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Abstract 

In the frame of the strategic plan Egypt 2030- a goal to create a supportive workplace environment. Indoor environment 
quality (IEQ) is an important factor to identify building's performance and comfort level. Key environmental parameters-
related to IEQ of a multidisciplinary scientific research buildings were evaluated. Air biological (bacteria & fungi), chemical 
(PM, NO2, SO2, NH3, HCOH & VOCs) and physical (T°C, RH%, air velocity, noise, lighting & electromagnetic radiation) 
parameters were measured indoor/outdoor. The measurements were performed using integrated sampling and real-time 
portable data instruments. The 75th percentiles of airborne environmental bacteria, mesophilic bacteria and fungi were 5172 
CFU/m3, 1294 CFU/m3 and 634 CFU/m3, respectively. Indoor/outdoor (I/O) ratios of VOCs, NH3 and PM were ≥1. However, 

I/O ratios of HCOH, SO2 and NO2were ≤ 1. Indoor temperature and relative humidity ranged between 17-35.6°C and 30-
66.5%, respectively. Operative temperature averaged 23°C; it located within the comfort zone ≥20 −≤24°C in only ~ 43% of 

the investigated sites. Noise value exceeded the minimum acceptable level of 60 dBA in ~77.7% of sites. Lighting intensity 
did not achieve the minimum acceptable level of 300 lox in~ 48.5% of sites. The electric and magnetic strengths significantly 
fluctuated, ranging between 1-242 V/m and 0.5-437A/m, respectively. Thermal comfort, indoor air quality, noise and lighting 
are used to calculate IEQ index (IIEQ). IIEQ simulation revealed that the majority of the investigated sites had good IEQ 
conditions. IIEQ helps identify ways to improve building environment.  

Key words: research-built environment; indoor air quality; noise; ventilation; thermal comfort; IEQ index. 

1. Introduction 

People spend ~90% of their times in enclosed 
spaces. The building sector is considered one of the 
largest contributors to global CO2 production and 
hence climate change [1, 2]. IEQ, building's 
performance, is an important factor affected human 
health; well-beings and inhabitant's comfort [3]. 
IEQ can help minimize energy consumption and 
achieve low carbon footprint of buildings [4]. 

The discomfort of occupant to indoor 
environment is not caused by a single parameter [5]. 
IEQ is related to many parameters, reflecting 
physiological and psychological influences [6]. IEQ 

depends on physical factors, indoor air quality 
(IAQ), building envelope, damp conditions, 
occupant's behavior and air infiltration [7-10]. A 
small number of buildings may be able to achieve 
thermal comfort [11]. Noise is one of the most 
frequent complaints by building users, negatively 
impact on work performance and environmental 
satisfaction [12]. Reducing of noise is a key toward 
supporting well beings and productivity [13].  

Indoor air quality is related to indoor pollutant 
sources, outdoor environment, ventilation rate and 
human activities [14]. Indoor air pollutants may be 
comprised of physical, chemical and biological 
components [15]. Moisture content, temperature, air 
exchange rate and number of people significantly 
affect indoor microbial loads [16, 17]. 
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IEQ index (IIEQ) is a good indicator used to 
determine building's performance and identify areas 
that require improvement [18]. No simple unified/or 
universal index has been successfully established to 
prescribe levels and components of IEQ [19, 20]. IIEQ 
is created by integrating four key elements "operative 
temperature, IAQ, noise and lighting" [21-24].  

Scientific researchers spend a large proportion of 
their times inside laboratories or offices, they may be 
exposed to different environmental contaminants. It 
is needed to identify factors negatively affected 
indoor environmental quality in order to improve the 
work environment. The present study aims to assess 
IEQ of a research building environment by 1) 
checking measurements of "bacteria, fungi, PM, 
VOCs, SO2, NO2, NH3, HOCH, T°C, RH%, noise, 
lighting, electromagnetic strength and ventilation 
rate" against available standards and 2) assessing the 
overall IIEQ simulation using key parameters"noise, 
lighting, thermal comfort and IAQ". It helps improve 
indoor conditions and determine priority for 
improvement. 

Nomenclature  
VOCs Volatile organic compounds  
HCOH Formaldehyde  
NH3 Ammonia 
PM Particulate matter 
SO2 Sulfur dioxide 
NO2 Nitrogen dioxide 
IEQ Indoor environmental quality 
IAQ Indoor air quality 
SAR Specific sorption rate 
µg/m3 Microgram per cubic meter 
CFU Colony forming unit 
I/O Indoor/ outdoor ratio  
 Conductivity of the human brain 

tissue. 
∣E2∣ Magnitude of electric field vector 

(RMS, root mean square). 
pm Mass density of the human brain 

tissue 
HVAC Heating, ventilation and air 

conditioning 
ACH Air exchange rate per hour 
gap Total flow of fresh air introduced 

into room (m3/h). 
gap.s Total flow of fresh air introduced 

into room per person (m3/h.p). 
V Volume of room (m3). 
Np Number of persons 
ICT Thermal comfort index 
ICA Acoustic comfort 
ICV Visual comfort index  
ICIA Indoor air quality index  
Lpi Average noise level DBA 
E Level of illumination (Lux) 
dBA Decibel 
θ operative temperature- 
RFR Radiofrequency radiation 

 

 

2. Materials and methods 

2.1. Guidelines of sampling 

A cross-sectional survey was carried-out at 9 main 
buildings of a scientific research institute. Field 
measurements were taken from 132 representative 
sites (laboratories, administration, training halls and 
workshops). The sites differ in location, type of work 
and occupancy density to ensure diversity of 
indoor/outdoor environment. Environmental 
measurements were collected indoor/ outdoor, 2 days 
per week, on Monday-Tuesday, from December to 
July, during the years 2020-2022.  

Real time instruments and integrated samplers 
were used. Bio-aerosols, PM, HCOH, NH3, SO2 and 
NO2 were measured using integrated samplers. 
VOCs, noise, T°C, RH, lighting, air velocity and 
electromagnetic strength were measured using 
portable data instruments (short term measurements). 
The measurements were conducted during the regular 
daily activities, lasted 4-5 hours, between 10:00 AM - 
15:00 PM on a fixed position at a height of 1-1.5m, 
~1-2 m away from walls / doors and heating systems.  
 

2.2. Integrated sampling 

2.2.1. Microbial aerosols 

Two-stage viable cascade impactor sampler (TE-
10-160, Tisch Environmental Cleves, OH, USA) was 
used to collect airborne bacteria and fungi according 
to NIOSH method 0800 [25] and EN: 13098 [26]. 
Two consecutive samples were taken during each 
sampling event, 1-hour between each sample. 
Trypticase Soya agar (TSA) supplemented with 
0.25% cycloheximide and Malt Extract Agar (MEA) 
supplemented with chloramphenicol [27] were used 
as culture media for bacteria and fungi, respectively. 

Fungal plates were incubated at 25C for 5-7days. 
However bacterial plates wereincubated at 28°C and 
37°C for 48-72hrs. to grow environmental and 
mesophilic bacteria,respectively. Positive hole-
correction was applied to the raw colony forming unit 
(CFU) recorded on each plate, and microbial 
concentration was calculated and expressed as colony 
forming unit per cubic meter of the air (CFU/m3). 
 

2.2.2. PM, HCOH, NH3, SO2& NO2 

PM was collected on a pre-weighed cellulose 
nitrate membrane filter (pore size 0.45µm, diameter 
25 mm). The samples were obtained using an open 
face filter holder and pump calibrated to draw 15 L 
/min over 4 hrs. period. The mass concentration of 
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PM was gravimetrically calculated and expressed as 
µg/m3.  

HCOHwas collected using a sorbent of 2, 4 di-
nitrophenyhydrazine (2, 4-DNPH) with a constant 
flow rate of 1 L/ min for ~4 h, and chemically 
analyzed [28]. NH3 was also chemically measured 
using Nessler's reagent and a vacuum pump 
calibrated to draw 0.5 L/min for ~4 hrs. 
Sulphanilamide diazotization and West and Gaeke 
methods were used to analysis NO2 and SO2, 
respectively [28]. Sampling was conducted using 
glass bubblers, containing 50 ml of 0.1N sodium 
hydroxide and 0.1M sodium tetra-chloromercurate 
solutions to determine NO2 and SO2, respectively and 
colorimetrically measured using spectrophotometer 
(Unicom spectrophotometer model 300). 
 

2.3. Real time data instruments 

VOCs were measured using real time Aeroqual-
Series 200 (Aeroqual-USA) and the measurement 
were expressed as µg/m3. Noise was measured using 
Sound Level Meter (model RO-1350- made in 
Taiwan), located ~1.5 m above the ground level, and 
no close than 3 m to any reflecting surface. 
Significant /or accidental anthropogenic noise 
sources were excluded from themeasurements.The 
lighting intensity was measured using Light Meter 
(Light meter-TM-201, made in Taiwan). Noise and 
lighting levels were expressed as dBAand 
Lux,respectively. Air and radiant temperatures; 
relative humidity and air velocity were measured 
using thermocouple device, thermohygrometer and 
anemometer, respectively. 

Electric and magnetic strength measurements were 
performed using TES 593 electro-smog-meter (TES 
Electrical Electronic Corp, China). The TES 593 
meter covers a wide range of frequencies 10 MHz - 8 
GHz. The instrument was allowed to stabilize for 2 
min before reading, andthe electrical and magnetic 
strengths were expressed as V/m and A/m, 
respectively. 
 

2.4. Specific Absorption Rate 

Specific Absorption Rate (SAR) is described as 
the transfer of energy from electric and magnetic 
fields to charged particles in an absorber. SAR was 

estimated at a point on the brain of the absorber and 
can be determined using equation-1 [29]. 

SAR=∣E2∣/Pm                           eq.1 
 
The conductivity () and mass density of human 

brain tissue (Pm) values for frequencies 900 and 1800 
MHz are shown in Table 1 [30]. 

 
Table 1. The conductivity and mass density values 
for 900 and 1800 MHz 

Frequency Conductivity/ohm−1 
m−1 

Mass 
density/kg/m3 

900 0.7665 1030 
1800 1.1531 1030 

 

2.5. Ventilation rate 

Ventilation is an essential to eliminate air 
pollutants from enclosed spaces. Natural or 
mechanical ventilation may require air conditions and 
HVAC systems. IAQ is mainly evaluated by 
calculating ventilation rate. Air exchange rate (ACH) 
andventilation rate (m3/h/person) are estimatedduring 
the work's occupied period using the equations 2 & 3, 
respectively [31]. 

 
ACH=

𝑔𝑎𝑠

𝑉
                                                 eq.2  

 

Ventilation rate (
m3

h
. p)=

ACH x room volume 

Np
     eq.3 

 

3. Results and Discussion 

3.1. Microbial air quality  

IEQ is influenced by biological,physical and 
chemical parameters of indoor/outdoor environments. 
The summary of indoor/ outdoor airborne biological 
contamination is shown in Table 2 and illustrated in 
Figure 1. Microbial concentrations significantly 
varied between locations. Environmental bacteria, 
mesophilic bacteria and fungi averaged 4450 CFU/m3 
(25th-75th = 2439-5172 CFU/m3), 887 CFU/m3 (25th-
75th =218-1294 CFU/m3) and 556 CFU/m3 (25-75th= 
327-634 CFU/m3) indoors, respectively. 
 

 
 
Table 2. Summary of biological parameters at the research buildings 
 
Biological parameter 

CFU/m3 
Indoor Outdoor 

Mean 25th 75th range Mean 25th 75th range 
Environ-bacteria  4450 2439 5172 287-19378 5034 2971 5406 1366-15495 
Meso-bacteria 887 218 1294 0-4531 814 182 1039 64-4421 
Fungi 556 327 634 71-2841 611 350 764 35-1962 
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I/O ratios of airborne microorganisms were 0.88, 
1.09 and 0.9 for the corresponding indicators, 
respectively. I/O microbial ratios were ≥ 1 at ~13.7% 

of the total sampling sites, indicating accumulation 
and proliferation of microorganisms indoor. The 
results confirmed that outdoor environment was the 
major contributor of indoor microbial particles 
(environmentally origin). However mesophilic 
bacteria-human-related bacteria- were higher indoors 
as a result of overcrowding and hypoventilation.  
 

Under normal conditions the number of microbial 
particles indoor is the same as/ or less than that found 
outdoor. Indoor microbialproliferation and occupant's 
health problems are closely related, and as a result of 
global warming environmental bacteria may be 
modified to be more pathogenic ones. 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig.1. Indoor/outdoor mean concentrations of airborne microbial parameters of building environment 

 
No-acceptable threshold limit values have been 

established for airborne microorganisms, instead of 
numerical values critically identify sanitary 
conditions of the building environment. Airborne 
bacterial concentrations ≤ 100 CFU/m3 may be 
unhealthy to vulnerable people [32], and in the range 
of 4500-10000 CFU/m3 has been suggested as upper 
limit for ubiquitous bacterial aerosols [33]. In the 
present study airborne bacterial concentrations could 
be classified as high (≥500 CFU/m3) in almost 
locations [34]. Rao et al. [35] reported that bacterial 
concentration ≤750 CFU/m3 indicated a building free 
of bio-contamination, if there were no infectious/or 
allergenic species. Fungal guidelines are ranged 
between ≤100 to ≥1000 CFU/m3 as the upper limit 
for non-contaminated indoor environment [36]. In the 
present study fungal concentrations were below the 
maximum value of 103 CFU/m3 and 750 CFU/m3 
recommended by the U.S-EPA [36] and the Brazilian 
standard [37], respectively, but exceeded of 500 
CFU/m3 recommended by the WHO[38]. 

 

3.2. Chemical parameters 

HCOH, VOCs, NH3 and PM concentrations 
averaged 279 µg/m3, 650 µg/m3, 218.5 µg/m3, and 
204 µg/m3 indoors, respectively (Table 3). I/O ratios 
of VOCs, NH3 and PM were ≥ 1, suggesting that 

internal sources were the most contributors of these 
pollutants. VOCs and HCOH concentrations 
exceeded the guideline limit value of 300µg/m3 and 
100 µg/m3-30 min recommended by the German 
Federal Environment Agency [39] and the WHO 
[14], respectively, representing a matter of concern. 
HCOH and VOCs are related to different sources 
“insulating materials, plywood furniture and 

cleaners" as well as HCOH is formed through 
oxidation of VOCs [40]. 
 

In the present study the I/O ratios of NH3 were 
roughly as the same as indoor and outdoor. However, 
NH3 mean concentrations relatively exceeded 
200µg/m3 set as a limit value guideline [41].  
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PM concentrations were higher indoors than 
outdoors. No limit value is existed for indoor PM 
[42], however PM did not exceed the Egyptian's limit 
value 230 µg/m3 (24-h) [43]. Higher PM indoor is 
attributed to dust infiltration, human activity, re-
suspension of indoor dust and hypoventilation.  

I/O ratios of NO2 (0.9) and SO2 (0.97) were ≤ 1 

(Table 3). SO2 and NO2 pollutants are related to local 
traffic/ or combustion sources influence indoor 

levels. Their indoor concentrations are a function of 
both indoor and outdoor sources. NO2 concentrations 
were found in the range of 13–62 μg/m3 indoors and 
24–61 μg/m3 outdoors [44]. Under normal ventilation 
conditions I/O ratio may be varied from 0.88 to 1 
[45]. NO2concentrations were found below the 
guideline limit of 200 µg/m3/1-h [46] whileas SO2 
exceeded guideline of 40 µg/m3 for a short-term (24-
hour) [47]. 

 
Table 3.Summary of chemical parameters at the research buildings 

 
Parameter 

µg/m3 
Indoor Outdoor 

Mean 25th 75th range Mean 25th 75th range 
HCOH 279 162 317.6 0-1080 287 193.5 380 0-830 
VOCs  650 54 547 9-1568 351.7 58 341 6-1355 
NH3 218.5 66.3 338 0-939 190.7 58 325.5 0-658.8 
PM 204 118 238 56.7-757.6 148 102 171 67-280 
SO2 148 9 88 0-1460 152 13 175 12-960 
NO2 77.8 43.8 87 0-350 86 43 102 0-375 

 

 

 

3.3. Physical parameters 

The summary of physical parameters of the 
research-building environment is shown in Table 4. 
Noise values averaged 67 dBA (25th-75th=62-71.6 
dBA) indoors and 66.8 dBA (25th-75th= 62.8-72dBA) 
outdoors. The noise values ≥ 60dBA were measured 

at ~77.7% of the investigated sites. The background 
of noise in classrooms should below 35 dBA [48]. 
Noise level exceeded the Egyptian guidelines (55 
dBA) [43]. The high noise level is attributed to the 
presence of open space and diverse noise sources 
[49]. 
 

The lighting intensity averaged 355 lux (25th-
75th=213-465 lux) indoors and 739 lux (25th- 
75th=135-619 lux) outdoors (Table 4). Lighting 
values were below the minimum acceptable level ≤ 

300 lux at ~ 50% of the investigated sites [50]. The 
light intensity in the range of 200 - 400 lux was the 
most favorable in rooms [51]. It is suggested that 
lighting should be redesigned to achieve optimal  

 
environment.Indoor temperature, relative 

humidity and air velocity ranged between 17.7-35 °C; 
30-66.5% and 0-1.4 m/s, respectively (Table 4). This 
variation is attributed to season, occupant activity, 
effect of fresh air and heat gain from appliances. 
Non-significant differences (P≥0.05) were found 

between indoor and outdoor microclimatic 
parameters. The acceptable guidelines of temperature 
are ranged within 23-27 °C [52] and 20-23°C in 
offices in temperate climate zone [53]. The ASHRAE 
[54] considered an acceptable RH%range between 
30%-60% in office buildings for thermal comfort. 
Sterling et al. [55] suggested that a mid-range value 
of 40%-60% RH might be optimal to prevent a 
number of health issues in buildings. Catalina et al. 
[23] recommended the range value between 20-60% 
RH as acceptable around the year. People who spent 
the majority of their time in conditions of 30%-60% 
RH experienced 25% less stress than those who spent 
the majority of their time in drier conditions[56]. In 
the present study operative temperature and RH% 
range were found on border levels, representing a 
matter of concern. 

 
 
 
Table 4. The summary of physical parameters at the research buildings 

Parameter Indoor Outdoor 
Mean 25th 75th range Mean 25th 75th range 

Noise- dBA 67 62 71.6 48-87 66.8 62.8 72 57-78.9 
Illumination-lux 355.5 213 465 41-2415 739 135 619 38-4000 
T°C 22.9 19.6 24.6 17-35.6 23 19.5 25 17.7-35 
RH % 45 39 50 30-66.5 43.5 38.7 48 31-73 
Ws- m/s 0.044 0 0 0-1.4 1.1 0.25 4 0-11 
Electric field-V/m 29 3.1 29.2 1-242 12 1.6 6 1-118 
Magnetic field A/m 65.5 21.9 64.4 0.5-349 208 24.2 180 14.5-1878 
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The mean readings of air velocity averaged zero, 
less than the standard limit value recommended 
between 0.15 to 0.50 m/s indoors [57], causing 
hypoventilation and accumulating of contaminants. 
Natural ventilation is insufficient to exchange air 
appropriately, and mechanical ventilation is critically 
required.  

The electric and magnetic strengths extremely 
fluctuated regarding field structure at each site, 

ranging between1-242 V/m and 14.5-1878 A/m, 
respectively. The mean electric and magnetic fields 
exceeded some standards for SI agencies (Table 5). 
Absorption of RFR depends on transmission 
frequency, power density, distance from the radiating 
source, one’s orientation towards the radiation, size, 

and mineral and water content of an organism [58].  

 

Table 5. General public and occupational exposure standards/guidelines for SI agencies 

Country 
Exposure 

Electric field (V/m) Magnetic field (A/m) 
Public Occupational Public Occupational 

IRPA, 1984 87 614 0.231 1.6 
Italy 20 61 0.05 350 
HDFSS, 2002 670 1,500 157 350 
ANSI,2002 632 614 1.58 1.58 

ArabLaborOrganization,1999 - 10000/day 
30000/short period - 1.59/ day 

69.5/short period 
 
 
SAR values estimated for 900 and 1800 MHz are 

shown in Table 6. The SAR values were lower 
outdoors than indoors. Indoor SAR values averaged 
0.021 W/kg and 0.009 W/kg for 900 MHz and 1800 
MHz, respectively. SAR values were much below the 
limits allowed by the international boards 1.6 W/kg 
[59] and 2 W/kg for 1800 MHz [60]. Harmful 
biological effects may be started to occur in the brain 
at SARs ≤ 0.001 W/kg [61], increase calcium efflux in 

human neuroblastoma cells at 0.005W/kg [62], and 
breaks DNA strand in brain cells of rats at SAR of 
0.0008 W/kg [63]. 
 
Table 6. SAR values estimated from for 900 and 1800 MHz 

Environment 
W/kg 

SAR-900 MHz SAR-1800 MHz 
Indoor 0.012 0.03 
Outdoor 0.009 0.013 

 

 

3.5. IEQ index simulation 
IEQ index is calculated basing on 4 parameters 

include "thermal comfort index (ICT), acoustic comfort 
index (ICA), visual comfort index (ICV) and indoor air 
quality index (ICIA) [19]. These indices affect 
occupant's comfort and building energy consumption. 
ICT is calculated basing on operative temperature (eq. 
4) as following:  

 

ICT={
θ ≤ 21.5; Ith = 28.57θ − 514
θ ≥ 24.5; Ith = 28.57θ + 800

 eq. 4 

 
 
ICA is calculated basing on measured level of noise 

and 60 dBA is considered the maximum comfortable 
level (eq. 5).  

ICA=   ̶3.33.Lpi +200          eq.5 
ICV is calculated using lighting level (eq. 6). 
ICV = 0.33.E                   eq.6 
 
Different categories of IAQ influence ventilation 

rates (e.g., ventilation per m2 floor area, ventilation 
per person and /according to CO2 level), [31]. ICIA is 
determined depending on airflow (eqs7-9). The 
mechanical ventilation is used to introduce fresh air 
indoor, and natural ventilation (opened doors/ 
windows) is generally insensible (air velocity 0- 1.4 
m/s). 
ICIA = 3.125.qap.s   ̶ 12.5 eq.7 
qap. s =

qap

Np
 eq.8 

qap= ACR x V eq.9 
IIEQ is calculated basing on the previously mentioned 
indices (eq.10) [17]. 

IEQ − index =
(ICT +  ICA + ICV + ICIA)

4
 

eq .10 

 
This module could be used to determine IEQ of 

the research-building environment, since research 
buildings are as the same as educational ones. IEQ 
limits, classes and star rating were previously published 
[19]. Mapping of the IEQ index of the investigated 
locations is illustrated in Figure2.  
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Fig 2.The map showing IEQ classes of the investigated research buildings 

 
 
 
It can be concluded that 80.6% of the sites had 

acceptable IEQ, however ~ 14.56% of the investigated 
sites had low rating (classes D-E) and need a priority 
for improvement.  

 
 
 
 
 

 
 

4. Conclusions 
The indoor building environment influences 

occupant's well-being, energy consumption and 
climate challenge. VOCs, HCOH, SO2, noise and 
light were not consistent with the standards. I/O 
ratios of microbial aerosols and VOCs exceeded ≥1 at 
~ 14% of the investigated sites, since indoor sources 
were the most contributors. PM concentrations were 
roughly higher indoor, confirming infiltration and 
building-up of dust. SAR values did not exceed the 
ICNIRP limit values; however damages in cells and 
tissue could be started to take place at low value 
(0.001W/kg). The IIEQ is an appropriate tool to 
determine IEQ rating and green building 
requirements. Checking environmental parameters 
values against numerical standards/guidelines is 
critically needed. Further research is needed to 
understand IEQ by integrating other environmental 
parameters such as electromagnetic radiation and 
pathogenic microorganisms. 
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