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Abstract
To evaluate the microbial load indoor airs, is one of the most important parameter of the environmental factors quality, it 

has become necessary and show how safe the indoor air in the surrounding environments. This study was aimed to assess the 
microbiological quality of indoor air inside Mohammad Al-Mana Collage for Medical Sciences (MACHS) – Nursing Building 
– KSA. Samples were collected from each selected floors; (basement, ground, first and second floor), selected room; (corridors, 
laboratories, offices, classrooms and toilets).

Results shows that there are positive growth of microbial load in all samples in selected floors and rooms, all sample 
have growth of bacteria and fungi, the colony counts was high in basement and first floor comparing to other floors and in toilet 
comparing with other selected rooms. Statics shows that there were no significant differences between bacterial loads among 
the selected floors, while there were differences between selected rooms, it was seemed to be free of gram negative bacteria, 
and only toilets have gram negative bacteria. Significant differences were also noted among sampling time between 8: am and 4 
pm, Afternoon samples were more contaminated with more microbes comparing to the morning. Microbe which were isolated 
from indoor air samples include: Staphylococcus aureus, Bacillus spp. gram negative bacilli, E.coli, and, Aspergillus species, 
Penicillium species, Candida species. The concentration of indoor bacterial aerosol observed in this study which was lower than 
the standard.
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Introduction
Bacteria and other pathogenic agents which may cause 

disease for human are living in the same environmental conditions 
with human, indoor air considered as essential factors for the human 
growth, in some cases, this air may be contaminated with one or 
more of those agents, this be able to cause disease for human [1]. 

Indoor air may have contained quantity of microorganisms, 
but this should be lower than the outdoor levels. One of the most 
common source of microbial contamination of indoor air is, people, 
dust, and the ventilation system itself [2] and may be affected by 
temperature, light, nutrients availability [3]. Human may have 
considered the main source of microbial contamination of indoor 
air by different aspects, sneezing one of the most common way and 
mechanism for spreading the microbes in air [4], such as pneumonia 
and other respiratory diseases. Fungi also may found in indoor air 

which may cause the allergic diseases and may considered more 
serious than bacteria in air borne diseases [5].

Data by [5] indicate that bacteria and fungi found in 
Poland in university environments and include Micrococcus 
spp., Enterococcus spp., Staphylococcus spp., Serratia spp., 
Bacillus sp.and Kiebsiella spp. Fungi: Aspergillus sp., Fusarium 
sp., Altenaria sp., Penicillium sp. and Cladosporium sp. It was 
reported by [6], that Escherichia genus was domainant in toilets 
with some species of Cladosporium, Alternaria, Mucor, Rhizopus 
and Epicoccumpre.

According to Naga K, et al. the main source of airborne 
infection in classrooms was, pupils of normal flora, uniforms, 
bags, sandals, as well as sneezing, coughing, talking and laughing, 
in addition to other materials such as cupboards, books and files. 
In addition to the house keeping facilities also playing Avery 
important roles in spreading infection such as; sweeping dusts 
by mops, using same clothes or cleaning materials which can 
aerosolize the practices of microbes and microorganisms [3].
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Naga K et al. indicated that microbial contamination usually 
occur in universities and especially in class room, laboratories and 
offices, which are controlled by several factors; rate of populations 
or visitors in the place, air exchange, temperature, relative humidity, 
type of ventilation, and number of windows in each room [7].

According to Kumari NK, et al [8]; keeping healthy 
environments controlled may reduce disease transmission f 
pathogenic agents and considered as one of the key agendas in 
controlling diseases in schools.

It is important to understand the microbial community within 
public areas and, in particular, within school buildings as poor 
health in children impacts on wider society. Against this back-
drop, the determination of indoor microbial density is necessary, 
and it is especially important in such populated areas like school 
settings.

This study aimed to

 Evaluate the microbiological quality of indoor environments •	
of Mohammed Al-Mana College for medical science Sciences. 
Al-Khobar, Eastern Province, Kingdom of Saudi Arabia.

Asses and identify the microbial load in the air samples in •	
different room and labs in the college.

Materials and Methods
Study area 

The study was conducted in Nursing Building- Mohammad Al 
Manaa Collage for Medical Sciences MACHS, Khobar- KSA, 
from 6-17 October 2019, at;

Tow sampling time•	  (8:00-10:00 am) and (2:00 - 4:00 pm), 

Four selected floors•	 ; (basement, ground, first and second 
floor) and

Selected rooms•	 ; (office, class room, corridor, laboratory and 
toilet).

It experiences constant high temperatures and relative 
humidity throughout the year with a diurnal temperature range of 
minimum 21-27OC and maximum 30-34OC, with a mean relative 
humidity value of 65-70 %. (Table 1), show the study area selected 
floor and room.

 FLOOR Corridor Laboratory Office Classroom Toilet
BASEMENT 

GROUND 
FIRST 

SECOUND 

Table 1: selected floors and rooms as study area in MACHS.

Microbiological analysis 

Sample collection

Samples were collected from each selected floor/ room by 
taking 4 dishes from each place at different sampling time morning 
and afternoon.

The bacterial culture plates were incubated at a temperature 
of 370C for 48 hours in an incubator while the fungal culture plates 
were incubated at a temperature of 370C for 5-7 days. Bacterial 
and fungal Colony Forming Units (CFU) were enumerated. 
Afterwards, the colonial morphology of the different colonies 
formed were noted and identical colonies were sub-cultured into 
Nutrient Agar (NA), Blood Agar BA, Macconcky Agar MAC, 
Chocolate agar CHO and Sabouraud Dextrose Agar (SDA) plates, 
incubated appropriately and stored for further identification and 
characterization.

Identification of bacterial and fungal isolates 

Each bacterial colony or fungi was identified using standard 
methods (including: colonial morphology, microscopy and 

biochemical tests) as described by Cheesbrough M. et al 2006. 
Fungal isolates were identified based microscopic properties (using 
Lactophenol cotton blue staining) and macroscopic characteristics 
(with the aid of an Atlas of Mycology) as described by Rajesh B, et 
al. 2008. Data were presented using tables and graphs. 

After incubation all cultures, at 370C for 48hours, plates 
were observed in total number if forming colony (CFU), colony 
morphology and other microscopic examination were used to 
identification of bacteria according to the Bergey’s Manual of 
Systematic Bacteriology [1,6]. Fungal colonies were identified 
as morphology of fungus and colony according to the manual of 
Barnet and Hunter 1972. The identification of fungal isolates was 
done according to standard methods.

Statistical analyses were carried out with one way analysis 
of variance (ANOVA) and Tukey-Kramer Multiple Comparisons.

Results

In order to do the Assessment for the microbial load and 
quality of the Indoor Air in MACHS (4 floors, 5 different rooms) 
were selected (Table 1).
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Data indicated that microbial load of indoor air were a significantly different among the selected floors and rooms, figures 1-4 
revealed the microbiological load of indoor air samples at both sampling periods, as well revealed frequency of the microbial species as 
isolated from the indoor air sampled.

P<0.05 is considered statistically significant.

Figure 1: Assessment of microbial load in indoor air in the selected rooms at MACHS at 8:00-10:00 am.

P<0.05 is considered statistically significant.

Figure 2: Assessment of microbial load in indoor air in the selected floors at MACHS at 8:00-10:00 am.
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P<0.05 is considered statistically significant.

Figure 3: Assessment of microbial load in indoor air in the selected rooms at MACHS at 2:00-4:00 pm.

P<0.05 is considered statistically significant.

Figure 4: Assessment of microbial load in indoor air in the selected floors at MACHS at 2:00-4:00 pm.

The study also assessed the microbiological load, at different 
selected rooms in each floor, there were significant differences 
between selected floors (P<0.05), basement and first floors were 
more contaminated by microbes, there was no significant difference 
(P<0.05) between selected rooms except toilet which was more 
contaminated with bacteria and fungi in each basement and first 
floor, it was explained due to overloaded.

Data also revealed that there was significant difference 
(P<0.05) between sampling time (8:00-10:00 am) and (2:00-4:00 

pm), 2:00-4:00 pm was more microbial loaded in each selected 
rooms among selected floors.

Across sampling time, temperature was measured during 
both time; it was 22.5-25.5 OC at 8:00-10:00 am and 25-27.6 OC 
at 2-4 pm, the only factor which may affected the microbiological 
load in all samples was the overloaded, college in general used to 
be overloaded after 11 am especial in the basement floor where the 
training center is located and first floor where the main toilet for 
male prayer place is located. 
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No significant differences were found in the bacterial colony 
counts between the classrooms (P>0.05). However, there were 
significant differences between the 8:00-10:00 am and 2:00-4:00 
pm bacterial colony counts; as well as between the floors and room 
in bacterial colony counts (P<0.05); but, there was no significant 
difference between the classroom, offices, and labs, but toilets 
were the highest in each floor (P>0.05) (Figures 1-4).

Discussion
Microbiological load in indoor air samples from each 

selected location indicated that there were significant differences 
between selected floors as well as selected rooms. It was found 
that there were significant differences between sampling times; 
(8:00-10:00 am) Bacteria colony rated from (73-92), (45-106) cfu 
in each selected floor and selected room respectively. Fungal count 
rated from (82-88), (46-118) for selected floor and selected room 
respectively. While at (2:00-4:00 pm) bacteria colony rated from 
(81-115), (58-191) for selected floor and room respectively.

Fungal count rated from (80-112), (51-155) for selected floor 
and room respectively.

Data indicated that a variations were found in the 

concentration of bacteria and fungi among selected samples in each 
selected floors and rooms. This may be due to the overloaded of 
some sites and human density at the time of sample collection, these 
results were agreed with the results reported by [9,10], which were 
affected the sample collected at noon time, in addition to the bad 
ventilation in these sites which play an important role in microbial 
load in closed areas, which may affected the morning samples 
[9,11,12]. However, Due to good ventilation the bacteria and fungi 
counts were found less microbial loads in classroom, offices and 
corridors, while laboratories and toilets were the highest, toilet in 
each floor, they were the most contaminated site, (27-29), (27-33) 
for bacteria and fungi count respectively at 8 am, while it was, (30-
62), (33-48) for bacteria and fungi count respectively at 2 pm.

These data were agreed with the results obtained by 
Stryjakowska- Sekulska et al., [6] who found an elevated count 
in bacteria load in lecture rooms, and also he mentioned that 
ventilation in important factor in the determination of indoor air 
quality.

The bacterial genera and species isolated and characterized 
from all sample were Staphylococcus aureus, Escherichia coli; 
gram + ve, the fungal species isolated were; Aspergillus sp, 
Penicillium sp., and Candida sp (Tables 2,3).

FLOOR FUNGI    BACTERIA        

 Penicil-
lium spp.

Aspergil-
lus spp.

can-
dida Other Gram-posi-

tive, cocci
Staphy-
lococcus

Strep-
tococ-

cus

Gram-pos-
itive rods

Gram-neg-
ative cocci

Gram-neg-
ative rods

Shi-
gel-
la

e.coli

BASE-
MENT ✔ ✔ ✔ ✔ ✔ ✔ x ✔ x ✔ x ✔

GROUND ✔ ✔ ✔ ✔ ✔ ✔ X ✔ X ✔ X ✔

FIRST ✔ ✔ ✔ ✔ ✔ ✔ x ✔ x ✔ x ✔

SECOUND ✔ ✔ ✔ ✔ ✔ ✔ X ✔ X ✔ X ✔
*P<0.05 is considered statistically significant.

Table 2: Distribution of aero-flora in each FLOOR in MACH.

Rooms FUNGI BACTERIA 

 Penicil-
lium spp.

Aspergillus 
spp.

can-
dida

Oth-
er

Gram-
posi-
tive, 
cocci

Staphylococ-
cus

Streptococ-
cus

Gram-
pos-
itive 
rods

Gram-
neg-
ative 
cocci

Gram-
neg-
ative 
rods

Shi-
gella e.coli

Corridor ✔ ✔ ✔ ✔ ✔  X  X ✔ X X  X ✔

Laboratory ✔ ✔ X ✔ ✔ X X ✔ X X X ✔

Office ✔ ✔ X ✔ ✔ X X ✔ X X X ✔

Classroom ✔ ✔ X ✔ ✔ X X ✔ X X X ✔

Toilet ✔ ✔ ✔ ✔ ✔ ✔  X ✔ x ✔ x ✔

*P<0.05 is considered statistically significant.

Table 3: Distribution of aero-flora in each ROOM in MACH.
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Results from this research indicated that Aspergillus niger 
was the most common mold in all samples while the least isolates 
was cadida. Garm positive bacteria was the most common among 
all samples, Staphylococcus aureus and Escherichia coli were 
detected as pathogenic genera but with the least count comparing 
with others (Table 2,3).

Similar results were reported by Udochukwuet al., [5] 
as Aspergillus (52.3%), was the most common genera of molds 
among all samples with Penicillium while, the least percentage 
frequency (4%) of fungi species was recorded as Candida sp. these 
findings were interpreted as a results of movement of microbes, 
and pathogenic among the collage atmosphere [5]. On the other 
hand, Staphylococcus aureus was recorded as the highest frequency 
(27%) of bacteria isolated while Sarretiamarcensces had the least 
percentage frequency (4%) of bacteria isolated [5].

Other research data reported that indoor air samples contained 
species of Staphylococcus and Micrococcus, except for Difteroides 
in Italian classrooms Maroni M, et al 1993 also it was reported 
by [13], that indoor air samples were loaded with Staphylococcus 
auerus, except for Escherichia coli and Streptococcus D. but 
disagrees with the same on Streptococcus, Pseudomonas, Klebsiella 

and Escherichia as the dominant bacteria genera [8].

On the other hand, fungal counts were presents in the same 
rate of this study while it was found that indoor air contained molds 
genera:  Penicillium and Aspergillus from the indoor air of some 
Norwich schools and Danish schools [14].

In further agrees with data of Stryjakowska-Sekulska M,et 
al Penicllium, Yeasts and Aspegillus as the most common fungal 
genera isolated, except for Cladosporium and Actinobacteria. 
Except for Cladosporium spp. and Alternaria spp as the dominant 
fungal isolates

Unfortunately, there is no uniform international standard on 
levels of maximum microbial load in indoor air samples [15] but 
according to many national standards and guidelines of bio-aerosol 
counts at 500 cfu/m3 [16], none of the bacterial count reaches the 
bio-aerosol count 500 cfu/m3.

Furthermore (Table 4) shows the sensitivity test for both 
Staphylococcus auerus, and Escherichia coli, which indicated 
that both isolates are sensitive for all of antibiotics which may 
use as indicator that the concentration of both isolates are non- 
pathogenic.

Antibiotic Staphylococcus Antibiotic e. coli Antibiotic e. coli

Penicillin S Amox/k clav S Gentamicin S

cefoxitin S Amp/sub I Imipenem S

oxacillin S Ampicillin I Levofloxacin S

clindamycin S Cefazoline  Nitrofurantoin S

vancomycin S Cefepime S Tetracyclin S

rifampicin S Cefuroxone S Trimeth/sulfa S

  ciprofloxacin S   

Table 4: a culture and sensitivity report for a staphylococcus and e. coli.

Since the microbial counts are lower that the standards, all selected floors and rooms were considered as non-contaminated areas, 
but toilets in each selected floor need more hygienic conditions especially at afternoon periods which considered as overloaded period.

Air-conditioners unites filters need to be changed from time to time, while class room and office may need ventilation at least once 
a day.
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The results also recommended further studies in the same 
area to determine the reasons of spreading the pathogenic agents 
among closed or opened areas.

Conclusion
This study suggested that regardless of the time of day, indoor 

conditions may allow aerosols areas which may considered as 
potential risk factors for spreading pathogenic bacteria or fungi.

The concentration of air flora in side MACHS was under 
the danger zone -according to the standards- but an immediate 
intervention is needed in order to control the quality of indoor air 
as human and environmental factors that stimulate the growth of 
microorganisms.

Acknowledgment
           TThis research was supported/partially supported by research 
unit in Mohammad Al-Mana Collage for Medical Sciences 
(MACHS). We would like to thank our colleagues Ms. Nadrin 
Hani from the Clinical Laboratory Department in (MACHS) who 
provided insight and expertise that greatly assisted the research. 

We would like also to thank our student in clinical laboratory 
department- level 4(fall 19/20) for assistance with collecting the 
samples.

Conflict of interest
The authors declared no conflict of interests.

Ethics requirements

This article doesn’t contain any studies with human or animal 
subjects.

Ethical number “SR/RP/16”

References
Soto T, Murcia RMG, Franco A, Vicente-Soler J, Cansado J, et al. 1. 
(2009) Indoor airborne microbial load in a Spanishuniversity (Univer-
sity of Murcia, Spain). Anales de Biología 31: 109-115.

Kalwasińska A, Burkowska A, Wilk I (2012) Microbial air contamina-2. 
tion in indoor environment of the university library. Annual Agricultural 
Environment Medicine 19: 25-29.

Faustman EM, Silbernagel SM, Fenske RA, Burbacher TM, Ponce RA 3. 
(2000) Mechanisms underlying children’s susceptibility to environmen-
tal toxicants. Environ. Health,  Perspect 108: 13-21.

Awosika SA, Olajubu FA, Amusa NA (2012) Microbiological assess-4. 
ment of indoor air of a teaching hospital in Nigeria. Asian Pacific Jour-
nal of Tropical Biomedicine 2: 465-468.

Udochukwu U, Omeje FI, Anulude OC, Ogechi OK (2015) Microbiome 5. 
of enclosed air in selected dormitories I University of Port Harcourt. 
American Journal of Research Communication 3: 217-224.

Stryjakowska-Sekulska M, Piotraszewska-Pająk A, Szyszka A, Now-6. 
icki M, Filipiak M (2007) Microbiological Quality of Indoor Air in Univer-
sity Rooms. Polish J of Environ. Stud 16: 623-632.

Naga K, Mohan M, Ramprasad S, Maruthi YA (2014) Microbiological 7. 
air quality of indoors in primary and secondary schools of Visakhapat-
nam, India. Int J Curr Microbiol App Sci 3:880-887.

Kumari NK, Shravanthi CM, Reddy TB (2015) Identification and as-8. 
sessment of airborne bacteria in selected school environments in Vi-
sakhapatnam, India. Ind J Sci Res and tech 3:21-25.

Hayleeyesus SF, Manaye AM (2014) Microbiological Quality of Indoor 9. 
Air in University Libraries’. Asian Pacific Journal of Tropical Biomedi-
cine. 4 (Supplementary 1): S312-S317.

Wamedo SA, Ede PN, Chuku A (2012) Interaction between building 10. 
design and indoor airborne microbial load in Nigeria. Asian Journal 
Biological Science 5: 183-191.

Cheesbrough M (2006) Biochemical tests to identify bacteria In: 11. 
Cheesbrough, M. (ed.). District Laboratory Practice in Topical Coun-
tries, Part 2. Cambridge University Press, Cape Town, South Africa. 
180: 63-70.

Maroni M, Bersani M, Cavallo D, Anversa A, Alcini D. “Microbial con-12. 
tamination in buildings: comparison between seasons and ventilation 
systems, In: Proceedings of Indoor Air ‘93: The 6th International Con-
ference on Indoor Air Quality.

Mouilleseaux A, Squinazi F, Festy B (1993) Microbial characterization 13. 
of air quality in classrooms, In: Proceedings of Indoor Air ‘93: The 6th 
International Conference on Indoor Air Quality and Climate, Helsinki, 
Finland 4:195-200.

Würtz H, Kildesø J, Meyer HW, Nielsen JB (1999) A pilot study on 14. 
airborne microorganisms in Danish classrooms. Proceedings of the 
8th International Conference on Indoor Air Quality and Climate, Edin-
burgh, Scotland.

Jyotshna M, Helmut B (2011) Bioaerosols in Indoor Environment - A 15. 
Review with Special Reference to Residential and Occupational Loca-
tions. The Open Envir and Biol. Mon J 4: 83-96.

WHO. “Indoor air quality: Biological Contaminants: European Series. 16. 
Number No. 31”, Copenhagen, World Health Organization Regional 
Publication, 1990.]. ECC. European Communities Commission. Indoor 
air quality and its impact on man. Report No. 12, Biological Particles in 
Indoor Environments. Luxembourg, 1993.

Rajesh B, Rattan L (2008) Infection and Disease. In: Essentials of 17. 
Medical Microbiology. Peromila, Editor. Jaypee Brothers Medical Pub-
lishers Ltd 65-68.

https://www.researchgate.net/publication/48168374_Indoor_airborne_microbial_load_in_a_Spanish_University_University_of_Murcia_Spain
https://www.researchgate.net/publication/48168374_Indoor_airborne_microbial_load_in_a_Spanish_University_University_of_Murcia_Spain
https://www.researchgate.net/publication/48168374_Indoor_airborne_microbial_load_in_a_Spanish_University_University_of_Murcia_Spain
https://www.ncbi.nlm.nih.gov/pubmed/22462441
https://www.ncbi.nlm.nih.gov/pubmed/22462441
https://www.ncbi.nlm.nih.gov/pubmed/22462441
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3609330/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3609330/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3609330/
https://www.researchgate.net/publication/307063989_MICROBIOME_OF_ENCLOSED_AIR_IN_SELECTED_DORMITORIES_IN_UNIVERSITY_OF_PORT_HARCOURT
https://www.researchgate.net/publication/307063989_MICROBIOME_OF_ENCLOSED_AIR_IN_SELECTED_DORMITORIES_IN_UNIVERSITY_OF_PORT_HARCOURT
https://www.researchgate.net/publication/307063989_MICROBIOME_OF_ENCLOSED_AIR_IN_SELECTED_DORMITORIES_IN_UNIVERSITY_OF_PORT_HARCOURT
http://www.pjoes.com/Microbiological-Quality-of-Indoor-Air-r-nin-University-Rooms,88030,0,2.html
http://www.pjoes.com/Microbiological-Quality-of-Indoor-Air-r-nin-University-Rooms,88030,0,2.html
http://www.pjoes.com/Microbiological-Quality-of-Indoor-Air-r-nin-University-Rooms,88030,0,2.html
https://www.ijcmas.com/vol-3-8/K.Naga Madhan Mohan, et al.pdf
https://www.ijcmas.com/vol-3-8/K.Naga Madhan Mohan, et al.pdf
https://www.ijcmas.com/vol-3-8/K.Naga Madhan Mohan, et al.pdf
https://www.researchgate.net/publication/261615471_Microbiological_Quality_of_Indoor_Air_in_University_Libraries
https://www.researchgate.net/publication/261615471_Microbiological_Quality_of_Indoor_Air_in_University_Libraries
https://www.researchgate.net/publication/261615471_Microbiological_Quality_of_Indoor_Air_in_University_Libraries
https://scialert.net/fulltextmobile/?doi=ajbs.2012.183.191
https://scialert.net/fulltextmobile/?doi=ajbs.2012.183.191
https://scialert.net/fulltextmobile/?doi=ajbs.2012.183.191
https://www.aivc.org/resource/microbial-contamination-buildings-comparison-between-seasons-and-ventilation-systems
https://www.aivc.org/resource/microbial-contamination-buildings-comparison-between-seasons-and-ventilation-systems
https://www.aivc.org/resource/microbial-contamination-buildings-comparison-between-seasons-and-ventilation-systems
https://www.aivc.org/resource/microbial-contamination-buildings-comparison-between-seasons-and-ventilation-systems
https://www.researchgate.net/publication/215792301_Bioaerosols_in_Indoor_Environment_-_A_Review_with_Special_Reference_to_Residential_and_Occupational_Locations
https://www.researchgate.net/publication/215792301_Bioaerosols_in_Indoor_Environment_-_A_Review_with_Special_Reference_to_Residential_and_Occupational_Locations
https://www.researchgate.net/publication/215792301_Bioaerosols_in_Indoor_Environment_-_A_Review_with_Special_Reference_to_Residential_and_Occupational_Locations

