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Abstract: Exposure to indoor particulates has been linked to serious health problems. This research aimed to
measure the mass concentration of inhalable particles in four offices experimentally, focusing on three
airborne particle sizes (PM1, PM2.5, and PM10) during occupancy and non-occupancy periods at the Qassim
University Campus, KSA. Results revealed that most activities in the offices significantly affected PM10 and
PM2.5, but not PM1, except for vacuuming. Outdoor particles had a significant impact on indoor air quality,
especially for PM1 and PM2.5 size fractions. The study concludes that the concentration level of particle
fractions (PM10 and PM2.5) during occupancy periods does not satisfy the air quality standards. This study
sheds light on the importance of assessing indoor air quality in offices, given the impact on productivity and
human health, especially among the elderly, people with heart and/or lung diseases, children, and women. The
study also emphasizes the significance of outdoor particulates on indoor air quality and the urgent need to
improve office environmental parameters to enhance productivity and limit health risks related to insufficient
fresh air.
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INTRODUCTION

Exposure to airborne particulate matter is a global public health concern that has been associated with
various health problems such as cardiovascular and respiratory diseases, cancer, and premature death (1-3).
Particulate matter (PM) is a complex mixture of tiny solid and liquid particles suspended in the air. These
particles can be classified into various sizes, with PM1, PM2.5, and PM10 being the most commonly studied
sizes. PM1 and PM2.5 are considered to be more hazardous due to their ability to penetrate deeply into the
lungs, while PM10 is less harmful as it is typically deposited in the upper respiratory tract (4-7). Exposure to
high concentrations of PM, particularly fine and ultrafine particles, has been associated with short-term and
long-term health effects, depending on the duration and level of exposure (8,9).
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While outdoor PM has been extensively studied, indoor air quality has recently received attention, given that
people spend the majority of their time indoors, especially in urban areas where outdoor air quality is often poor
(10,11). Indoor particulate matter concentrations are influenced by several factors, including outdoor air quality,
building design and ventilation, and human activities such as cooking, smoking, cleaning, and other indoor
activities (12-14).

Poor indoor air quality has been linked to a range of health problems, particularly among vulnerable groups
such as the elderly, children, and people with pre-existing health conditions (15-17). Sick Building Syndrome
(SBS) is a term used to describe the adverse health effects experienced by occupants of buildings with poor
indoor air quality (18). It is estimated that the economic cost of SBS-related health problems is substantial, with
productivity losses and healthcare costs running into billions of dollars annually (19,20).

The quality of indoor air in office buildings is particularly important, given that workers spend a significant
amount of time in these environments (21). Poor indoor air quality in offices has been associated with decreased
productivity and increased absenteeism and health problems among workers (22-24). Besides, airborne particles
in office rooms could cause discomfort and health problems to office workers, and their concentration is rapidly
changing due to several sources (25). Indoor particulate matter concentrations can be influenced by office
equipment such as printers, copiers, and other sources (26,27).

The Middle East, including Saudi Arabia, is home to some of the most polluted cities globally, with outdoor
particulate matter being a significant concern (28). However, limited studies have been conducted to investigate
indoor air quality in this region, including the concentration of particulate matter (29). Therefore, this study
aimed to measure the mass concentration of inhalable particles of different sizes in several offices at the Qassim
University Campus in Saudi Arabia. Specifically, the study investigated the impact of outdoor pollutants on the
concentration of airborne particles in the offices, as well as the effect of human activities on indoor particulate
matter concentrations during occupancy and non-occupancy periods. The results of this study could inform
indoor air quality management strategies, particularly in office buildings in Saudi Arabia, to reduce the health
risks associated with exposure to indoor particulate matter.

MATERIALS AND METHODS

Study area: Particulate matter mass concentrations of PMy,

PM25 and PMz1o were monitored for 5 months (September, 2018-February, 2019) at Qassim University Campus,
KSA. Four offices were investigated. The offices selected were listed in Table 1.

Methodology: Particulate matter fractions in the offices and outdoors were monitored using two units of
Grimm Portable Laser Aerosol Spectrometer model 1.108 (GRIMM Aerosol Technik, Ainring GmbH and Co.
KG, Germany). This device uses a light-scattering technique for measuring particle concentration and gives
real-time measurements of different particle size ranges. The air sampled was continuously drawn into the
instrument by a pump with a flow rate of 0.0012 m® minG*.
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Table 1: Demonstrate the specification of the office rooms selected for the study*

Windows
Volume------------=--=---- e e
Room ID (m®) Number Size (m)
Director D 72.12 4 double glazing 0.3x0.9
SecretaryS; 27.80 2 double glazing 0.3x0.9

SecretarySz 42.49 0 -
Meeting M 53.82 0 -
*All offices are ventilated during working hours (5.00 am-17.00 pm) by a central ventilation system

Measurements of airborne particle mass concentrations at the Qassim University Campus, KSA were made
during weekdays (daytime and night). The purpose of the daytime and night measurements was to assess the
impact of occupant’s related activities and the impact of outdoor particles on the Particulate Matter (PM) in the
offices respectively. The particle monitoring units were set to simultaneously measure PM1, PM2s and PM1o
fractions (particles with an aerodynamic diameter equal or less than 1, 2.5 and 10 pum, respectively) in the
selected offices. Work time is usually from 08:00 am-2:30 pm and the measurements cover the occupied and
unoccupied periods. The optical particle sampler was placed in the middle of the offices at a height of 1.30 m
above floor level, which represents the breathing level of a sedentary seated adult of average height. The
measuring unit was set to a 1 min data logging interval (each reading was an average of 1 min) because with
such short intervals activities showed a clear influence on the indoor concentration, but for longer intervals, this
effect could not be captured. Outdoor measurement of airborne PM mass concentrations was conducted
simultaneously.

RESULTS AND DISCUSSION

The data of Table 2 shows the dates of the sampling periods for the particulate matter fractions measured in
the office rooms and average daily airborne particle mass concentration levels. It can be noted from the table
that the average daily PM is not consistent, particularly for larger particles (e.g., PMyo in the director (D) and
secretary (S1) offices). The average mass concentration for PMyg ranges between 8.70-47.65 and 12.83-52.31 ug
mG?3 for D and S; offices respectively. While PM; and PM 25 the average ranges between 3.96-8.70 and 5.12-
13.46 ug mG3, respectively for office D. For office S, the average of PM1 and PM_s ranges between 6.52-9.36
and 7.98-14.52 pug mG3, respectively. On the other hand, the average daily particulate matter concentrations for
office Sz and office M is not significantly varied for most of the particle fractions monitored.

To understand the variation of the average daily particulate matter mass concentration in the office rooms,
the measurement campaigns were divided into two different periods. One period represented sampling during
working hours (daytime; 8:00 am-3:30 pm) and the other one represented sampling during night time (8:00 pm-
5:00 am). The data of Table 3 illustrates the concentration of different particulate fractions during daytime and
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nighttime monitoring periods. From the table, it is clear that daytime samplings have higher particle mass
concentrations than night time for most of the particle fractions measured. This suggested that the particle
concentrations in the offices could be influenced by activities that took place in these rooms during working

hours.

Particle mass concentrations for PM1, PM2s and PMzo during working hours for occupied and unoccupied
offices are shown in Table 4. It can be seen that during occupancy samplings particles concentration levels are

higher than those

Table 2: Dates of the sampling measurements and average daily particle mass concentration monitored in the

office rooms
Monitoring Particle fractions (ug mG3)

Office Start End PM PM2s PM1o
D 24/10/2018 13/2/2019 3.96-8.70 5.12-13.46 8.70-47.65
S1 6/11/2018 14/2/2019 6.52-9.36 7.98-14.52 12.83-52.31
Sz 7/11/2018 22/1/2019 5.29-5.45 6.77-7.76 12.95-17.46
M 24/10/2018 22/1/2019 3.85-5.18 5.34-6.66 10.06-12.99
Table 3:
Average s of particle mass 2 office rooms durin
range concentration ( 19 mG®) riods

Day time Nighttime
Office PM; PM2s PMaio PM1 PM2s PMjio
D 3.43-8.70 4.19-13.46 7.79-47.65  2.95-9.22 3.81-12.29 5.60-22.43
S1 5.36-9.21 6.40-14.52 90.81-52.31 8.15-11.14 11.06-17.34 18.59-35.89
Sz 6.39-7.28 8.64-13.32  20.06-40.42  3.96-5.69 4.68-6.63 5.31-7.43
M 3.83-6.24 5.36-8.53 11.53-20.09 3.71-4 4.51-4.93 4.88-6.10

nass
Table  4:oncentrations . particle frac
Average  pugm G3) 2d and unocc  upied periods in t 1e selected offices

Occupancy Non-occupancy
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Office PM1 PM2.5 PM10 PM1 PM2.5 PM10
D 8.70 13.46 47.65 4 5.09 10.43
S1 9.21 14.52 52.31 5.96 6.73 10.47
S2 7.28 13.32 40.42 6.39 8.64 20.06
M N/A N/A N/A 5.23 6.84 14.63
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Fig. 1(a-c):Variations in particulate fractions for a typical day of measurement in the director's office (D) during
occupancy
(@) PMy, (b) PM2s and (c) PM1o concentration
during unoccupied periods for the majority of the monitoring campaigns and human-related activities (e.g.,

walking around, vacuuming, etc.) the only factor that could be suggested to explain the increasing particulate
mass levels during such periods (e.g., occupied periods). When the employees occupied the offices,
resuspension of particles larger than 1 um is significant, which leads to higher levels than those when they were
not attended. This finding is consistent with previous findings in other situations. A previous study was carried
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out in three different indoor environments (e.g., office, café and home) reported that particle concentration
increased when the indoor environments were occupied due to resuspension from people's movement and other
activities indoor that emitted particles such as cooking*. Another investigation carried out in a house reported
that human activity increased the concentration levels of particles with an aerodynamic diameter equal or less
than 10 um*. On the other hand, in general, the effect of occupancy periods on the small fraction (e.g., PM1) in
this study is insignificant. This result agrees well with the results shown by a previous study conducted in
classrooms?®,

The influence of human-related activities on the concentrations of particles in offices during working hours
is demonstrated in Fig. la-b. The figure shows sampling measurements that were taken in office D on day
4/12/2018. It should be noted that the office was occupied by one employee (e.g., the director) and on some
occasions, one or two persons enter the office to meet the director. The activities recorded on that day were
several people entering and leaving the office (movement levels) and vacuuming. Concerning the small fraction
(e.g., PMy), see Fig. 1a, the spectrum of the particle concentration was slightly different than those for PM2s and
PM1o. The effect of level of movement was insignificant for PM1. Whereas, the impact of vacuuming on PM1
fraction concentration was significant and gave a similar trend to observed in PM2sand PMyo (e.g., the period
between 11:10 am and 11:20 am). This suggested that vacuuming emitted fine particles (<1 um).

It is clear from the figure that larger particulates (e.g. PM2sand PMyo) show a similar trend which suggested
that both size fractions were influenced by the activities made in the office (people movements and vacuuming).
Looking at the
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Fig. 2(a-c): Secretary office (S1) and outdoor PM concentrations (date of measurements; 13/2/2019-

14/2/2019)

(@) PMy, (b) PM2s and (c) PM1o concentration
concentration profiles of PM2sand PM1o (Fig. 1b-c), high concentration levels were observed which are related
to high activities. For example, high concentration levels at the beginning of the measurements (10:00 am) were
thought to be partly due to the presence of two persons before 10:00 am to install the instrumentation before the
start of samplings which caused a high level of movement. The concentrations started to decay after finishing
the installation due to low activity levels. However, several small peaks were found (e.g., at 10:30, 10:55 am
and 12:00 pm) which were related to a person (visitor) entered the office (low level of movement). When the
visitor was seated, the movement stopped and the decay started. The particle concentrations rapidly rose during
the period between 11:10 and 11:20 am and vacuuming was the only factor recognized to describe the
increasing particle fraction concentration levels.
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The result of Fig. 2a-c shows the concentration profiles of the three-particle fractions (PM1, PM2s and PM1o)
during the sampling campaigns in the secretary office (S1) and outdoor. The purpose of this measurement was to
study the impact of outdoor particles on the concentration levels of particulate in the office air. To investigate
this impact the concentration levels in S; were obtained from the measurements carried out during unoccupied
periods to avoid the influence of any indoor activities on such investigation. It is clear from the figure that PM;
and PMs followed the concentration spectrum of outdoor suggesting that both fractions were influenced by
outdoor concentrations (Fig. 2a-b). On the other hand, PMio seems to be independent of the particle
concentrations outdoor (Fig. 2c). this result agrees with another study in Poland concluded that there significant
correlations between indoor and outdoor PM concentrations®®.

A simple linear correlation was employed to determine the correlation between the concentration levels
inside and outside. The result of Fig. 3a-b illustrates the relationship between the Secretary Office (S1) and
outdoor particle fractions. There was an influence of outdoor concentrations, particularly for fine fractions (PM1
and PM.s). The correlation between indoor airborne particles and those found outdoor is much stronger,
particularly for PM1 and PM2s (R? = 0.91 and 0.85, respectively), see Fig. 3a-b. A relatively good correlation
was determined for indoor and outdoor PMio concentrations (R?> = 0.55), see Fig. 3c. In our study only
mechanical ventilation was used. In general, the correlation is stronger when the outdoor concentration varies
(increasing or decreasing), a sufficient air change between indoor and outdoor exists and during the absence of
indoor sources. This examination was able to show a strong positive correlation between the outdoor fine
fractions levels and those in the offices recorded. This suggested that small particles are influenced strongly by
outdoor ones but large particles are affected strongly by human activity. It has previously been found that indoor
fine particles are well correlated with ambient concentrations because they have higher penetration efficiency
than larger ones*’*8. The concentration levels of the particle indoor were higher than the World Health
Organization (WHO) standard for annual average which has been set at 20 pg mG2 for PMioand 10 pg mG?3 for
PM_s'*. The impact of outdoor particle concentrations on the air quality indoor must be taken into account when
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designing buildings in dry areas, as well as reducing the impact of various activities on indoor air quality.
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Fig. 3(a-c): Secretary office (S1) and outdoor PM concentrations relationship with an unoccupied
period
(@) PMy, (b) PM255 and (c) PM1g concentration
CONCLUSION
The results obtained from the monitoring instruments showed that the most significant parameters for

generating particles in the offices were human-related activities. Walking generated substantial amounts of
larger particulates (e.g., PMuio). Particulates generated outdoor contributed significantly to the particle
concentrations in the offices, particularly for PM1 and PMas size fractions. The concentration levels of the
particle fractions (PM1o and PM2 ) during the occupancy period do not satisfy the World Health Organization.

SIGNIFICANCE STATEMENT
This study discovered the diurnal variations of airborne mass concentrations for different particulates

including PMy, PM2s and PMyo by high precision technic using Grimm Portable Laser Aerosol Spectrometer
was to assess the impact of occupants related activities and the impact of outdoor particles on the particulate
matter in indoor. This study will help the researchers to uncover the critical areas of environmental change
especially in an arid land that many researchers were not able to explore.

ACKNOWLEDGMENT
The author wishes to thank Qassim University for their help in providing the opportunity to conduct

experiments on its campus.

Advanced Journal of Environmental Sciences (AJES)
pg. 71



Advanced Journal of Environmental Sciences (AJES)
Volume.1, Number 1; February-2023;

Published By: Zendo Academic Publishing
https://zapjournals.com/Journals/index.php/ajes/index
14131 Alder St NW, Andover, Minnesota, USA
zapjournal@gmail.com, editorial @zapjournals.coom

REFERENCES

Davidson, C.1., R.F. Phalen and P.A. Solomon, 2005. Airborne particulate matter and human health: A review.
Aerosol Sci. Technol., 39: 737-749.

Pope, C.A. and D.W. Dockery, 2006. Health effects of fine particulate air pollution: Lines that connect. J. Air
Waste Manage. Assoc., 56: 709-742.

Landrigan, P.J., R. Fuller, N.J.R. Acosta, O. Adeyi and R. Arnold et al., 2018. The Lancet commission on
pollution and health. Lancet, 391: 462-512.

Owen, M.K., D.S. Ensor and L.E. Sparks, 1992. Airborne particle sizes and sources found in indoor air. Atmos.
Environ. Part A. Gen. Top., 26: 2149 -2162.

Schwartz, J. and L.M. Neas, 2000. Fine particles are more strongly associated than coarse particles with acute
respiratory health effects in schoolchildren. Epidemiology, 11: 6-10.

Franck, U., O. Herbarth, S. Réder, U. Schlink and M. Borte et al., 2011. Respiratory effects of indoor particles
in young children are size dependent. Sci. Total Environ., 409: 1621-1631.

Zhang, R., G. Wang, S. Guo, M.L. Zamora and Q. Ying et al., 2015. Formation of urban fine particulate matter.
Chem. Rev., 115: 3803-3855.

Berico, M., A. Luciani and M. Formignani, 1997. Atmospheric aerosol in an urban area: Measurements of TSP
and PM10 standards and pulmonary deposition assessments. Atmos. Environ., 31: 3659-3665.

Buoli, M., S. Grassi, A. Caldiroli, G.S. Carnevali and F. Mucci et al., 2018. Is there a link between air pollution
and mental disorders? Environ. Int., 118: 154-168.

Delfino, R.J., R.S. Zeiger, J.M. Seltzer and D.H. Street, 1998. Symptoms in pediatric asthmatics and air
pollution: Differences in effects by symptom severity, anti-inflammatory medication use and particulate
averaging time. Environ. Health Perspect., 106: 751-761.

Gold, D.R., A. Litonjua, J. Schwartz, E. Lovett and A. Larson et al., 2000. Ambient pollution and heart rate
variability. Circulation, 101: 1267-1273.

Advanced Journal of Environmental Sciences (AJES)
pg. 72



Advanced Journal of Environmental Sciences (AJES)
Volume.1, Number 1; February-2023;

Published By: Zendo Academic Publishing
https://zapjournals.com/Journals/index.php/ajes/index
14131 Alder St NW, Andover, Minnesota, USA
zapjournal@gmail.com, editorial @zapjournals.coom

Linares, C. and J. Diaz, 2010. Short-term effect of concentrations of fine particulate matter on hospital
admissions due to cardiovascular and respiratory causes among the over-75 age group in Madrid, Spain.
Pub. Health, 124: 28-36.

WHO, 2006. Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide Global
update 2005: Summary of risk assessment WHO/SDE/PHE/OEH/06.02. Geneva, Switzerland.

World Health Organization, 2016. WHO expert consultation: Available evidence for the future update of the
WHO global air quality guidelines (AQGS). WHO: Geneva, Switzerland.
http://www.euro.who.int/ __data/assets/pdf file/0013/301 720/Evidence-future-update-AQGs-mtg-
report-Bonn-septoct-15.pdf.

Turiel, 1., C.D. Hollowell, R.R. Miksch, J.V. Rudy, R.A. Young and M.J. Coye, 1983. The effects of reduced
ventilation on indoor air quality in an office building. Atmos. Environ. (1967), 17: 51-64.

Kim, K.H., E. Kabir and S. Kabir, 2015. A review on the human health impact of airborne particulate matter.
Environ. Int., 74: 136-143.

Liang, R., B. Zhang, X. Zhao, Y. Ruan, H. Lian and Z. Fan, 2014. Effect of exposure to PM2. 5 on blood
pressure: A systematic review and meta-analysis. J. Hypertens., 32: 2130-2141.

Jenkins, P.L., T.J. Phillips, J.M. Mulberg and S.P. Hui, 1992. Activity patterns of californiansuse of and
proximity to indoor pollutant sources. Atmos. Environ., 26: 2141-2148.

Dockery, D.W., C.A. Pope, X. Xu, J.D. Spengler and J.H. Were et al., 1993. An association between air
pollution and mortality in six U.S. cities. New Eng. J. Med., 329: 1753-1759.

Schwartz, J., D.W. Dockery and L.M. Neas, 1996. Is daily mortality associated specifically with fine particles?
J. Air Waste Manage. Assoc., 46: 927-939.

Chock, D.P., S.L. Winkler and C. Chen, 2000. A study of the association between daily mortality and ambient
air pollutant concentrations in pittsburgh, pennsylvania. J. Air Waste Manage. Assoc., 50: 1481-1500.

Wallace, L., 1996. Indoor particles: A review. J. Air Waste Manage. Assoc., 46: 98-126.

Advanced Journal of Environmental Sciences (AJES)
pg. 73



Advanced Journal of Environmental Sciences (AJES)
Volume.1, Number 1; February-2023;

Published By: Zendo Academic Publishing
https://zapjournals.com/Journals/index.php/ajes/index
14131 Alder St NW, Andover, Minnesota, USA
zapjournal@gmail.com, editorial @zapjournals.coom

Monn, C., 2001. Exposure assessment of air pollutants: A review on spatial heterogeneity and
indoor/outdoor/personal exposure to suspended particulate matter, nitrogen dioxide and ozone. Atmos.
Environ., 35: 1-32.

Wang, X., X. Bi, G. Sheng and J. Fu, 2006. Hospital indoor PM10/PM2.5 and associated trace elements in
Guangzhou, China. Sci. Total Environ., 366: 124-135.

Song, W.W., M.R. Ashmore and A.C. Terry, 2009. The influence of passenger activities on exposure to
particles inside buses. Atmos. Environ., 43: 6271-6278.

Massey, D., J. Masih, A. Kulshrestha, M. Habil and A. Taneja, 2009. Indoor/outdoor relationship of fine
particles less than 2.5 :m (PM2s) in residential homes locations in central Indian region. Build. Environ.,
44: 2037-2045.

Zuraimi, M.S. and K.W. Tham, 2009. Reducing particle exposures in a tropical office building using
electrostatic precipitators. Build. Environ., 44: 2475-2485.

Alshitawi, M.S. and H.B. Awbi, 2011. Measurement and prediction of the effect of students’ activities on
airborne particulate concentration in a classroom. HVAC&R Res., 17: 446-464.

Morawska, L., G.A. Ayoko, G.N. Bae, G. Buonanno and C.Y.H. Chao et al., 2017. Airborne particles in indoor
environment of homes, schools, offices and aged care facilities: The main routes of exposure. Environ.
Int., 108: 75-83.

Amato, F., A. Alastuey, A. Karanasiou, F. Lucarelli and
S. Navaet al., 2015. AIRUSE-LIFE+: A harmonized PM speciation and source apportionment in 5 Southern
European cities. Atmos. Chem. Phys. Discuss., 15: 23898-24039.

Chithra, V.S. and S.M.S. Nagendra, 2018. A review of scientific evidence on indoor air of school building:
Pollutants, sources, health effects and management. Asian J. Atmos. Environ., 12: 87-108.

Halios, C., M. Santamouris, A. Helmi, M. Kapsalaki, M. Saliari, A. Spanou and D. Tsakos, 2009. Exposure to
fine particulate matter in ten night clubs in Athens Greece: Studying the effect of ventilation, cigarette
smoking and resuspension. Sci.

Advanced Journal of Environmental Sciences (AJES)
pg. 74



Advanced Journal of Environmental Sciences (AJES)
Volume.1, Number 1; February-2023;

Published By: Zendo Academic Publishing
https://zapjournals.com/Journals/index.php/ajes/index
14131 Alder St NW, Andover, Minnesota, USA
zapjournal@gmail.com, editorial @zapjournals.coom

Total Environ., 407: 4894-4901.

Gao, J., C. Cao, X. Zhang and Z. Luo, 2013. Volume-based size distribution of accumulation and coarse
particles (PMO0.1-10) from cooking fume during oil heating. Build. Environ., 59: 575-580.

Challoner, A. and L. Gill, 2014. Indoor/outdoor air pollution relationships in ten commercial buildings: PM2.5
and NO2.

Build. Environ., 80: 159-173.

Wong, N.H. and B. Huang, 2004. Comparative study of the indoor air quality of naturally ventilated and air-
conditioned bedrooms of residential buildings in Singapore. Build.

Environ., 39: 1115-1123.
Seppanen, O., W.J. Fisk and Q.H. Lei, 2006. Ventilation and performance in office work. Indoor Air, 16: 28-36.

Jensen, K.L., H. Spiild and J.Toftum, 2012. Implementation of multivariate linear mixed-effects models in the
analysis of indoor climate performance experiments. Int. J. Biometeorol., 56: 129-136.

Ponsoni, K. and M.S.G. Raddi, 2010. Indoor Air quality related to occupancy at an air-conditioned public
building. Braz. arch. biol. technol., 53: 99-103.

Gupta, S., M. Khare and R. Goyal, 2007. Sick building syndrome-A case study in a multistory centrally
airconditioned building in the Delhi city. Build. Environ., 42: 2797-2809.

Mendell, M.J., W.J. Fisk, K. Kreiss, H. Levin and D. Alexander et al., 2002. Improving the health of workers in
indoor environments: Priority research needs for a national occupational research agenda. Am. J. Public
Health, 92: 1430-1440.

Weschler, C.J., 2009. Changes in indoor pollutants since the 1950s. Atmos. Environ., 43: 153-169.

Mlhave, L., 2008. Inflammatory and allergic responses to airborne office dust in five human provocation
experiments.

Indoor Air, 18: 261-270.

Advanced Journal of Environmental Sciences (AJES)
pg. 75



Advanced Journal of Environmental Sciences (AJES)
Volume.1, Number 1; February-2023;

Published By: Zendo Academic Publishing
https://zapjournals.com/Journals/index.php/ajes/index
14131 Alder St NW, Andover, Minnesota, USA
zapjournal@gmail.com, editorial @zapjournals.coom

Destaillats, H., R.L. Maddalena, B.C. Singer, A.T. Hodgson and T.E. McKone, 2008. Indoor pollutants emitted
by office equipment: A review of reported data and information needs.

Atmos. Environ., 42: 1371-1388.

He, C., L. Morawska and L. Taplin, 2007. Particle emission characteristics of office printers. Environ. Sci.
Technol., 41: 6039-6045.

Qian, J., A.R. Ferro and K.R. Fowler, 2008. Estimating the resuspension rate and residence time of indoor
particles. J. Air Waste Manage. Assoc., 58: 502-516.

Braszczyk, E., W. Rogula-Koz»owska, K. Klejnowski, P. Kubiesa, I. Fulara and D. MieldyY¥sska-Svach 2017.
Indoor air quality in urban and rural kindergartens: Short-term studies in Silesia, Poland. Air Qual.
Atmos. Health, 10: 1207-1220.

Fromme, H., D. Twardella, S. Dietrich, D. Heitmann, R. Schierl, B. Liebl and H. Riiden, 2007. Particulate
matter in the indoor air of classrooms-exploratory results from Munich and surrounding area. Atmos.
Environ., 41: 854-866.

Guo, H., L. Morawska, C. He, Y.L. Zhang, G. Ayoko and M. Cao, 2010. Characterization of particle number
concentrations and PM2. 5 in a school: Influence of outdoor air pollution on indoor air. Environ. Sci.
Pollut.

Res., 17: 1268-1278.

Advanced Journal of Environmental Sciences (AJES)
pg. 76



