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Abstract  Öz 

This study presents the indoor environmental quality in the university 
laboratories which are used for different purposes. Within this aim, 
thermal comfort parameters (temperature, relative humidity, air speed, 
lighting), carbon dioxide (CO2) were monitored and respirable particles 
(PM4, smaller than 4 µm) were collected on the quartz filter in five 
laboratories for 8 hours. The mass concentration of the dust collected 
on filter were determined, after that the filters were decomposed, and 
elemental analysis were performed for Cd, Cr, Co, Cu, Ni, Mn and Pb 
elements using by Graphite Atomic Absorption Spectrophotometer. It 
was determined that the 8-hour average PM4 concentrations varied 
between 57.0-186.3 µg/m3, the highest average PM4 concentration was 
observed in Lab C where pyrolyze and solid waste combustion activities 
were performed. It was observed that the average 8-hour CO2 
concentrations varied between 484-666 ppm and during the laboratory 
lesson, CO2 concentration raised to 2000 ppm in Lab B and exceeded the 
limit value of 1000 ppm. The 8-hour average temperature, relative 
humidity, lighting, and air velocity in all laboratories changed between 
22.0-24.0 0C, 21.8-41.2%, 156-415 Lux and 0.05-0.10 m/s, respectively. 
We observed that lighting level in the laboratories did not comply with 
the standard (500-750 Lux).  Opening of windows or door might be 
prevent increasing of CO2 during laboratory lesson with high occupancy. 
The lighting system in all laboratories should be improved. We also 
recommend that using of hood exhaust fan system to increase 
ventilation rates and filtration of particles.   

 Bu çalışmada, farklı amaçlar için kullanılan üniversite 
laboratuvarlarında iç ortam çevre kalitesi belirlenmiştir. Bu kapsamda, 
5 farklı laboratuvarda 8 saat süreyle termal konfor (sıcaklık, rölatif 
nem, hava hızı, aydınlatma) ve karbon dioksit (CO2) parametreleri 
ölçülmüş, quartz filtrelere solunabilir partikül (PM4, 4 mikrondan küçük 
partiküller) örneklemesi yapılmıştır. Filtrede örneklenen tozun kütlesel 
konsantrasyonları belirlenmiş, daha sonra filtrelere ayrıştırma işlemi 
uygulanmış ve Grafit Atomik Absorpsiyon Spektrometresi ile Cd, Cr, Co, 
Cu, Ni, Mn ve Pb elementlerinin konsantrasyonları tespit edilmiştir.  
8-saatlik ortalama PM4 konsantrasyonlarının 57.0-186.3 µg/m3 
aralığında değiştiği belirlenmiş ve en yüksek ortalama konsantrasyon 
piroliz ve katı atık yakma faaliyetlerinin yapıldığı Lab C’de gözlenmiştir. 
8-saatlik ortalama CO2 konsantrasyonlarının 484-666 ppm arasında 
değiştiği, laboratuvar dersi sırasında CO2 konsantrasyonunun  Lab B’de 
2000 ppm’e ulaştığı ve limit değeri (1000 ppm) aştığı gözlenmiştir. 
Laboratuvarlarda 8-saatlik ortalama sıcaklık, rölatif nem, aydınlatma 
ve hava hızı’nın sırasıyla 22.0-24.0 °C, 21.8-41.2 %, 156-415 Lux ve  
0.05-0.10 m/s arasında değiştiği görülmüştür. Tüm laboratuvarlarda 
aydınlatma seviyelerinin standart ile uyumlu olmadığı görülmüştür 
(500-750 Lux). Katılımın yüksek olduğu laboratuvar derslerinde 
pencere veya kapıların açılması CO2 artışını engelleyebilir. Tüm 
laboratuvarlardaki aydınlatma sistemi iyileştirilmelidir. Havalandırma 
oranlarını ve partiküllerin filtrasyonunu artırmak için davlumbaz 
egzoz fan sisteminin kullanılması da tavsiye edilebilir. 

Keywords: Indoor air, University laboratory, Respirable particles, 
Comfort parameters. 

 Anahtar kelimeler: İç ortam havası, Üniversite laboratuvarı, 
Solunabilir partiküller, Konfor parametreleri. 

1 Introduction 

People spend most of their times (more than 80% on weekend 
days and more than 85% on workdays) indoors [1]. Indoor Air 
Quality (IAQ) refers to the air quality within and around 
buildings and structures, especially as it relates to the health 
and comfort of building occupants [2]. IAQ is affected by several 
actions such as ventilation, human activity, use of indoor 
materials and chemicals [3]-[8]. Common indoor pollutants are 
volatile organic carbons (VOCs), formaldehyde (HCOH), 
nitrogen dioxide (NO2), polycyclic aromatic hydrocarbons 
(PAH), radon, bacteria, fungi and mould [9], [10]. Carbon 
monoxide (CO), carbon dioxide (CO2), pesticides, VOCs, dust, 
fine particulate matter (PM2.5), lead (Pb) are important air 
pollutants in especially commercial and institutional buildings 
[11],[12]. Comfort parameters such as temperature, relative 
humidity and air velocity are also investigated in various indoor 
environments [13],[14]. 

                                                           
*Corresponding author/Yazışılan Yazar 

Sick building syndrome (SBS) is defined as complaining of the 
symptoms (headache, dizziness, eye, nose, or throat irritation; 
dry cough; dry or itchy skin etc.) associated with acute 
discomfort [15]-[18]. The reason of SBS can be a poor IAQ. The 
indoor of the university laboratories which are used by 
students and researchers during lessons and experimental 
studies are areas that should be taken into consideration. The 
species and concentrations of indoor air pollutants vary 
according to the characteristics of the laboratories [19]-[22]. In 
some studies, the indoor air pollutants such as total VOC, HCHO, 
particulate matters (PM2.5, PM10, PM1) and thermal comfort 
parameters (air and radiant temperatures, relative humidity, 
lighting, air velocity) in the laboratories were investigated 
[14],[22],[23]-[27] and SBS symptoms such as watery/dry eyes, 
fatigue, dry throat, drowsiness, nasal congestion, headache and 
itching were detected [20],[28]. The effect of ventilation rate, 
air cleaners and number of occupancies to IAQ were 
investigated in other studies [6],[29]. 

Recently, the importance of CO2 in the indoor environment has 
been emphasized in some studies. During respiration, CO2 and 
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bioaerosols which contain viruses are emitted into air and 
accumulated [30],[31]. Occupants are the main source of CO2 in 
the indoor [32],[33] and CO2 is correlated with the occupancy 
in the indoor spaces [27]. The ventilation and activity [34],[35] 
and the size of the indoor spaces [27] effects the CO2 
concentration.   

Recently, some studies conducted on the determination of the 
trace metals of airborne particles in the laboratories [6],[36]. 
The high concentrations of Ba, Cd, Cu, Ni and Zn were observed 
indoor air of the university laboratories [36]. Ardashiri and 
Hashemi [37] evidenced that the heavy metal concentrations in 
the laboratory was higher than the concentrations at home, 
classroom, and office. There have been many studies on 
respirable particulate matter in different indoor environments 
conducted in Turkey [38]-[43] nevertheless, a few studies [23] 
were performed at the university laboratories. [23] 
investigated air quality parameters (PM2.5, PM10, TVOC, CO2 and 
CO) and relative humidity and temperature as thermal comfort 
parameters in Chemistry and Chemical Engineering 
laboratories at the university in Izmir and they found that the 
ventilation system was able to curb CO2 boost. However, it was 
not sufficient to prevent VOC increments.  

The limit values for respirable particles are available in the 
national and international occupational regulations for the 
workplace environments [12],[44]. The size of respirable 
particle (PM4, particles smaller than 4 micrometer) is defined 
as the mass fraction of inhaled particles penetrating to the 
unciliated airways, that's why respirable particles is more 
related to the health compared to inhalable particles [45]. Both 
researchers and students spend most of their time at the 
laboratories. It is crucial to investigate the sources of indoor air 
pollutants at the university laboratories, to determine the 
health risks, to provide data for improving the indoor 
environments and to develop effective control strategies to 
effectively decrease these emissions.  

The main purpose of this study was to determine the indoor air 
quality and thermal comfort parameters in the laboratories, to 
investigate the elemental content of respirable particulate 
matter at the university laboratories. Within this scope, the 
monitoring and sampling campaign were conducted at the 
university in the Environmental Engineering laboratories used 
for different purposes. The measurement campaign comprised 
PM4 sampling, CO2 and thermal comfort parameters (relative 
humidity, temperature, air velocity, lighting) monitoring and 

investigating of potentially toxic elements (Mn, Cr, Pb, Ni, Cu, 
Co, and Cd) in PM4. 

2 Methodology 

2.1 Study location 

This study was performed in the Avcılar Campus of Istanbul 
University-Cerrahpaşa. Avcılar Campus is in the district of 
Avcılar which has dense residential and traffic emissions. The 
campus is near the D-100 highway. The monitoring study was 
conducted in five laboratories of Environmental Engineering 
Department which is in the building of the Engineering Faculty. 
The distance of the faculty building to the highway is 
approximately 200 m. The Environmental Engineering 
laboratories were used for multipurpose; Lab A was used more 
actively by researchers for various research studies while Lab 
B was mostly used for laboratory class. Lab C, Lab D and Lab E 
were used for more specific analysis as solid waste, water 
analysis and elemental analysis, respectively. Figure 1 shows 
the sampling points in the laboratories.  

 

Figure 1. Location of laboratories and sampling points:  
(a): Lab A. (b): Lab B. (c): Lab C. (d): Lab D. (e): Lab E. 

The measurements were conducted during cold season, we had 
no control over windows and ventilation. It was observed that 
the ventilation was done with opening windows for a period of 
30-60 minutes during day in Lab A and Lab B. The doors were 
kept closed except for people coming in and out. The cleaning 
of the laboratories was done once a week by wiping with water 
only. The details of the laboratories were given in Table 1. 

2.2 Monitoring and sampling 

The first and second semester of an academic year in Turkey 
generally begins in October and February, while the summer 
vacation is between July and September. In this study, sampling 
was performed between February 2016 to March 2016. 

 

Table 1. Characteristics of laboratories. 

Laboratory Activity Number of 
windows 

Number of 
people 

Number of doors Volume 
(m3) 

Ventilation Front 

A Environmental chemistry 
laboratory-1 

5 3-5 2 
(opening to building 
corridor and Lab B) 

100 Natural North 

B Environmental chemistry 
laboratory-2 

5 1-2 
(up to 60 

during lab 
class) 

2 
(opening to building 
corridor and Lab A) 

120 Natural North 

C Pyrolyze/solid waste 1 1-3 1 (opening to Lab A) 15 Natural 
ventilation aided 

with propeller 
fan 

North 

D Water analysis 3 1-5 1 (opening to Lab A) 18 Natural North 
E Elemental analysis 3 1-2 1 (opening to Lab A) 15 Natural 

ventilation aided 
with propeller 

fan 

North 
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At each laboratory, one location was chosen for sampling and 
measurement. The equipment was placed at breathing height. 
Thermal comfort parameters (relative humidity (RH), 
temperature (T), lighting and air velocity) and indoor air 
quality (IAQ) parameter (CO2) were monitored (Testo 480) at 
five laboratories and measured by time interval was 10 second. 
The respirable particles, PM4 was sampled on quartz filter with 
plastic cyclone sampler at each laboratory. The flow rate was 
1.7 L/min of the pump (Thermo pDR 1200 pump).  
PM4 sampling was done on the same filter for 3 consecutive 
days for collecting enough dust. All measurement campaign 
was done between 9:00-17:00 hours. In this study, the indoor-
outdoor measurements could not be performed simultaneously 
because of the lack of sampler. However, on the days of indoor 
measurements, outdoor CO2, T and RH measurements were 
conducted three times a day (morning, noon, evening) for  
15 minutes with the same monitor.  

2.3 Elemental analysis 

The dust filters were decomposed with a microwave oven with 
using a solution of mixing of HNO3 (5mL, 65%), HCl  
(1 mL, 30%), and hydrogen fluoride (0.5 mL). After 
decomposing process, sample was diluted with distilled to  
15 ml with water and stored in the cooler at -4 °C until 
elemental analysis. To clarify the digestion process and 

analytical set up, SRM 1648 (urban particulate matter) and 
standard solution (Merck) were utilized and applied recovery 
procedure.  The recovery of metals was between 90 and 105%.  
Cd, Cu, Co, Cr, Ni, Mn and Pb were analysed in samples using by 
graphite atomic absorption spectrophotometer (Perkin Elmer, 
USA). Three readings were done on each sample (measurement 
repeatability <2%). Calibration curve was obtained using five 
standard solutions (R2>0.99) [43],[46]. 

2.4 Statistical analysis 

The 8-h mean concentrations were calculated from 10-second 
readings recorded by measurement device. The variability of 
CO2, temperature, humidity, lighting, and air velocity 
parameters among laboratories were analysed using the Anova, 
Tukey multiple comparison test. SPSS 20 program was used to 
compute the statistical parameters. 

3 Results and discussion 

3.1 Indoor air quality and environmental comfort 

The 8-hour average, standard deviation, median, minimum, and 
maximum concentration results of the parameters recorded in 
five laboratories were displayed in Table 2.  

 

Table 2. Concentration of indoor air quality and environmental comfort parameters and standards. 

  
Lab 

 
N 

8-hour 
average (± 
Std. dev) 

 
Median 

 
Min. 

 
Max. 

 
Median 

 
Indoor air limit / source 

 
Occupational air limit 

/ source 
   Indoor    Outdoor   
 
 
 

PM4 (µg/m3) 

A 9 129.1 (35.1) 129 94 164.2  100 / 
(PM10, 8 hour), Hong 

Konga 
45/(PM10, 24 hour), 

WHOh, 
50 / (PM10, 24 hour), 

Turkeyl 

 
 

5000 / (PM5, 8 h) 
Turkeyb; 

(PM4 , 8 h) OSHAe 

B 9 90.3 (13.3) 87 79 105  
C 9 186.3 (13.5) 190 49 320  
D 9 123.7 (56.0) 125 67 179  
E 6 57.0 (12.5) 56 45 70  

 
 

CO2 (ppm) 

A 11 484 (59) 467 401 722 415  
 

1000 / Hong Konga 

 
 

 
 

5000 (8 h) / OSHAe, 
NIOSHf, ACGIHg 

B 11 635 (361) 470 366 2168 425 
C 9 577 (111) 577 376 1094 436 
D 9 666 (139) 664 411 1123 454 
E 3 540 (64) 549 381 755  

 
 

T (0C) 

A 11 22.0 (1.8) 21.7 13.9 25.5 12.5  
20-25.5 / Hong Konga 

 
20-24/ ASHRAEc 

 

B 11 22.3 (2.4) 22.8 9.5 26.1 10.5 
C 9 23.3 (1.8) 23.4 14.4 26.0 13.5 
D 9 23.3 (1.0) 23.3 17.5 25.1 17.3 
E 3 24.0 (2.0) 23.9 12.8 26.4  

 
 

RH (%) 

A 11 34.4 (4.7) 35.0 24.0 57.7 57.3  
 

30-60 ASHRAEc 

 
B 11 31.6 (8.1) 31.0 19.2 51.3 52.4 
C 9 36.9 (3.9) 36.5 29.1 61.0 64.0 
D 9 41.2 (4.1) 41.2 32.5 67.7 55.7 
E 3 21.8 (2.7) 21.5 18.7 43.6  

 
 

Lighting (Lux) 

A 11 415 (35) 417 287 498   
500-750 lux / IESNAd 

(for laboratory 
classroom) 

 
B 11 295 (146) 346 12 526  
C 9 215 (89) 218 15 1571  
D 9 261 (106) 249 68 758  
E 3 156 (85) 180 12 873  

 
 

Air velocity 
(m/s) 

A 11 0.06 (0.03) 0.05 0.01 0.62  < 0.3 /Hong Konga 

< 0.2/ ISO 17772, EN 
15251 

<0.1 /ASHRAE 55, EN 
16798 

 
 

< 0.8 / ASHRAEc 
B 11 0.05 (0.03) 0.05 0.01 0.46  
C 9 0.10 (0.06) 0.09 0.01 0.44  
D 9 0.05 (0.03) 0.04 0.01 0.36  
E 3 0.07 (0.04) 0.05 0.01 0.41  

N: Number of measurement day/sampling day; a: Hong Kong, 2019 [56]; b:Turkey, ÇSGB, 2013 [44]; c: ASHRAE, 2013 [54]; d: IESNA, 2000 [57]; e: OSHA, 2015 [12]; f: NIOSH, 1998 [58]; g : ACGIH, 2001 
[59]; h: WHO, 2021 [10]; l : Turkey, Outdoor air quality standard [60]. 
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In the university laboratories, there are occupants such as 
researcher, technicians, and students. Therefore, occupational 
safety guidelines and indoor air quality standards can be used 
to appraise the laboratory indoor air quality and exposure of 
people [23]. The limit values and recommended values of the 
occupational and indoor air standards for the measured 
parameters were also given in Table 2. The highest average PM4 
concentration was observed in Lab C (186.3 µg/m3). The 
activities such as pyrolyze and solid waste combustion in Lab C 
could be the probable reason of the high particulate matter 
concentration. The lowest average PM4 concentration (57 
µg/m3) was found in Lab E where only metal analysis was 
performed. The second highest average PM4 concentration 
(129.1 µg/m3) was observed in Lab A which was used actively 
by research assistants and graduate students. Previous studies 
showed that PM indoor concentration are contributed by 
resuspension of deposited PM because of occupant’s 
movements [47],[48]. PM4 concentration in Lab B was lower 
(90.3 µg/m3) than the concentration in Lab A. Lab A and Lab B 
have similar features like the size and the number of windows, 
however, there was no routine work carried out in the Lab B, 
except on the days of the laboratory lesson. All PM4 
concentration results were below the occupational limit  
(5000 µg/m3) listed in Table 2. Indoor air limit is available for 
PM10 given as 100 µg/m3 by Hong Kong indoor air standards, 
although not the same particle size, we found that PM4 
concentration in Lab C was above this limit. It should be noted 
that all PM4 results in this study were above the limit value 
recommended by WHO (45 µg/m3) for PM10. Most of previous 
studies investigated PM2.5 and PM10 parameters in laboratories 
[23],[27],[48]-[50]. In Turkey, [23] reported that PM2.5 and 
PM10 concentrations in naturally ventilated laboratories 
changed between 9.3-26.2 µg/m3 and 26.1-60.0 µg/m3, 
respectively. In Delhi, [48] found that the highest PM10 and 
PM2.5 were in chemical laboratory and reported that the coarse 
particles were highly affected by indoor activity and other 
cleaning activities. Although the size of PM is not the similar, we 
observed that the results in this study were higher than PM10 
results reported in the previous studies. The variable factors 
such as the number of occupants [27], type of activities [48], 
location of the building, outdoor air quality [14] and the 
frequency of cleaning facility [48] can affect PM in the 
laboratories. 

The 8-hour average CO2 concentrations in five laboratories 
changed between 484 ppm and 666 ppm. The highest 8-hour 
average CO2 concentration was observed in Lab D. Ugranlı et al. 
[23] reported that 8-hour average CO2 concentration in 
naturally ventilated chemistry laboratories was between  
412 ppm and 514 ppm. 

Some studies evidenced that CO2 in different indoor 
environments were variable; in pharmacy laboratory in Malesia 
[32] was between 400-700 ppm, and in the university 
classrooms in Brazil [51] was between 520-1433 ppm. In the 
university laboratory in India was between 684-701 ppm. The 
major factor of CO2 variation was the number of occupants 
present [26]. 

Lab D was used actively by researchers for instrumental 
analysis and has limited naturally ventilated with one window. 
CO2 concentrations in Lab C and Lab E which combustion 
processes is done were lower than the concentration in Lab D. 
The contributors of CO2 in the indoor environments are the 
respiration of occupants and fuel combustion [52]. On the other 

hand, inadequate ventilation is an important factor affect the 
indoor CO2 level [22],[26],[49],[53]. CO2 concentration is lower 
and significantly different in mechanically ventilated indoors 
than in naturally ventilated indoors [51]. Therefore, the 
probable reason of the variable CO2 concentration might be the 
difference on ventilation rate, number of occupants [32], 
frequency of combustion facilities [52], and the size of the 
laboratory [27]. Additionally, low air velocity levels were 
observed in all laboratories. The highest values (0.07 and 0.10 
m/s) were monitored in Lab C and Lab E which have propeller 
fan. Low indoor air velocity reported in buildings could have no 
fans or additional ventilation mechanisms [14]. Air velocity 
lower than 0.15 m/s is defined as still air for mechanically 
ventilated areas in ASHRAE 55 Standard [54] and the limits for 
air velocity is given in Table 2. In the naturally ventilated areas, 
an adequate indoor air quality is specified by CO2 concentration 
[55]. 

The limit for CO2 concentration was given between  
600-800 ppm in many standards and adjusted based on the 
outdoor ambient level. Some standards discuss the use of CO2 

level to show the ventilation rate. 

ISO 17772, EN 16798, EN 15251 and ISHRAE 10001 define the 
limiting concentrations for indoor CO2 depend on the outdoor 
level for different indoor air categories.  ASHRAE 10001 and  
EN 15251 accept 350 ppm above outdoor CO2 level for Category 
I, while ISO 17772 and EN 16798 accept 550 ppm for Category 
I [55]. In the present study, CO2 concentration in the 
laboratories did not exceed the limit value  
(i.e, 1000 ppm recommended by ASHRAE and Hong Kong). 

The mean temperature in the laboratories changed between 
22.0 - 24.0 0C, this range complied with the Hong Kong and 
ASHRAE standard (Table 2). The average lowest and highest RH 
were 21.8% in Lab E and 41.2% in Lab D, respectively, and 
these values were also complied with the standard except Lab 
E.  Elemental analysis was carried out in Lab E, and high 
temperature can be occurred. When temperature increases, RH 
drops if no moisture is added. The variation in RH and CO2 are 
affected by environment, while variation in air velocity and 
temperature influenced by outdoor [14]. Lighting was observed 
below the acceptable limit (500-750 Lux, IESNA) in all 
laboratories, while the lowest value was 156 Lux in Lab E. 

The differences in CO2, temperature, humidity, lighting, and air 
velocity parameters for each laboratory (A, B, C, D and E), were 
analysed using the Anova, Tukey multiple comparison test. 
According to the test results, the differences between the group 
averages of CO2, temperature, humidity, lighting and air 
velocity parameters were significant (p< 0.05). The results of 
the multiple comparison test showed that the difference 
between the average temperature measured only in the C and 
D laboratories was not significant. 

3.2 Temporal trend of CO2 during lesson 

It was not observed that a significant temporal variation of CO2 
concentration in laboratories except Lab B, that's why the daily 
trend of CO2 concentration was given only for Lab B on the day 
of lesson. Figure 2 shows the CO2 variation on days with and 
without laboratory lesson in Lab B. The 8-hour average and 
standard deviation of CO2 concentration was 665±361 ppm in 
Lab B. Although the average CO2 was not exceeding the 
standards (<1000 ppm), we observed that the concentration of 
CO2 raised rapidly to 2000 ppm due to the increase in the 
number of occupants during the lesson in the afternoon. 



 
 
 
 

Pamukkale Univ Muh Bilim Derg, 29(6), 642-649, 2023 
B. Onat, G. Yaşar, B. Uzun, C. Ayvaz, Ü. Alver Şahin 

 

646 
 

Because of respiration, CO2 level increase [32], and high 
occupancy and inadequate ventilation are the main reasons for 
an increase in CO2. Telejko [29] showed that the CO2 level 
increased rapidly with the beginning of the lesson and 
increased to 3200 ppm and decreased to 400-500 ppm after the 
lesson. We observed that after the lesson. The measurement 
campaign was done in cold season (February-March), and we 
have no information about the windows were open or not 
during the lesson. As can be seen in Figure 2, during the lesson 
3 times small drops in CO2 were occurred. The probable reason 
of that could be opening the laboratory door or window. After 
the lesson, CO2 concentration decreased to 1000 ppm within 30 
minutes.  The possible reason of that could be the dilution of 
CO2 depending on the size of the laboratory and air velocity 
level. While there was no lesson in Lab B, the concentration of 
CO2 was quite stable around 400-500 ppm. 

 

Figure 2. CO2 concentration variation in Lab B (red line shows 
the day of no lesson; dashed black line shows the day of the 

lesson). 

3.3 Elemental composition of respirable particle 

The average concentrations of elements in PM4 collected in five 
laboratories are displayed in Figure 3. The mean 
concentrations of elements in the laboratories varied between 
79-1336 ng/m3, these results were quite higher than the 
outdoor concentrations. In the previous study [46], conducted 
in the outdoor of Istanbul University- Cerrahpasa (Avcılar 
Campus), the elemental content of particulate matter was 
determined. We observed that our study results were 8-743 
fold that of elements found in the outdoor TSP in traffic site [46] 
PM2.5 in traffic site [61] and PM2.5 in suburban site [62] samples 
(Figure 3). The high concentrations of Cr were found as 717, 
902 and 1351ng/m3 in Lab A, Lab C and Lab D, respectively. In 
these laboratories, both researcher and students are performed 
various environmental parameter analysis and in this analysis 
the usage of oxidizing agents such as potassium dichromate 
(K2Cr2O7) is very common. So, it can be said that the material 
used in laboratories can be suspended in air and settled on 
respirable particles. Additionally, Mn was observed in all 

samples and the concentration of Mn varied between 610-
2.450 ng/m3. The highest Mn concentration was found in Lab E 
where elemental analysis application with instrumental 
devices, and the highest concentrations of Cd and Pb were 
observed in Lab E as well. The probable reason of that might be 
that analyzing of these metals during sampling days.   

Previously reported studies showed that the elemental 
concentrations were variable in the laboratory environment. In 
the hospital laboratory in Greece [63], the mean concentrations 
Cr, Cu, Mn, Ni and Pb in PM2.5 were found between 1.6 and 3.3 
ng/m3, respectively, and lower than founded in our study. 
However, in Malaysia [6], Cd, Cu and Ni in university building 
which has laboratories were very similar to results in this 
study. 

4 Conclusions  

In this study, indoor environmental quality assessment was 
conducted in the five laboratories of an engineering faculty in 
Istanbul. PM4 showed high concentration in all laboratories. 
The average CO2 concentration, relative humidity and 
temperature in all laboratories were found within the 
standards while lighting was not conformity to the standard. It 
was noted that the high occupancy during the lesson in the 
laboratory, CO2 concentration exceeded the limit value. The 
elemental composition of respirable particles varied in the 
laboratories, and the concentration of Cd, Cu, Co, Cr, Ni, Mn and 
Pb were quite higher than outdoor concentrations. The present 
findings showed that the existing ventilation was not sufficient 
for filtration of respirable particles, also it could not to prevent 
rising of CO2 concentration during laboratory lesson. 

To prevent CO2 increase with high occupancy, opening of 
windows or door should be recommended. The current lighting 
system should be replaced with new lamps have more light 
power or new additional lighting system should be set up. The 
mechanical ventilation such as hood exhaust fan should be used 
to increase the ventilation rate and the filtration of respirable 
particles in the laboratories.  The limitation of this study is that 
concurrent measurements were not performed. The further 
study should be considered I/O ratios for all parameters and 
included the long term, detailed investigation for composition 
of respirable particles. 
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Figure 3. Elemental composition of PM4 and comparison with outdoor (TSP-traffic site; PM2.5-traffic; PM2.5-suburban. 
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