 

that any known epileptic that is sensitive to photic stimuli should 

consult a physician before undertaking work with VDUs. 

Skin Rashes 

Linden and Rolfsen (1981) discuss ten cases of facial rashes, 

described as dermatitis, that they encountered among operators of VDUs. 

The condition subsided rapidly when the individuals were away from VDU 

work. In one case they were able to reproduce the condition by the use 

of an electrostatic generator. Rais_ing the relative humidity of the 

workplace and anti-static treatment of carpeting apparently cured the 

condition. A similar condition was reported in IRSST (1984). 

Abnormal Outcomes of Pregnancy 

.The literature on this topic emanates from North America, and 

the evidence is almost entirely anecdotal (e.g. De Matteo (1981) and 

consists of reports of small clusters of adverse outcomes (spontaneous 

abortions or birth defects). One such cluster was studied by the 

Centers for Disease Control (1981), which came to no definite 

conclusion but which did observe that, because of the very large number 

of VDUs existing in the United States of America, several such clusters 

could be expected on the basis of chance alone. It is not unreasonable 

tp suggest that an equal number of clusters of women who did not have 

_spontaneous abortions •Or whose children did not have birth defects 
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must, on this basis, also exist and that such clusters, though equally 

abnormal statistically, have not been, and will .continue not to be, 

reported. 

In a large questionnaire study the Canadian Labour Congress 

. (1982) asked two questions relating to adverse outcomes of pregnancies. 

The replies to these questions indicated that children born to the 

respondents had a birth defect of 3.2 per 1000 against an expected rate 

of 4 to 8 per 1000 (the difference depending on the definition of birth 

defect) and a spontaneous abortion rate of 140 per 1000, against an 

expected rate of 150-200 per 1000. However, the investigator observed 

that women leaving the labour force after the birth of a child were not 

included in the survey and stated that "a survey of this type cannot 

definitely answer whether VDU use is a cause of reproductive problems. 

A long term study, following the health patterns of carefully selected 

samples of workers, can provide more reliable answers." 

Many of the causes of spontaneous abortion are still unknown, 

although the association with certain factors such as age, cigarette 

smoking and. ionizing radiation is recognized. In the present state of 

scientific knowledge there is no physical factor inherent in the VDU 

that can lead to spontaneous abortion in any person, or the spouse of 

any person, working with this equipment. 

OTHER ENVIRONMENTAL PARAMETERS 

Temperature 
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Whilst ambient temperature requirements for VDU operators do 

not differ in any way from those of other office workers, the VDU 

itself is a significant source of heat. The heat generated by a VDU is 

usually in the range of 100-400 W compared with 35 to 50 W from an 

electric typewriter and about 100 W for each person at work (Cakir 

et al, 1980). The same source states that thermal loading may be 

between 30 per cent and 150 per cent greater compared with a working 

environment without VDUs. This percentage obviously depends on a 

number of variables such as the type of VDU in use, the number and 

density of VDUs in a given area and the capability of the air-handling 

system. Clearly, therefore, some account must be taken of thermal load 

before VDUs are introduced into a workplace, and engineering advice 

should therefore be sought. 

Relative Humidity 

Three references cited in IRSST (1984) propose relative 

humidity levels above 60 per cent. Such elevated levels may carry with 

them the risk of materials damage to buildings. The minimum level 

accepted in North America is 20 per cent, perhaps because of window 

condensation problems encountered in extremely cold weather, but 

wherever possible at least 30 per cent and pref~rably higher should be 

maintained when VDUs are in .use. Furthermore, higher humidity 

eliminates electrostatic charge accumulation, which might be 

responsible for skin rashes. 

MEDICAL SURVEILLANCE 
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In view of the visually-demanding nature of full-time VDU 

work, and taking into account that as many as 30 per cent of the 

working population may have uncorrected or inadequately corrected 

visual defects (Cakir et al, 1980), some degree of medical surveillance 

appears necessary. Recommendations as to the nature and frequency of 

this surveillance vary widely. It seems not unreasonable, however, to 

recommend that before starting to work with a VDU in an occupation in 

which there is extensive use of the screen, each person should undergo 

a comprehensive eye examination to include at least near and far visual 

acuity, accommodation and muscle balance. Prescriptions for spectacles 

for near vision should take into account the working distance. 

Insofar as periodic examinations are concerned, individual 

recommendations should be made by the examining ophthalmologist or 

optometrist, who will take into account the nature of the work, the age 

of the employee, rates of change of prescription, complaints of 

symptoms ( if any), and other simi 1 ar parameters. In the case of 

operators that do not require a prescription and that are, therefore, 

not under care, an examination should suffice every five years under 

the age of 40 and every two years thereafter so long as there are no 

complaints of symptoms. Routine examination at intervals as frequent 

as every six months is not justified. 
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Table 1. Typical maxima of emissions reported 

Reference 

Australian, 1983 
Roy et a 1, 1984 

Australian, 1984 

National, 1977 
National, 1981 

Wolbarsht et al, 1979 

Standard, TLV, 1984-85 

of UV, visible and IR radiations compared 
with a recommended standard. 

No. VDT. UV Visible IR 

Models (Units) 2 (µW/cm ) (fL) mW/cm 

14 0.25 10.2 

38 1.29 21.3 

4(22) 0.002 21 ND 
16(136) 0.65 40 

2 

1 0.02 10.7 0.02 

- 1000 2920 10 
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Table 2. Typical maxima of electric and magnetic 

field strengths (Ims) reported in the 

frequency range 10 kHz - 10 MHz at a 

distance of 30 cm from a VDU screen. 

Reference No. E H 
Models (V/m) (A/m) 
(units) 

Australian, 1983 14 2.7 0.076 
Roy et a 1, 1984 

Australian, 1984 38 15 0.078 

Bureau, 1981 3 2.4 0.04 

Environmental, 1983 57(86) 4.4 
Stuchly et al, 1984 

Radiation, 1984 17(43) 7 0.09 

Paulsson et al, 1984 44 0 .1 7 

Harvey, 1984 3(5) 3. 5°'< 

Ontario, 1984 27(54) 2.6 0 .16 

*This is the estimated value from the reported 
35 V/m. The method recommended by the author 
(Ontario 1984) was used. 



Table 3. Recommended exposure levels (rms values) 
at radiofrequencies. 

Standard Reference Frequency 
Range (kHz) 

USSR, general population 30-300 
(World, 1981, p.93; Michaelson, 1982) 

Czechoslovakia, 8 h exposure, 
general population (World, 1981, p.93; 30-300 
Michaelson, 1982) 

Poland, 3 h exposure 100-10,000 (World, 1981, p.94; Michaelson, 1982) 

U.S.A., occupational 10-3,000 (TLVs, 1984) 

Federal Rep. Germany 10-30 occupational and general population 30-2,000 (DIN, -1984) 

' I 

' 

1) occupational exposure 

E (V /m) 

20 

15 

20 

6002) 

1500 
1500 

2) depending on the interpretation the level may be higher, as a radiated power output is less than 7 W. 

3) f is the frequency in kHz. 

H (A/m) 

53) 

10 

1.6 

350 3) 

350x
30 
f 
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Figure I. Electromagnetic Spectrum 


