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SUMMARY

On the basis of the Recommendation ISO 8995-1989 "Principles of visual
ergonomics. The lighting of indoor working systems" a review of further,
mainly subjective factors is given, which affect the individual evaluation of
a lighting installation. Some of them - such as non-visual effects of optical
radiation - are treated in more detail and some efforts to create UV-safe
lighting are shown. As a final conclusion the question of establishing
reasonable tolerances of lighting evaluation affected by subjective judgments
are raised and some suggestions for further studies and education are given.

RESUME
Sur la base de la Recommendation ISO 8995-1989 "Principes d’ergonomie visuelle
- L’éclairage des systemes de

! travail interieur" quelques facteurs
complementaires, plus ou moins subjectifs son traiteés, quels exigent un effet

sur 1’évaluation individuelle d’une installation d’éclairage. Quelques effets
- comme les effets non-visuels du rayonnement optique - sont traité en detail
et quelques efforts pour le developement des lampes sures de 1’ultraviolet
Zc;nt montré. Comme conclusion finale on met la question, comment on peut
d'zbih’" des tolerances resonables pour 1’évaluation d’une installation

clairage, quand cette évaluation est affecté fortement par des jugements

subjectifs. Finalement quelques étud
1’ enseignement sont proposée:. es complementaires et élargissement du
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subjective character of these parameters,

indivi ] the very ; we
iggégédggl.diigggungﬁgg attention onto some factors, which need furthe,
investigation.
1 " 1 :
In Fig. 3. the ISO 8995-1989-10-01 Recommendation Principles of Visua)

ergonomy. The lighting of indoor work systems" SSTEﬁ;izziv§2§n$2§E igp°rtant
factors influencing the work efficiency in our A Ay et .d[t] These
factors may be considered as objective ones, etermineq

definitely, calculated and controlled by measurements.

; i i ject] ects may be set against t
Completing this figure - someé sup]ectlve.asp _ the
objecgise fac%ors acting in the same field. Fig.4. shows these subjectjye
factors.

Because of our limited possibilitigs most.of them can only be mentioneq
and only a few of them can be explained 1n detail.

The task attributes were considered to be objective factors, therefore we do
not deal with them.

The Workers Characteristics

Among the workers characteristics, one can find some subjective factors,
which may have a minor influence on the judgment of the lighting installation
and the visual environment. Some of them are:

- Health conditions (hypertonia, meteorological sensitivity etc.). They can
result in temporal change of the visual performance and lighting needs

- Mental conditions, mood (motivation)

- Effect of spectral distribution, correlated colour temperature of light,
colours in the environment (some colours may produce nausea in pregnant
women; colours affect heat impression of the environment; cool colours at
low illumination levels may cause fear; warm colours raise the"good will"
of workers [3]

- Economic and cultural level (welfare) Advantageous economic conditions
assure the installation of higher quality lighting, but this results in
the increase of demands as well. Social and cultural levels have
similar results.

Lighting Characteristics

In the judgment of the lighting characteristics t vlj i ; '

important influence. he "lighting climate"has an
The "lighting climate" is considered as a summari

physiological and physical effects evoked b sraadpefaction

Some further subjective judgements were madZ :ugﬁrEZ%n lighting installation.

Illuminance demands varying during the day
Adequate choice of colour (colour temperature

Sodium light may raise viewing acuit 4 : :
Adverse effects of light (line spectrg,[b{ugoiigggliaSlzg g oA
Beneficial effects of light (SAD, jet lag curin 2ard) [5,6]
Adverse effects of the lighting installation Sl

A reoccurring question is the h : : i
Mostiy.igstallations witp fluoresceniarngéges:rgf g?iillghtlng iHStallattggé
Tived” Stncerning:  sodlacrdsTy BKID cancer ofc. Racentiy siniles conpiolnts

ning sodium 1light and desk-top 1umina¥i::mlwiihcomgalogen

322



LUX EUROPA 1995

descent lamps. Most of t

incan £1 he ocular
n_adequate ou }ne_of the lightj complaj :

0 direct and 1indirect 1a§et1“g Network (sli]ﬁslﬂre 1N connection i
sctronic ballasts will eliminat ¥hich Jie-phase o D With the

El inate can be limiteq w1tPeration)

the fljickerj

ng. Correct design,

The adverse radiations at indoo
allowed by saf L Work-iliumj
yalues ; 1ightiny Withety regulations (s l;Tﬂlnance levels lie p
offects OL g. various kinds +9,10,11,12,13 14) elow the
ipvestigation. Until now the evidence of X + The long time
\,erifled nor refuted. adverse chr need further

W ace Variab

The work space variables may be affe i
the working climate [15]. cted mainly by the subjective judgment of
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recognition. g e process of

such a component may be fear. It is well known !
tempest may be frightening for some people, while 6t§2?§ éﬁ%gs Eﬁgngggﬂi Ogng
power of the sky. Lighting with high correlated colour temperature ang low
illuminance may induce fear. Light may also calm and give the feeling of
safety - and 1t 1s also possible to play with light. Light is a tool which
affects our mood and also has an influence on human behaviors. This influence
affects on man as a system. The optical nerve conducts light not only to the
visual field of the brain, but also to the central part, which controls the
whole hormonal and physiological system [7]. For instance:
- lack of light may cause depression SAD
- well 1it areas reduce criminality and stimulate to keep them clean.

The safety of the workspace is influenced by many factors, like
contaminations in the atmosphere, heating-cooling, electrical insulation,
outline of the network, mechanical factors and adequate lighting as well. One
factor connected with artificial lighting is the safety of UV radiation.

UV SAFETY OF THE SOURCES

In the past century human activity affected the composition of the atmosphere
and this resulted in the diminishing of the ozone layer.

That ' s why the importance ofi s the peductig\r;-fgge gg:psuxggogzglrsxzd?f
artificial lighting is growing and the question of
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! i | t persons preferred UV-free

. ery high proportion of tes u .
Eéissgik H;Ati}r}g\f T%is gffgct excludes even low amounts of UV-A raqj
tolerated by safety regulations [(18].

lamps
atiop

In general the safety regulations take into account an i1ntegrateqd actiop
on the skin and on the eye.

Nowadays the safety standard established by IRPA (International Radiatjgy
Protection Association) published in 1991 [19], which agrees, mainly with tpe
regulation of ACGIH (American Conference of Industrial Hygenists) [5.6)
widely used as well - seems to be the most accepted one. The weighting
function S(A) for spectrally composed sources may be seen on Fig.S5.

The evaluation of the effective power E of a broad band source should be
calculated according to the formula eff

Bl i % S(a,) E(A,)8 (1)

where E(A;) is the radiant power of the source at the wavelength A; and A is
the spectral bandwidth.

The total irradiance on the unprotected eye for 8 hours should not exceed
1.0 J/cm? in the wavelength range of 315-400 nm. The total effective
irradiance on the unprotected skin for 8 hours should not exceed given

values. 30 J/m2 Supposing the validity of the reciprocity 1law, the
permissible exposure time (PET) may be calculated [20]

30 J/m2

> TFASCEINSEnm

(2)
Eeff W/m

PET =

These values are surpassed under geographical latitudes between
summertime even in 5-10 minutes. Taking a

protection is always necessary [21].

0-40° in
sunbath, suncreening and eye

The stan@ardizing pody for light sources IEC-TC 34 (International
Electrotechnical Committee) proposed to give PET values for 8 hour intervals
and 1000 lux illuminance. For sources with high uv content, as metal halide
lamps, or halogen incandescent lamps, protective filters may be used. The
necessary transmittance of these filters may be calculated according to the
formula

PET 1000
w R iEE ==

t% e (3)
for irradiation times t in hours ap i ; :
24]).Recently the IEC proposed to charactegizlllumlnance E g LnspgLuzc BB2 2 e

E_¢p/1000 In [25]. e light sources with value

The UV content of lamps

i can be reduced : :ng bulb
materials. Some efforts were made j ; 3 by using UV absorbing
bulb-materials. The in this direc

’ spectral transm tion for both glass and quartz
may be seen on Fig. 6.

ittances of such experimental materials

Table 1.
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—————————————————————— OnventiOnal
-------------- and uy-¢
m Type ____________ ree lam
”%e—g ———————————————————— YY—EE??_ ConventiOnal -------- ?f___
compact fluores- e o R W ratio
cent FDIW 26.0 : ;—-__3__
Metal halide lamp 0.0253 . .3 10
4000K 150W .202 e
These UV-reduced lamps are usefy : R oy
cafety of the work-place and i 19%for increasing the

5 : : n addition visual comfort
applications, where UV-sensitive objects t];iy can be used in several other
show-cases, shop-windows etc. eEmticts

s : like art :
' Similar red art galleries,
types of 1ight sources may be expected ag ;létﬁon of the UV radiation of other

CONNECTIONS WITH LIGHTING TOLERANCES AND OTHER DISCIPLINES

Taking into account the previously mentioned viewpoints
considerations should be noted. P » Some further

Lighting engineers are fighting with tooth and nail for every % increase
of efficiency of their installation. The CIE is shortly going to establish a
working group on tolerances for differences of calculated and measured values
of illuminance levels [26]. These tolerances are intended to be international
standards for indoor and outdoor design.

The goal of all efforts is definitely the satisfaction of all
quantitative and qualitative regquirements of visual needs. The ca;cula;lng
and measuring techniques nowadays are at our disposal to fglflllt:es§
requirements [27]. In spite of thils, some subjective factors xgay :I\:e a tx;;:;:e
bigger influence on the satisfaction of individual needs, an

objective tolerances.

High accuracy in lighting with respgct to efficiencXtargge osgziioxlulggilgg
parameters is a rather relative thing. As a'reSLaznd whatqon L
raised, what amount of influence depends on objective
factors.,

ter simulation of lighting
but previous subjective
d to have more.knowlnge
real installations with

i u
. In giving answers to these questionszta:he ;gr;\p
Sltuations may be a valuable too tl[meré Bl
investigations cannot be avoided. Also e Siof
sbout the conformity of the subjective
. evoking research toward

1 thought : 5 f't
lookilis raises the pEOLSEN 1gngelglrigzs i1luminating engineers to fi
ooking for answers, which shou
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lighting engineer T
azsessments.g Congidering the requl
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eny: oS to answer some questions.
Vironment.

rementslelpe the "humanization
which
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i i for approximat
have been dealling with PP ely ty
hich is widely accepted - as one which .?
s a safe work-place. It 1s an accepted fact
ly influenced by ones mood.

In this field, which we

decades, and its main polpLs= W
"considerate to man" and ensure

that the productivity of work is high

. iety of questions
" collective term covers a variet and
fields one of which is also 1ight1ngl "Apother }mgﬁrtant_gagt , “which
nowada&s is constantly spoken of, a "reaction” 1n shgrt. he rih uilding of
an individual ' s working ability from day to day, in other words itg
reproduction.

The "humanization

Taking into consideration the above information, the followilng thoughts
and questions were raised: &

5 Tg what extent is it possible to determine the_characterlstlcs of
"lighting comfort" and how is it possible to 1ngorporate these
characteristics in the new lighting recommgndatlons?

- Since the fulfillment of these comfort requirements needs a lot of
expenses, what level of comfort should be recommended for different types
of work?

- Our knowledge on the health effects of light changes, how should this
knowledge be incorporated in the lighting recommendations?

Is it possible in the present stage to finish the dispute around the
harmfulness of certain types of lighting installations?

- What role does lighting play in the recreation in an individuals daily

rebuilding of working productivity, in other words the daily work
reproductability.

SUGGESTIONS

. ref;rence i ivi ; lewpoints, it seems to be reasonable to give
P s to ;ndlyldually adjustable lighting systems and t
| E:Iat? this }nto the new lighting standards, since systems of this

2. In the education of illuminating engineers it seems

i i i to be necessary to
enlipge the field of their skills according to the points mentggned Y4
earlier.

3. Lighting recommendations should incorporat -
together with doctors. porate health regulations worked out

SYMBOLS USED IN THE TEXT

ef f effective power Watt

S(2) value of the spectral weighti i

E(A) spectral radiant power ofgthengoigggtggn Stnavslangl

Y wavelength e wavelength wWatt/nm
AA bandwidth nm

PET permissible exposure time h

T transmittance of the Uv-proggiiin £3

t time of exposure hours g lter

E illuminance at the work place lux
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Fig.5. IRPA weighting function S(A) for broad band sources
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