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Most of the work people perform in closed rooms. However, proper attention previously has not been directed to the problem of 
people working in offices without natural ventilation. The subject of this study is the influence of the HVAC system on health, working 
ability, absenteeism and the satisfaction of people working in an office without natural ventilation. There is no known ergonomic 
research that previously dealt with this topic, taking into account the above-mentioned specificity. A case study was conducted, 
which included fifteen employees of a branch of a company engaged in the provision of telecommunication services. Employees 
in the branch office of this company perform tasks in several rooms where no natural ventilation is applied. In view of this, special 
attention is paid to the practice of maintaining the HVAC system. An original questionnaire specially formulated for this purpose 
was used, which was answered by the staff of the company that maintains the HVAC system for the mentioned company. In addition, 
an adapted general health questionnaire was used, which also included issues related to the impact of the work environment on 
working ability and the satisfaction with the existing air quality. The results of the conducted research show what are the most 
pronounced health problems of the workers. It is concluded that in order to maintain the health of workers in offices without natural 
ventilation, a comprehensive approach is required, which involves more strict air control that involves additional measurement of 
certain parameters of the air quality in regular intervals, as well as additional education of staff of firms who maintain HVAC systems.

Introduction

Most people work indoors. However, the attention of ergonomic 
researchers, especially in Europe, has not previously been directed 
at the problem of people working in offices without natural venti-
lation. The subject of this study is the influence of the HVAC system 
on health, working ability, absence from work and the satisfaction 
of people working in offices without natural ventilation.

Indoor air quality has a major impact on human health. This 
impact is often left unnoticed, and people are surprised to learn 
that the closed environment is in some cases doubly polluted, ac-
cording to the EPA. Pollutants include gases, dust, toxic chemicals, 
molds, dirt, mites, and volatile organic compounds (VOCs) and 
many others. Air quality can affect productivity, personal comfort, 
building maintenance costs, and health and safety. Therefore, air 
pollution is a cause for considerable concern [1].

Numerous studies examined the effect of air conditioning on 
the health of employees and the quality of the interior air, but from 
the point of view of the filters used, the particles that purify, the 
thermal factors and the very reactions of the human organism. It 
is difficult to find any work in the field of ergonomics that was pri-
marily focused on the study of air quality in indoor areas where 
there is no possibility of natural ventilation. A number of studies 
have been carried out in which different approaches have been ap-
plied in relation to the assessment of air quality in indoor areas, in 
particular the impact of certain factors on the health of workers 
as well as prevention measures. However, by inspecting the found 
works that dealt with this problem, it could also be noticed that 
previously there was no elaborate topic where the method of main-
taining the HVAC system was considered a factor that could have an 
impact on the health and comfort of employees. In this regard, it is 
of particular importance that complex air quality studies in indoor 
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environments include, in the considerations, the way and organiza-
tion of the maintenance of the HVAC system, including companies 
that are externally engaged in the provision of the prescribed air 
quality [1-27].

The aim of the research

Considering the above, the aim of the paper is to examine the 
influence of the HVAC system in rooms where there is no possibility 
of opening the window to the health of workers, absenteeism and 
job satisfaction.

In addition, the aim of the paper is to investigate the influence of 
HVAC systems on the health of workers.

Method

In order to examine the impact of closed rooms on health, a gen-
eral health questionnaire was used. The questionnaire has been 
modified to some extent in order to further investigate the effect of 
HVAC system maintenance and examine the impact of air quality on 
employees’ satisfaction.

In order to examine how to maintain and organize the main-
tenance of the HVAC system, two questionnaires were addition-
ally formed. One questionnaire was designed for the management 
structure of the company, in order to establish their competencies, 
practices related to the maintenance of the HVAC system, as well 
as the care of employees' health. The second questionnaire was in-
tended for service providers who maintain a HVAC system in the 
company. The aim of this questionnaire was to collect information 
on the practice of maintaining the HVAC system.

The survey was conducted in the company providing telecom-
munication services. A branch of this company that fulfills the con-
ditions of research has been selected. The premises of this branch 
had windows that could not be opened. Ventilation was based on 
the usage of the installed air conditioning system.

The research involved 15 respondents (8 males and 7 females). 
The average age of the subjects was 28 years.

The respondents were promoters, agents and sales advisers. 
The questionnaires on how to maintain the HVAC system were 
filled out by people from the company's management, including a 
person in the company in charge of safety and health at work.

Discussion section

Based on the analysis of 15 respondents, we have come up with 
the following results:

Problems YES NO YES% NO%
Headache 9 6 60 40
Nausea 7 8 46.67 53.33
Dizziness 6 9 40 60
Fatigue 10 5 66.67 33.33
Irritation of eyes, throat and nose 10 5 66.67 33.33
Breathing problems 5 10 33.33 66.67
Cough 11 4 73.33 26.67
Bowling 9 6 60 40
Dyspnoea 4 11 26.67 73.33
Blurred vision 6 9 40 60
Acute inhalation 4 11 26.67 73.33
Sinus congestion 8 7 53.33 64.67
Pain and / or discomfort in:
spine 14 1 93.33 6.67
neck 12 3 80 20
hands 5 10 33.33 66.67
shoulders 9 6 60 40
Wrists 3 12 20 80
Legs 5 10 33.33 66.67
abdomen 4 11 26.67 73.33

Table 1

From what we can conclude that the majority of respondents 
feel pain in the spine, and then in the neck and shoulders, then 
there is cough, irritation, feeling fatigue and headache and prob-
lems with sneezing.

In the 4th question, we answered the existence of unusual or un-
pleasant smells in the building.

YES NO YES% NO%
11 4 73.33 26.67

Table 2

What we can conclude that most have noticed unpleasant 
smells.

In the fifth question, we were interested in whether at work, the 
aforementioned health problems, pain or discomfort are smaller, 
same or higher.

In accordance with the arithmetic mean, we calculated a stan-
dard deviation whose results are shown in the table.

In the third question, respondents answered questions related 
to health problems that lasted longer than 2 days.

SMALLER SAME LARGGER
SMALLER 

%
SAME 

%
LARGGER 

%
0 7 8 0 46.67 53.33

Table 3

What it can be seen that the pain was mostly the same or greater.

In the sixth question, we were interested in whether, after work, 
the aforementioned health problems, pain or discomfort were 
smaller, same or higher.
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SMALLER SAME LARGGER SMALLER 
%

SAME 
%

LARGGER 
%

6 7 2 40 46.67 13.33

Table 4

What it can be seen that most pain is the same or smaller.

In the 7th question, we were interested in whether, after a week 
out of work, the aforementioned health problems, pain or discom-
fort were smaller, same or greater.

SMALLER SAME LARGGER SMALLER 
%

SAME 
%

LARGGER 
%

13 2 0 86.67 13.33 0

Table 5

What we can conclude that the pain is much smaller.

In Question 8, it was determined whether the employees were 
taking days off because of health problems, pain or discomfort.

YES NO YES% NO%
9 6 60 40

Table 6

What we can conclude that they mostly took days off.

In question 9, respondents answered questions about the pres-
ence of pollutants.

Pollutants YES NO YES% NO%
Ammonia 2 13 13.13 86.67
Asbestos 1 14 6.67 93.33
Carbon dioxide 1 14 6.67 93.33
Carbon monoxide 0 15 0 100
Glass wool 0 15 15 100
Formaldehyde 0 15 0 100
Methyl Ifhol 2 13 13.133 86.67
Microorganisms 11 4 73.33 26.67
Live 0 15 0 100
Exhaust gas 4 11 26.67 73.33
Azotine oxide 0 0 0 0
Ozon 0 15 0 100
Color vapors 1 14 6.67 93.33
Pesticides 3 12 20 80
PCB 0 15 0 100
Radon and his postings 0 15 0 100
Sterilized gases 0 15 0 100
Sulfur oxides 1 14 6.67 93.33
Perfumes, hair sprays 12 3 80 20
Cigarette smoke 9 6 60 40

Table 7

What we can see the greatest presence of asbestos, carbon di-
oxide, vapor and sulfur oxide, then ammonia and methyl alcohol as 
well as pesticides.

In the 10th issue, the influence of the above-mentioned pollut-
ants on health during work, after work and during sleep, was ex-
amined. The graph shows the first number of respondents who an-
swered questions ranging from 0 to 10, where 10 indicates intense 
influence while 0 marks invisible influence.

a)
0 2
1 0
2 2
3 1
4 1
5 3
6 0
7 2
8 3
9 0
10 1
%
0 13.33
1 0
2 13.33
3 6.67
4 6.67
5 20
6 0
7 13.33
8 20
9 0
10 6.67
b)
0 2
1 0
2 2
3 1
4 1
5 2
6 1
7 4
8 1
9 0
10 1
%
0 13.33
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1 0
2 13.33
3 6.67
4 6.67
5 13.33
6 6.67
7 26.67
8 6.67
9 0
10 6.67
c)
0 2
1 1
2 2
3 1
4 1
5 2
6 4
7 0
8 1
9 0
10 1
%
0 13.33
1 6.67
2 13.33
3 6.67
4 6.67
5 13.33
6 26.67
7 0
8 6.67
9 0
10 6.67

What we can see not so significant impacts of polluters on the 
life of employees.

In the 13th question, samples of air quality problems were ex-
amined.

Cause YES NO YES% NO%
Inadequate air flow rate 9 6 60 40
Humidity 3 12 20 80
Air conditioning 11 4 73.33 26.67
Temperature 7 8 46.67 53.33
Noise 9 6 60 40
Lighting 8 7 53.33 46.67
Unpleasant odors 7 8 46.67 53.33
Air circulation stops at weekends 3 12 20 80
Irritants in the air 6 9 40 60
External pollutants 4 11 26.67 73.33
Machines / equipment 1 14 6.67 93.33
Smoking 0 15 0 100
Too big crowd in the room 10 5 6.67 93.33
Bulkheads 1 14 6.67 93.33
Renovation 0 15 0 100
Spraying with pesticides 3 12 20 80
New furniture / carpet furniture 1 14 6.67 93.33
I do not know 1 14 6.67 93.33

Table 9

What we conclude that the most common patterns are air con-
ditioning, inadequate air flow velocity and lighting.

In the 14th question, it was determined in which parts of the 
year the difficulties were most common.

Age YES NO YES% NO%
Winter 5 10 33.33 66.67
Spring 1 14 6.67 93.33
Summer 1 14 6.67 93.33
Autumn 4 11 26.67 73.33
Equal 6 9 40 60

Table 10

What it was determined that winter was the most dangerous, 
followed by autumn, spring and summer.

In the 15th question the severity of pain was examined at week-
ends.
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SMALLER SAME LARGGER SMALLER 
%

SAME 
%

LARGGER 
%

12 3 0 80 20 0

Table 11

From what it can be seen that the pain is much weaker over the 
weekend.

In question 16, the level of problems after the climate service 
was tested

SMALLER SAME LARGGER SMALLER 
%

SAME 
%

LARGGER 
%

2 11 2 13.33 73.33 13.33

Table 12

From what it can be seen that it is not.

Conclusion

The results of the study have shown that, in order to protect the 
health of workers in offices without natural ventilation, a compre-
hensive approach requiring more stringent air control is required, 
based on periodic measurement of parameters that affect air qual-
ity. Namely, this study found that health problems in workplaces 
where there is no possibility of natural ventilation are in place, 
among which the most common are headaches and coughs, and 
they increase during prolonged exposure to air conditioning itself. 
The recovery effect occurs both after a weekend and after a sick 
leave. The most common problems occur in spring and summer.

As the problems themselves do not increase or reoccur, and be-
come chronic, it is best to reactively prevent them. In this regard, 
companies and organizations must maintain the air conditioning 
systems in due time and in the right way, as well as maintenance 
companies must monitor market trends, and laws related to this 
area, including standards. It is especially important to adapt the ex-
isting HVAC system or certain segments to the new environment. 
An example is, an increase in the degree of filtration in case of an 
increase in air pollution, instead of strictly incorporating filters 
according to the manufacturer's specifications, which were made 
more than a decade ago. Such an approach can provide for the pres-
ervation of the health of employees and their working ability.

Generally, do not try to add or subtract anything. Hold on to this 
text and do not depart from it for a millimeter if you exhibit it
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