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Introduction

The lighting ergonomics gives possibilities to avoid
the under or over-lighting of workplaces. Well-designed
lighting decreases the amount of occupational accidents
and diseases of eyes. Wellbeing connected with al-day
work in front of video display terminals (VDT) is very
much depended on lighting sources choice.

Workplace risk assessment can be defined as a
systematic procedure for analyzing workplace components
to identify and evaluate hazards and safety characteristics
[1]. It is crucia to be able to identify the main hazards
present in the work environment at source and evaluate
their magnitude, nature and characteristics.

This study provides a basis for the determination of
risk levels for lighting in the work environment in
manufacturing and implements the flexible risk assessment
method by using the results of measurements in five
(printing, clothing, wood, plastic and mechanical)
industries.

M ethods

The study includes of the following activities:

The simple/flexible risk assessment method that was
worked out by the authors in 2002 (Fig. 1) is used [2].
The method is based on two-step model that could be
enlarged to a six-step model, and uses (ho/yes) or
(corresponds to the norms/does not correspond to the
norms) principle. In this study, the five-step
simple/flexible risk assessment method is used.

Critical limit ~ Conditional Norm Optimal
Intolerable Inadmissible  Unjustified Justified Tolerable
risk risk risk risk risk

Fig. 1. Five-step simple/flexible risk assessment method

2. Eighteen case studies in companies of different
industries were performed. The details of the
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companies are shown in Table 1. The case studies
were conducted in the time period of 2003-2008.

To perform the measurements of lighting of
workplaces, standard method DIN 5035-6:2006
“Artificial lighting. Measurement and evaluation”
were used.

Theoretical estimation of poorly organized lighting
using the simplefflexible risk assessment method

Poor lighting usualy means weak luminosity.
However, for good lighting practice it is essential that in
addition to the required illuminance, qualitative and
guantitative needs are satisfied as well. The following
variables determine a good visual work environment: well-
balanced Iuminance distribution, suitable illuminance
value, absence of glare, correct direction of light, high
colour rendering index of the luminaries, suitable choice of
the colour appearance of a lamp, absence of flicker and
availability of daylight [3, 4, 5, 6, 7]. CEN Standard EN
12464-1:2002 [8] suggests an illuminance of 300...500 Ix
for usua office work. The demand for stronger lighting
rises with the worker's age as the ageing of the eye
produces the reduction of visual acuity, contrast sensitivity
and accuracy in identifying some colours [7]. The required
value of illuminance in the clothing industry varies from
300 to 1500 Ix, in the printing industry from 500 to 2000
IX, in the plastic industry from 50 to 1000 Ix etc (EN
12464-1:2002). The value 1500 Ix, for instance, is required
for embroidering and quality inspection in the clothing
industry and colour inspection in the printing industry.
Usually, natural and artificial lightings are combined.

In the case of excessively high luminance contrast or
glass (mirror) surfaces in industrial buildings or working
with computers, disability or discomfort glare may
develop. The glare caused by bright light sources shall be
avoided by suitable shielding of lamps or shading of
windows by suitable blinds or louvers [9]. The survey by
Froehner and Reuter [10] showed that workers are more
likely to change the settings of window covers (blind,
lamellas) when glare occurs and the illumination seems to
be too high than when the illuminationis at low levels (less
than 300 Ix). High brightness reflections in the visua task
may alter task visibility, usually detrimentaly. Veiling



reflections and reflected glare could be reduced by
arrangements of luminaries and workplaces, suitable
surface finish (matt surfaces), luminance restriction of
luminaries etc (EN 12464-1:2002). In the production
rooms, the visual comfort of an individual is influenced by
the distribution of luminance across the immediate field of
vision. The ideal ratio for distribution across the work area
is usually taken as 10:3:1 [7]. Therefore, the worker is not
allowed to work only with a local lighting source, but the
surroundings have to be lighted additionally with general
lighting sources (at least 10% of the total lighting of the
room), otherwise the probability of accidents arises. In the
case of visua work, the illuminance uniformity f
(expressed as shown in formula 1) and its immediate
surroundings shouldn't be less than 0.5 (EN 12464-
1:2002). Large spatial variations in illuminance around
task area may lead to visual stress and discomfort [11].

f=—mn )

where E.;, — the illuminance at once of the measuring
points and E isthe mean illuminance.

Fluctuating luminaries can be even more disturbing
than static contrasts. Flicker can cause visual disturbance
[12] and increase the risk of occupational accidents in
factories since it can have a stroboscopic effect [7, 11]. It
is important for visual performance and the feeling of
comfort that colours in the environment of objects are

rendered naturally. Lamps which have the colour rendering
index (Ry) less than 80 shouldn’t be used in interiors where
employees work or stay permanently. Those are, for
instance, low pressure sodium lamps as surface colours of
objects seen in the light output from such a lamp are
serioudly distorted (Smith 2000). In some work operations
such as colour inspection and quality control the colour
rendering index of the lamps shouldn’t be less than 90 (EN
12464-1:2002). Incandescent lamps and some fluorescent
tubes have broad emission spectra and therefore the best
colour rendering properties [7]. The symptoms that
indicate on the health damages caused by poor lighting are
fast tiring, headache, asthenopic symptoms (eyestrain,
tired, soft and dry eyes), ocular surface related symptoms
such as watery eyes and irritated eyes, decrease of
concentration abilities and stress. Specific disturbances of
the eyes are degeneration of sharpness of vision (eg.
blurred vision, double vision) and accommodation abilities
(e.g. downess of focus change) [13, 14].

Considering data from scientific literature and
international standards [3, 13, 15; EN 12646-1:2002;
ISO/CIE 8995-1:2002] and using the simple/flexible risk
assessment method, the connections between risk levels,
values of illumination, glare, flicker, colour rendering
index and health complaints can be interpreted in the office
rooms as shownin Fig. 2.

Presence of Presence of No existence of No existence of
disability glare, discomfort glare, glare, veiling glare, veiling Glare,
veiling reflections, and/or mild flicker reflections, flicker reflections, flicker flicker
strong flicker
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risk risk risk risk
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Problems mentioned Problems mentioned Fatigue of eyes,
inthe 1% and 2™ inthe 1st stage, soft eyes,
stage, sownessin decreased ability to irritated eyes,
changing the focus of concentrate, mild headaches,
the eyes, decreased ‘ diminished visual ‘ stress
ability to acuity (asthenopia).
accommodate.
Fig. 2. Lighting and risk criteria (for office workers and for occupations where E,,=300...500 Ix is recommended)
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Results of measurements of lighting (illuminance)

The data on investigated companies are given in
Table 1. All investigated companies were assessed as small
and medium-sized enterprises. In each company, the
management attitude towards health and safety was
assessed on the basis of the interest in the results of the
research, the supportive actions to provide adequate
information and details about the company and its
investments into health and safety and the appreciation of
workers' health through available protection, benefits,
technical and administrative solutions present in the
company and further efforts to enhance workplace safety.
The awareness and supportive actions of the company
management concerning occupational health and safety
were assessed either as stimulating/supportive, neutral or
impeding/negative.

Table 1. The data on companies and results of measurements of
illuminance

Industry | Com- | Number Awareness IHumi-
panies | of workers | of company nance,
manage-ment | Ix, U* =
10.4%
Clot- 5 120...225 | + (2 cases) 525...
hing + (2 cases) 2040
— (1 case)
Prin- 3 24...140 + (4 cases) 264...
ting + (1 case) 1625
Wood 5 25...200 + (2 cases) 320...
* (2 cases) 1050
— (1 case)
Mecha | 2 90...175 + (2 cases) 88.....
nical 1256
Plastic | 3 25..180 | +(1case) 138...
+ (2 cases) 742
Offices | 18 15...100 + (9 cases) 644...
+ (7 cases) 2640
— (2 cases)

“+"gtimulating, supportive; “~"impeding; “+” — neutral

Illuminance was measured at the local workplaces
(normally at a height of 0.85 m above floor level), where a
suitable measuring grid was applied. The arithmetic mean,
E, was presented. In addition, the uniformity f was
calculated (ratio of minimum illuminance at one of the
measuring points in the measuring great to the mean
illuminance), possible glare sources were identified and the
colour rendering index R, was estimated. A digital

luxmeter TES 1332 was used. To exclude the stray light,
the measurements were carried out either in the dark or
where possible, the windows were covered with blinds.

According to the measurements of lighting, it is no
concern in the clothing industry, wood industry and in
workplaces at offices of the companies. Improper lighting
conditions were detected in two companies of the
mechanical industry, in the plastic industry and one
company of the printing industry. The problems are
various, but mostly the luminosity is low due to expired,
untended or work of general lighting systems and lack of
local lighting devices. In some companies, observations of
the workplaces revealed that some workers did not use the
existing local task luminaries. Minor problems were
connected with glare (constant and bright illumination
from surrounding sources of light) and uniformity of
illuminance. It is important to avoid dangerously deceptive
shadows, which can be inadvertently produced in the
vicinity of machinery.

Some complaints arouse among VDT users, mainly
because of the reflection produced by large windows or
local lighting sources (desk lamps), which appeared to
wash out screen character images, and cause annoyance as
well as possible visual fatigue.

The example of assessing the risk with simple/flexible
risk assessment method is based on selected workplaces in
a company of the mechanical industry where the most
serious problems were detected (Table 2). Old, fluorescent
lamps were used in the preparation department which CRI
value was about 50...60. Those lamps were recommended
to change to lamps with better colour rendering properties.
According to the standard EN 12464-1:200, the
recommended illuminance level for the work performed in
the preparation department (sheet metal work, drop
forging, medium assembly work) is 300 Ix. Only one of the
presented workplaces met the requirements, the results
ranged from 123 to 325 Ix. The uniformity values differed
from 0.5 to 0.92. Glare was not observed in most
workplaces, but flicker was detected in the workplaces
which were lighted by mercury fluorescent lamps.

The risk of health impairment in workplace 3 was
assessed justified since al the criteria presented in Fig. 2
were satisfied. The risk of health impairment in workplace
1 was assessed as unjudtified risk (due to its low
illuminance value) and in workplaces 2, 4 and 5 as
inadmissible risk (due to their low illuminance and colour
rendering index values and occurrence of mild flicker).

Table 2. Detailed results of lighting conditions in a mechanical company, selected workplaces

No | Work station Lamp Illuminance E, Ix; | Uniformity, f CRI R,y Glare, flicker
U=10.4%

1 Die machine Incandescent 226 0.65 90 Not observed
Vipros S368

2 Guillotine Mercury 133 0.5 60 Mild flicker observed
HACO TS3006 flourescent

3 PressK 213DC Incandescent 325 0.92 90 Not observed

4 Blending machine Mercury 123 0.75 60 Mild flicker observed
Amada HFF 130-3 fluorescent

5 Blending machine Mercury 262 0.59 60 Mild flicker observed
AmadaHT 50-12T fluorescent
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K. Reinhold, P. Tint. Lighting of Workplaces and Health Risks // Electronics and Electrical Engineering. — Kaunas:
Technologija, 2009. — No. 2(90). — P. 11-14.

Lighting at workplaces might be insufficient or the workplaces might be over-lighted. If the lighting is not proper the accidents and
occupational diseases can occur. The aim is to connect the level of hazards in the work environment and health risks. The aim will be
gained through risk assessment at workplace that contains the measurements, listening to the workers' opinion and scientific medical
investigations in the field of influence of lighting to human health (eye-sight worsening, fatigue, headache, errors in work methods
causing accidents etc.). Glare and flickering are investigated in a mechanical company. The risk of health impairment in workplaces was
assessed: 1) justified if all the criteria (illuminance, uniformity, no glare observed) presented in the model were satisfied; 2) unjustified
(due to its low illuminance value) and 3) inadmissible (due to workplaces low illuminance and colour rendering index values and
occurrence of mild flicker). Ill. 2, bibl. 15 (In English; summariesin English, Russian and Lithuanian).

K. Peitnxouna, I1. Tunt. OcBelieHne paGoynx MecT M BJUSIHHE HA 310poBbe // DaeKTpoHMKa U jieKkTpoTexHuka. — Kaynac:
TexnoJorus, 2009. — Ne 2(90). — P. 11-14.

OcgenieHue Ha paboueM MecTe MOXKET OBITh HEIOCTATOUHBIM HIIM padoyee MECTO MOXKET OBITh CIMIIKOM CHUJIBHO OcBemeHo. Eciu
OCBeIlCHHE HepalMOHATFHOE, TO BO3MOXHBI HECYACTHBIE CIydau U mpog3aboneBanus. Llens paGoTeL: HaliTh B3aMMOCBS3b ypOBHEI
pHCKa U TIOBPEXJICHUH 3I0pOBbsl pabounX B pe3yibTaTe BIMSHHS ONacHBIX (akTopoB. Llenp mocTuraercs ¢ MOMOINBIO ONPEASIICHUS
OLICHKU pHCKa HA pabodeM MecTe, KOTOpasl CONEPIKUT U3MEPEHHMs], OIpoc pabounx W MEAUIMHCKOE HaOIIoJeHne pabounx B o0nacTu
BIIMSIHUSL OCBEIIICHUS Ha 370pOBbE UesloBeKka. Hemocrarounoe ocBemenne Ha pabodeM MecTe MOXKET IPHUBECTH K YXYIIICHUIO 3PEHHUS,
YCTaJIOCTH, TOJIOBHOW 00, K ommbkam B paboTe, KOTOpbIE MOTYT MPHUBECTH K HECYACTHBIM CIy4asM M T.J1. PHCK Ha 310pOBbE OT
OCBEIIECHHOCTU OBUI ONpeneNeH CIeAyroImuM oOpa3zoM: 1) mpuemiemslii, ecau Bce KpUTEpUU (OCBEIICHHOCTh, OJHOPOIHOCTH, HET
OCJICTIUTENBHOrO OJieCKa) BBINOJIHEHBI; 2) HENPUEMJIEMbI, €CIM OCBELICEHHOCTh CIIMIIKOM HM3Kasg; 3) HEeNOMyCTHMBIH, eciH
OCBEIICHHOCTh OYeHb Majas (IU10Xasi pa3iiduMOCTh LBETOB W Mepuanue). Wi 2, 6ubn. 15 (Ha aHMIHIACKOM si3bIKe; pedeparsl Ha
QHTJIMHCKOM, PYCCKOM U JINTOBCKOM f13.).

K. Reinhold, P. Tint. Darbo viety apsvietimas ir jo sukeliama rizika sveikatai // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2009. — Nr. 2(90). — P. 11-14.

Darbo vietos gali biti apsvieciamos nepakankamai arba pernelyg gerai. Jei apsvietimas netinkamas, gali padaugéti nelaimingy
atsitikimy bei profesiniy ligy. Tyrimo tikslas — susieti darbo aplinkos pavojingumo lygi su rizika sveikatai. Jis pasiekiamas jvertinant
darbo vietos rizika. Todél isklausoma darbuotoju nuomone, atliekami matavimai, medicininiai Sviesos poveikio zmogaus sveikatai
(regos pablogejimui, nuovargui, galvos skausmui, suzalojimus sukeliancioms darbo klaidomsir t.t.) tyrimai. Atspindziai ir mirgéjimas
tirti mechaninio profilio imong¢je. Darbo viety keliamo pavojaus sveikatai rizika suskirstyta i: 1) pateisinama, jei visi sudaryto modelio
kriterijai tenkinami; 2) nepateisinama dél per mazo apsvietimo; 3) neleisting dél per mazo apsvietimo, prasto spalvy skiriamumo ir
pasitaikan¢io mirgejimo. I1. 2, bibl. 15 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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