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SUMMARY

Nowadays in many companies the human resources are considered as the major asset. For reasons of both economics and
people’s health and well-being, the safety, reduction of accidents and absenteeism are getting a lot of attention. Measures
are taken and legislation on safety rules exist or are under preparation in many countries. Despite all these efforts the direct
economic losses are about 2,8-3,6% of GNP in the EU member states or 100-200 million working days annually.
Moreover, apart from the personal tragedies, also EU and national policy are addressing the societal cost of healthcare and
cost of re-integration of (disabled)workers after illness. Another aspect is the aging workforce with higher rate of
absenteeism and relatively high rate of fatal accidents. There is also a shift towards a 24-hrs society especially in capital
intensive production processes and service organizations. Global competitiveness also contributes to the increased 24 hrs
operations in many businesses. Consequently workers have to perform more and more optimally independent of time of day.

Good lighting on the task and in the working place is required for optimal (visual) task performance, especially also taking
into account the aging workforce. The effects of good lighting are even more important as (medical) science has shown in
the last two decades the positive influence of light on health and well-being as light is e.g. controlling largely the biological
clock. This body clock regulates e.g. all daily rhythms of both physiological and psychological processes such as hormone
secretion levels, alertness, mood, sleep-wake cycle, body temperature and many others. Both these aspects of good
industrial lighting will become more important in 24-hour operations. Dedicated lighting solutions will be required.

At present industrial lighting standards are based on the lighting needs to carry out the (visual) task efficiently. The lighting
requirements are fulfilled by general lighting for the work place eventually augmented by local task/machine lighting. It is
striking that in general the lighting quality requirements for industry are lower than e.g. for offices. Moreover many
existing industrial lighting systems are very old and economically as well as quality wise outdated. One would expect the
opposite: The best lighting systems in the industrial working environment for enhanced productivity, safety and health
reasons. A better lighting will positively contribute to speed and failure rate in performance, safety and accidents rate,
absenteeism, health and well-being.

In this paper the importance of industrial lighting of high quality as a driving factor to improve productivity is discussed.
The impact of light on vision, performance, alertness, well-being etc. as indicated in the model will be analyzed on basis of
the present state of knowledge on light & vision and light & health.

Concluding, industrial lighting should be given the attention it deserves from the point of view of company’s economics,
worker’s health and well-being and public health policy and costs.
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1 INDUSTRIAL LIGHTING

Industrial lighting covers a wide range of different working interiors and work tasks: from small work
shops to huge factory halls, and from fine precision work to heavy industrial tasks. In industrial
environments we have often to rely for an important part on artificial lighting only. There where
(glarefree) daylight can enter the industrial premises it can play an important role in obtaining
satisfying lighting results at the moments it is available. Good linking with the artificial lighting is then
essential. There are three systems of artificial lighting used in industrial interiors: general lighting,
localised lighting and local task lighting. General lighting is designed to produce a relatively uniform
illuminance on the working plane throughout the area. In those interiors where the arrangement of the
work positions is permanent, the use of localised lighting, with concentration of the higher
illuminances at the work positions, can lead to more cost effective installations. The lighting
requirements for certain specific tasks can be so stringent that it is neither technically feasible nor
economically viable to do the lighting with the general lighting alone. Local task lighting is then used
to supplement the general lighting for these specific tasks.

1.1 Visual performance and lighting

The lighting quality should always be such as to guarantee sufficient visual performance for the tasks
concerned. Research on the quantity and quality of lighting over the past decades has shown that
improvement of lighting quality from a low or moderate level increases the speed and accuracy with
which objects can be detected and recognised. The actual visual performance of a person is dependent
upon the quality of the lighting and of his or her own “seeing abilities”. In this respect age is an
important criterion. With increasing age, more and more light is necessary. Figure 1.1 gives the relative
requirements of the amount of lighting for reading a well printed book in dependence of age. If the
requirement at the age of 10 is taken as 1, it follows that a person of 60 years old requires as an average 15
times more light! This effect of course becomes more and more important with the workforce becoming older.
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Figure 1.1 Relation between age and light
required for reading good print. Source: Fortuin [1.1]

Figure 1.2 serves as an illustration of the many research results pertaining to the influence of lighting
quality on visual performance. It gives the relative visual performance as a function of the lighting
level for different task difficulties. One for a visually moderate task (as, for example, relevant for
general machine work) and another one for a difficult task (as, for example, fine assembly work or
colour inspection work). For all tasks a clear increase in visual performance is shown if the quality of
the lighting, in this example the lighting level, is increased. From the figure it again becomes evident
that the effect of age on visual performance is very important. For the same level of visual performance
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the quality of the lighting must be much higher for older workers. But for visually-difficult tasks,
lighting cannot completely compensate for the deteriorating effect of age. Given the increase in
average age of the workforce in the coming years (20% increase of the age group 50 - 65 in the coming
15 years) this means that with no changes in the illuminance levels worker performance will decrease.
In the graph, the required lighting levels for the two tasks as specified in the European draft standard of
CEN [1.2] are indicated. It shows that these CEN requirements are in fact conservative rather than
overstated if we take the age effect into account.
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Figure 1.2 Relation between relative visual performance (in %) and lighting level (in 1x) for a visually moderate
difficult task (left) and a visually difficult task (right). Continuous line: young persons, broken line: older
persons. Source: CIE [1.3]

An improvement in visual performance yields, in its turn, an improvement in task or work
performance. The improvement is reflected in a higher output and in a lower number of errors.

To what extent good quality lighting enhances work performance is, of course, dependent on the visual
component of the task. A task with an important visual component will benefit more from good seeing
conditions than a task with a less important visual component.

As an example, Table 1 summarises from different publications for different industrial tasks the
increase in task performance and the reduction in rejects brought about by an improvement of the
lighting quality.

Table 1 Increase in task performance and reduction in number of rejections as a result of improvements in
lighting level. Source: Handbuch fiir Beleuchtung [1.4]

Lighting level (Ix) Increase in task Reduction in

Type of work performance number of

Before After (%) rejects (%)
Camera assembly 370 1000 7
Leather punching 350 1000 8
Composing room 100 1000 30 18
Fine assembly work 500 1500 28
Metal industry 300 2000 16 29
Difficult visual tasks 500 1600-2500 10 20
in the metal industry
Miniature assembly 500-1000 4000 90
Weaving mill 250 1000 7
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Figures 1.3 and 1.4 summarise the general trends of improvement in task performance and the
reduction of errors with increase in lighting level.
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Figure 1.3 Relative task performance increase that may be ~ Figure 1.4 Relative reduction of errors resulting
expected to follow from improved lighting for a simple  from improved lighting for a simple (broken line)
(broken line) and a difficult (continuous line) visual  and a difficult (continuous line) visual component
component task. Source: Fordergemeinschaft Gutes Licht [1.5] task. Source: Fordergemeinschaft Gutes Licht [1.5]

1.2 Accident reduction and lighting

Accidents are often a concern in the industrial environment. The resulting physical injuries and mental
anguish are sometimes responsible for considerable losses in production.

Statistics show that the number of industrial accidents is on the increase. For example in the
Netherlands the number of recorded number of industrial accidents is increased with 40 5 over the last
3 years. There is clear evidence that many types of industrial accidents can be avoided by providing
better seeing conditions. In a German accident simulation study in a mock warehouse it was shown that
at higher lighting levels potential dangers were indeed better recognised [1.6].

The risk of an accident is also reduced when there is a greater awareness of potentially dangerous
situations and when the mood, alertness and health of the industrial worker is promoted by good-
quality lighting (see also Chapter 2). This effect can be important as a considerable number of
accidents are caused by a low degree of concentration and a high degree of fatigue on the part of the
worker.

Of course, the degree to which the number of accidents can be reduced is very much dependent on the
type of industry involved and the environmental situation prevailing. Table 2 gives the accident-
reduction figures for two of the industrial tasks listed in Table 1 above, where performance
improvements and reject reductions were recorded.

Table 2 Accident reductions as a result of improvements in lighting level
Source: Handbuch fiir Beleuchtung [1.4]

Type of work Lighting level (Ix) Accident
Before After reduction (%)

Metal industry 300 2000 52

Difficult visual tasks in 500 1600-2500 50

the metal industry
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Figure 1.5, resulting from another study, gives the number of accidents at the workplace as a function
of the lighting level for different types of injuries. Here, again, the trend is clearly a reduction in the
number of accidents as the quality of the lighting is improved.
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Figure 1.5 Number of accidents for different industrial tasks as a function of the lighting level (347 Accidents
investigated in total). Source: Volker, Riischenschmidt and Gall [1.7]

In Figure 1.6, all accidents analysed in this study are combined. It makes very clear that work places
with lighting levels between 50 and 250 1x are confronted with a relatively high number of accidents.
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Figure 1.6 Number of accidents as a function of the lighting level. (A total of 347 accidents have been

investigated). Source: Volker, Riischenschmidt and Gall [1.7]
It is important to note that not only the lighting level but all aspects of lighting quality play a role in

preventing accidents. These quality aspects will be dealt with in more detail in the next section. Here it
suffices to mention that non-uniform lighting can create adaptation problems that hamper proper
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visibility. Excessive glare also leads to severe adaptation problems, with all the negative consequences
that go with it. Stroboscopic effects of lighting can lead to dangerous situations there where it is
important to correctly see moving parts of machinery. Electronic high frequency operated lighting
takes this potential danger completely away. And finally, lighting exhibiting bad colour properties may
lead to misjudgements of potentially dangerous situations.

1.3 Lighting and working environment

Apart from the influence lighting has on visual performance there is also the influence the lighting has
on the working environment. The overall working environment, if properly designed, can have a
stimulating effect on the people working there [1.8]. Today, much importance is placed on the layout
and interior design of the work-place. The lighting can have an important role here: whilst it can
emphasise positive elements of the design, it can also detract from these elements, for example by poor
colour rendering or glare effects. Such deficiencies often lead to direct complaints about the lighting [1.9].
It has already been mentioned that, if and when available, daylight can have an important positive
effect. As far as the quantitative aspect is concerned it only serves, in most premises, as a supplement
to artificial lighting. The positive qualitative effect is especially connected with the "outside view" it
offers. Attention should be paid to avoid negative side effects of daylight caused by excessive glare.

1.4 Lighting quality requirements

To enable people to perform visual tasks efficiently, accurately and safely especially the lighting level
has been shown to have an important influence. However, other quality aspects of lighting, namely
uniformity of the lighting pattern, glare restriction and colour rendering are also very important.

Non-uniform lighting with abrupt changes in illuminances around the task area may lead to visual
stress and discomfort. This has to do with the adaptation properties of the eye. Sufficient uniformity of
the general lighting will ensure sufficiently high lighting levels to give complete freedom in the
placement of the machinery and work places.

Glare is the sensation produced by brightnesses within the visual field that are largely greater than the
brightness to which the eyes are adapted. This can lead to a reduction of visual performance and to
discomfort. Too much glare can even lead to complaints such as eye strain and headache. The same
problem may occur if there are excessive differences in brightness between the surfaces in the interior.
It is thus important to limit glare to avoid errors, fatigue and accidents. The degree of glare restriction
obtained depends very much on the optical quality of the luminaires used in combination with the type
of lamp used. Fluorescent lamps have, thanks to their larger dimensions, lower luminances than high
intensity gas discharge lamps (high pressure mercury, sodium and metal-halide lamps). It is easier to
limit glare with lamps having lower luminances.

A coloured object is perceived as being so by virtue of the fact that it reflects only part of the light
incident on it. Red paint, for example, reflects a high percentage of the red wavelengths — the more the
amount of red in the incident light, the redder the object. The way in which the colours around us are
rendered is thus strongly dependant upon the colour rendering qualities of the lighting. The colour
rendering index, R,, of a light source is the measure for this quality. R, can have values ranging from
zero (no colour rendering) to 100 (excellent colour rendering). The proper colour rendering of the
human skin is especially important. Lighting that makes the skin look pale and unhealthy often leads to
complaints. By a proper choice of the light source (colour rendering R, at least 80), this problem is
easily avoided. Lamps with a colour rendering index lower than 80 give unacceptable results in
interiors where people work or live; unacceptable as far as task performance is concerned, but also
unacceptable from a mood and well-being point of view. The requirement for an R, of 80 or more is
especially important when it comes to the choice of the right type of tubular fluorescent lamp, there
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being so many different types available. For working environments, only those tubular fluorescent
lamps with a colour code of 830 or higher fulfil the requirement.

In today's practice however, still in around 80% of the industrial lighting installations use is made of
light sources with much lower colour rendering indices. The reason often is the lower initial cost. It
should however be noted that if the total cost of the installation (including energy cost) are taken into
account, modern lamps with good colour rendering are more economical.

Most national and international recommendations and standards specify lighting quality figures for all
these quality aspects for a wide variety of interiors and activities. Table 3 summarises the quality
aspects of a lighting installation together with the most important parameter for each aspect.

Table 3 Quality aspects of lighting installations with their quality parameters

Quality aspect Quality parameter

Lighting level Average illuminance level, E,,
Uniformity Emin/ Eav

Glare restriction UGR

Colour rendering R,

As an illustration of what quality is required in different situations Tables 4 to 6 give the required
values for three different types of industry: chemical industry, power stations and printing industry.
These requirements are values given in a draft European standard (draft 1998) for work places, which
meet the needs of visual performance, comfort and safety. Of course the same standard specifies values
for many other types of industry. (The values specified for the average illuminance are so-called
“maintained illuminance values”: values below which the average illuminance on the specified surface
is never allowed to fall).

Table 4 Lighting requirements for the chemical, plastic and rubber industry. Source CEN [1.2]

2.5 Chemical, plastics and rubber industry

Ref.no. Type of interior, task or activity E,, UGRp R, Remarks

2.5.1 Remote-operated processing 50 - 20 Safety colours shall be
installations recognisable
2.5.2 Processing installations with 150 28 40

limited manual intervention

253 Constantly manned work placesin 300 25 80
processing installations

2.5.4 Precision measuring rooms, 500 19 80
laboratories
2.5.5 Pharmaceutical production 500 22 80
2.5.6 Tyre production 500 22 80
2.5.7 Colour inspection 1000 16 90  Tep=>4000 K
2.5.8 Cutting, finishing, inspection 750 19 80
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2.15

Ref. no.
2.15.1

2.15.2
2.15.3
2.15.4

2.15.5

2.15.6

2.16

Ref. no.
2.16.1

2.16.2
2.16.3

2.16.4

2.16.5

Table 5 Lighting requirements for power stations. Source CEN [1.2]

Power stations

Type of interior, task or activity

Fuel supply plant

Boiler house
Machine halls

Side rooms, e.g. pump rooms,
condenser rooms etc.;
switchboards (inside buildings)

Control rooms

Outdoor switch gear

E,
50

100
200
200

500

20

UGR,,

28
25
25

16

R. Remarks

20  Safety colours shall be
recognisable.

40

80  For high-bay: see clause 4.6.2.
60

80 1. Control panels are often
vertical.
2. Dimming may be required.
3. For DSE-work see clause 4.11.

20  Safety colours shall be
recognisable.

Table 6 Lighting requirements for the printing industry. Source CEN [1.2]

Printers

Type of interior, task or activity

Cutting, gilding, embossing, block
engraving, work on stones and
platens, printing machines, matrix
making

Paper sorting and hand printing

Type setting, retouching,
lithography

Colour inspection in
multicoloured printing

Steel and copper engraving

E.,
500

500
1000

1500

2000

UGR,,
19

19
19

16

16

R, Remarks
80

80
80

90 Tcp=5000 K.

80  For directionality see clause 4.5.2.

A quality criterion seldom mentioned in standards is the frequency at which lamps are operated. Some
people experience headaches because of the flicker of fluorescent lamps operated on magnetic ballasts
(50 Hz). Fluorescent lamps run on modern electronic ballasts operating at high frequency (around 30
000 Hz) do not exhibit this flicker phenomenon. In a comparison it has been found that the occurrence
of headache is, indeed, significantly lower when electronic ballasts are used [1.10]. On the basis of its
influence on the basic brainwave pattern (EEG), another study describes fluorescent light produced by
lamps operated on conventional, non-electronic magnetic ballasts as a potential stress source [1.11]. Of
course electronic high-frequency ballasts are also recommended because they are more efficient and do
result in a longer lamp life than lamps on conventional ballasts.
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2 LIGHTING AND BIOLOGICAL EFFECTS
2.1 Background

Until a couple of centuries ago human life was determined by the daily light-dark cycle and the related
wake-sleep rhythm. Since the industrial revolution and especially the invention of electric light, the
society is gradually extending the active daily period and now moving towards a 24 hour society. Shift
work, including nightshifts, is already for many years applied in production processes in e.g. metal and
food industry and hospitals. Today with the globalisation of the activities of many companies, IT
services and intense intercontinental travelling the number of people working in irregular work
schedules is increasing rapidly. In many countries a substantial part - 15-25% - of the working
population is working in one of another form of shift schedule whether it be in production, transport or services.

From the ancient times the beneficial effect of (day)light was well known and used in e.g.
heliotherapy. Light therapy in solving health problems was popular until the 1930’s, than through the
invention of penicillin, pharmaceutics took the leading role. The importance of light in relation to health and
well-being however revived in the last 20-30 years by various findings in biological and medical research.

We normally think of the eye as an organ for vision, but after the discovery of additional nerve
connections from the eye to the brain, it turns out that ocular light mediates and controls a large
number of physiological and psychological processes in humans. The most important findings in the
effects of ocular light are related to:

=  Control of the biological clock

= Direct (stimulating) effects

= Influence on mood

2.2 Light and the biological clock

In the new science of chrono-photobiology, light is considered as the most important factor - often
referred to as ‘Zeitgeber’ - in controlling our internal body clock, located in the supra chiasmatic
nuclei in the hypothalamus in the brain [2.1]. Ocular light sends, via a separate nerve system, signals to
our biological clock located in the brain which in turn regulates the circadian (daily) and circannual
(seasonal) rhythms [2.2] of a large variety of body processes. In a natural setting ocular light,
especially morning light, synchronises the internal body clock to the environmental time or the 24 hour
light-dark cycle of the rotating earth. Without light, the internal clock would be free-running with a
period of about 24 hrs and 15 minutes and consequently the internal clock-time will deviate day after
day more and more from the environmental clock time [2.3] The result is that one will get similar
symptoms as when having jet-lag after travelling over some time-zones[2.4].
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Figure 2.1 Double plot (2*24 hrs) of typical circadian rhythms of body temperature, melatonin, cortisol and
alertness in humans for a natural 24 hour light/dark cycle. (Various sources, see text)
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In figure 2.1 some typical rhythms in human beings are illustrated, it should be noted that these have
been smoothed and masking effects are ignored (temporary effects of food, coffee etc). The figure
shows only a few examples: body temperature, alertness and the hormone rhythms of cortisol (stress
hormone) and melatonin (sleep hormone). Important other ones are e.g. sleep-wake cycle, sleepiness,
fatigue, mood and performance.

The hormones cortisol and melatonin play an important role in alertness and sleep. Cortisol levels raise
in the morning and prepare the body and mind for the coming day activity. At the same time melatonin
level drops, reducing the sleepiness. Melatonin is popular known as sleep hormone and induces
sleepiness e.g. melatonin is used as sleeping pill to cope with jet lag. The rise of melatonin levels in the
evening prepares humans to start the sleep cycle and maintain a good quality sleep during the night,
resulting in optimal start of the new day. Light has the capability of directly suppressing melatonin e.g.
light during the night reduces melatonin levels within half an hour and also morning light helps to
reduce the melatonin level and consequently wakens-up. From these simplified examples it is evident
that both hormone rhythms are important to function well during the time we are awake and influence
directly the degree of alertness (see also chapter 2.4).

So the correct dose and timing of daily light is very important to keep the internal and external clocks
in phase with each other especially because our internal clock regulates the circadian rhythm which are
relevant in our daily activity such as alertness, sleepiness, fatigue, mood, performance.[2.2], [2.5].

2.3 Light and direct stimulating bodily effects

Direct stimulating effects of light are recognised by almost everybody, especially when comparing
summer and winter, but also in the interior (working) environment [2.18].This is partly a psychological
effect, but also as illustrated above a physical component is contributing to this. Different light levels
give changes in the EEG pattern and as a consequence influences the central nervous system resulting
in effects on various body functions Also through direct suppression by light of e.g. melatonin (see
above) body processes are influenced.

Recent findings suggest moreover a direct effect of light e.g. heart rate, insulin level etc. [2.19], [2.20],
[2.21]. Fundamentally these recent findings show an increasing number of neural pathways, directly or
indirectly, from the eye to various glands in the body. Many of these effects could be related to the
biological clock as well. Research has shown that light therapy is useful for various sleep disorders,
Alzheimer disease and many others, which are subject of further research e.g. PMS, anorexia, bulimia,
the immune system etc. [2.22], [2.23], [2.24], [2.25].

2.4 Light, mood and alertness

Mood is the reflection of the feelings of state of the person, physically the feeling good or bad, and
mentally the feeling more or less alert [2.6]. Other factors known as influencing mood are for example
weather/season [2.7] and in case of work the seeing conditions and the (visual) environment.

In the industrial field alertness is of prime importance as it is a factor in not only mood but also in
performance and avoiding accident. Alertness at a specific time of day is largely determined by an
endogenous component, related to the circadian body clock, (raising in the morning, stable in the
afternoon and declining in the late evening) and an exogenous component, declining over the period of
wakefulness (the longer awake the lower). Subjective alertness at a time of the day is the combination
of these two components, most probably not by simple addition but in a more complex relation. This
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leads also to the so-called lunch-dip with a relatively high sleep propensity and increased number of
e.g. traffic accidents (principally the dip is not related to lunch, which at best deepens the dip).

Considering the alertness rhythm (Fig. 2.1) it is not remarkable that many investigations on the effects
of light on alertness and arousal level have been carried out under (night) shift-work conditions
because of the low level in e.g. arousal and the effects to be expected are the strongest. Figure 2.2
shows the effect of two lighting regimes on arousal as a function of time at work for shift-workers [2.8].

arousal level

-1

2800 lux

~
250 lux N\

time (hrs after mid night)

Figure 2.2 Mood expressed as arousal level for uniform lighting levels of 250 Ix (o) and 2800 Ix ( ) as a
function of number of working hours for night-shift workers (Boyce et al.)

A decline in arousal over the night occurs for both conditions, but the high-lighting regime results in a
significantly increased arousal level.

Other studies show that the use of higher lighting levels to cope with fatigue results in staying longer
alert [2.9], [2.10], [2.11]. This holds also for the composition of EEG’s, containing less delta waves
(which is an indicator for sleepiness) which means that bright light has an alerting influence on the
central nervous system (see Fig. 2.3) [2.12].

EEG delta
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of brain of brain

Figure 2.3 Delta activity in the EEG of office workers under lighting levels of 450 1x and 1700 Ix (Kuller, Wetterberg)

Finally a study of bright light, up to lighting levels of 5000 Ix with computer controlled algorithm,
applied in control rooms shows that 79% of the operators report improved alertness and 64% improved

INGINERIA ILUMINATULUI 7-2001 11



performance. Striking in the same study of bright light is also the reduction in (near) accidents in
commuting home after the night shift (10% compared to 40%) [2.13].

Another aspect is the seasonal difference in mood, energy level and vitality in a substantial part of the
population at our latitudes. Studies with 145 (healthy) office workers (day shift, using for at least one
hour/day a bright light desk luminaire providing 2500 1x) show 62% of the people reporting lesser
negative seasonal effects (on a VAS: Visual Analogue Scale), resulting in improved well-being, mood
and energy level [2.14]. In other research studies stimulating effects of bright light have been found
during daytime and night time aiming towards elevated levels in alertness and performance [2.11],
[2.15], [2.16]. In wintertime the suppression of melatonin by electric light in the morning (so called
dawn simulation) could play an important role, especially in the dark winter morning hours, as it will
help people to overcome morning sleepiness. Direct stimulation could play a role in the dark afternoon
hours to improve concentration and alertness.

Stress levels and complaints were studied in people working indoors under electric lighting only in
comparison to people working under a combination of electric light and daylight. With artificial light
only (same lighting level), hardly any difference is found in stress complaints between winter and
summer [2.17]. However the stress in the group with the combined lighting was in summer
substantially lower than in winter (see Fig. 2.4).

stress level
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Figure 2.4 Stress levels in a group of workers working either under electric
light only or under a combination of electric light and daylight (Kerkhof)

It can be assumed that the high amount of the daylight component in summer contributes to the
reduced number of stress complaints. Bright light in winter as demonstrated in one of the above
mentioned studies can most probably compensate this difference [2.14].

Light plays evidently an important role as good seeing conditions and a pleasant work place will
stimulate positive mood and contribute through increased alertness to reduced accident rates and
increased performance.

2.5 Daylight and electric light

Many of the mentioned positive effects are obtained as the result of medical and biological research
projects proving that electric light can be as effective as natural light. However in the indoor
environment usually the lighting levels are much lower than even the minimum lighting levels found
outdoor which are in the order of 1000-2000 Ix on a dull day (on a sunny day levels reach 100 000 Ix).
Indoor levels without daylight contributions are in the order of 100-500 1x only and usually depending
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on the (minimum) requirement in the standard or recommendations which are in most cases based on
horizontal illuminance while for the biological effects the illuminance on the eye is relevant.
Compared to daylight lighting levels the recommended illuminance values can be considered as
“biological darkness”. Fortunately in many cases daylight contributions penetrate the buildings at least
for a number of hours per day increasing the overall lighting levels substantially. Another difference
between daylight and electric light is the dynamics in level and colour temperature of daylight which is
missing in the (windowless) interior. It is generally accepted that these changes in daylight have a
positive influence on mood and stimulate people. There is in case of electric light evidence that such
changes by means of dynamic indoor lighting have a stimulating effect on people. An extensive study
under office conditions has shown that people prefer high additional electric lighting in an office
environment (average 800 Ix on top of the prevailing daylight contribution) [2.28].

If present installations all would meet the most recent lighting standards this would be an important
step in realising healthy light in the workplace.

2.6 Effects of poor lighting quality

Although good quality lighting has positive effects on health, well-being and performance, it should
also be emphasised that poor lighting can lead to negative effects even though people are not
complaining on the quality of the lighting [2.29]. In the early nineties a lot attention is given to the so
called Sick Building Syndrome: complaints of workers in office buildings on dry air, air quality, too
high or too low temperatures, headache and irritated eyes and nose. In a survey in the Netherlands in
61 buildings half the people complain on air quality and 25% on health and well-being. About 30% of
the people complain on the lighting [2.30]. Working in poor or low quality lighting can lead to eye
strain and fatigue, influencing negatively the performance of the worker. In a number of cases it can
lead to e.g. headaches [2.31]. Causes are in many cases a too low lighting level, glare from light
sources and not well-balanced luminance ratios in the workplace and on the task. Headaches may
sometimes be caused by so-called flicker of lamps, being the result of the use of magnetic ballast
operated on the frequency of the electric supply system and/or poor maintenance of the lighting
system. This flicker effects can also cause stress in people [2.32].

For a number of years electronic ballasts, operating at high frequencies in the order of 25 000 Hz, are
available in the market. These lamp-ballast combinations do not show this flicker phenomenon. The
occurrence of headaches is significantly lower with these types of ballast [2.31].

2.7 Final remark

In summing up it is evident that a good healthy condition, improving alertness, performance and mood
will further decrease the accident rate, and have a positive effect on performance and consequently will
also result in a lower absenteeism rate.

A good quality lighting, meeting both the visual and biological requirements, will contribute
substantially to the productivity in the industrial processes as well as to the general health and well-
being of the individual worker.

3 LIGHTING AND PRODUCTIVITY

In the previous part of this paper the relationships between lighting of good quality and visual
performance, biological effects and a stimulating working environment have been discussed.
Subsequently the consequences for work speed and failure rate for accident reduction, mood, alertness
and health and well-being have been illustrated. All these factors together can have a considerable
positive effect on the overall productivity.
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It is evident that good mood and alertness together with a well maintained health condition of the
industrial worker will further decrease the accident risks. Lower accidents in the industrial
environment have, in turn, an additional positive effect on work performance. High work performance
of course directly influences productivity in a positive sense. Added to this positive effect on
productivity is the lower absenteeism which directly follows from the reduced accidents, improved
mood and alertness, well maintained health and motivation connected to good-quality lighting.

Our preliminary evaluations of all data described in this paper lead to the following conclusion:
Increasing the lighting level from the minimum required 300 Ix to 500 Ix leads to an increased
productivity

- based on conservative assumptions: 10-25%

- based on probably more realistic assumptions: 10-40%
but certainly to more than 10%.

Nowadays most lighting installations in industry are hardly achieving the (minimum) required 300 Ix.
Those lighting installations consist most of the time of old fashioned bare battens with conventional
electro-magnetic ballasts and standard fluorescent lamps. In the “better” installations the battens are
provided with a simple (white) metal reflector to prevent the light going to the ceiling.

A good quality installation would consist of a luminaire with an optical system that brings the light
where it is really needed, provided with three-band fluorescent lamps with a colour rendering index of
80 or more, flicker-free operated on a high-frequency ballast.

Because of the higher lighting efficiency of such an installation, the far higher efficacy of the
fluorescent lamps and the lower energy losses in the high-frequency ballast, energy savings up to 70%
compared with the existing installation can be achieved. In such a case, increasing the lighting level
from 300 1x to 500 1x would still result in a lower consumption of energy and thus to lower operating
costs for lighting.

The investment for a better quality lighting installation and an increased lighting level of 500 1x will be
paid back by the financial gain achieved by the increase in productivity within a very short periode of
usually (much) less than one year.
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ILUMINATUL INDUSTRIAL,
PRODUCTIVITATE, SANATATE SI CONFORT

Rezumat

In prezent, resursele umane sunt considerate in multe companii ca cel mai important bun. din
ratiuni atdt economice cat i ale stdrii de sdnatate si confort a oamenilor, siguranta, reducerea
accidentelor si absenteismului au primit o atentie sporita. In multe tari sunt luate o serie de masuri si
exista sau este 1n pregdtire o legislatie privind regulil de siguiranta. Cu toate aceste eforturi, pierderile
directe economice sutn 1n jur de 2,8-3,6% din PIB in tarile membre, egale cu 100-200 milioane zile de
munca anual. De altfel, pe langa tragediile personale, politicile UE si cele nationale se adreseaza
cel al fortei de munca vérstnice, cu un grad mai mare de absenteism si o ratd relativ ridicata de
accidente fatale. Se remarca o alunecare spre o societate de 24 ore, in special in procesele de productie
intensiva si Tn organizatii de servicii. Competitivitatea globald contribuie de asemenea la cresetrea
procentului de activitdti de 24 ore in multe afaceri. Ca o consecintd, muncitorii trebuie sa desfasoare o
activitate din ce Tn ce mai buna independ de momentul din zi.

Un bun iluminat al sarcinii si a locului de munca este cerut pentru o optimiziare a performantei
sarcinii (vizuale), in special avind in vedere forta d emunca varstnica. Efectele unui bun iluminat sunt
chiar mai importante, din moment ce medicina a aratat in ultimele doua decade influenta pozitiva a
luminii asupra sanatatii si a confortului, din moment ce lumina controleaza ceasul biologic. Acest ceas
al corpului regleaza ritmul zilnic al proceselor fiziologice si psihologice, cum este nivelul secretiei
hormonale, starea de concentrare, forma psihica, ciclul treaz-somn, temperatura corpului si multe
altele. Aceste aspecte ale unui bun iluminat industrial vor deveni mai importante in orpatiile de 24 de
ore. Solutii de iluminat dedicate vor fi necesare.

Standardele de iluminat industrial actuale sunt bazate pe necesarul de lumind pentru desfasurarea
eficientd a sarcinii vizuale. Cerintele luminotehnice sunt indeplinite de iluminatul general al locului de
munca, eventual marite cu un iluminat local al sarcinii/utilajului. Este evident ca, In general, cerintele
de calitate a iluminatului pentru industrie sunt mai scazute decat, de exemplu, al celor pentru birouri.
De altfel, multe sisteme de iluminat industriale sunt foarte vechi si depasite sub aspect economic si al
calitatii. Ne-am astepta la contrariul: cele mai bune sisteme de iluminat ar trebui sa fie cele din mediul
industrial, pentru productivitate Tmbunadtatitd si din ratiuni de siguranta si sandtate. Un iluminat mai
bun va contribui in mod pozitiv la mérirea vitezei si reducerea pierderilor de performanta, siguranta si
rata accidentelor, absenteism, sdnatate si confort.

In aceasta lucrare este discutata importanta iluminatului industrial cu o calitate ridicata ca factor de
imbunatatire a productivitatii. Impactul luminii asupra vederii, performantei, stirii de concentrare,
confortului etc. sunt ardtate in modelul ce va analiza pe baza cunoasterii actuale asupra relatiei lumina
& vedere si lumina & sanatate.

In concluzie, iluminatul industrial va trebui si fie in atentia companiilor din punctul de vedere al
economiei, sdnatatii i confortului muncitorului si politicii de sénatate publica si costuri.

1 ILUMINATUL INDUSTRIAL

Iluminatul industrial acopera o gama larga de spatii interioare si sarcini de lucru: de la mici ateliere
péana la mari hale de productie, si de la lucriri de precizie pana la sarcini de lucru industriale. In mediile
industriale deseori trebuie sd ne bazdm Intr-o masura importantd doar pe iluminatul artificial. Acolo
unde iluminatul natural neorbitor poate intra in zonele industriale, poate juca un rol important in
obtinerea unor iluminari satisfacitoare Tn momentele cind este disponibil. Este esentiald o legatura
bund cu iluminatul artificial. Exista trei sisteme de iluminat artificial folosite In interioarele industriale:
iluminatul general, iluminatul localizat si iluminatul pentru sarcini de lucru locale. Iluminatul general
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este proiectat pentru a produce o iluminare relativ uniform pe intreaga arie a planului de lucru. In acele
interioare unde aranjamentul pozitiilor de lucru este permanent, utilizarea iluminatului localizat, cu
concentrarea ilumindrilor mari in punctele de lucru, poate conduce la instalatii mai eficiente din punctul de
vedere al costurilor. Cerintele de iluminat pentru anumite sarcini de lucru pot fi atat de stringente incét nu
este nici tehnic fezabil, si nici economic viabil sd realizim iluminarea doar folosind iluminatul general.
[luminarea sarcinilor de lucru locale este, astfel, folosita pentru a suplimenta iluminatul general.

1.1 Performanta vizuala si iluminarea

Calitatea iluminatului ar trebui sd garanteze intotdeauna o performanta vizuald suficientd pentru
sarcinile de lucru. Cercetarea cantitdtii si calitatii iluminatului Tn ultimele decenii a aratat ca
imbunatatirea calitatii iluminatului de la un nivel scazut sau moderat creste viteza si acuratetea cu care
obiectele pot fi detectate si recunoscute. Performanta vizuald reald a unei persoane este dependentd de
calitatea iluminatului si de abilitatile sale vizuale. In acest caz, vérsta este un criteriu important. Odata
cu Tnaintarea Tn varstd, este necesara din ce in ce mai multd lumind. Figura 1.1 reprezinta cererile
relative de lumina pentru a citi o carte bine tiparitd, in functie de varstd. Daca cerinta la varsta de 10 ani
este consideratd 1, urmeaza cd o persoand de 60 ani cere in medie de 15 ori mai multd lumina! Acest
efect devine, desigur, din ce in ce mai important pe masura ce forta de munca Tmbatraneste.

Figura 1.2 serveste ca ilustratie a multor rezultate de cercetare relativ la influenta calitdtii
iluminatului asupra prformantei vizuale. Figura prezinta performanta vizuald relativd in functie de
nivelul de iluminat pentru sarcini de lucru de dificultati diferite. Una pentru o sarcind de lucru
moderata (ca, de exemplu, relevanta pentru lucrul general la o magind) si o alta pentru o sarcina dificila
(ca, de exemplu, asamblare find sau inspectare a culorilor). Pentru toate sarcinile este indicatd o
crestere clard a performantei vizuale dacad calitatea iluminarii, in acest exemplu nivelul iluminarii,
creste. Din aceasta figurd devine, din nou, evident ca efectul varstei asupra performantei vizuale este
foarte important. Pentru acelasi nivel de performanta vizuala calitatea ilumindrii trebuie sa fie mai mare
pentru muncitorii mai varstnici. Dar pentru sarcini vizuale dificile, iluminarea nu poate compensa
complet efectul deteriorant al varstei. Fiind data cresterea in varsta medie a fortei de munca pentru anii
urmatori (20% crestere a grupului de varsta cuprins n intervalul 50-65 ani in urmatorii 15 ani) aceasta
inseamni ci, fara schimbari in nivelurile de iluminare, performanta muncitorilor va scidea. In grafic
sunt indicate nivelurile de iluminat cerute pentru cele doua sarcini de lucru, asa cum sunt specificate in
propunerea de standard european a CEN [1.2]. Se aratd cd aceste cerinte ale CEN sunt, de fapt,
conservatoare, mai degraba decit prea pretentioase, dacd tinem seana de efectul varstei.

O Imbunadtdtire In performanta vizuald produce, in schimb, o imbunatatire in performanta de lucru.
Aceastd imbunatatire este reflectatd intr-o productie mai mare §i Intr-un numdr mai mic de erori.
Masura In care o calitate mai buna a iluminatului imbunatdteste performanta de lucru este, desigur,
dependenta de componenta vizuald a sarcinii de lucru. O sarcind cu o componentd vizuald importantd va
beneficia mai mult de conditii vizuale bune decét o sarcina cu o componenta vizuald mai putin importanta.

Ca un exemplu, Tabelul 1 sumarizeaza din diferite publicatii, pentru diferite sarcini industriale,
cresterea In performanta de lucru si reducerea rebuturilor produse ca urmare a imbunatatirii calitatii
iluminatului. Figurile 1.3 si 1.4 sumarizeaza tendinta generald a imbunatatirii In performanta de lucru si
reducerea erorilor impreuna cu cresterea nivelului de iluminare.

1.2 Reducerea accidentelor si iluminatul

Accidentele sunt deseori o preocupare in mediul industrial. Réanile fizice rezultate §i angoasa
mentald sunt uneori responsabile de pierderi considerabile in productie. Statisticile aratd cd numarul
accidentelor industriale este n crestere. De exemplu, In Olanda, numarul inregistrat de accidente
industriale este 1n crestere cu 40% de-a lungul ultimilor trei ani. Existd dovezi clare ca multe tipuri de
accidente industriale pot fi eviate prin oferirea unor conditii vizuale mai bune. Intr-un studiu german de
simulare a accidentelor intr-un depozit s-a aratat ca la niveluri de iluminare mai ridicate pericolele
potentiale au fost, intr-adevar, mai bine recunoscute [1.6].
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Riscul unui accident este, de asemenea, redus cand existd o mai mare constientizare a situatiilor
potential periculoase si ciand dispozitia, atentia §i sandtatea muncitorului industrial sunt promovate
printr-un iluminat de buna calitate (vezi si Capitolul 2). Acest efect poate fi important deoarece un
numar considerabil de accidente sunt cauzate de un grad scdzut de concentrare i un grad ridicat de
oboseala din partea muncitorului.

Desigur, gradul in care numarul de accidente poate fi redus depinde foarte mult de tipul de
industrie si de situatia de mediu. Tabelul 2 prezinta gradul de reducere a accidentelor pentru doud din
sarcinile industriale listate in Tabelul 1, unde au fost inregistrate Tmbunatatirile de performanta si
reducerile rebuturilor.

Figura 1.5, rezultand dintr-un alt studiu, prezintd numarul de accidente la locul de munca in functie
de nivelul de iluminare pentru diferite tipuri de rani. Din nou, tendinta este in mod evident de reducere
a numarului de accidente impreund cu imbundtatirea calitatii iluminatului.

In Figura 1.6 sunt combinate toate accidentele analizate in acest studiu. Devine foarte clar ci
locurile de munca cu niveluri de iluminare intre 50 si 250 Ix sunt confruntate cu un numar relativ
ridicat de accidente.

Este important de notat cd nu doar nivelul de iluminare, ci toate aspectele calitatii iluminatului
joacd un rol in prevenirea accidentelor. Aceste aspecte de calitate vor fi abordate in mai mare detaliu in
urmdtoarea sectiune. Aici este suficient sd mentiondm ca iluminatul neuniform poate crea probleme de
adaptare care afecteaza vizibilitatea corespunzatoare. Orbirea excesivd conduce, de asemenea, la
probleme severe de adaptare, cu toate consecintele negative ale acestora. Efectele stroboscopice ale
iluminatului pot duce la situatii periculoase in locuri unde este important ca partile Tn miscare ale
maginilor sa fie vazute corect. [luminatul operat in mod electronic prin Tnalta frecventa elimina complet
acest pericol potential. Si, finalmente, iluminatul cu proprietati de culoare slabe poate conduce la
judecarea in mod incorect a unor situatii potential periculoase.

1.3 Tluminatul si mediul de lucru

In afard de influenta pe care iluminatul o are asupra performantelor vizuale, iluminatul are o
influentd si asupra mediului de lucru. Mediul global de lucru, daca este corect proiectat, poate avea un
efect stimulator asupra oamenilor care lucreaza in acel loc [1.8]. Astazi se acordd o mare importanta
formatului si proiectarii interioare a locului de munca. [luminatul poate avea aici un rol important: in
timp ce poate scoate 1n evidentd elemente pozitive ale proiectarii, poate sd si distraga atentia de la
acestea, de exemplu printr-o redare slabd a culorilor sau prin efecte de orbire. Astfel de deficiente
conduc deseori la plangeri in legaturd cu iluminatul [1.9]. A fost deja mentionat ca, daca si cand este
disponibil, iluminatul natural poate avea un efect pozitiv important. In ceea ce priveste aspectul cantitativ,
acesta serveste n cele mai multe locuri doar ca un supliment al iluminatului artificial. Efectul calitativ
pozitiv este in special legat de “vederea de exterior” pe care o oferd. Ar trebui sd se acorde o atentie speciald
efectelor secundare negative ale iluminatului natural cauzate de orbirea excesiva.

1.4 Cerintele unui iluminat de calitate

S-a aratat cd pentru a permite oamenilor sa realizeze sarcini vizuale eficient, cu acuratete si in
sigurantd, 1n special nivelul iluminarii are o influentd importanta. Totusi, si alte aspecte de calitate ale
iluminatului, anume uniformitatea modelului de iluminare, restrictia de orbire si redarea culorilor sunt
foarte importante.

Iluminarea neuniforma, cu schimbari abrupte ale luminantei in jurul zonei de lucru, poate conduce
la stres vizual si disconfort. Aceasta are legiturd cu proprietitile de adaptare ale ochiului. O
uniformitate suficienta a ilumindrii generale va asigura niveluri de iluminare suficient de mari pentru a
oferi o libertate completa in modul de plasare a masinilor si locurilor de lucru.

Orbirea este senzatia produsa de strdlucirile in cAmpul vizual mult mai mari decit stralucirea la
care este adaptat ochiul. Aceasta poate conduce la o reducere a performantei vizuale si la disconfort. O
orbire prea mare poate conduce chiar la dureri de ochi si de cap. Aceeasi problema poate apare daca
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existd diferente excesive n erorile de stralucire intre suprafetele din interior. Este, astfel, important sa
limitam stralucirea pentru a evita erorile, oboseala si accidentele. Gradul de restrictie a orbirii depinde
foarte mult de calitatea optica a corpurilor de iluminat folosite Tn combinatie cu tipul de lampa folosit.
Datorita dimensiunilor lor mari, lampile fluorescente au luminante mai mici decat ldmpile cu
descarcare 1n gaz, de intensitate mare (ldmpi cu mercur, sodiu si ioduri metalice, cu presiune mare).
Este usor de limitat orbirea cu lampi avand luminante mici.

Un obiect colorat este perceput ca fiind astfel n virtutea faptului ca reflecta doar o parte din lumina
incidenta pe el. Vopseaua rosie, de exemplu, reflectd un procentaj mare din lungimile de unda rosii —
cu cat mai mare este cantitatea de rosu din lumina incidenta, cu atit mai rosu este obiectul. Modul in
care culorile din jurul nostru sunt redate este, astfel, puternic dependent de calititile de redare a
culorilor a iluminatului. Indicele de redare a culorilor, R,, al unei surse de iluminat este masura acestei
calitati. R, poate avea valori de la zero (fara redarea culorilor) la 100 (redare excelentd a culorilor).
Redarea corectd a culorii pielei umane este importantd in mod special. [luminatul care face ca pielea sa
arate palida si nesandtoasd deseori duce la plangeri. Printr-o alegere corespunzatoare a sursei de
iluminat (redarea culorilor R, de cel putin 80), aceastd problema este usor de evitat. Lampile cu un
indice de redare a culorilor mai mic decdt 80 dau rezultate inacceptabile in interioarele unde oamenii
lucreaza sau locuiesc; acestea sunt inacceptabile din punctul de vedere al performantei lucrului, dar de
asemenea inacceptabile din punctul de vedere al starii de spirit si dispozitiei bune. Cerinta pentru un R,
de 80 sau mai mult este in special importantd cand se pune problema alegerii tipului corect de lampa
tubulard fluorescentd, din cauza multitudinii de lampi disponibile. Pentru mediile de lucru, doar acele
lampi fluorescente tubulare cu un cod de culoare de 830 sau mai mare satisfac aceasta conditie.

Totusi, in practicd, In aproximativ 80% din instalatiile de iluminat se utilizeaza surse de iluminat
cu indici de redare a culorilor mult mai mici. Motivul este, deseori, costul initial mai mic. Ar trebui sa
notdm ca, totusi, daca costul total al instalatiei (inclusiv costul energiei) este luat in considerare,
lampile moderne cu redare buna a culorilor sunt mai economice.

Multe recomandari si standarde nationale si internationale specificd numere ale calitatii
iluminatului pentru toate aceste aspecte de calitate pentru o varietate mare de activitati si interioare.
Tabelul 3 sumarizeazd aspectele de calitate ale unei instalatii de iluminat Tmpreund cu cel mai
important parametru al fiecarui aspect.

Ca o ilustrare a calitatii care se cere in situatii diferite, Tabelele de la 4 la 6 prezintd valorile cerute
pentru trei tipuri de industrie: industria chimica, centralele electrice si industria tipografica. Aceste cerinte
sunt valorile date Intr-un proiect de standard european (draft 1998) pentru locuri de munca, care satisfac
nevoile de performantd vizuale, confort si sigurantd. Desigur, acelasi standard specifica valori pentru multe
alte tipuri de industrii. (Valorile specificate pentru iluminarea medie sunt numite si “valori ale iluminarii de
intretinere”: valori sub care iluminarea medie pe suprafata specificatd nu este permis sa scada).

Un criteriu de calitate rareori mentionat in standarde este frecventa cu care lampile sunt utilizate.
Unii oameni acuzd dureri de cap din cauza palpairii lampilor fluorescente operate pe balasturi
magnetice (50 Hz). Lampile fluorescente pe balasturi electronice moderne operate la frecventa nalta
(in jurul a 30.000 Hz) nu prezinti acest fenomen de palpéire. Intr-un studiu comparativ s-a gasit ci
aparitia durerilor de cap este, intr-adevar, semnificativ mai micd la utilizarea balasturilor electronice
[1.10]. Pe baza influentei sale asupra modelului undelor de baza ale creierului (EEG), un alt studiu
descrie lumina fluorescentd produsd de lampile operate cu balasturi magnetice conventionale, ne-
electronice ca o sursa potentiala de stres [1.11]. Desigur, balasturile electronice de frecventa mare sunt,
de asemenea, recomandate pentru ca sunt mai eficiente si asigurd o duratd de viatd mai mare a lampilor
decit in cazul 1ampilor operate cu balasturi conventionale.

2 TIluminatul. Efectele biologice ale iluminatului
2.1 Aspecte generale

Pana acum céteva secole in urméd, viata omului a fost influentata de ciclul zi-noapte si de ritmul
veghe-somn. O data cu revolutia industriala si, n special, o datd cu descoperirea energiei electrice,
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societatea si-a extins gradual perioada activa a zilei, acum indreptindu-ne spre societatea activa timp
de 24 de ore. Lucrul in schimburi, inclusiv schimbul de noapte, este deja de multi ani aplicat in
procesele de productie, de exemplu 1n industria metalurgica si alimentard si spitale. Astdzi, o datd cu
globalizarea activitdtilor multor companii, a dezvoltarii serviciilor IT §i a numeroaselor calatorii
intercontinentale, numarul oamenilor care nu lucreazad dupd un program fix cunoaste o ascendentd
rapida. In multe tari, o parte substantiala - 15% - 25% - a populatiei active lucreaza intr-o altd forma a
programului schimbat, fie ca este in productie, transporturi sau servicii.

Din timpuri stravechi, beneficiul efectului luminii (naturale) a fost bine cunoscut si utilizat, de
exemplu n helioterapie. Terapia luminii Tn rezolvarea problemelor de sénatate a fost una din cele mai
populare metode de terapie pana 1n anii 1930, insd, o datd cu inventarea penicilinei, farmaceutica a
trecut in frunte. Datoritd importantei luminii 1n relatie cu sdnatatea si bundstarea in ultimii 20-30 de
ani, ea a fost redescoperitd in urma multelor si variatelor descoperiri biologice si cercetari medicale.

In mod normal noi consideram ochiul ca un organ al vederii, insd, dupa descoperirea conexiunilor
aditionale dintre ochi si creier, s-a evidentiat cd lumina oculard mediaza si controleazd un mare numar de
procese psihice si fiziologice umane. Cele mai relevante descoperiri privind efectele luminii oculare sunt:

- controlul ceasului biologic

- efectele directe (stimulative)

- influenta asupra dispozitiei.

2.2 Lumina si ceasul biologic

In noua stiinta a crono-fotobiologiei, lumina este considerati ca cel mai important factor - deseori
denumit “Zeitgeber” - in controlul ceasului intern al organismului, localizat Tn nucleii chiasmatici
localizati in hipotalamus [2.1]. Lumina oculard trimite prin intermediul unui sistem nervos separat,
semnale ceasului nostru biologic localizat in creier, care determind ritmurile zilnice si anuale
(sezoniere) [2.2] a unor variate procese ale organismului. Intr-un cadru natural, lumina oculard, in
special lumina rasaritului, sincronizeaza ceasul intern al organismului la ceasul naturii sau la ciclul de
24 de ore zi-nopte determinat de rotatia pamantului. Fara lumind, acest ceas intern ar functiona liber cu
perioada de 24 de ore si 15 minute §i, ca o consecintd, ceasul intern va devia zi de zi, din ce in ce mai
mult, de ceasul naturii [2.3]. Rezultatul ar fi acela al unui simptom similar cu cel intlnit la célatoriile
peste cateva fusuri orare [2.4].

In figura 2.1 sunt ilustrate citeva ritmuri umane tipice, de notat fiind faptul ci acestea au fost
netezite, astfel mascandu-se anumite efecte (efectul temporar al foamei, setei etc.). Figura evidentiaza
doar céiteva exemple: temperatura corpului, atentia §i ritmul hormonal al cortizonului (hormonul
stresului) si melantinina (hormonul somnului). Un alt aspect important este, de exemplu, ciclul somn-
veghe, somnolenta, oboseala, buna dispozitie si performanta.

Cei doi hormoni, cortizonul si melantonina, joacd un rol important in atentie si somn. Nivelul
cortizonului creste dimineata pregatind corpul si mintea pentru o noua zi de activitate. In acelasi timp,
nivelul melantoninei scade, reducind somnolenta. Melantonina este cunoscuta popular ca hormonul
somnului, inducind starea de somnolenta. De exemplu, melantonina este utilizata ca somnifer pentru a
rezolva problema diferentei de fus orar. Seara, cresterea nivelului melantoninei pregateste ciclul
somnului §i mentine calitatea somnului in timpul noptii, ducand la inceputul unei zile cit mai
fructuoase. Lumina are capacitatea de-a suprima direct producerea de melantonind, de exemplu lumina
in timpul noptii reduce nivelul melantoninei in cursul unei jumatati de ora si, de asemenea, lumina
diminetii ajutd la reducerea nivelului de melatonina, deci la trezire.

Plecand de la aceste exemple este evidentd importanta functiondrii corecte a ambelor ritmuri
hormonale de-a lungul timpului in care suntem treji si influenta directd asupra gradului de atentie (a se
vedea de asemenea capitolul 2.4).

Corecta dozare si temporizare a luminii naturale este, deci, foarte importanta pentru a tine ceasurile
extern si intern Tn fazd unul cu celdlalt, mai ales deoarece ceasul nostru intern regleaza ritmul zilnic
care este relevant in activitatea noastra cotidiana, cum ar fi atentia, somnolenta, oboseala, buna
dispozitie, performanta. [2.2], [2.5].
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2.3 Lumina si efectele directe de stimulare a organismului

Efectele stimulatoare directe ale luminii sunt recunoscute de aproape oricine, mai ales cand
comparam vara §i iarna, dar de asemenea si In ambianta interioara (de lucru). [2.18]. Aceasta este,
partial, un efect psihologic, dar asa cum s-a ilustrat mai sus, comportamentul corporal isi aduce
contributia la aceasta. Diferite niveluri ale luminii produc schimbari ale formei EKG-ului i, ca o
consecintd, influenteazad sistemul nervos central, rezultand astfel efecte asupra diferitelor functii ale
organismului. De asemenea, sunt influentate procesele organismului prin inldturarea de cétre lumind a
melatoninei (a se vedea mai sus).

Recentele descoperiri sugereazd pe deasupra si efectele luminii asupra batdilor inimii, nivelului de
insulind etc. [2.19], [2.20], [2.21]. Aceste recente descoperiri aratd in mod fundamental un numar
crescut de cai nervoase directe sau indirecte de la ochi la diferite glande al corpului uman. Multe din
aceste efecte pot fi la fel de bine raportate la ceasul biologic. Cercetarea a aratat ca terapia luminoasa
este utild in cazul diferitelor dereglari ale somnului, bolii Alzheimer si multor altora, care sunt
subiectul unor viitoare cercetari, ca de exemplu PMS, anorexia, bulimia, sistemul imunitar etc. [2.22],
[2.23], [2.24], [2.25].

2.4 Lumina, buna dispozitie si atentie

Buna dispozitie este reflectia simtirii proprii, a starii fizice de bine sau de rdu, iar mental, a te simti
mai mult sau mai putin in alertd [2.6]. Alti factori ce influenteaza dispozitia sunt, de exemplu, si
vremea/sezonul [2.7], respectiv 1n cazul locului de munca: vederea conditiilor si a ambiantei (vizuale).
In domeniul industrial, atentia este de prima importanti deoarece este un factor nu numai pentru buna
dispozitie ci §i pentru performantd si evitarea accidentelor. Atentia este puternic influentatd la un
moment dat al zilei de un comportament endogen, aferent unui ceas biologic zilnic, (crescator
dimineata, stabil la amiaza si descrescdtor in timpul serii tarzii) si de un comportament exogen,
descrescator de-a lungul perioadei de trezire. Atentia subiectivd la un moment dat al zilei este
combinatia acestor doud componente, mai putin probabil ca o suma a acestora, dar Intr-o relatie mai
complexa. Aceasta conduce, de asemenea, la asa numitul dejun - lung (lunch-dip) cu o relativ Tnalta
inclinatie spre somn §i, de exemplu, cu un numar crescut de accidente de trafic.

Considerand ritmul atentiei (fig. 2.1) nu este remarcabil ca multe investigatii ale efectelor luminii
asupra atentiei si nivelului de trezire au fost desfdsurate in conditiile unui schimb de productie (de
noapte), deoarece la nivel scazut de trezire si efectele asteptate sunt mai puternice. Figura 2.2 arata
efectul a doud regimuri de iluminat 1n trezire ca o functie de timpul de muncd pentru muncitorii din
schimburi [2.8].

Un declin in trezire de-a lungul noptii apare pentru ambele conditii, dar regimul ilumindrii
puternice se concretizeaza Intr-o crestere semnificativa a nivelului de trezire.

Alte studii aratd ca utilizarea unor niveluri Tnalte ale iluminatului pentru a face fatd oboselii sunt
conduc spre o stare prelungita de atentie [2.9], [2.10], [2.11]. Aceasta tine de asemenea de continutul
EKG-ului, cu mai putine unde delta (care este un indicator pentru somnolentd), ceea ce Tnseamna ca
lumina stralucitoare are o influenta alertd asupra sistemului nervos central (a se vedea Fig.2.3) [2.12].

in sfarsit, un studiu al luminii strdlucitoare, pand la niveluri de luminare de 5000 Ix aplicat 1n
camere de control cu algoritm controlat de computer, aratd ca 75% dintre operatori au raportat o marire
a atentiei, iar 64% si-au Tmbunatatit performanta. Frapant in acelasi studiu al luminii strdlucitoare este
reducerea accidentelor Tn cazul intoarcerii acasd dupa tura de noapte (10% comparativ cu 40%) [2.13].

Alt aspect este cel al deosebirilor sezoniere Tn buna dispozitie, nivelul energiei si vitalitatea a unei
parti considerabile din populatie la latitudinea noastra. Studiile cu 145 de functionari (sandtosi, n tura
de zi, folosind pentru cel putin o ord pe zi un luminator cu lumina strialucitoare asigurand 2500 Ix)
aratd cd 62% dintre oamenii raportind mai putine efecte sezoniere negative (pe un VAS: Visual
Analogue Scale), rezultdnd Intr-o stare de buna dispozitie imbunatatita, dispozitie si nivel de energie
[2.14]. In alte studii de cercetare, efectul stimulant al luminii stralucitoare a fost descoperit in timpul
zilei si al noptii ducand spre niveluri inalte de atentie si performantd [2.11], [2.15], [2.16]. in timpul
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iernii suprimarea melatoninei de cétre lumina electrica a diminetii (asa numita simulare a rasaritului) ar
putea juca un rol important, in special n orele Intunecate ale diminetii, deoarece va ajuta oamenii sa
depdseascd somnolenta diminetii. Stimularea directd poate juca un rol In orele intunecate ale dupa-
amiezei pentru a imbunatati concentrarea si atentia.

Nivelul de stres si nemultumirile au fost studiate la oameni care lucreaza in Incaperi luminate
electric, in comparatie cu oameni lucrdnd sub o combinatie de lumina electricd i lumind a zilei.
Numai cu lumina artificiald (acelasi nivel de iluminare) nu se observa nici o diferentd in nemultumirile
legate de stres intre iarnd si vara [2.17]. Oricum, stresul Tn grupul cu lumina combinatd a fost pe
timpul verii mult mai scdzut decat 1n iarna (vezi Fig. 2.4).

Se poate presupune cd o componentd mai mare a luminii naturale in timpul verii contribuie la
numarul redus de plangeri legate de stres. Lumina stralucitoare in timpul iernii asa cum s-a demonstrat
intr-unul din studiile mai sus mentionate poate fi probabil compensatd de aceastd diferentd [2.14].

Lumina joaca un rol important evident de vreme ce conditiile optice bune si un loc de munca placut
va stimula pozitiv buna dispozitie si va contribui prin atentie crescutd la reducerea ratelor de
accidentare si la cresterea performantei.

2.5 Lumina naturald si lumina electrica

Multe din efectele pozitive mentionate sunt obtinute ca un rezultat al unor proiecte de cercetare
medicale si biologice dovedind c¢a lumina electrici poate fi la fel de eficientd ca lumina naturald. in
orice caz, nivelurile de iluminare in spatiile interioare sunt, de obicei, mult mai scazute decat nivelurile
de iluminare minime gasite in exterior, care sunt de ordinul a 1000-2000 Ix ntr-o zi innorata (intr-o zi
insorita nivelurile ajung la 100.000 1x). Nivelurile din incéperile fara contributie a luminii naturale sunt
doar de ordinul a 100-500 Ix si, de obicei, depind de cerintele minime conform standardelor sau
recomandarilor care sunt 1n cele mai multe cazuri bazate pe iluminarea orizontald, in timp ce, pentru
efectele biologice, este relevantd iluminarea pe ochi. Comparativ cu nivelurile luminii naturale,
valorile recomandate ale iluminérii pot fi considerate ca “Intuneric biologic”. Din fericire, in multe
cazuri, lumina naturald patrunde in cladiri cel putin pentru un numar de ore pe zi, crescand per
ansamblu Tn mod substantial nivelurile de iluminare in interior. Alta diferenta Intre lumina naturala si
lumina electricd este dinamica in nivel si temperatura culorii luminii naturale care lipseste in interiorul
fara ferestre. Este general acceptat cd aceste schimbari in lumina naturalda au o influentd pozitiva
asupra bunei dispozitii si stimuleazd oamenii. In cazul lumini electrice este evident ca astfel de
schimbari realizate cu ajutorul unui iluminat interior dinamic au un efect pozitiv in buna dispozitie si
stimulant asupra oamenilor. Un studiu extensiv realizat n conditii de birou a aratat cd oamenii prefera
un iluminat electric aditional mai mare (in jur de 800 Ix suplimentar fatd de contributia luminii naturale
care prevaleaza) [2.28].

Daca instalatiile actuale ar fi la cele mai recente standarde de iluminare acesta ar fi un pas
important in realizarea unei lumini sanatoase la locul de munca.

2.6 Efectele unei slabe calitati a iluminatului

Desi o calitate bund a iluminatului are efecte pozitive asupra sanatatii, bunei dispozitii si
performantei, ar trebui accentuat faptul ca iluminatul insuficient poate conduce la efecte negative chiar
si la persoane care nu se plang de calitatea iluminatului [2.29]. La inceputul anilor 90, o mai mare
atentie s-a acordat asa numitului Sindrom al Cladirii Bolnave, manifestat prin dureri de cap si iritatii
ale nasului si ochilor ale lucratorilor din cladirile cu birouri cu aer uscat, temperaturd prea micd sau
prea mare. Intr-un sondaj de opinie desfasurat in 61 de cladiri din Olanda, jumitate dintre ocupanti se
plangeau de calitate aerului, iar 25% pe motive de sanitate si buna dispozitie. In jur de 30% dintre
intervievati au avut de obiectat in privinta luminii [2.30]. Desfasurarea activitatii in conditii de
iluminare slabd poate conduce la fortarea ochilor si oboseald, influentind negativ performantele
muncitorilor. Intr-un numir de cazuri poate conduce la dureri de cap [2.31]. Cauzele, in multe situatii,
sunt datorate unui nivel de iluminare prea scazut, stralucirea datorata surselor de lumina si a unor
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raporturi necorespunzitoare ale luminantei la locul de muncé si pe sarcina. Durerile de cap pot fi
cauzate de multe ori de fenomenul de flicker al ldmpilor, datorita utilizarii balasturilor magnetice
controlate in frecventd sau datoritd unei mentenante necorespunzatoare a sistemului de iluminat. Acest
efect de flicker poate de asemenea cauza si stres [2.32].

Balasturile electronice care lucreaza la frecvente Tnalte, de ordinul a 25.000 Hz, pot fi gasite in
comert de mai mulfi ani. Aceste combinatii lampa-balast nu prezintd fenomenul de flicker. Aparitia
durerilor de cap este semnificativ redusa cu aceste tipuri de balast [2.31].

2.7 Concluzii

In concluzie, este evident ca conditiile bune de sanitate, atentia ridicatd, performanta si buna
dispozitie duc la scaderea ratei accidentelor si au o influenta pozitivd asupra performantelor, ceea ce va
duce la o ratd mai scazuta a absenteismului.

Buna calitate a iluminatului, inteleglnd prin aceasta asigurarea cerintelor vizuale si biologice, va
contribui substantial la o mai buna productivitate n cadrul proceselor de productie industriala, ca si la
o stare generald de sanatate si bund dispozitie a fiecarui muncitor in parte.

3 Iluminatul si productivitatea

In capitolele anterioare ale lucririi s-a discutat despre relatia dintre calitatea iluminatului si
performantele vizuale, efectele biologice si mediul de lucru stimulativ. De asemenea, s-au ilustrat
aspectele ce privesc viteza de lucru si rata esecului la reducerea accidentelor, buna dispozitie, atentia si
sdnatatea. Toti acesti factori Tmpreuna pot avea un considerabil efect asupra Intregii productivitati.

Este evident ca buna dispozitie si atentia, impreuna cu o sanitate corespunzatoare a muncitorilor
din industrie, vor determina descresterea riscului de accidentare. Accidentele usoare in mediu
industrial, au pe ansamblu un efect pozitiv in performanta. Inalta performantd de munci, desigur,
influenteaza direct productivitatea in sens pozitiv. La acest efect pozitiv asupra productivitatii se
adaugd un absenteism mai scazut care duce Tn mo direct la scdderea accidentelor, Tmbundtiteste
sdnatatea $i motivatia pentru un iluminat de buna calitate.

Evaludrile noastre preliminare la toate datele descrise in acest articol conduc la urmatoarea
concluzie: cresterea nivelului de iluminare de la minimul cerut de 300 Ix la 500 Ix conduce la o
productivitate marita

- cu 10 - 25%, bazat pe o prezumtie conservativa;

- cu 10 - 40 %, bazat pe o probabild prezumtie mai realista,
dar cu siguranta la mai mult de 10%.

In prezent, multe instalatii de iluminat din industrie realizeaza cu dificultate nivelul (minim) cerut
de 300 Ix. Acele instalatii de iluminat sunt realizate cu vechile corpuri de iluminat deschise (bare
battens) cu balasturi electromagnetice conventionale si lampi fluorescente conventionale. Intr-o
instalatie “mai bund”, corpurile de iluminat sunt prevdzute cu un reflector metalic (alb) pentru a
preveni iluminarea tavanului.

O instalatie de bund calitate va consta dintr-un corp de iluminat cu un sistem optic, care conduce
lumina acolo unde este intr-adevar nevoie, prevazut cu lampi fluorescente trifosfor cu un indice de
redare a culorii de 80 sau mai mult, cu balast electronic (fara flicker, ce opereaza 1n nalta frecventa).

Datorita inaltei eficiente a iluminatului unei astfel de instalatii, precum si a eficacitatii lampilor
fluorescente si a pierderilor scazute de energie in balastul de Tnaltd frecventd, economia de energie
poate fi de 70% fati de instalatiile existente. In astfel de cazuri, cresterea nivelului de iluminare de la
300 Ix la 500 1x va pastra consumul de energie si costurile de operare pentru iluminat.

Investitia pentru o instalatie de iluminat de o calitate mai buna si un nivel de iluminare marit la 500

timp, de obicei mai scurta de un an.

Traducere realizata de Adrian GLIGOR si Horatiu GRIF
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