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Abstract

This study examines the dynamics of indoor air quality in an office environment within  
a metropolis, with a specific focus on particulate matter (PM), formaldehyde, and total volatile organic 
compounds (TVOCs). The levels of PM concentrations stay constant at a value of 13.9±2.9 µg/m3 for 
PM2.5 throughout working hours, with a significant impact on human activities. The formaldehyde 
concentration inside increases thrice during 8 hours, from 9±5 µg/m3 to 27±14 µg/m3, primarily from 
furniture and electronics. The total volatile organic compounds (TVOCs) levels significantly increase 
from 0.050±0.044 µg/m3 at 8.00 to 0.14±0.11 µg/m3 at 15.00, which can be attributed to indoor 
contaminants such as plastics and consumer items. PM concentrations exhibit seasonal fluctuations, 
with higher levels observed during colder months (37±5 µg/m3 for PM2.5 in December and 8±1 µg/m3 
for PM2.5 in August in the office, mainly due to outdoor contribution. Analysis of settled dust indicates 
a varied composition, suggesting the presence of both building materials and human activity. Employees 
exhibit symptoms consistent with Sick Building Syndrome, with a higher prevalence among females. 
The results emphasize the significance of dealing with variations in indoor air quality and identifying 
the causes that affect the health of occupants and the well-being of the workplace.

Keywords: indoor pollution, volatile organic compounds, Sick Building Syndrome, particulate matter, 
formaldehyde
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Introduction

Globally, an increasing percentage of the modern 
workforce carries out their activities within the 
limitations of office spaces [1], yet the well-being and 
health status of the people working in enclosed spaces 
have become a significant concern due to the impact 
of indoor air quality (IAQ) on their overall condition  
[2, 3]. In 2001, a National Human Activity Pattern 
Survey (NHAPS) was performed in North America [4] 
and revealed that individuals spend over 87% of their 
time indoors, enclosed in industrial or office buildings, 
educational institutions [5], at home, or in department 
stores [6], and about 6% of their time in different 
vehicles [4, 7], making exposure to indoor contaminants 
almost inevitable [7]. Therefore, when pollutants are 
present within buildings, indoor settings accumulate 
them, increasing human inhalation exposure or dose 
by 100-1,000 times compared to pollutants existing 
in outdoor air [3]. Hence, it is imperative to maintain  
a high standard of IAQ in enclosed areas to prevent any 
adverse effects on human health [2].

Another study performed in 2022 [8] reports that 
Americans and Koreans spend over 95% and 97% of 
their time indoors, leading to numerous health problems 
due to poor indoor air quality [8]. Office workers are 
exposed daily to physical, biological, and chemical 
contaminants that significantly impact their comfort, 
health, sick days, and overall performance [9]. IAQ often 
surpasses outdoor air quality in terms of pollution levels 
[8]. Various chemical and physical reactions influence 
this effect within buildings, including combustion 
sources, household products, building materials, and, 
indirectly, outdoor pollutants [10, 11]. 

In many developing countries, due to the limited 
availability of modern energy sources, a significant 
contributor to indoor air pollution arises from the 
burning of solid fuels (coal, biomass) used for 
both indoor heating (fireplaces and stoves) and the 
preparation of everyday food (cooking appliances) [12], 
indoor smoking, burning candles, and incense [13, 14]. 
When these materials undergo combustion, they can 
release a host of harmful byproducts directly into the 
indoor environment. Among these byproducts, the most 
concerning are carbon monoxide, particulate matter 
(PM), and nitrogen dioxide [15]. The management and 
maintenance of these sources are critical to safeguarding 
indoor air quality and the health of occupants. However, 
solid fuel consumption has increased in developed 
nations due to rising electricity and natural gas costs and 
several environmental regulations promoting biomass as 
a renewable fuel source [16]. It is essential to mention 
that burning solid fuels like wood and coal in household 
appliances presently constitutes around 38% of primary 
PM2.5 emissions [17].

Another important source of indoor pollutants 
that indirectly introduce chemicals to indoor air is 
represented by everyday household and office products: 
cleaning supplies (carpet, floor, and bathroom cleaners, 

furniture polishes, and waxes) [18], air fresheners and 
deodorizers [19], and several electronic devices like 
computers and printers (ozone and PM) [8, 9], and 
poorly maintained air conditioning (amplifying indoor 
chemical reactions) [11]. 

According to Mølhave et al., dust comprises solid 
particles with a relatively inert core on whose surface 
various organic or inorganic compounds can be 
adsorbed from the outdoor and indoor environments 
[20]. The settled dust and particulate matter outdoors 
can contain minerals, metals, metalloids, sea salts, 
ammonium nitrate and sulfate, organic compounds, 
and elemental carbon [21, 22]. Varrica et al. have 
demonstrated that the abundance of outdoor dust’s 
various organic and inorganic components is temporally 
and spatially variable [23]. The indoor dust serves 
as a passive sampler for a diverse range of gases [24] 
and organic volatile compounds [25] emanating from 
human activities as well as emissions from building 
and furnishing materials. Inorganic salts (i.e., CO3

2-, 
NH4

+, SO4
2-, NO3

-, etc.) [26, 27], solid particles such as 
silicates, phyllosilicates, feldspars, and clay minerals 
[28, 29], or bio-organic particles (i.e., desquamated 
skin cells, molds, etc.) [30] were identified in the 
structure and composition of indoor settled dust. 
According to Butte and Heinzow, indoor dust emerges 
as an ideal screening material, offering insights into 
historical emissions and effectively indicating indoor 
contamination [31]. Additionally, as analyses of indoor 
dust provide an approximation of indoor pollution 
contamination, they present valuable information 
regarding human exposure to indoor pollutants [24, 32-
35]. The term “sick building syndrome” (SBS) refers to a 
higher-than-normal prevalence of symptoms concerning 
the respiratory tract, the skin, the eyes, and the head 
[36], in workers from office buildings, due to prolonged 
exposure to indoor air pollutants. Some studies reported 
this syndrome in 1 in 5 office workers [37], with nasal 
symptoms, skin-related symptoms, and throat symptoms 
being most frequently reported [38]. 

The primary objective of this study was to assess 
the year-long concentration of indoor pollutants within 
an official building and to analyze the composition of 
accumulated dust using FTIR. Our secondary goal was 
to investigate the prevalence of symptoms typical of 
Sick Building Syndrome (SBS) among the office workers 
in the building.

Experimental

Samples were collected intermittently from March 
2022 to March 2023 within three distinct rooms-office, 
corridor, and bathroom – of office space and from the 
external ambient air. The building is situated in Resita 
town, Western Romania, with geographical coordinates 
of latitude 45°19’15” N and longitude 21°52’02” E (refer 
to Fig. 1 for a visual representation). Sampling within 
each room occurred at a uniform height of 1 meter from 
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the floor, ideally positioned at the center of the room. 
External measurements were taken in the parking 
lot, approximately 2 meters from the entrance door.  
The sampling protocol involved a standardized 
duration of 30 minutes, with readings conducted post-
stabilization. Monthly assessments were conducted 
consistently on the same day (Wednesday) and at 
the same hour (noon), totaling four measurements 
per month. The parameters assessed included total 
volatile organic compounds, PM1, PM2.5, PM10, 
and formaldehyde. Analysis was performed using  
a Dienmern DM 106 professional air analyzer (Shenzhen 
Dienmern Testing Technology Co., Ltd., Guangdong, 
China) and Honeywell MultiRAE (Sunnyvale, CA, 
USA). The detection limit for all determinations was 
established at 1 µg/m³.

The dust samples were collected in open Petri dishes 
with a diameter of 25 cm. The sampling was conducted 
between March 2022 and March 2023 through the 
natural settling of dust from the external and internal 
environments of the office, bathroom, and corridor. 
The dust sample from the outdoor environment was 
collected at approx. 2.5m from the ground and the Petri 
dish was placed on the windowsill of the office in an 
area protected from air currents and the direct action of 
precipitation. The samples from the indoor environment 
were collected at a height of approx. 2.5 m from the 
floor and no major cleaning actions were taken in the 
collection areas during the sampling period. The daily 
activities of the people who had access to the dust 
sample collection areas proceeded normally. Still, the 
airing/ventilation was reduced to the minimum possible, 
especially in the office. The mass of settled dust samples 
collected for one year indoors was ~0.5 g, while ~1.35 g 

was collected outdoors. All collected samples had a non-
fibrous consistency.

FTIR spectra of settled dust samples were obtained 
using a Bruker Vertex 70 spectrophotometer (Bremen, 
Germany) equipped with an ATR accessory (Pike 
Miracle with ZnSe crystal). The interaction of infrared 
radiation with the investigated samples was recorded in 
the 4000-600 cm-1 wavelength range at a resolution of 
4 cm-1 using a number of 63 scans per spectrum. FTIR 
spectra were recorded in triplicate for each sample, and 
finally, the average spectrum was plotted. Before each 
scan, the ZnSe crystal was cleaned (with isopropanol), 
and a background spectrum was recorded with the 
same number of scans and at the same resolution. 
OPUS software (version 6.5) was used to record and 
process the spectra (including vectorial normalization 
and baseline correction). The settled dust samples were 
subjected to FTIR-ATR scans taken from both the 
external environment and the three internal locations 
without processing.

To evaluate the presence of SBS symptoms in 
employees from the office, we applied a standardized 
questionnaire developed based on previous studies on 
SBS [39]. The list of symptoms included eye symptoms 
(dry, itching, or watering eyes), ear, nose, and throat 
(ENT) symptoms (stuffed or runny nose, dry throat, 
pain in the throat), difficulty breathing, headache, chest 
pain, skin problems (dryness, rash, itching), fatigue, 
and flu-like symptoms. Symptoms were recorded at 
least twice in the last year. Workers could also report 
any other symptoms they considered related to the 
work environment. The questionnaire also included 
questions about the medical history to identify possible 
confounding factors: allergies, acute infections of  

Fig. 1. Satellite photos of the sampling zone. The position of the sampling site is marked with a red pin.
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the respiratory tract in the past week, and known 
medical history of eye, ENT, respiratory, or 
cardiac diseases. Parametric data were presented 
as mean±standard deviation (SD), while data with  
a nonparametric distribution were reported using the 
median and percentile values of the IQ range (25th, 75th). 
For symptom analysis, we used descriptive statistics. 

Results and Discussion

PM1, PM2.5, and PM10 concentrations do not 
vary significantly over the working hours (Fig. 2). The 
concentration of particulate matter did not considerably 
decrease in the office compared with the outside air. 
The same trend was seen for all particulate matter sizes. 
The ratio between PM2.5 and PM10 for the outside 
air was 0.83±0.08 µg/m3. Such a high ratio of fine 
particles indicates that the air pollution is more from 
anthropogenic sources [40, 41]. Prior research discovered 
that the mean ratios of PM2.5 to PM10 in Wuhan were 
0.62 [42], while in Europe, where urbanization is more 
prevalent, the ratios of PM2.5 to PM10 range from 0.39 
to 0.74 [43]. Anyhow, in our case, since the building 
is in the middle of the city, the sources of particulate 
matter are mostly from transport. The values of PM10 
did not exceed the E.U. Air Quality Directive, which 
set a maximum limit of 40 µg/m³ for the yearly average 
concentration of the fine particulate matter PM10 (E.U. 
Directive 2008/50/E.C.).

The formaldehyde concentration remains constant 
outside of the building at a 13 μg/m3 level. In contrast, 
it increased almost three times inside the building over  
8 hours (Fig. 3). 

From 2011 to 2015, the median indoor formaldehyde 
concentrations in newly renovated offices were 94 μg/m3 
across China [44]. Significant differences exist between 
concentrations inside the office (0.021 μg/m3) and 
outside (0.012 μg/m3) after 3.5 hours (p<0.05). The same 
trend has been found for air in corridors and bathrooms, 
which could be explained by formaldehyde emission 
from the surface area of materials (wood products, 
carpet, and insulation) [45, 46]. Interestingly, at the end 
of the program, the formaldehyde concentration became 
significantly higher than in the corridor due to the 
emission from different furniture and electronic devices 
presented in the office [47]. 

The total volatile organic compound concentration 
(TVOC) increased indoors while the concentration 
remained constant outdoors (Fig. 4). A level of around 
50 µg/m3 of volatile organic compounds outside  

Fig. 2. The variation of PM1, PM2.5 and PM10 concentrations over working hours.

Fig. 3. The variation of formaldehyde concentrations over 
working hours.
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at a level of 4.6 (0.5 mg/hour/person [48, 49]).  
The influence of TVOC concentration from outside is 
low, as the ratio between outside and inside was 0.58. 

The concentrations of particulate matter over one 
year are presented in Fig. 5.

The variation of the PM1, PM2.5, and PM10 
concentrations is significant over the year, with  
a maximum of 45 µg/m3, 75 µg/m3, and 96 µg/m3, 
respectively. Analysis of seasonal patterns indicates 
that PM1.0, PM2.5, and PM10 exhibit notably elevated 
concentrations throughout the colder months, reaching 
their lowest levels in the summer. This pattern’s 
primary causes are decreased mixing-layer heights, 
restricted oxidation capacity, and reduced residential 
heating emissions. The same trend has been found 
in the Urumqi urban area [52], Beijing, Suning, and 
Islamabad [53], Eastern Poland [54], and Cairo [55]. 
The average indoor air concentrations of PM2.5, PM1,  
and PM10 were 9.6±10.1 µg/m3, 16.6±16.5 µg/m3, and 
20.9±21.4 µg/m3, respectively. The findings suggest 
that the average daily levels of PM10 and PM2.5 
concentrations inside were within the recommended 
limits of the World Health Organization (WHO). 
Anyhow, there are three months with high PM 
concentrations: March, May, and December. The higher 
concentrations in the office exceed 90 µg/m3, the same 
range as the 25 naturally ventilated urban residences 
in Alexandria, Egypt [56]. The lower concentration 
in corridors and bathrooms could be explained by the 
higher ventilation in those rooms than in the office.  
The sources of PMs in the offices could be an 
accumulation of dust and dirt on surfaces, furniture, 

is average for a city with medium traffic. For example, 
in Seul, the TVOC exceeded 75 µg/m3 [48], while  
in a heavy industrial city (Handan, Hebei Province, 
China), the observed mixing ratio of total VOCs was 
30.32±15.76 ppbv [49]. The sources of TVOC could 
be traffic and industrial emissions, but the domestic 
emissions of TVOCs cannot be neglected.

After the first hour of work, the concentration of 
TVOC increases steeply in the office, while the trend 
is not so evident in the corridor and bathroom. Such 
a trend has been found not only in the offices but also 
in the regular houses [50, 51]. The sources for TVOC 
in the office could be attributed to plastics, paint, and 
mainly consumer products such as perfumes and body 
spray. Even more, some studies have demonstrated 
that the human body emits volatile organic compounds  

Fig. 5. The variation of PM1, PM2.5 and PM10 concentrations over one year time.

Fig. 4. The variation of total volatile organic compound 
concentrations (TVOC) over working hours.
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and office equipment. Carpets and upholstered furniture 
can trap dust and particles, which can be released into 
the air when disturbed. Another important source could 
be airborne particles from outside, such as pollen, 
pollution, or nearby construction, which can infiltrate 
the office and contribute to indoor PM.

The formaldehyde concentration in the indoor air is 
relatively constant throughout the year (Fig. 6). 

Outside of the shop, the formaldehyde concentration 
was minimal at a level of 2 µg/m3. The data is in 
accordance with a review paper showing that the outdoor 
formaldehyde concentration measured in many regions 
(mainly in Europe and the USA) was in the range of 1 to 
9 μg/m3 (below 9 μg/m3, the chronic inhalation REL set 
by the OEHHA in California, USA) [57]. 

In the office, the formaldehyde concentration is 
significantly higher than in the corridor and bathroom 
(p<0.05, two-way ANOVA, multiple comparisons). Still, 
no significant differences have been found between the 
formaldehyde concentration in the bathroom and corridor 
(p = 0.188). The medium value of 19.8±2.4 µg/m3 is lower 
than that found in 422 air-conditioned offices in Hong 
Kong, where the formaldehyde levels were assessed at 
32±2.7 μg/m3 [58]. The formaldehyde concentration in 
the office did not vary dramatically across the year, but 
the concentration was lower in September and higher 
in March 2023 than in the other months. Interestingly, 
during the summer, the formaldehyde concentrations 
in the corridor and bathroom exhibited a noteworthy 
decrease, measuring 9.7 µg/m3 for the corridor and  
8.7 µg/m3 for the bathroom.

In contrast, they revealed significantly higher levels 
in the winter months, with concentrations peaking  
at 15.3 µg/m3 for the corridor and 17.6 µg/m3 for 
the bathroom. The consistent findings extend to 
environmental monitoring in English homes, revealing 
a notable trend of formaldehyde concentrations 
decreasing by half from winter to summer [59]. The 
variation in trends between the office and other rooms 
may be attributed to disparities in ventilation systems. 

Additionally, the presence of diverse electronic 
equipment in the office could serve as a significant 
source of formaldehyde. Furthermore, the comparatively 
shorter duration of time spent by individuals in the 
corridor and bathroom, as opposed to the office, could 
contribute to these distinctions. 

The total concentration of volatile organic 
compounds in indoor and outdoor air is presented  
in Fig. 7. 

The ambient concentrations of volatile organic 
compounds (VOCs) exhibited a discernible seasonal 
variation, with notably elevated levels during the 
summer compared to the winter. Our data indicate 
that the mean concentration from May to September 
reached 110±21 µg/m³. In contrast, a distinct reduction 
was observed during the October-April interval, with 
a mean concentration of 55±20 µg/m³. This observed 
disparity in VOC concentrations between seasons 
underscores the influence of meteorological and 
environmental factors on atmospheric composition, 
thereby necessitating a comprehensive understanding 
of the underlying mechanisms governing such seasonal 
variations. The same variation in TVOC concentration 
has been found in a remote Mediterranean station 
on the northern tip of Corsica (Ersa, France) over  
25 months, from June 2012 to June 2014 [60]. The indoor 
concentrations of volatile organic compounds (VOCs) 
surpassed their outdoor counterparts, manifesting  
a pronounced variability across both spatial locations 
and temporal intervals, as indicated by the outcomes of 
a two-way analysis of variance (ANOVA) with statistical 
significance (p<0.05). This observed indoor-outdoor 
disjunction in VOC concentrations underscores the 
intricacies associated with indoor air quality dynamics, 
wherein a myriad of factors, such as occupant activities, 
building materials, and ventilation systems, contribute 
to the observed variation [61]. The identification of the 
organic functions and the inorganic groups present 
in the settled dust samples collected both inside and 
outside the environment was carried out by Attenuated 

Fig. 6. The variation of formaldehyde concentrations over one 
year time.

Fig. 7. The variation of total volatile organic compound 
concentrations over one year time.
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Total Reflectance – Fourier Transform Infrared 
Spectrometry (ATR-FTIR). This analytical technique 
provides essential details on the type and nature of 
the samples’ functional groups (organic/inorganic and 
aliphatic/aromatic). Various authors have frequently 
used it to characterize the chemical composition of both 
PM2.5/PM10 and settled dust based on the positions of the 
vibrational bands recorded in the FTIR spectra [23, 25, 
27, 28, 62, 63]. 

Fig. 8 shows the FTIR-ATR spectrum obtained 
for the settled dust sample collected in the outdoor 
environment, and Fig. 8 shows the recorded spectra for 
the samples collected from the indoor environment in 
the three locations: (a) office; b) bathroom; c) corridor). 

Based on the wavelength values, Table 1 shows the 
vibrational bands’ assignment in the FTIR-ATR spectra 
for all analyzed samples. 

The FTIR-ATR spectrum of the settled dust sample 
taken from the outdoor environment is dominated by 
the vibrational bands of phyllosilicates, clay minerals, 
and quartz located at 3697 cm-1, 1621 cm-1, 1005 cm-1, 
795 cm-1, 778 cm-1, 694 cm-1 and 647 cm-1 [21] Also, the 
presence of calcite-type carbonates can be identified. 
According to literature data, FTIR vibrational spectra 
of carbonates exhibit different types of vibrations, 
including symmetric stretching (ν1), usually inactive in 
the IR, asymmetric stretching (ν2), out-of-plane bending 
(ν3), and in-plane bending (ν4) [64-66]. In pure calcite 
(CaCO3), the (ν2), (ν3), and (ν4) bands are recorded at 
~1427 cm-1, 876 cm-1, and 725 cm-1, but in the presence 
of other mineral compounds, the positions of these 
bands can change, as frequently observed in published 
studies [35, 65, 67]. In the case of the analyzed outdoor 
sample of settled dust, the specific vibrational bands of 
calcite were recorded at 1796 cm-1 (ν1+ ν4 combination 
mode) [68], 1421 cm-1, 875 cm-1, and 713 cm-1. 

The presence of silicates, aluminosilicates, and 
carbonates in the chemical composition of settled dust 
taken from the atmosphere was observed and reported 

in the literature by several authors. It was attributed 
especially to soil erosion, Saharan dust events, and 
protective coating building materials [23, 27, 35, 62-
64, 69]. The organic compounds of the aliphatic 
hydrocarbon type were clearly identified in the outdoor 
investigated sample by the bands located in the FTIR 
spectrum at 2923 cm-1 and 2854 cm-1 [70]. Studies have 
shown that the hydrocarbons in dust particles come 
mainly from fuel combustion processes [23, 32, 34, 62].  
The presence of ammonium salts (i.e., NH4NO3) cannot 
be excluded from the chemical composition of the outdoor 
sample, but over the (NH4

+) vibrational band located  
at ~1414 cm-1, the asymmetric stretching vibration 
frequencies of (CO3

2-) overlap.
Compared to the outdoor sample, the FTIR-ATR 

spectra (Fig. 9) of the settled dust samples collected from 
the office, bathroom, and corridor are more complex 
and contain, in addition to the bands identified in Fig. 
6, a series of new bands specific to some inorganic, 
organic, or bio-organic compounds generated by indoor 
sources (i.e., wall construction materials, wall covering 
materials, insulation materials, carpets, electronic 
devices, furniture, human activities, the human body, 
hygiene and personal care products, etc.). Thus, the 
presence of gypsum (CaSO4•2H2O) originating from 
the interior plaster walls was observed in all three 
indoor samples (~3535 cm-1, ~3399 cm-1, ~1113 cm-

1, and ~670 cm-1 [71-74]), along with calcite, quartz, 
phyllosilicates, and clay minerals (minerals from both 
the wall finishing materials and the outdoor atmosphere 
due to ventilation). In the office, where the ventilation 
was reduced to a minimum during the collection of 
the settled dust sample, the intensity of the specific 
calcite band located at ~874 cm-1 was highest, proving 
this compound’s origin from indoor sources. Due to 
(Si-O) asymmetrical stretching, the band was recorded  
at 1036-1031 cm-1, showing a shift to a higher 
wavelength than in the outdoor dust sample. According 
to Senthil Kumar and Rajkumar [69], this behavior can 

Fig. 8. FTIR-ATR spectrum of the outdoor dust sample.
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be attributed to K-feldspar and plagioclase compounds, 
which seem to be dominant silicates in the settled dust 
from the interior spaces and are generated from the 
used construction materials [26, 28, 31]. In the FTIR-
ATR spectrum of the sample collected from the indoor 
bathroom environment, a band located at 1077 cm-1 was 
recorded due to the stretching vibration of the group (Si-
O-Si) from polysiloxanes (silicon) used as insulating 
materials [75]. The presence of the NH4NO3 compound 
(~826 cm-1) was observed only in the office and 
bathroom dust samples. Various authors have frequently 

reported inorganic nitrates in dust samples due to acid 
deposits and indoor contamination [23, 26, 27, 31, 62].

Regarding the organic compounds present in all 
indoor dust samples, the presence of the ~1733 cm-1 band 
due to the carbonyl group from the aliphatic aldehydes 
can be noted. The aliphatic aldehydes (formaldehyde) 
were identified as indoor air pollutants (as previously 
demonstrated in Fig. 2 and Fig. 5) along with a series 
of saturated and unsaturated VOCs whose stretching 
bands were recorded at ~2991/2999 cm-1, ~2920 cm-1 
and 2851 cm-1. In the office and corridor dust samples, 

Fig. 9. FTIR-ATR spectra of the indoor environment dust samples: (a) office; b) bathroom; c) corridor.
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the presence of proteins was clearly identified based 
on the specific bands located at ~3298 cm-1 (Amide A 
band), ~1650 cm-1 (1st amide band), ~1577 cm-1 (2nd 
amide band), and 1262 cm-1 (3rd amide band) [76, 77]. 
According to Gustafsson et al., the presence of protein 
structures in indoor dust particles is generated either 
by the human body (i.e., desquamated skin cells, 
dandruff) or by biological contaminants such as fungi 
(Penicillium, Aspergillus, Cladosporium, etc.) and molds 
[30]. The aromatic structures and nitrate-polyaromatic 

hydrocarbons (n-PAH) were identified in the FTIR-
ATR spectrum of the dust samples collected in the office 
and bathroom based on the (C=C) vibration located at 
~1630 cm-1 and on the symmetrical and asymmetrical 
stretching vibrations of the (NO2

-) group located at 
~1319 cm-1 and 1540 cm-1 [22]. The presence of n-PAH 
in dust composition and other compounds with aromatic 
rings was also reported by Shankar et al., who identified 
anthropogenic sources as responsible for these emissions 
[22]. Patel et al. determined that PAH-type pollutants 

Outdoor Office Bathroom Corridor Tentative assignments

3697 3697 3697 3694 (O-H) stretching from inter-layer clay minerals (i.e., smectite and kaolinite)

- 3535 sh
3399 sh

3534 sh
3399 sh

3536 sh
3394 sh (O-H) stretching characteristic of CaSO4∙2(H2O) (gypsum)

3223 3298 3231 3296 (O-H) stretching in alcohols/phenols, absorbed H2O; N-H stretching from amide 
(Amide A band)

- 2999 2991 - =C-H stretching from unsaturated hydrocarbons (Csp2)

2923
2854

2920
2851

2919
2851

2921
2851

-C-H symmetrical and asymmetrical stretching from CH2 and CH3 groups from 
saturated hydrocarbons

1796 1796 1791 1796 (C=O) stretching from calcite 

- 1735 1732 1733 (C=O) stretching from the carbonyl group in aliphatic aldehydes and ketones

- 1647 - 1650 (C=O) stretching from carbonyl bonds in the peptide backbone (1st amide band)

- 1635 1631 - (C=C) bond vibration in aliphatic/aromatic compounds

1621 - - - (O-H) bending of absorbed H2O, phyllosilicates (i.e., illite, muscovite, 
palygorskite), and clay minerals (i.e., smectite and kaolinite)

- 1579 - 1577 (N-H) bending and (C-N) stretching vibrations of the amide group (2nd amide band) 
in protein structures

- 1539 1541 - (NO2
-) asymmetric stretching vibrations in nitrated-polyaromatic

hydrocarbons (n-PAHs)

1421 1420 1418 1418 (C-O) asymmetrical stretching from carbonates (i.e.calcite); (NH4
+) vibration from 

ammonium salts

- 1316 1319 - (NO2
-) symmetric stretching vibrations in nitrated-polyaromatic

hydrocarbons (n-PAHs)

- 1262 - 1262 (C-N) stretching and (N-H) bending in protein structures (3th amide band)

- 1113 1112 sh 1114 sh sulfate group (SO4)
2- stretching vibration from CaSO4∙2(H2O) (gypsum)

- - 1077 - (Si-O-Si) stretching from polysiloxanes

- 1032 1031 1036 (Si-O) asymmetrical stretching of  K-feldspar and plagioclase feldspar 

1005 - - - (Si-O) asymmetrical stretching of phyllosilicates and clay minerals

875 874 875 874 (C-O) out-of-plane bending of (CO3)
2- from carbonates (i.e.calcite)

- 826 824 - (NO3
-) vibration from inorganic salts

795 797 796 796 (Si-O) symmetrical stretching mainly from quartz

778 781 780 777 (Si-O-Si) symmetrical stretching from quartz

713 712 715 712 (C-O) in-plane bending of (CO3)
2- from carbonates

694 - - - (Si-O) symmetrical bending in quartz

- 669 672 671 sulfate group (SO4)
2- stretching vibration from gypsum

647 648 648 646 (Si-O-Si) bending of silicates, phyllosilicates, and feldspar

Table 1. The infrared absorption frequencies (cm-1) of the settled dust samples collected from outdoor and indoor environments.
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are toxic, mutagenic, carcinogenic, teratogenic, and 
immunotoxicogenic for various life forms [78].

Nineteen employees responded to our questionnaire, 
11 (57.9%) females. The mean age of the group was 
53.8±6.7 years old (between 42 and 67 years). Only 
one subject reported known allergies, and one was 
diagnosed with other associated diseases. No participant 
had an upper or lower airway infection in the previous 
week. The subject with a known allergy reported 
five symptoms, like the patient with a known medical 
condition. Eighteen (89.5%) subjects had at least one 
symptom, 47.4% had 2 to 3, and 5 (21.1%) subjects 
had four or more symptoms. The median number of 
symptoms per patient was 2 (IQ range=1.5-4, range: 
0-10) (Fig. 10). 

Regarding SBS symptoms among the subjects 
included in this study, our study showed that most of our 
subjects experienced at least one SBS symptom, possibly 
related to the work environment. Fatigue, ENT, head, 
and eye-related symptoms were the most frequent, while 
none of the subjects reported skin-related problems. 
Eye problems were observed in 31% of the participants, 
similar to other studies [79]. 

Formaldehyde and VOCs in high concentrations 
can cause the so-called sensory irritation symptoms, 
with irritation of the eyes, nose, and throat [80]. 
Headache and fatigue are also presumed to be caused 
by VOCs. Indoors, individual VOCs are less likely to 
be present at concentrations sufficient to cause sensory 
irritation symptoms. Nevertheless, indoor air contains a 
mixture of many VOCs. Some studies focused on this 
idea and showed that not individual VOCs but higher 
concentrations of some groups of VOCs, like VOCs 
attributed to cleaning products, water-based paints [81], 
or photocopiers, are responsible for symptoms. Our 
subjects worked in city hall offices; therefore, they were 
exposed to VOCs derived from photocopiers, printers, 
and paints. The measured TVOC and formaldehyde had 
similar concentrations inside the office and outside of 
the building only during the first two working hours but 
doubled and even tripled afterward. High concentrations 

of TVOCs were also reported in new buildings. A study 
from Japan showed that SBS symptoms were related to 
increased TVOC concentrations, long working hours 
(>50 hours per week) in females, and smoking in males 
[82]. In our study, TVOC concentrations were low 
compared to the study of Takigawa T et al. [82], even 
at the end of the day (150 µg/m3). However, our subjects 
experienced several SBS symptoms. Smoking might 
have been a confounding factor, but we did not collect 
data about smoking habits in our study group. Regarding 
the working hours, in our country, the program is 40 
hours a week. Indoor VOCs and formaldehyde have 
also been related to allergies, asthma, and respiratory 
symptoms like coughing or dyspnea [83, 84]. Small 
particulate matter can cause respiratory symptoms or 
aggravate respiratory conditions. In our study, PMs were 
stable throughout the day, and formaldehyde increased 
in parallel with TVOC. Only one subject in our research 
reported difficulty breathing, but she also mentioned 
chest pain. We can hypothesize that an unknown cardiac 
problem might have determined these symptoms. 
Formaldehyde is an eye irritant at high concentrations, 
around 0.3-0.5 mg/m3 [85]. Most studies involved 
subjects directly exposed to formaldehyde at work, such 
as pathologists or funeral service workers. Workers 
exposed to high formaldehyde concentrations had an 
odds ratio of 2.18 for cough and 2.91 for dyspnea [86]. 
Our study measured significantly lower concentrations 
of formaldehyde than those known to cause eye irritation 
(the most sensitive organ). However, one in 3 patients 
reported eye symptoms. More likely, the TVOCs and 
other indoor pollutants we did not measure contributed 
to this finding.

Female subjects reported more symptoms (n = 3.1) 
compared to male subjects (n = 1.8), but the difference 
was not statistically significant (p = 0.2, Mann-Whitney). 

More than half of the subjects reported fatigue 
(63.1%). Stuffed nose, headache, and runny nose were 
reported in 42%, 36.8%, and 31.5% of the subjects. Ten 
subjects (52.6%) had at least one ENT-related symptom, 
while 6 (31.5%) reported eye symptoms (Fig. 11). In our 

Fig. 10. The total number of symptoms per patient in the study group (n = 19).
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study, 42.1% of subjects had three or more symptoms. 
The number of symptoms influences work absenteeism 
[87], but we do not have data on the number of sick 
leave per subject. Both males and females reported 
SBS symptoms. The females in our research tended to 
report more symptoms compared to males, although the 
difference did not reach statistical significance. Other 
studies also noted that women reported more symptoms 
compared to men and that people reporting symptoms 
were younger compared to those not reporting symptoms 
[36]. 

While our study spans one year, encompassing 
seasonal fluctuations, it is essential to acknowledge 
that there may be limits on how well this period 
reflects long-term trends. Long-term climate change 
and atypical weather patterns can impact the quality of 
indoor air, which may not be fully reflected by studying 
it for only one year. One further constraint is that the 
research is centered solely on a solitary office structure 
located in Resita, Western Romania. Although this 
study offers detailed indoor air quality (IAQ) analysis 
at the mentioned location, its findings may not apply 
to different geographical areas, climates, or building 
structures. However, the study acknowledges the 
impact of outside contaminants on interior air quality. 
However, it lacks a comprehensive assessment of outside 
air quality or a simulation of the interactions between 
interior and outdoor settings. The study examines the 
origins and consequences of inadequate indoor air 
quality. However, it may not thoroughly investigate the 
efficacy of measures or treatments that might enhance 
IAQ and decrease health hazards.

This study could be a breakthrough for some future 
studies as measurements across different geographic 
locations and in various types of buildings (e.g., 
residential, industrial, educational) to understand how 
regional climates, building designs, and usage patterns 

affect indoor air quality and health outcomes, and to 
implement long-term studies to monitor changes in 
indoor air quality over several years and their impact 
on health, considering factors like building aging, 
renovation activities, and changes in occupant behavior. 
This could provide insights into the long-term effects of 
exposure to indoor pollutants. Concerning occupational 
health and policy, additional research could concentrate 
on the specific occupational health consequences 
associated with indoor air quality in office buildings 
and other work environments. This research could also 
assess the efficacy of current policies and regulations 
about indoor air quality while identifying areas where 
new policies could be formulated.

Conclusions 

This study provides clear evidence that office 
environments, as examples of enclosed workspaces, 
are exposed to various indoor air pollutants, such as 
particulate matter (PM), volatile organic compounds 
(VOCs), and formaldehyde. Specifically, we observed 
that the levels of volatile organic compounds increased 
from an average of 0.050±0.044 µg/m3 at 8:00 AM to 
0.14±0.11 µg/m3 by 3:00 PM. Similarly, formaldehyde 
concentrations rose significantly over an 8-hour period, 
from an average of 9±5 µg/m3 to 27±14 µg/m3. These 
pollutants come from a mix of sources, including 
building materials, office machinery, and everyday 
activities, making it challenging to maintain good indoor 
air quality (IAQ). Our research also highlights that the 
amount of pollutants inside can change with the seasons, 
with higher levels of particulate matter found during the 
colder months. More importantly, we found a strong link 
between being exposed to higher levels of these indoor 
pollutants and experiencing symptoms related to Sick 

Fig. 11. The count of reported symptoms per category.
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Building Syndrome (SBS). The office workers in the 
building we studied reported various health issues, such 
as irritation of the eyes, breathing difficulties, and even 
problems with concentration and memory, emphasizing 
the urgent need for action to improve indoor air quality 
and prevent these health problems. In simpler terms, 
our study shows that offices can have air pollution 
from different sources, which can get worse at certain 
times of the day or year, leading to health issues for the 
people working there. This underlines how important it 
is to take steps to clean the air in these spaces to keep 
everyone healthy.
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