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Abstract

In a real environment makes it very difficult to evaluate the effect of a single parameter on human productivity,
mostly because many of them are present at the same time and act together on each occupant. This study is
aimed at investigation of selected office building to determine the presence of polluting agents such as volatile
organic compounds, particulate matters and carbon dioxide and to assess the perceived productivity by office
occupants. Occupants performed simulated office work consisting of three tasks in three office spaces. The mean
values of total volatile organic compounds were in line with those found in other studies; taking into account the
guideline value suggested by Molhave (200 pg.m™). Mean values of PM,, mass concentrations exceeded the
indoor limit value (50 pg.m™®) by 62.7% in office 1 and by 46.49% in reception. Concentrations of carbon
dioxidae in monitored office spaces were under the recommended concentration according to Pettenkofer (1800
mg.m~).
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1 Introduction

It is widely accepted that the indoor environmental quality is important for public health and
that a high level of protection against adverse health effects due to inadequate quality of the
indoor environment should be assured [1]. The human right to a healthy indoor environment
includes the right to breathe clean air [2], the right to thermal comfort, and the right to visual
health and visual comfort [3, 4]. The effect of lighting on vision is most obvious impact of
light on humans. Lighting conditions can also affect human performance through the
circadian system. There can be no guarantee that daylight will always be successful in
maximizing visual performance. People will take action to reduce or eliminate daylight i fit
causes discomfort or increases task difficulty [5]. Field studies have shown that a higher
ventilation rate reduces the proportion of people dissatisfied with the perceived air quality in
office buildings [3, 4]. Air-conditioned office buildings are aimed to provide an acceptable
indoor air quality for human comfort and work that would in turn enable better productivity
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and less thermal dissatisfaction [1]. Galasiu and Veitch defined acoustic comfort as “a state of
contentment with acoustic conditions”. However, the term acoustic comfort is not commonly
used and providing a good acoustic environment is mainly associated with preventing the
occurrence of discomfort (annoyance) [6]. Noise is more difficult to adjust because it is often
not under control, especially in working conditions [7]. In another study also investigating the
effects of draught and window area, it was found that for a warm environment a 1 °C decrease
in operative temperature led to the same decrease in annoyance as a 7 dB noise level decrease
[8]. In existing and future buildings there will be an increasing focus on energy uses and
indoor environmental quality. Energy consumption of buildings depends significantly on the
criteria used for the indoor environment (temperature, ventilation and lighting) and building
design and operation [9].

Measurement of performance is the process of collecting, analyzing and/or reporting
information regarding the performance of an individual, group, organization, system or
component [10]. Productivity is one of the key factors that define a company’s ability to
thrive in competition [11].

In study of Toftum et al. has led to the development - and the first field application - of a new
method to assess indoor environmental quality in office buildings and to measure effects on
health, comfort and work productivity of their occupants. The procedure comprises
measurements of environmental parameters, including - but not limited to - thermal
parameters, IAQ, CO, and completion by occupants of on-line questionnaires [12].

This paper presents the results from measuring the indoor environmental parameters in
different office spaces. Indoor environmental quality conditions were determined by
continuous measurements, while the building occupants’ satisfaction with environmental
attributes was surveyed simultaneously. Occupants’ productivity was tested also in this study.

2 Methods — case study

Monitoring of indoor environmental quality carried out in three rooms (two offices and one
reception) on the 1% floor of office building located in city of Kosice, the Slovak Republic
(Figure 1). A more detailed description of the building can be found in Table 1.
Measurements of thermal parameters, CO,, illuminance and noise were realised during
heating season in 2014. Experimental measurements were conducted for three days; each day
for 6 hours during operation of building. Schema of research work procedure is described in
Figure 2.

The area dimensions of offices (O1 and O2) representing closed office rooms were
approximately the same; floor surface of room was about 25 m% The area dimensions of
reception were about 36 m?. The windows in these rooms were oriented to the road with
heavy traffic. All offices’ walls were covered by plaster and painting. The offices were
equipped by personal computers, printers, photocopy machines, further furniture, chairs and
tables. Two office rooms were covered with carpets made of synthetic material; space of
reception was covered with floor tiles.
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Figure 1: Photo of monitored building and floor plan
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Figure 2: Schema of research work procedure

Table 1: Characteristics of office building investigated

Aspect Monitored building
Construction year 2013
Floor surface 10 500 m?
Number of floors 6
Ventilation system Mechanical supply an_d exhaust system,
operable windows
Heating system Slab heating connected to geothermal

installation with heat pump

There were two women in the office 1 (O1), one woman in the office 2 (O2) and one woman
in reception desk (R) during the measurements.
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2.1 Measurements

Environmental conditions, air temperature, relative humidity, carbon dioxide (CO,), total
volatile organic compounds (TVOC) and particulate matters (PM) were recorded at one-
minute intervals for three days in the middle of the experimental rooms. Indoor air
temperature, relative humidity and CO, levels in the office spaces were measured
continuously by multiple-function measuring instrument Testo 435. Air velocity was
measured by anemometer Testo 425. Illuminance level was measured occasionally at each
workstation by multiple-function measuring instrument Testo 435. The noise level was
measured occasionally at each workstation, using sound-level meter Briiel & Kjaer type 2250.
PM concentrations were measured continuously through the experiment at five stands in the
office space with HANDHELD airborne particle counter 3016. Concentrations of TVOC in
the office spaces were measured with the photo ionization detector ppbRAE 3000 (re-counted
on toluene). Instruments were located approx. in the middle of the office spaces at 1.1 m -
defined as the “breathing zone”. Globe temperature was measured at three heights 0.1, 1.1 and
1.7 m above the floor in the middle of the experimental office spaces with the VVernon-Jokl
globe thermometer. The data were recorded every 15 min. during the experiment. Finally the
operative temperature was calculated.

2.2 Questionnaires

The questionnaire included questions regarding general perceptions of the environment,
emotion, and self estimate productivity. Different types of evaluation scales were used in
questionnaires [13]:
e scale of sensation evaluation (0 comfort, 1 slight discomfort, 2 discomfort, 3 very
discomfort);
e scale for self-evaluation of productivity (3 greatly increases, 2 increases, 1 slight
increases, 0 neutral, -1 slight decreases, -2 decreases, -3 greatly decreases);
e scale for overall evaluation (more acceptable than unacceptable, more unacceptable
than acceptable; 0 very well tolerable, 1 well tolerable, 2 quite tolerable, 3 difficult
tolerable, 4 intolerable).

2.3 Testing of productivity

During exposure, occupants performed simulated office work consisting of text typing,
arithmetical calculation (addition) and learning memory test (assign a symbol to the correct
letter). Occupants typed Slovak sentences from popular magazine for 5 min for the text typing
activity. Addition task was a 5-min calculation task of 2-digit numbers added together. The
test included a total of 35 items. Symbol-letter modalities test was a learning memory test.
Eight symbols and letters were paired. Each occupant was instructed to type the letter keys to
corresponding symbols. The test included a total of 108 items.

3 Results and discussion

The measured values of indoor environmental parameters were compared by limit values
according to Slovak legislative. Limit values of physical and chemical factors are determined
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by Decree of the Ministry of Health of the Slovak Republic No. 259/2008 Coll. and
Government Ordinance SR No. 115/2006 Coll. [14, 15].

The air temperatures ranged from 20.0°C to 24.6°C in the monitored office room O1 with a
mean value of 24.2°C. The air temperatures ranged from 22.1°C to 25.1°C in the monitored
office room O2 with a mean value of 24.8°C. The air temperatures ranged from 22.3°C to
24.8°C in the monitored room R with a mean value of 24.0°C. The measured relative air
humidity ranged from 30.3% to 40.2% with a mean value of 33.7% in the monitored rooms.
The operative temperature wasn’t exceeded permissible limit (ranged from 20°C to 24°C) in
monitored three rooms (Decree of the Ministry of Health of the Slovak Republic No.
259/2008 Coll.) [14].

In office O1 the maximum concentration of carbon dioxide (CO,) reached value of 1893
mg.m™ and mean value was 1582 mg.m™. In office O2 the maximum concentration of CO,
reached value of 1742 mg.m™ and averaged 1439 mg.m™. In reception R the maximum
concentration of CO, reached 1783 mg.m™ and mean value was 1780 mg.m™. Concentrations
of CO, in monitored office spaces were under the recommended concentration according to
Pettenkofer (1800 mg.m™) [16].

Mean values of illuminance level were 680 Ix in O1; 553 Ix in O2 and 590 Ix in R. Mean
value of sound pressure level was 52 dB in O1; 47 dB in O2 and 51 dB in R. Measured value
of illuminance level were fulfilled (Decree No. 259/2008 Coll.) [10], the measured sound
pressure level were exceeded limit values in Ol and in R according to Slovak legislative
(Government Ordinance SR No. 115/2006 Coll.) [15].

The highest PM concentrations were found in room O1 for total PM and for particle size
fractions - PMso and PMyg,. This finding might confirm the significance of the outdoor PM
sources because the windows in office O2 were closed during the measurement while the
windows in rooms O1 and R were several times opened during the sampling. Concentrations
of the particulate matter measured in the monitored office spaces are presented in Table 2.
The measured values of PMyo were compared with the limit value according to Decree of the
Ministry of Health of the Slovak Republic No. 259/2008 [14]. The limit value for PMjy
indoor concentration (50 pg.m™) was exceeded in two rooms.

Table 2: Mean value of particulate mass concentrations in office spaces

Office Particulate mass concentrations [pg.m™]

Spaces PMos | PMyo | PMas | PMso | PMyoo | Total PM
O1 6.17 | 9.64 | 13.94 | 4467 | 81.35 90.87
02 552 | 7.38 | 873 | 21.66 | 39.22 44.43

R 11.87 | 19.92 | 22.52 42 73.18 80.36

Courses of total particulate mass concentrations are illustrated in Figure 4. There were noticed
the increase in concentrations of particles in O1 and in R when the windows were opened.
The concentrations of PM were lower in these two rooms when the windows were closed.
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Figure 4: Course of total particulate mass concentrations in monitored rooms

The PM particle size fractions were less, the particulate number concentrations were higher. Number
concentrations of PM for each measured fraction in investigated spaces are illustrated in Figure 5.
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Figure 5: Course of particulate number concentrations for each fraction

TVOCs values represent the amount of various identified and non-identified compounds and
were expressed as toluene equivalents. In office O1 the maximum concentration of TVOC
reached value of 182 pg.m™ and average value was 139 pg.m™. In office O2 the maximum
concentration of TVOC reached value of 180 pg.m™ and average value was 113 pg.m?>. In
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reception R the maximum concentration of TVOC reached value of 145 pg.m™ and average
value was 112 pg.m™. Courses of TVOC in office spaces are illustrated in Figure 3. After
opening the windows, the concentrations of TVOC were decreased. The values were in line
with those found in other studies; however, taking into account the guideline value of 200
ng.m™ suggested by Molhave [17].

Subjective air quality perception was significantly related to indoor environmental conditions
such as temperature and CO; levels, higher concentrations of particulates (PMjo) and
exposure to high volatile organic compounds levels.
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Figure 3: Course of total volatile organic compounds concentrations in monitored rooms

Results show, that indoor air temperature and indoor air quality were rated similarly, as slight
discomfort (25%) and discomfort (75%). Indoor air humidity level was evaluated as comfort
state (50%) and slight discomfort state (50%).The noise and lighting levels were evaluated as
comfort state, as shown in Figure 6.
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Figure 6: Summary of occupants” sensational evaluation of environmental parameters

In Figures 7 and 8 are summarized the impacts on perceived productivity of occupants that
were assessed in office building. Indoor environmental parameters that influenced occupants’
productivity at their workplace are presented in Figure 7. Indoor air temperature was rated as
greatly increased (50%), slight increased (25%) and slight decreased (25%). Indoor air
humidity was rated as greatly increased (25%), slight increased (50%) and neutral (25%). The
airflow (air velocity) had greatly decreasing (50%) effect on perceived productivity. The
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effects of indoor air quality and noise on occupants” productivity were assessed similarly.
Results show that lighting had positive effect on perceived productivity (greatly increase —
50%, increase — 25% and neutral effect — 25%). Figure 8 shows the impact of other factors on
occupant” productivity. Visual contact with exterior and contact with nature from exterior and
interior had similar effect on perceived productivity. The occupants rated other factors as
positive or neutral, these factors increase perceived productivity.
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Figure 7: The impact of environmental parameters on perceived productivity of occupants
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Figure 8: The impact of other factors on perceived productivity of occupants

Occupants performed three different office tasks to evaluate objective productivity:
e text typing,
e mathematical task - addition task,
e learning memory test - symbol-letter modalities test.
These are typical office tasks requiring concentration and in previous studie were shown to be
sensitive to changes in air quality [18].
Objective productivity was evaluated using the following indicators:
e Total productivity (%) — expressed as ratio of total number of solved answers to
maximum number of answers.
e Correct productivity (%) — expressed as ratio of correctly solved answers to maximum
number of answers.
The measurement results of occupants” productivity of individual tasks and all tasks are
presented in Table 3. Occupants’ productivity of learning memory test was the lowest, but in
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this task there were no mistakes. Occupants had the most mistakes in mathematical

calculation (addition).

Table 3: Productivity of occupants in three different office tasks

Office tasks Total productivity (%) Correct productivity (%)
Text typing 93.2 92.9
Mathematical calculation 100 95.7
Learning memory test 85 85
All tasks 92.7 91.2

4 Conclusion

This study has discussed the satisfaction of occupants with their environment in a modern
building where the indoor environment qualities are controlled in accordance with existing
IEQ standards and guidelines.

The indoor microclimate influences not only the comfort but also the health of the occupants,
and preserving the comfort parameters at the optimal values is the mission of the engineer for
designing and operating of HVAC systems [6].

Mean values of PM3o concentrations were exceeded limit value in O1 about 62.8% and in R
about 46.4%. Other environmental parameters were met limit value during the experiment.
CO; and TVOC levels were met recommended concentrations [16, 17]; on the other hand, in
subjective assessment occupants rated air temperature and air quality as discomfort state.
Mean values of air velocity levels were fulfilled [14]; however indoor air velocity was rated as
greatly decreasing effect on occupant” productivity. Occupants considered other factors as
positive (increasing or neutral effect). Objective total productivity of occupants in simulated
office tasks was higher than 92%; correct productivity was lower. In the task marked as
learning memory test were no mistakes.

Further research works will be focused on evaluation of statistically significant set of office
buildings sample for understanding the relationship between IEQ and occupants’ responses
and productivity.
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