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Check measurement of the illuminance, the uniformity ratio of illuminance and noise level was made in the selected
stable building to prove quality of lightning both for service workers and the cattle. The measurement discovered that
the noise level, the day lighting and artificial lighting do not satisfy valid health standards and can have harmful effect
upon human and cattle organism. In the monitored stable building the permissible hygienic limit of noise was exceeded

only during distribution of feed and bedding and it only for the short time.
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Light and noise belong among the important fac-
tors affecting living standards and the environment.
Many physiological and psychical reactions are
caused by the radiation of light and noise. Numerous
studies have documented the effects of light on the
morphology, physiology, and behavior of various ani-
mals (RENDIC 2002; HAYES 2007). Therefore the light
microclimate is an integral part of the environment.
Particular components of light radiation take effect
in complexity (PETR et al. 1987). Favourable effects of
UV and IR radiations are well known. They are used
to prevent and to heal some diseases (DOBSINSKY et
al. 1976; PRENTICE 2005; POLDERMAN et al. 2006).
When analyzing the effects of light upon physiologi-
cal functions of human organism, the influences on
blood system, balance, and brain action were proved,
not only on eyesight. Psychological researches are fo-
cused particularly on the problems of the process of
seeing and the orientation of visual field. The results

of such researches are used for development of the
light technology. The main task of the light technol-
ogy is to create the best possible microclimate and to
contribute to healthy conditions.

The process of creating of appropriate light con-
ditions is called lighting.

A successful breeder has to observe zoo hygiene to
ensure good conditions for the cattle. One of the main
factors having an immediate influence on the cattle
welfare is microclimate which includes noise and illu-
mination (HuTLA 1998; SocH 2005). Illumination can
be artificial or natural. The intensity and the length of
illuminance have a significant influence on the health
and utility of the cattle (KosaR, CHALOUPKOVA 2000;
DOLEZAL et al. 2002; SocH 2005). The cattle prefer
light places to dark ones. During the preference test
up to 90% of the tested animals preferably stayed in
the artificially illuminated part of the stall than in the
naturally illuminated one. The test lasted from No-

Supported by the Ministry of Agriculture of the Czech Republic, Project No. QH72134.

92



Res. Agr. Eng.

Vol. 56, 2010, No. 3: 92-98

vember to February, the tested stall was illuminated
to 200-250 Ix, from 4:30 a.m. to 9:00 p.m. (DOLEZAL,
BiLEK 2001; SocH 2005).

Good light conditions are necessary for techno-
logical operations and ensure hygiene and security
of work. The light parameters, especially its inten-
sity and wave length, are given by building, hygienic,
and zoo technical regulations. Therefore the light
parameters belong among the most important items
when assessing buildings (CSN 73 058 2007).

MATERIALS AND METHOD
Measurement techniques

Two luxmeters PU 150 (Metra Blansko, CR) were
used. One belongs to the University of South Bohe-
mia (Department of Agricultural Technique), the
other was borrowed from the Regional Public Health
Authority of the Southern Bohemia Region based in
Ceské Budéjovice (CR) the devices were compared
to each other as well as to newer types of luxmeters
and the minimum deviation was found. The luxme-
ter consists of a receiver with a photocell and a mea-
surement device. It has a selenium photocell which
allows to measure light up to 5,000 lx, in the case of
using a reduction filter up to 100,000 Ix.

The measuring probe is equipped with a correct-
ed photo resistor with an extender for light up to
10 lx, if need be, with a corrected stop up to 40 Ix.
The equipment mentioned above can be used only
for orientation measurement of low levels of light.

The luxmeter PU 150 is of the 4™ grade of preci-
sion. The admissible error is circa 20%.

For measurement of the noise was used digital
sound-level meter type Voltcraft Plus SL-300, ac-
curacy class 2 according to IEC 61672-1, the sound
calibrator, accuracy class 2 according to IEC 60942
and digital weather-station type Ws-1600 for meas-
urement of the temperature, humidity, and barom-
eter pressure.

The measuring check-points

As seen in the Fig. 1, the interior of the stable is
symmetrical and the key lightning is located in a
regular network with the same light source. Partic-
ular measuring check-points are not numbered be-
cause the measured values of light were almost the
same at each point. At the time of testing the whole

lighting system was fully working, so the measure-
ment on the horizontal level was assessed only for
one periodical part.

The edge measuring check-points on the hori-
zontal level were located in accordance with the
regulations CSN 36 0011-1 (2006); CSN 36 00112
(2006) and CSN 73 058 (2007), 1 m from the enclo-
sure wall and 0.85 m above the floor either for day-
light or artificial light. To keep the same distance of
check-points, the wooden scales were made.

The measurement of artificial lighting

It took place in the winter time, after dark, in
compliance with regulation CSN 36 0011-3 (2006).
The whole illuminance over the working and dung
corridors was assessed. Then the illuminance in the
central part of the feeding corridors was measured
and assessed, where there was not any straight
lighting used and it was ensured by the luminaires
from working and farm manure corridors. The illu-
minance was measured at every second fluorescent
tube, straight at the tube level and in the half dis-
tance between them. The values of illuminance in
each corridor were counted by arithmetic mean.

The measurement of daily illumination

In winter, the value of an outdoor plane was circa
5,000 1x, compared to summer, when it was 20,000 Ix
according to the regulation CSN 36 0020 (2007),
which applies to the day part of combined illumina-
tion. In the case of unsuitable values of the daylight,
improving steps could be taken. The check-points
were the same for both summer and winter measure-
ments (Table 1). The daylight was measured in the
axis of the central part of the windows, pillars and
doors (Table 1); two luxmeters were used. One was
used outside at the high place without shade near the
building. The other one was used inside the build-
ing. The synchronization of the measurement was
achieved by communication on mobile phones.

Assessment of lighting
The illuminance component in the interior of the
building is the basic quantity for basic conditions

of seeing and eyesight comfort. It was assessed ac-
cording to:

93



Vol. 56, 2010, No. 3: 92-98

Res. Agr. Eng.

Table 1. The level of daily illumination in winter and summer (by two different outdoor plane — 5,000 Ix and 20,000 1x)

in point of measurement the internal places a horizontal plane correlation (1.2 m above the floor)

Illuminance of plane in winter , [luminance of plane in summer  Daylight
Daylight .
Measured (Ix) . (Ix) factor in
Area factor in
place . o o summer D
outdoor E, inside E winter D (%) outdoor E, inside E (%)
1 5,300 140 2.64 19,700 450 2.28
Side working 2 5,300 250 4.72 19,700 650 3.30
corridor and 3 5,350 80 1.50 19,900 900 4.52
corridor for
farm manure 4 5,350 220 4.11 19,900 650 3.27
5 5,350 60 1.12 19,950 700 3.50
6 5,300 50 0.94 19,950 800 4.01
7 2 7 1. 19, 1.7
Through 5,250 0 33 9,950 350 5
feeding 8 5,250 50 0.95 19,800 470 2.37
id
corndor 9 5,200 70 1.35 19,850 450 2.27
10 5,200 50 0.96 19,600 540 2.76
11 5,200 90 1.73 19,650 350 1.78
Central 12 5,100 80 1.57 19,500 420 2.15
working
corridor and 13 5,100 80 1.57 19,500 470 2.41
idor f
(fx’m or tor 14 5,100 90 1.76 19,550 550 2.81
arm manure
15 5,150 80 1.55 19,600 400 2.00

— the level of daily illumination, which was ap-
pointed by the daylight factor D in %,

— the daily illumination uniformity, CSN 73 058
(2007),

— the level of artificial lighting in lx,

— the uniformity of artificial lighting, CSN EN
12 464—1 (2004).

The noise level measurement

It took place in summer. The noise was measured
at the measuring points (Fig. 1, height of micro-
phone above the floor was 1.5 m) during these op-
erations: milking, distribution of feed, distribution
of litter, and during the removal of farm manure.
The measurements of the background noise were
carried out before each measurement (in our case,
background noise is a noise of animals, so called
biological noise).

The measurement and calculation were carried out
according to the Act No. 148/2006 Coll. on Health
protection from the adverse effects of noise and vi-
brations, valid from April 2006 and according to the
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Czech Technical Standard CSN ISO 9612 (2000),
valid from November 2000 (ANONYMOUS 2006).
The relevant values — i.e. physical conditions of
measurement (temperature, humidity and barom-
eter pressure) were recorded before the measure-
ment of noise and in the same place (Table 2).

RESULTS AND DISCUSSION
Characteristics of the K 174 stable building

The ground plan is rectangular with different
height of the ceiling (sloping ceiling), stanchion
housing in four rows.

The lighting is located over the three working cor-
ridors, 2.5 m over the floor in the side corridors and
3.7 m in the central corridor, Fig. 1. There are nine
fluorescent luminaires with two narrow band tubes
(diameter 26 mm) in each corridor. The supply of
each tube is 36 W. The luminous flux is 3,450 Im
and R_= 80 (white fluor tubes). There are no light
sources in the cross and feeding corridors. The dai-
ly illumination is ensured by simple windows along
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Fig. 1. Scheme of monitored object and points of measurement

the longer sides of the stable. There are side sky-
lights in the east upper part. They serve for better
illumination of the central corridors. The skylights
have the same size as the windows (85 x 90 cm).

The assessment of the lighting

The constant stay of cattle service workman was
taken based on the CSN 73 058 (2007).

The assessed stable building has only side lighting
premises, therefore the daylight factor was satisfied
only minimally (D_. ). The value of light balance
was considered on the basis of D__. . It should not
be less than 0.2 according to the grade of visual ac-

tivity (IV).

The assessment of the intensity
and uniformity of artificial lighting

The level of artificial lighting (E ) is different in
each corridor, (Fig. 2). The level of artificial lighting
(Em) should be 200 Ix. That value of E, was only at
the level of fluorescent tubes in the side corridors,
but between the luminaires the value of E_ was only
30 Ix. In the central corridors it was 100 Ix under

the luminaires and less than 50 1x between them.
The lowest values were measured at the edge check
points. By far the smallest value of £ was meas-
ured in the feeding corridors and central working
corridor, where there are no luminaires Em =10 Ix.

There should be technological lighting in the vis-
ual field of animals 60 lx, independent of working
lighting. It should work 14 h a day (HABEL 1991).
The value of illuminance in the animal stables is
50 Ix according to the CSN EN 12 464—1 (2004).
Considering the uniformity of lighting, the mini-
mum border of 0.7 (CSN EN 12 464—1 2004) is not
observed in any corridor (the values of the balance
were 0.15-0.29), Fig. 3. It proves the inequality of
the lighting which can have a harmful effect on hu-
man and animal organism.

To improve the situation, the covering of the fluo-
rescent luminaires should be cleaned. Another fluo-
rescent luminaires with the same parameters should
be installed in the edge parts of the corridors (gaps
of 6 m). The intensity and uniformity of the lighting
would be upgraded. In the central working and feed-
ing corridors the current light source (Philips, 36 W,
3,450 Im) would be replaced by the light source with
higher Im (Philips, 58 W, 5,400 Im). The height of
location would be 3.7 m, to ensure good distribution
of incident light. The lighting would probably rise
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Fig. 2. Artificial lighting in particular
points (corridors) of the monitored
animal building
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Measuring check-points

twice and the problem of low intensity of artificial
lighting of feeding corridors would be partly solved.
In each corridor there would be white tubes with
good colour rendition (Ra = 80).

The number of luminaires would increase by ten
in each corridor and the luminaires in the central
corridor would be replaced. However, that would
be financially more demanding.

Assessing of intensity
and evenness of day light

The value of day illuminance factor should be 1.5%,
CSN 73 058 (2007). Unsuitable values of that factor
were discovered in the feeding corridors. In the cen-
tral corridor the factor was around the allowed value

marginal locations

(winter time) as shown in Table 1. To improve the
light condition the windows have to be kept clean.

Fig. 3 shows total average daily and artificial illu-
minances in the particular points (corridor) of the
monitored animal building K 174. Fig. 4 compares
daylight factors D of the monitored animal building
K 174 and factors of different styles of the stanchion
housings (K 144, K 120, K 96) which SisTkoVA and
PETERKA (2008) mention.

The assessment of the noise

The mean values of the equivalent sound pres-
sure level A L Acq, 8h Were obtained in three meas-
urements during following operations: milking,

distribution of feed, distribution of litter, and the

0.7

8 | - Oside corridor for the work and the farm manure
= 09 1 0.89
£ - Othrough feeding corridor
g 0.8 A
= 071 ®central corridor 0.63
£ 0.5 0.44
g 04
0.29

2034 oo 0.24
g 02 - : 0.15
S 0.1 1
50 ; .

artificial summer daily winter daily

(outdoor plane of the
luminous exposure
20,000 1x)

Types of lighting

96

(outdoor plane of the  Fig. 3. Uniformity ratio of illumi-
luminous exposure

5,000 Ix)

nance in particular points (cor-
ridors) of the monitored animal
building
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Fig. 4. Level of daily illumination for the
different types of stanchion housing

K96

B factor of global illuminance D in summer (outdoor plane of luminous exposure 20,000 Ix)

B factor of global illuminance D in winter (outdoor plane of luminous exposure 5,000 Ix)

removal of farm manure are shown in Fig. 5, for
measuring conditions, Table 2.

The hygienic limit in the stable and flexible noise
exposure of 85 dB was set for the eight-hour working
time expressed by the equivalent sound pressure lev-
el AL Acq, 8h according to the Act No. 148/2006 Coll.

The measured sound pressure levels for each
working activity and the evaluation of the noise
load; it can be claimed that the values of noise in
the animal building are higher than the acceptable
hygienic limit (distribution of feed and distribu-
tion of litter), but this noise takes effect for a short
time (one passage of the tractor through the animal
building lasts circa 3 min, 6 transits mean 18 min as
a whole). The strongest noise was measured during
the distribution of litter 106.8 dB (21.8 dB over the
limit). The lower noise load than that allowed by

Bequivalent level of noise during working

Bbackground noise level (biological noise)

Table 2. Measuring conditions

Workin Temperature Humidity =~ Barometer
J (°C) (%) pressure (hPa)

Milking 23 70 1,015

Distribution of 99,4 68 1,014

feed

Plstrlbutlon of 939 68 1,014

litter

Removal of farm 99 68 1,014

manure

hygienic limits is the cause of other work activities
such as milking and removal of farm manure.

The background noise level (biological noise)
emerging from the biological manifestations of
dairycows ranged from 72.7 to 83.8 dB (Fig. 5).

773 77.1

120 1~
106.5 106.8
100 1
83.8

80 { 732727 76.5
)
<)
= 60 A
[
>
Z
@ 40 A
s
Z

20 A

0 T T
milking distribution of  distribution of

feed bedding (straw)

Working

removal of farm

Manure - gig 5. Equivalent noise level during different

operations in the monitored animal building
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CONCLUSION

Unsuitable conditions of illumination were discov-
ered in the evaluated stable building especially in the
winter time. A suitable solution would be adding a
light sensor device to the lighting system which would
switch on the system automatically if the lighting lev-
els get worse. Concerning the artificial lighting, it was
completely unsatisfactory. Suggested measures would
be financially more demanding (the annual expenses
on electricity would increase by 250%).

Suggested lighting system was assessed only ac-
cording to the data given by the producer. Consulta-
tion with a light technician would be recommended
when replacing the unsuitable light sources. The
light specialist would design the sufficient lighting
system. The system has to be kept clean to improve
lighting level.

In the monitored stable building the permissible
hygienic limit of noise was exceeded only during
distribution of feed and bedding and it only for the
short time.
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