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Evaluation of Indoor Air Quality in Medical and Residential Areas, Damietta, Egypt

Abstract
Indoor air quality plays a significant role in the health of people as they spend most of their time in the indoor environment. Particulate matter is one of the most important indoor air pollutants involved in a number of adverse health effects. Both indoor and outdoor concentrations of particulate matter (PM10) and heavy metals (Pb, Zn and Cd) in addition to bacterial concentrations were determined at fifteen medical sites and twenty residential sites from May to August 2021. PM10 was measured by CEL-712 Micro dust Pro Real-time Dust Monitor HB4048-01 while heavy Metals concentrations as Pb, Zn and Cd were measured using Accuses 211 Flame atomic absorption spectrometry. The PM10 concentrations measured in all the medical sites located in the urban area were ranged from 4273 to 9802 μg/m3 indoors and from 4473 to 9815 μg/m3 outdoors. On the other hand, those located in the suburban area have PM10 concentrations ranged from 3456 to 8847 μg/m3 indoors, and from 3505 to 8883 μg/m3 outdoors. In residential sites, the PM10 concentrations for those in the urban area were ranged from 4792 to 9797 μg/m3 indoors and from 4945 to 9832 μg/m3 outdoors. While those located in the suburban area have PM10 concentrations ranged from 2461 to 7518 μg/m3 indoors and from 2683 to 7592 μg/m3 outdoors. The mean concentration of Pb, Zn and Cd through all the sampling sites was 0.537, 2.540 and 0.038µg/m3, respectively. Bacterial concentration was measured using gravitational and filtration method. Through all sites, five bacterial species were isolated from the indoor and outdoor air; Bacillus species, Lactobacillus Sp., Pseudomonas putida, Staphylococcus aureus and Staphylococcus xylosus. The mean total bacterial count collected by gravitational method is 15712 CFU/m3. While those collected by filtration method is 27689 CFU/m3 through all the sampling sites. Additionally, the most I/O ratios of PM10, Pb, Zn, Cd and Bacteria at the most sites were below 1.0 and that indicates the relatively higher influence of the outdoor sources on the indoor air. All measured pollutants were higher in medical sites than in residential sites. It is recommended to improve the indoor air quality. Therefore, it is necessary to open doors and windows to provide natural ventilation and to clean indoor space using more natural cleaning materials.
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1. INTRODUCTION
The indoor air pollutants may pose health risks and comfort problems as people spend most of their time in the indoor environment (Kumar et al., 2022). Indoor air quality is a common term that represents to what extent the air we breathe inside buildings is healthy (Abdel Hameed et al., 2004). Indoor air quality (IAQ) not only disturbs the physical health of indoor inhabitants (Kelly & Fussell, 2019; Vardoulakis et al., 2020; Fazli et al., 2021), but also affects various learning skills, behavioural characteristics, sleeping habits, and mental abilities (Tran et al., 2020; Zhang et al., 2020). Indoor air can be significantly polluted, often more so than outdoor air, due to common sources like combustion process as cooking, heating, chemical products (cleaners, air fresheners), building materials (asbestos,VOCs), biologicals (mold, dander, dust mites), and tobacco smoke, leading to serious respiratory and other health issues (Bueno de Mesquita et al., 2022). 
Particulate matter is considered as one of indoor air pollutants that cause adverse health effects (Maung et al., 2022; WHO, 2024). Indoor particle concentration depends on both the intensity of indoor aerosol sources and penetration of outdoor particles into the indoor environment (Hussein et al., 2020). PM include pollutants that can be either inorganic or organic in nature, including toxic metals. Heavy metals are significant environmental pollutants and their toxicity is a problem of increasing significance for ecological, evolutionary, nutritional and environmental reasons (Jomova et al., 2025). Deposition from the atmosphere can cause heavy metals to build up in soil, upsetting soil ecosystems and impeding plant growth. Long-term environmental deterioration and health hazards may result from their ability to seep into water bodies and into the food chain. Additionally, human inhalation of heavy metals absorbed by total dispersed particles is completely hazardous (Soliman et al., 2025). Heavy metals can bind to particles such as dust, soot, and secondary aerosols, significantly amplifying their toxic effects (Nwabachili et al., 2025). Industrial activities as phosphate fertilizers, waste incineration, production and fossil fuel combustion in addition to automobile exhaust are the most resources of lead, Zinc and Cadmium. Indoor bioaerosols contamination is still a major health concern, particularly in developing countries (Chawla et al., 2023). Health risks caused by bioaerosols including bacteria, fungi and viruses may include allergies, cardiovascular and respiratory infections (Martins et al., 2020). The main sources of indoor bacterial contamination are Pets (Marcu et al., 2021), organic waste storage in the indoor areas (Moldoveanu, 2015), people movement enter and exit the indoor environment and air filters and air conditioning systems (El-Batrawy and Hasballah, 2024).
Damietta is an industrial governorate known for its textile, furniture, sweets and leathers industries as well as dairy products and rice mills and also for its agricultural heritage. Furthermore, it is a fishing industry town, having one of the largest fleets on the Mediterranean which accounts for half of the Egypt’s fishing boats (El-Batrawy, 2010). The quality of air we inhale has effects on our health and pin-pointing factors that negatively affect our air quality are key to addressing them.  In addition to, few studies have focused on indoor air quality (IAQ), primarily due to the diverse range of indoor microenvironments and technological limitations in monitoring indoor air. This study aimed to evaluate indoor air quality in medical and residential sites in Damietta Governorate, Egypt. Both indoor and outdoor concentrations of particulate matter (PM10) and heavy metals (Pb, Zn and Cd) in addition to bacterial concentrations were determined.


MATERIAL AND METHODS
1.1. Study Area:
Damietta Governorate is located in the north of Egypt. It is 210 km (131 miles) northeast of Cairo and 15 km from the Mediterranean. The governorate's area is 1.029 km² or about 5% of the Delta's area and about 1% of the Egypt area. It has a population of about 1,093,580. Air samples were collected from Damietta city (Urban area) and El-Basarta village (Suburban area) (Fig. 1). Damietta City is the capital of Damietta governorate while El-Basarta is one of the villages of the Damietta governorate. El-Basarta is located in the north about 4.4 km away from Damietta city.
1.2. Sampling Strategy:
Thirty-five sites were selected for air samples collection (Table 1). They divided into 15 medical sites where air samples were sampled from May to June 2021 and 20 residential apartments where air samples were sampled from July to August 2021. 
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Fig. 1. Location map of the selected sites in Damietta City and El-Basarta.
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Seven medical sites were urban located in Damietta city labeled as (M1: M7). The other eight medical sites were suburban located in El-Basarta labeled as (M8: M15). Some of these medical sites have natural ventilation while others have an air conditioner (AC). The indoor samples were collected from the indoor reception room (I) of each clinic\lab while the outdoor samples (O) were taken simultaneously with indoor ones. Nine of the residential sites were urban located in Damietta city and labeled as (R1: R9) and the other eleven residential apartments were suburban located in El-Basarta, they are labeled as (R10:R20). Most of these apartments have natural ventilation while some have an air conditioner. The indoor samples were collected from living room (I) while the outdoor samples (O) were taken simultaneously with indoor ones.


Table 1. Medical and residential sites in the study areas and their main characteristics.
		
	[bookmark: _Hlk133956201]ID
	Description
	Ventilation
	Fuel
	Smoking
	Pollution Sources

	Urban area (Damietta City)
	M1
	Medical lab, 2nd floor, by the road  side 
	AC in the lab room, frequent window opening
	----
	----
	Cleaning, chemicals

	
	M2
	Radiology center, 1st floor, on a main road
	AC in doctor's room, frequent window opening
	----
	----
	Outdoor carpentry workshop, cleaning

	
	M3
	Medical lab, 1st floor, on a main road
	AC in reception, rare window opening
	----
	----
	Pesticides, chemicals

	
	M4
	Heart clinic, 2nd floor, on a main road
	AC in doctor's room, frequent window opening
	----
	----
	Outdoor carpentry workshop, cleaning

	
	M5
	Internal medicine clinic, 1st floor, on a main road
	AC in doctor's room, rare window opening
	----
	----
	Outdoor carpentry workshop, pesticides

	
	M6
	Children clinic, 2nd floor, on a main road
	AC in doctor's room, frequent window opening
	----
	----
	Pesticides, near café

	
	M7
	Internal medicine clinic, 1st floor, on a main road
	AC in doctor's room, frequent window opening
	----
	----
	Cleaning, near restaurant

	Suburban area (El-Basarta)
	M8
	Medical lab, 2nd floor, on a main road
	AC in reception, rare window opening
	----
	----
	Outdoor carpentry workshop, cleaning

	
	M9
	Dental clinic,1st floor, by the road  side 
	AC in doctor's room, frequent window opening
	----
	----
	Outdoor carpentry workshop, pesticides

	
	M10
	Internal medicine clinic, 2nd floor, on a main road
	AC in reception, frequent window opening
	----
	----
	Outdoor carpentry workshop, pesticides

	
	M11
	Obstetrics and\ Gynecology clinic, 1st floor, by the road  side 
	Natural ventilation, rare window opening
	----
	----
	Near agricultural land, pesticides

	
	M12
	Orthopedic clinic, 2nd floor, on a main road
	Natural ventilation, frequent window opening
	----
	----
	Near agricultural land, pesticides

	
	M13
	Children clinic, 2nd floor, by the road  side 
	Natural ventilation, frequent window opening
	----
	----
	Outdoor carpentry workshop, pesticides

	
	M14
	Dental clinic, 2nd floor, by the road  side 
	Natural ventilation, frequent window opening
	----
	----
	Outdoor carpentry workshop, cleaning

	
	M15
	Internal medicine clinic, 1st floor, on a main road
	Natural ventilation rare wind
ow opening
	----
	----
	Near agricultural land, pesticides

	Urban a
rea (Damietta City)
	R1
	3rd floor, by the road  side 
	AC in bed room, rare window opening
	Gas
	No
	Outdoor carpentry workshop

	
	R2
	4th floor, by the road  side 
	AC in bed room, rare window opening
	Gas
	yes
	In residential area, cooking, cleaning

	
	R3
	1st floor, on a main road
	Natural, frequent window opening
	Gas
	No
	 In residential area, cooking, cleaning

	
	R4
	2nd floor, on a main road
	Natural, rare window opening
	Gas
	No
	 Near café, cooking, cleaning, pesticides

	
	R5
	3rd floor, the road  side 
	Natural, frequent window opening
	Gas
	No
	 In residential area, cooking, cleaning

	
	R6
	1st floor, by the road  side 
	Natural, frequent window opening
	Gas
	No
	Near café, cooking, cleaning, near carpentry workshop 

	
	R7
	2nd floor, on a main road
	Natural, rare window opening
	Gas
	No
	 In residential area, cooking, cleaning
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	R8
	2nd floor, by the road  side 
	Natural, frequent window opening
	Gas
	yes
	Near restaurant cooking, cleaning, cosmetics

	
	R9
	3rd floor, on a main road
	Natural, frequent window opening
	Gas
	yes
	Outdoor carpentry workshop

	Suburban area (El-Basarta)
	R10
	3rd floor, by the road  side 
	AC in bed room, rare window opening
	LPG
	yes
	Near agricultural land cooking, cleaning, by the road  side 

	
	R11
	2nd floor, by the road  side 
	AC in living room, rare window opening
	LPG
	No
	Outdoor carpentry workshop, cooking, cleaning, on a main road

	
	R12
	1st floor, on a main road 
	Natural, frequent window opening
	LPG
	No
	On agricultural land, cooking, cleaning, pesticides

	
	R13
	1st floor, by the road  side 
	Natural, frequent window opening
	LPG
	yes
	Near cafe, cooking, cleaning

	
	R14
	2nd floor, on a main road
	Natural, frequent window opening
	LPG
	No
	 In residential area, cooking, cleaning, pesticides

	
	R15
	1st floor, by the road  side 
	Natural, frequent window opening
	LPG
	yes
	Cooking, cleaning

	
	R16
	3rd floor, by the road  side 
	Natural, frequent window opening
	LPG
	No
	 Outdoor carpentry workshop, cooking, cleaning

	
	R17
	1st floor, by the road  side 
	Natural, frequent window opening
	LPG
	No
	On agricultural land, cooking, cleaning

	
	R18
	1st floor, by the road  side 
	Natural, rare window opening
	LPG
	yes
	Near agricultural land, cooking, cleaning,

	
	R19
	2nd floor, on a main road
	Natural, frequent window opening
	LPG
	No
	 Near café, cooking, cleaning, cosmetics

	
	R20
	1st floor, by the road  side 
	Natural, frequent window opening
	LPG
	yes
	In residential area, cooking, cleaning





Identical sampling equipment was placed in each site. Membrane filter papers (Whatman: pore size: 2 µm; diameter: 47mm) were placed in aluminum cassettes before and after sampling. The sampling equipment were placed at a height of 1.0–1.5 m above the ground, away from doors, windows, and probable indoor sources; more than 20 cm far from a wall for 2 hrs in each site to sample aerosol in the breathing zone of a seated person and to avoid possible interferences due to people’s activities. The outdoor equipment was held in a weather-proof cabinet and positioned right outside, usually in the front yard or on a balcony. 
1.3. Sampling methods
PM10 was measured by CEL-712 Micro dust Pro Real-time Dust Monitor HB4048-01. For heavy metals, Particulate matter was collected on membrane filters which digested using aqua regia (Gharaibeh et al., 2008) and then, analysis of Pb, Zn, and Cd were carried out by Accuses 211 flame atomic absorption spectrometry. 
Bacterial concentration was sampled by gravitational and filtration methods (Heikkinen et al., 2005). In Gravitational method, Petri dish containing a Czapek’s agar media was used for bacteria incubation. Petri plates were 90 mm in diameter, exposure time was 2 hr. and were placed at a height of about 1.5 m matching to the level of human breathing zone (El-Batrawy & Hasaballah, 2020). Sampled plates were closed at the end of sampling and transported to the Microbiology Laboratory of the Environmental Sciences Department, Damietta University, Bacteria was incubated at 28-30 ºC for 3-5 days. Bacteria were recognized microscopically to specie level. In the filtration method, filters were weighed and mixed separately with sterilized double distilled water to a final volume of 10 ml. One ml of the diluted sample was spread on to Czapek’s agar media and then incubated at 25°C for 48 h. Bacterial species identified according to their cultural morphology and spores’ description (Domsch et al., 1980 a & b). 
By CFU recorded on each plate with sampling time and flow rate, the microbial concentrations were calculated and expressed as colony forming unit per cubic meter (CFU/m3) of the air (Osman et al., 2017). Bacterial concentrations collected by the gravitational method were determined as CFU/m3 using the equation described by Omeliansky (Hayleeyesus & Manaye, 2014). While for the filtration method, the number of CFU per cubic meter (CFU/m3) was calculated as: number of colonies×1000/sampling time × velocity of air flow (Fanga et al., 2005). 
1.4. Statistical Analysis
The descriptive statistics were used to present the data. Indoor/outdoor ratios were calculated to evaluate concentrations measured in the selected sites. Linear regression was implemented to conclude the relations between indoor and outdoor concentrations. ANOVA test was also examined. For all of the statistical analysis of the data, IBM SPSS Statistics 25.0 software and Excel 2013 has been used.
2. RESULTS AND DISCUSSION
2.1. Particulate Matter (PM10) Concentrations in Medical and Residential Sites
The concentrations of PM10 in indoor and outdoor of the medical and residential sites air are given in (Fig. 2). The PM10 concentrations measured in all the medical sites located in the urban area were ranged from 4273 to 9802 μg/m3 indoors and from 4473 to 9815 μg/m3 outdoors. On the other hand, those located in the suburban area have PM10 concentrations ranged from 3456 to 8847 μg/m3 indoors, and from 3505 to 8883 μg/m3 outdoors (Fig. 2a). The highest concentrations of PM10 through all medical sites were recorded in site M7, an internal medical clinic, which has a high density of patients and situated in urban area in close proximity to a heavy-traffic main road where a lot of vehicles often caused traffic jams.  The high density of patients, human activities and vehicle exhaust affects significantly on the indoor levels of PM10 (El-Sharkawy & Noweir, 2014). 
The obtained results were higher than those reported by Awad et al. (2018) who assessed the concentration of PM at governmental hospital and private hospital located in Giza and Cairo governorates, Egypt. They found that PM concentrations ranged within 6.5- 903 μg/m3 indoors and 53-774 μg/m3 outdoors. Additionally, Chamseddine et al. (2019) collected samples from three Hospitals in Beirut, Lebanon during warm and cold seasons and indicated that the average levels of PM10 in the clinic during the cold season were 60.5 ± 11.5 μg/m3 and during the warm season, 44.6 ± 2.6 μg/m3. Moreover, El-Batrawy & Hasaballah, (2020) documented that the average concentrations of PM10 in a dental clinic in Damietta, Egypt were 38.9, 21.3 and 18.1 μg/m3 in outdoor, treatment room and indoor waiting room. Baudet et al. (2021) determined microorganisms in health care facilities in France, and reported Particulate Matter PM2.5= 9.0 μg/m3. Also, Taushiba et al. (2023) evaluated the indoor and outdoor concentrations of PM2.5 in three different hospitals of Lucknow City, northern India and found the highest obtained indoor and outdoor concentrations for PM1.0– 2.5, PM0.50– 1.0, PM0.25– 0.50, and PM< 0.25 were 40.44, 56.08, 67.20, 74.50, 61.9, 79.3, 82.0, and 93.9 μg/m3, respectively.  
In residential sites, the PM10 concentrations for those in the urban area were ranged from 4792 to 9797 μg/m3 indoors and from 4945 to 9832 μg/m3 outdoors. While those located in the suburban area have PM10 concentrations ranged from 2461 to 7518 μg/m3 indoors and from 2683 to 7592 μg/m3 outdoors (Fig. 2b). The highest concentrations of PM10 through all residential sites were recorded in site R6, in urban area. It is located on the 1st floor near café and carpentry workshop having natural ventilation and frequent window opening therefore it was affected by the outdoor PM10. PM10 from outdoors can penetrate into the indoor environment, especially whenever the doors and windows are open through natural filtration (Al-Sahari, 2023).
Results obtained in this study were higher than those found by El-Batrawy, (2010) who reported that the outdoor PM10 concentrations in buildings of residential areas at Damietta Governorate, Egypt ranged from 975.9 to 512 μg/m3 in summer and from 1184 to 555.6 μg/m3 in winter. The indoor PM10 concentrations ranged from 997.1 to 65302 μg/m3 in summer and from 1198.8 to 705.6 μg/m3 in winter. Moreover, El-Batrawy, (2011) measured PM10 in homes in Damietta governorate, Egypt. She documented that the mean outdoor and indoor PM10 was 953.7 and 855.7 μg/m3, respectively in summer and 896.5 and 814.6 μg/m3, respectively in winter. Massey et al. (2012) characterized the concentration of PM10 for homes in Agra, India. They found that average levels of PM10 outdoor and indoor were 255 μg m-3 and 247 μg m-3 at roadside houses and 195μg m-3 and 181 μg m-3 at urban houses. Kausar et al. (2023) targeted several indoor air pollutants Pakistan and revealed that indoor smoking causes high levels of PM2.5 of 1800 μg/m3
It is obvious from the obtained results that urban and outdoor concentrations of PM10 were slightly higher than suburban and indoor concentrations in both medical and residential sites. Indoor sources of PM include indoor origins and outdoor infiltration. Primary indoor sources of PM are produced from specific activities such as sweeping, cooking, candle or incense burning, dusting, fuel combustion for heating, using laser-printing devices, and smoking tobacco (Breysse et al., 2010). There are many activities in Damietta City and El-Basarta which may be responsible for the elevated concentrations outdoor particles. The activities in Damietta City include the charcoal cams, textile and sweet plants, cafes and restaurants and fishing industry. In El-Basarta there are many activities such as rice mills, carpentry workshops, painting fumes in furniture workshops, usage of pesticides in the agricultural lands, cafes and restaurants as well as burning of wood, crop residues and dung. These activities mainly affect the outdoor air and hence indirectly affect the indoor air through the infiltration into the indoor environments. 
	(a) Medical  sites
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Fig. 2. The concentrations of PM10 in indoor and outdoor of the medical (a) and residential (b) sites. 

2.2. Heavy Metals (Pb, Zn and Cd) Concentrations in Medical and Residential sites
The concentrations of Pb, Zn and Cd in indoor and outdoor of the medical and residential sites air are given in (Fig. 3). The Pb, Zn and Cd concentrations measured in indoor and outdoor air of the medical sites of the urban area were ranged from 0.509 to 0.720; from 1.928 to 4.013 and from 0.017 to 0.061 μg/m3, respectively indoors and from 0.589 to 0.802; from 0.589 to 0.802; from 0.026 to 0.066 μg/m3, respectively outdoors. While in the suburban area were ranged from 0.268 to 0.631; from 1.476 to 3.384 and from 0.029 to 0.063 μg/m3, respectively indoors while those of the outdoor were ranged from 0.307 to 0.640; from 1.925 to 3.423 and from 0.033 to 0.063 μg/m3, respectively (Fig. 3a). The highest concentrations of Pb, Zn and Cd through all medical sites were recorded in site M2, M7 and M9. This may be due to these sites located on the urban area with high density of traffic so the vehicle exhaust can infiltrate to the indoor environment. 
Results of this study is in disagreement with results of Wang et al. (2006) who determined trace metals present in PM10 environments of four hospitals and their adjacent outdoor environments in Guangzhou, China. They reported lower Pb and Zn but higher Cd concentrations than those reported in this study. They found that for the four hospitals, indoor mean concentrations of Pb, Zn and Cd in PM10 were 0.280, 0.389 and 0.817 μg/m3, while those of outdoors were and 1.073 μg/m3, 0.009 and 0.014 μg/m3, respectively. Also, Loupa et al., (2016) reported higher Pb but lower Zn concentrations at General Hospital of Kavala, Greece.  They found that mean concentration of Pb was 3.98 μg/m3 outdoors, 2.68 μg/m3 in triage room and 2.58 μg/m3 in lab room. Mean concentration of Zn was 62.19 ng/m3 outdoors, 43.19 ng/m3 in triage room and 41.95 ng/m3 in lab room.  On the other hand, Taushiba et al. (2023) reported lower Pb and higher Zn concentrations than those of this study. They measured the concentrations of heavy metals in in different hospitals of Lucknow City, northern India. They found that indoor Pb concentration was 0.23 μg/m3 and the outdoor was 1.32 μg/m3 while the indoor Zn concentration was 3.81 μg/m3 and the outdoor was 6.16 μg/m3.
For the residential sites in the urban area, the Pb, Zn and Cd concentrations were ranged from 0.369 to 0.893; from 1.712 to 3.922 and from 0.015 to 0.059 μg/m3, respectively indoors. While from 0.401 to 0.891; from 2.263 to 4.668 and from 0.027 to 0.061 μg/m3, respectively outdoors. On the other hand, the concentrations for residential sites located in the suburban area were ranged from 0.283 to 0.683; from 1.183 to 3.034 and from 0.011 to 0.039 μg/m3, respectively indoors. While from 0.331 to 0.697; 1.717 to 3.058 and from 0.026 to 0.045 μg/m3, respectively outdoors (Fig. 3b). 
The highest Pb, Zn and Cd concentrations were found at sites R9, R3 and R9, respectively. Many of these buildings have old plumping and are fueled by Liquefied Petroleum Gas (LPG) that contributes to elevated lead concentration. Most zinc and cadmium indoors is infiltrated from outdoor air. Anthropogenic sources of lead were gasoline and plumbing pipes, house paint, storage batteries, lead bullets and toys (Jomova et al., 2025). The sources of indoor cadmium are tobacco smoke, household dust, and combustion (Zhao et al., 2020) while indoor sources of Zn are rubber underlays, carpets, and galvanized iron roofing (Reis et al., 2018). 
The obtained results were lower than those determined by Darus et al. (2010) who stated that the ranges of Zn and Pb concentrations in residential buildings in Shah Alam, the capital city of Selangor, Malaysia were 2.06-12.67, and 6.01-11.25 μg/m3, respectively. Contrarily, the obtained results were higher than those reported by Habre et al. (2014) who measured the lead and average concentration in many residences in New York. It was 2.4 ng/m3 in indoor air and 3.1 ng/m3 in outdoor air. They also reported lower zinc concentrations as the indoor average concentrations of zinc were 29.5 ng/m3 while the outdoor average concentrations were 31.7 ng/m3. Additionally, Mutua et al., (2021) found that the lead concentration mean was 0.07 ± 0.06 μg/m3 in residential areas in Nairobi city, Kenya. Also, Arshad et al. (2015) reported highest concentrations of Pb, Cd and Zn were 22.87 pg/m3 and 4.65 pg/m3 and 67.48 ng/m3, respectively.
From the obtained results it is clear that the outdoor concentrations of Pb, Zn and Cd were slightly higher than indoor concentrations in both medical and residential sites. Among the heavy metals concentrations measured in all sites, Zn concentration was the highest, followed by Pb and Cd. 
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Fig. 3. The Concentrations of Pb, Zn and Cd in Medical (a) and Residential sites (b).

2.3. Bacterial species in the Indoor and outdoor Air of the Medical and Residential Sites
Five bacterial species were isolated from the indoor and outdoor air of the medical and residential sites; Bacillus species, Lactobacillus Sp., Pseudomonas putida, Staphylococcus aureus and Staphylococcus xylosus (Tables 2 and 3). The frequency ratios for the isolated bacterial species were represented in (Fig. 4), while its concentrations in medical and residential sites were represented in (Fig. 5).
For the medical sites, the most abundant bacterial species collected by gravitational method was Staphylococcus xylosus with a frequency ratio of (25%), followed by Staphylococcus aureus (24%), Lactobacillus Sp. (18%), Pseudomonas putida (17%) and Bacillus Sp. (16%) with a total bacterial count of 12912 CFU/m3. Bacterial concentrations in medical sites of the urban area were ranged from 636 to 1195 indoors and from 657 to 1201 CFU/m3 outdoors. On the other hand, those for the suburban area were ranged from 556 to 1059 indoors and from 568 to 1063 CFU/m3 outdoors. While in the filtration method, the most abundant bacterial species was Staphylococcus aureus with a frequency ratio of (22%) followed by Bacillus Sp. and Staphylococcus xylosus, (21 % for each), Lactobacillus Sp. (20%) and Pseudomonas putida (16%) with a total bacterial count of 24830 CFU/m3. Bacterial concentrations in the medical sites of the urban area were ranged from 1242 to 2042 CFU/m3 indoors and from 1251 to 1801 CFU/m3 outdoors. On the other hand, those for the suburban area were ranged from 1402 to 1793 CFU/m3 indoors and from 1447 to 1801 CFU/m3 outdoor. The bacterial count for all medical sites is represented in (Fig. 5a).
The elevated concentrations of bacteria in medical sites may be attributed to the chemicals used in these sites. Furthermore, bioaerosols such as Bacteria may infiltrate from the outdoors in addition to many indoor sources of bioaerosols including usage of various chemicals (Rai et al., 2021). The highest bacterial concentration collected by both methods was found in site M3 as it is a medical lab, with high density of patients, located on 1st floor, on a main road and near agricultural land. This site is ventilated by AC which wasn’t clean gradually. Therefore, ACs may be a main source of air contamination by bacteria (Al-Bader et al., 2020). 
The obtained results were lower than those reported by Osman et al. (2017) who investigated that the environmental bacteria concentration at hospitals in Egypt and it was in the range of 0.0–2638 CFU/m3 indoors and 155–32436 CFU/m3 outdoors. They also reported that Bacillus atrophaeus was commonly isolated in all locations. Baudet et al. (2021) determined microorganisms in health care facilities in France, and reported Staphylococcus, Micrococcus and Bacillus genera= 14 cfu/m3.  Hasan and Zeeshan (2022) compare the concentration, of microbial organisms in two public hospital buildings in Pakistan and found Bacillus spp. (11%), Staphylococcus spp. (53%) and Micrococcus spp. (30%). Moreover, Taushiba et al. (2023) assessed and identified indoor and outdoor air quality microbial pollutants in three different hospitals in India particularly in Lucknow city and found bacterial concentration was highest in hospital B with 1389.21 CFU/m3. 
For residential sites, the most abundant bacterial species collected by gravitational method was Staphylococcus xylosus with a frequency ratio of (23%) followed by Staphylococcus aureus (22%), Lactobacillus Sp. (21%), Bacillus Sp. (18%) and Pseudomonas putida (16%) with a total bacterial count of 18512 CFU/m3. Bacterial concentration in residential sites for the urban area were ranged from 757 to 1067 CFU/m3 indoors and from 784 to 1302 outdoors. On the other hand, those for the suburban area were from 747 to 1067 CFU/m3 indoors and from 764 to 1075 CFU/m3 outdoors. While in the filtration method, the most abundant bacterial species were Staphylococcus xylosus, Staphylococcus aureus and Lactobacillus with a frequency ratio of (22% for each) followed by Bacillus Sp. (18%) and Pseudomonas putida (17%) with a total bacterial count 30548 CFU/m3. Bacterial concentrations for the residential sites of the urban area were ranged from 1115 to 2134 indoors and from 1194 to2140 outdoors. Those for the suburban area were ranged from 1002 to 1956 indoors and from 1058 to 1968 CFU/m3 outdoors. The bacterial count for all residential sites is represented in (Fig. 5b).
[bookmark: _Hlk128322973]Site R8 was found to have the highest bacterial concentration as it is located by the road side, have natural ventilation, with frequent window opening, and have many activities as cooking and usage of cosmetics. The number of occupants in residential sites was found to influence indoor microbial levels, as settled spores were resuspended by human actions (Nazaroff, 2016). The measured outdoor bacterial concentration collected by both gravitational and filtration methods was higher than the bacterial threshold limit of 500 CFU /m3 (WHO, 2009).
[bookmark: _Hlk135405794]Results obtained in this study were higher than those reported by Moon et al. (2014) in apartment buildings in South Korea who stated that Staphylococcus was the dominant species and occupied from 49.0 to 61.3 % of indoor air. They also found that among Staphylococcus, and S. aureus were detected in indoor air ranging from 4 to 140 CFU/m3, and 2 to 80 CFU/m3, respectively. Moreover, Nasir and Colbeck (2012) studied the concentration and distribution of bacterial and fungal aerosol in 15 houses in Pakistan and they reported higher results than those reported in this study. They found that the mean geometric concentration of bacterial aerosol was ranged from 1,557 to 5,036 CFU/m3. Additionally, Kumar et al. (2022) measured higher bacterial concentrations in residential residences in India as they reported that the bacterial concentrations ranging between (300–4150 CFU/m3) in different microenvironments during the winter season and ranging between (350–5070 CFU/m3)in spring. 
	Table 2. Isolated Bacterial species in indoor and outdoor air of the medical sites in Damietta (gravitational and filtration method)


		Bacterial species

	
	
	
	Gravitational method
	Filtration method

	
	[bookmark: _Hlk128165705]Site
	Room
	Bacillus sp.
	Lactobacillus
Sp.
	Pseudomonas putida
	Staphylococcus aureus
	Staphylococcus xylosus
	Bacillus sp.
	Lactobacillus Sp.
	Pseudomonas putida
	Staphylococcus aureus
	Staphylococcus xylosus

	Urban area (Damietta City)
	M1
	T
	X
	X
	
	X
	
	
	
	X
	X
	X

	
	
	R
	X
	
	X
	
	X
	X
	X
	
	X
	

	
	
	O
	
	X
	
	X
	X
	
	
	X
	
	X

	
	M2
	T
	
	
	X
	X
	
	X
	X
	
	
	X

	
	
	R
	X
	
	X
	
	
	
	
	X
	X
	

	
	
	O
	X
	X
	
	
	X
	X
	X
	
	X
	

	
	M3
	T
	X
	
	X
	
	X
	X
	X
	
	
	X

	
	
	R
	
	
	X
	X
	
	
	
	X
	
	

	
	
	O
	
	X
	
	X
	X
	X
	
	
	X
	

	
	M4
	T
	X
	X
	
	
	X
	X
	X
	X
	
	X

	
	
	R
	
	
	X
	X
	
	
	
	X
	
	

	
	
	O
	X
	X
	
	
	
	X
	X
	
	
	X

	
	M5
	T
	
	
	
	X
	X
	X
	
	
	X
	

	
	
	R
	
	
	X
	X
	X
	
	
	X
	
	X

	
	
	O
	X
	X
	
	
	
	X
	X
	
	X
	

	
	M6
	T
	X
	
	
	X
	X
	
	
	X
	
	

	
	
	R
	
	X
	X
	
	X
	X
	
	X
	
	X

	
	
	O
	
	
	
	
	
	X
	X
	
	X
	

	
	M7
	T
	X
	
	X
	
	
	
	X
	
	X
	

	
	
	R
	
	
	X
	X
	
	
	
	X
	
	X

	
	
	O 
	X
	X
	
	X
	X
	X
	X
	
	
	X

	Suburban area (El-Basarta)
	M8
	T
	X
	
	X
	
	
	
	
	X
	
	X 

	
	
	R
	
	X
	
	X
	
	X
	
	X
	
	X

	
	
	O
	X
	
	X
	
	X
	
	X
	X
	X
	X

	
	M9
	T
	
	X
	X
	X
	
	
	X
	
	
	

	
	
	R
	X
	X
	
	
	X
	
	X
	
	X
	X

	
	
	O
	X
	
	X
	
	
	X
	
	
	
	X

	
	M10
	T
	
	X
	X
	X
	
	
	X
	
	X
	

	
	
	R
	X
	
	
	X
	
	X
	
	X
	X
	X

	
	
	O
	
	X
	X
	
	
	
	
	
	
	X

	
	M11
	T
	X
	X
	
	
	X
	
	X
	
	X
	X

	
	
	R
	
	
	X
	X
	
	
	X
	
	X
	

	
	
	O
	X
	X
	
	X
	
	X
	
	
	X
	X

	
	M12
	T
	
	
	X
	
	X
	
	
	X
	
	X

	
	
	R
	X
	X
	X
	
	X
	
	X
	X
	
	X

	
	
	O
	X
	
	
	X
	
	X
	
	X
	X
	

	
	M13
	T
	
	XX
	X
	
	X
	
	X
	
	X
	X

	
	
	R
	X
	
	X
	
	X
	X
	
	X
	
	X

	
	
	O
	
	X
	
	X
	
	
	X
	
	X
	

	
	M14
	T
	
	
	X
	
	X
	
	
	X
	
	X

	
	
	R
	X
	
	X
	X
	
	
	X
	X
	X
	

	
	
	O
	
	X
	
	
	X
	X
	X
	
	
	X

	
	M15
	T
	X
	
	X
	X
	
	
	
	X
	X
	X

	
	
	R
	
	
	X
	
	
	X
	
	
	X
	

	
	
	O
	X
	X
	
	X
	X
	
	X
	
	X
	X

	
	
	
	Total Bacterial Count = % CFU/m3
	Total Bacterial Count = 24830 CFU/m3






	
Table 3. Isolated Bacterial species in indoor and outdoor air of the residential sites in Damietta (gravitational and filtration method)

		Bacterial species

	
	Site
	Room
	Gravitational method
	Filtration method

	
	
	
	Bacillus sp.
	Lactobacillus Sp.
	Pseudomonas putida
	Staphylococcus aureus
	Staphylococcus xylosus
	Bacillus sp.
	Lactobacillus
Sp.
	Pseudomonas putida
	Staphylococcus aureus
	Staphylococcus xylosus

	Urban area (Damietta City)
	R1
	L
	X
	
	X
	
	X
	
	X
	
	X
	X

	
	
	B
	X
	X
	
	X
	X
	
	
	X
	X
	

	
	
	K
	
	X
	
	X
	
	X
	X
	X
	
	X

	
	
	O
	X
	
	X
	
	X
	
	X
	
	
	X

	
	R2
	L
	X
	X
	X
	X
	
	X
	
	X
	
	X

	
	
	B
	
	
	X
	
	X
	X
	X
	
	X
	

	
	
	K
	X
	X
	
	X
	
	
	
	X
	
	X

	
	
	O
	X
	
	X
	
	X
	X
	X
	
	X
	

	
	R3
	L
	
	
	X
	X
	
	
	
	X
	X
	

	
	
	B
	X
	
	
	
	X
	X
	
	X
	
	X

	
	
	K
	
	X
	X
	X
	
	
	X
	
	X
	X

	
	
	O
	X
	
	X
	
	X
	X
	
	X
	
	

	
	R4
	L
	X
	X
	
	X
	
	X
	X
	X
	
	X

	
	
	B
	
	
	X
	
	
	
	X
	X
	
	

	
	
	K
	X
	X
	
	X
	X
	X
	X
	
	X
	X

	
	
	O
	X
	
	X
	
	
	X
	
	X
	X
	

	
	R5
	L
	
	X
	
	X
	X
	X
	
	
	
	X

	
	
	B
	X
	
	X
	
	X
	
	
	X
	
	X

	
	
	K
	
	X
	
	X
	
	
	X
	X
	X
	

	
	
	O
	X
	X
	
	X
	
	X
	X
	
	X
	X

	
	R6
	L
	
	
	X
	X
	
	X
	
	X
	
	

	
	
	B
	X
	X
	
	
	X
	
	X
	
	X
	X

	
	
	K
	
	
	X
	
	X
	
	
	X
	
	X

	
	
	O
	X
	
	
	X
	X
	X
	X
	
	
	X

	
	R7
	L
	
	X
	X
	
	
	
	
	X
	X
	

	
	
	B
	X
	
	X
	
	
	X
	
	X
	
	X

	
	
	K
	
	X
	
	X
	
	X
	X
	
	X
	

	
	
	O
	X
	
	X
	
	X
	
	
	X
	
	X

	
	R8
	L
	X
	X
	
	X
	
	X
	X
	
	X
	

	
	
	B
	
	
	X
	
	
	X
	
	X
	X
	

	
	
	K
	
	X
	
	X
	
	
	X
	
	X
	

	
	
	O
	X
	
	X
	
	
	X
	
	
	
	X

	
	R9
	L
	
	X
	X
	
	X
	X
	X
	X
	
	X

	
	
	B
	X
	
	
	X
	
	
	
	
	X
	X

	
	
	K
	X
	X
	
	X
	
	X
	X
	X
	
	

	
	
	O
	X
	
	X
	
	X
	
	X
	X
	
	X

	Suburban area (El-Basarta)
	R10
	L
	
	X
	
	X
	
	X
	
	
	X
	

	
	
	B
	X
	
	X
	
	X
	
	
	X
	X
	X

	
	
	K
	
	X
	
	X
	X
	X
	X
	
	
	X

	
	
	O
	X
	
	X
	
	
	X
	
	X
	X
	

	
	R11
	L
	
	X
	
	X
	
	X
	
	
	
	X

	
	
	B
	
	
	X
	
	
	
	X
	X
	
	

	
	
	K
	
	
	
	X
	X
	
	
	
	X
	X

	
	
	O
	X
	X
	X
	
	X
	X
	X
	
	X
	X

	
	R12
	L
	X
	X
	
	X
	
	X
	X
	X
	X
	

	
	
	B
	
	
	X
	X
	X
	
	
	
	X
	X

	
	
	K
	X
	X
	
	
	
	X
	X
	
	
	

	
	
	O
	
	
	
	X
	
	X
	
	
	
	X

	
	R13
	L
	X
	
	X
	
	
	
	
	X
	X
	

	
	
	B
	
	X
	
	
	X
	
	
	X
	
	X

	
	
	K
	X
	X
	
	X
	
	X
	
	X
	X
	

	
	
	O
	
	
	X
	
	X
	X
	
	X
	
	X

	
	R14
	L
	
	X
	
	X
	
	
	
	
	X
	X

	
	
	B
	X
	
	X
	X
	
	
	X
	X
	
	

	
	
	K
	X
	X
	X
	
	
	X
	
	X
	
	X

	
	
	O
	
	
	
	X
	X
	
	X
	
	X
	

	
	R15
	L
	X
	
	X
	
	
	
	
	X
	
	X

	
	
	B
	
	X
	
	
	X
	X
	
	
	X
	

	
	
	K
	
	
	
	X
	X
	X
	X
	
	X
	X

	
	
	O
	X
	X
	X
	
	
	
	X
	
	X
	

	
	R16
	L
	
	
	
	X
	
	
	
	X
	
	X

	
	
	B
	X
	
	X
	
	X
	X
	X
	X
	X
	

	
	
	K
	X
	
	
	X
	
	X
	
	X
	X
	

	
	
	O
	
	X
	
	X
	
	
	X
	
	
	X

	
	R17
	L
	
	
	X
	
	X
	
	
	X
	
	X

	
	
	B
	X
	
	X
	
	X
	X
	X
	
	
	X

	
	
	K
	
	X
	
	X
	
	
	
	X
	X
	

	
	
	O
	
	
	X
	
	X
	
	X
	
	
	X

	
	R18
	L
	X
	X
	
	X
	
	X
	
	
	X
	

	
	
	B
	X
	
	X
	
	X
	X
	
	X
	X
	X

	
	
	K
	
	X
	X
	X
	
	X
	X
	X
	
	

	
	
	O
	X
	
	X
	X
	X
	
	X
	X
	X
	X

	
	R19
	L
	
	X
	
	X
	
	X
	
	
	X
	

	
	
	B
	X
	
	X
	
	
	
	
	X
	
	X

	
	
	K
	X
	X
	
	X
	X
	X
	X
	X
	X
	

	
	
	O
	X
	
	X
	
	X
	
	X
	X
	
	X

	
	R20
	L
	
	X
	
	X
	
	
	
	
	X
	

	
	
	B
	X
	X
	X
	
	X
	X
	X
	X
	
	X

	
	
	K
	
	
	X
	X
	
	
	X
	X
	X
	

	
	
	O
	
	X
	
	X
	X
	
	X
	
	X
	X

	
	
	
	Total Bacterial Count = 18512 CFU/m3
	Total Bacterial Count = 30548 CFU/m3




	(a)
	(b)

	
	

	
	


Fig. 4. Frequency Ratio (%) of Bacterial Species (Gravitational and Filtration Method) in Medical (a) and Residential (b) Sites.
(a)	(b)
	
	


Fig. 5. The Concentrations of Bacteria in Medical (a) and Residential sites (b).
2.4. Indoor/Outdoor (I/O) Ratio
One measure of indoor source strength is the indoor/outdoor ratio (I/O) (Kulshreshtha and Khare, 2011). The indoor/outdoor ratio (I/O) of PM10, Pb, Zn, Cd and Bacteria in Medical and Residential Sites are given in (Fig. 6). The I/O ratios for PM10, Pb, Zn, Cd, and Bacteria in medical sites of the urban area were ranged from 0.916 (M1) to 0.996 (M7); from 0.896 (M2) to 0.979 (M4); from 0.917 (M5) to 0.994(M4); from 0.643(M1) to 0.952(M2) and from 0.980 (M4) to 0.990 (M7), respectively. While those for suburban sites were ranged from 0.96 (M12) to 1.012 (M8); from 0.817 (M12) to 0.983 (M14); from 0.748 (M9) to 1.044 (M14); from 0.792 (M14) to 0.908(M15) and from 0.991(M9) to 0.998(M11), respectively (Fig. 6a). 
The current study’s I/O ratio is relatively similar to that from a study by Loupa et al. (2016) who monitored I/O ratio in General Hospital of Kavala, Greece and reported I/O ratios were below unity indicating an outdoor source of Pb and Zn). Chamseddine et al. (2019) assessed the air quality across three hospitals in Beirut and found Indoor to outdoor (I/O) ratios of PM10 were mostly < 1. Also, Osman et al. (2018) have evaluated airborne environmental bacteria at hospitals in Egypt and that I/O ratios were ≤ 1 at most sampling sites. In contrary, Awad et al. (2018) found that I/O exceeded for bacteria 1 in hospitals in Egypt, concluded that outdoor air was the main source of microbial contamination in the almost buildings. Chamseddine et al. (2019) collected samples from three Hospitals in Beirut, Lebanon during warm and cold seasons and indicated that Indoor to outdoor (I/O) ratios of PM2.5 and PM10 were mostly < 1. 
For residential sites of the urban area, the concentrations ranged from 0.933 (R9) to 0.99 (R6); from 0.952(R1) to 1.024 (R7); from 0.79 (3) to 0.928 (R9); from 0.704 (R5) to 0.913 (R9) and from 0.971 (R9) to 0.992(R2), respectively. While the concentrations for suburban sites ranged from 0.927 (R15) to 0.985 (R12); from 0.9 (R20) to 0.961 (R15); from 0.809 (R18) to 0.933(R20); from 0.583 (R19) to 1.075(R10) and from 0.97(R18) to 0.99 (R14), respectively (Fig. 6b).
The I/O ratios obtained in this study agreed with Matson, (2005) who determined the I/O ratio for an apartment in Sweden and found the I/O ratios for air particles were in the range of 0.5–0.8. Also, Srithawirat et al., (2016) calculated the I/O ratio for Indoor PM10 and its heavy metal composition at 10 roadside residential buildings in Phitsanulok, Thailand were less than unity. On the other hand, the obtained I/O ratios in this study were lower than those found by Monn et al. (1997) who determined that the mean I/O ratio for PM10 in 17 houses in Zurich, Switzerland and found that in houses with smokers, the mean I/O ratio of PM10 was in the range of 1.84–2.07. Jones et al. (2000) investigated that the I/O ratio of PM10 of houses in urban areas in the UK was from1.0 to 3.9 on average. Colbeck et al. (2010) who reported that the average I/O ratio of urban area houses in Pakistan was 1.71 due to high indoor activity. 
Since I/O ratio is below 1.0 in most sites, this indicates the effect of outdoor sources on the indoor air. The PM originated from vehicle induced emissions from the nearby congested roads, which directly enter the indoor environment of homes increasing their concentration levels. It can be clearly concluded that there is no significant source in these indoor environments. I/O ratios of PM10, Pb, Zn, Cd and Bacteria  exceed 1 for PM10 in site M8, Zn in site M14, Pb in site R7 and Cd in site R1, indicating that these sites have strong indoor activities. 
	








(a)
	








(b)

	
	


Fig. 6. The Relationship between Outdoor and Indoor PM10, Pb, Zn, Cd and Bacteria in Medical (a) and Residential Sites (b).
2.5. Relationship Between the Indoor and Outdoor Measured Parameters
The correlations between indoor and outdoor act as an indication of the impact of outdoor pollutants on indoor air quality (IAQ). Pollutant of only outdoor origin is expected to have higher correlation while pollutants from indoor sources tend to have lower or no correlation. The correlation between indoor and outdoor PM10, Pb, Zn, Cd and Bacteria in both medical and residential sites were investigated (Fig. 7). The correlation parameters which are slope, intercept and coefficient of determination (R2) are shown in (Table 4).
Results showed a very strong correlation between indoor and outdoor PM10, Pb, Zn, Cd and Bacteria in both medical and residential sites which indicated that outdoor levels strongly influenced indoor ones. As these medical and residential sites were surrounded by many sources of pollution as carpentry workshops, restaurants, roads etc., the inflow from ambient outdoor air might be the mean cause of these indoor concentrations of such pollutants. The effect of the outdoor sources of pollution in the indoor air is very significant. 
The correlations between outdoor and indoor concentrations in medical sites were slightly lower than those in residential sites. This indicates that high contribution of outdoor pollutants to indoor pollution in residential sites than in medical sites. This may be attributed to the usage of air conditioning for ventilation in most medical sites while most studied residential sites were naturally ventilated through open windows and doors. Abt et al. (2000) reported that indoor activities, such as dusting, washing, vacuuming and carpet cleaning, added from 50% to 80% of the indoor particles’ levels. Also, El-Batrawy (2010) showed a relatively strong correlation between indoor and outdoor concentrations at both summer and winter. Chamseddine et al. (2019) collected samples from three Hospitals in Beirut, Lebanon during warm and cold seasons and indicated that The entry of particles from the outdoor to indoor environment was evident with high correlations between indoor and outdoor PM2.5( R between 0.83 and 0.92) and PM10 (R between 0.74 and0.86) levels, particularly during the warm season

Table 4. Correlations of Indoor and Outdoor Pollutants Concentrations.

	Indoor Vs Outdoor
	Medical sites
	Residential sites

	
	Intercept
	Slope
	R2
	Intercept
	Slope
	R2

	PM10
	- 98.088
	0.9934
	0.9952
	- 60.967
	0.9808
	0.9968

	Pb
	-0.0062
	0.9511
	0.958
	- 0.0221
	0.9906
	0.9896

	Zn
	0.0601
	0.9187
	0.9289
	0.0836
	0.8471
	0.9503

	Cd
	- 0.0039
	0.9251
	0.9059
	- 0.0067
	0.9943
	0.9362

	Bacteria
	21.434
	0.9934
	0.9993
	- 23.575
	0.9997
	0.9987





	(a)
	(b)

	
	

	
	

	
	

	
	

	
	


Fig. 7. Relationships between indoor and outdoor concentrations of PM10, Pb, Zn, Cd and Bacteria in Medical and Residential Sites.
3. CONCLUSION
This study was conducted to assess indoor and outdoor levels of PM10, heavy metals (Pb, Zn and Cd) and Bacterial concentrations in the indoor (I), and outdoor (O) air of medical and residential buildings located in Damietta Governorate, Egypt. The results indicated that indoor air is contaminated by high concentrations of these pollutants. The outdoor PM10, Pb, Zn, Cd and Bacterial concentrations were higher than indoor ones. The highest concentrations of PM10, Pb, Zn, Cd and Bacteria for medical sites were in sites M7, M2, M7, M9, and M3, respectively. In contrast, residential sites R6, R9, R3, R9, and R8 had the highest concentrations. Therefore, it is necessary to improve the indoor air quality. It is recommended to open doors and windows to provide natural ventilation. Also, it must be cleaning indoor space using more natural cleaning materials to improve indoor air quality.
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PM10
indoor	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	6603	9037	6645.5	5712.5	8701	4423	9777.5	3818.5	8794.5	7741.5	8388	4761.5	3477	4586	4898.5	Outdoor	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	7205	9112	6884	5795	8847	4573	9815	3772	8883	7889	8490	4953	3562	4611	5101	
Concentration (µg/m3)



PM10
indoor	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	6768.666666666667	8731	5253	7859.333333333333	4839	9737.3333333333339	4977	5249.333333333333	7858.333333333333	5749	4716	6810.666666666667	3518	6771	2488.3333333333335	4647.333333333333	7340.333333333333	5712.333333333333	7449.333333333333	3654.6666666666665	Outdoor	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	6993	8941	5398	8218	4945	9832	5193	5327	8424	5932	4843	6912	3631	6879	2683	4772	7483	5902	7592	3821	
Concentration (µg/m3)



Pb
Indoor	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	0.626	0.52750000000000008	0.71849999999999992	0.58650000000000002	0.65050000000000008	0.58699999999999997	0.63500000000000001	0.54849999999999999	0.4385	0.57150000000000001	0.45950000000000002	0.32600000000000001	0.53550000000000009	0.629	0.26850000000000002	Outdoor	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	0.69899999999999995	0.58899999999999997	0.80200000000000005	0.59899999999999998	0.68400000000000005	0.60499999999999998	0.66200000000000003	0.56100000000000005	0.45300000000000001	0.60299999999999998	0.46899999999999997	0.39900000000000002	0.55100000000000005	0.64	0.307	
Concentration (µg/m3)


Pb
indoor	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	0.45066666666666672	0.38366666666666666	0.42199999999999999	0.64	0.52233333333333343	0.56333333333333335	0.64400000000000002	0.71766666666666667	0.874	0.53033333333333343	0.3203333333333333	0.51600000000000001	0.45433333333333331	0.34266666666666667	0.43233333333333329	0.65633333333333332	0.59766666666666668	0.51900000000000002	0.30399999999999999	0.48766666666666669	outdoor	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	0.47299999999999998	0.40100000000000002	0.438	0.65600000000000003	0.54700000000000004	0.59199999999999997	0.629	0.751	0.90200000000000002	0.56299999999999994	0.35099999999999998	0.54200000000000004	0.47399999999999998	0.379	0.45	0.69699999999999995	0.64800000000000002	0.55600000000000005	0.33100000000000002	0.54200000000000004	
Concentration (µg/m3)


Zn
IN	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	2.2125000000000004	2.2655000000000003	3.714	2.306	2.0605000000000002	2.8935	3.9344999999999999	2.3485	2.1375000000000002	3.3010000000000002	2.2025000000000001	2.1355000000000004	3.0960000000000001	2.0099999999999998	1.5745	out	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	2.2330000000000001	2.2810000000000001	3.948	2.3210000000000002	2.2469999999999999	3.048	4.1929999999999996	2.3860000000000001	2.8570000000000002	3.423	2.2959999999999998	2.2639999999999998	3.2450000000000001	1.925	1.9259999999999999	
Concentration (µg/m3)


Zn
in	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	2.3210000000000002	2.2776666666666667	3.6880000000000002	2.5489999999999999	1.9513333333333331	2.9103333333333334	2.0363333333333333	3.0296666666666661	3.5723333333333334	2.3346666666666667	1.9073333333333331	1.7743333333333335	2.0263333333333331	2.6553333333333335	1.3956666666666668	2.491333333333333	2.5269999999999997	1.579	2.3913333333333333	2.8096666666666668	HO	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	2.7330000000000001	2.7349999999999999	4.6680000000000001	2.7690000000000001	2.294	3.2130000000000001	2.2629999999999999	3.375	3.851	2.536	2.1739999999999999	2.0609999999999999	2.1930000000000001	3.0579999999999998	1.7170000000000001	2.8260000000000001	2.8029999999999999	1.9510000000000001	2.726	3.0110000000000001	
Concentration (µg/m3)


Cd
Indoor	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	3.15E-2	0.04	5.2499999999999998E-2	5.1500000000000004E-2	3.7000000000000005E-2	1.9000000000000003E-2	2.5000000000000001E-2	3.0499999999999999E-2	6.0499999999999998E-2	3.15E-2	5.0500000000000003E-2	5.6999999999999995E-2	5.3000000000000005E-2	4.1999999999999996E-2	5.45E-2	Outdoor	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	4.9000000000000002E-2	4.2000000000000003E-2	5.6000000000000001E-2	6.6000000000000003E-2	4.1000000000000002E-2	2.5999999999999999E-2	3.1E-2	3.7999999999999999E-2	6.7000000000000004E-2	3.7999999999999999E-2	5.7000000000000002E-2	6.4000000000000001E-2	6.2E-2	5.2999999999999999E-2	0.06	Site

Concentration (µg/m3)


Cd
in	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	2.4999999999999998E-2	2.2999999999999996E-2	2.8000000000000001E-2	2.8333333333333335E-2	1.9E-2	5.2999999999999999E-2	4.6666666666666669E-2	2.6333333333333334E-2	5.5666666666666663E-2	3.3333333333333333E-2	3.5666666666666673E-2	2.0333333333333332E-2	1.9666666666666669E-2	3.1E-2	2.6666666666666668E-2	3.0333333333333334E-2	2.2333333333333334E-2	3.4000000000000002E-2	1.6333333333333335E-2	3.5000000000000003E-2	HO	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	3.1E-2	2.9000000000000001E-2	3.4000000000000002E-2	3.6999999999999998E-2	2.7E-2	0.06	5.2999999999999999E-2	3.4000000000000002E-2	6.0999999999999999E-2	3.1E-2	4.3999999999999997E-2	2.7E-2	2.5999999999999999E-2	3.9E-2	3.5999999999999997E-2	3.7999999999999999E-2	2.9000000000000001E-2	3.9E-2	2.8000000000000001E-2	4.4999999999999998E-2	Site

Concentration (µg/m3)


Bacterial species collected by gravitational method

Sp.	Bacillus sp.	Lactobacillus	Pseudomonas putida	Staphylococcus aureus	Staphylococcus xylosus	0.16116790582404	0.18277571251548899	0.16899008674101601	0.238073110285006	0.248993184634449	

Bacterial species collected by gravitational method

Sp.	Bacillus sp.	Lactobacillus	Pseudomonas putida	Staphylococcus aureus	Staphylococcus xylosus	0.181886935148421	0.21359695324528	0.15919833616940801	0.21673014072333399	0.22861464495043601	

Bacterial species collected by filtration method

Sp.	Bacillus sp.	Lactobacillus	Pseudomonas putida	Staphylococcus aureus	Staphylococcus xylosus	0.207948116461984	0.200013798813302	0.16151510970056601	0.222367876362633	0.20815509866151499	

Bacterial species collected by filtration method

Sp.	Bacillus sp.	Lactobacillus	Pseudomonas putida	Staphylococcus aureus	Staphylococcus xylosus	0.17838081835320399	0.21688218581556501	0.16935291149996001	0.21730702849101199	0.21810360850747501	

Bacteria
indoor	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	1269.25	1242.25	1614.25	1106.75	1264.75	1377.5	1146.5	1078.5	1284.75	1275.5	1187	1324.75	1207.5	1125	1301	outdoor	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	1285.5	1259.5	1626	1125.5	1275.5	1386	1156	1089.5	1294.5	1287.5	1208	1338	1220.5	1136.5	1314	Site

Concentration (µg/m3)



Bacteria
Indoor	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	1512.1666666666665	1341.8333333333335	1255	1175.1666666666667	1381.8333333333335	1353.1666666666667	1206.8333333333335	1696.3333333333333	1041	1107.6666666666667	893.5	1142	1164.3333333333335	1207.3333333333333	1215.1666666666667	1067.5	962.16666666666663	891.33333333333326	1346	1438.6666666666667	Outdoor	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	1530	1392	1301	1225	1431	1404	1296	1724	1102	1139	912	1180	1199	1285	1294	1106	1005	907	1384	1483	Site

Concentration (µg/m3)



I/O Ratio in Medical Sites
PM10	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	0.91600000000000004	0.99199999999999999	0.96499999999999997	0.98599999999999999	0.98299999999999998	0.96699999999999997	0.996	1.012	0.99	0.98099999999999998	0.98799999999999999	0.96099999999999997	0.97599999999999998	0.995	0.96	Pb	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	0.89600000000000002	0.89600000000000002	0.89600000000000002	0.97899999999999998	0.95099999999999996	0.97	0.95899999999999996	0.97799999999999998	0.96799999999999997	0.94799999999999995	0.98	0.81699999999999995	0.97199999999999998	0.98299999999999998	0.875	Zn	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	0.99099999999999999	0.99299999999999999	0.94099999999999995	0.99399999999999999	0.91700000000000004	0.94899999999999995	0.93799999999999994	0.98399999999999999	0.748	0.96399999999999997	0.95899999999999996	0.94299999999999995	0.95399999999999996	1.044	0.81699999999999995	Cd	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	0.64300000000000002	0.95199999999999996	0.93799999999999994	0.78	0.90200000000000002	0.73099999999999998	0.80600000000000005	0.80300000000000005	0.90300000000000002	0.82899999999999996	0.88600000000000001	0.89100000000000001	0.85499999999999998	0.79200000000000004	0.90800000000000003	Bacteria	M1	M2	M3	M4	M5	M6	M7	M8	M9	M10	M11	M12	M13	M14	M15	0.99	0.99	0.99	0.98	0.99	0.99	0.99	0.99	0.99	0.99	0.99	0.99	0.99	0.99	0.99	



I/O Ratio in Residential Sites
PM10	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	0.96799999999999997	0.97699999999999998	0.97299999999999998	0.95599999999999996	0.97899999999999998	0.99	0.95799999999999996	0.98499999999999999	0.93300000000000005	0.96899999999999997	0.97399999999999998	0.98499999999999999	0.96899999999999997	0.98399999999999999	0.92700000000000005	0.97399999999999998	0.98099999999999998	0.96799999999999997	0.98099999999999998	0.95599999999999996	Pb	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	0.95299999999999996	0.95699999999999996	0.96299999999999997	0.97599999999999998	0.95499999999999996	0.95199999999999996	1.024	0.95599999999999996	0.96899999999999997	0.94199999999999995	0.91300000000000003	0.95199999999999996	0.95899999999999996	0.90400000000000003	0.96099999999999997	0.94199999999999995	0.92200000000000004	0.93300000000000005	0.91800000000000004	0.9	Zn	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	0.84899999999999998	0.83299999999999996	0.79	0.92100000000000004	0.85099999999999998	0.90600000000000003	0.9	0.89800000000000002	0.92800000000000005	0.92100000000000004	0.877	0.86099999999999999	0.92400000000000004	0.86799999999999999	0.81299999999999994	0.88200000000000001	0.90200000000000002	0.80900000000000005	0.877	0.93300000000000005	Cd	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	0.80600000000000005	0.79300000000000004	0.82399999999999995	0.76600000000000001	0.70399999999999996	0.88300000000000001	0.88100000000000001	0.77500000000000002	0.91300000000000003	1.075	0.81100000000000005	0.753	0.75600000000000001	0.79500000000000004	0.74099999999999999	0.79800000000000004	0.77	0.872	0.58299999999999996	0.77800000000000002	Bacteria	R1	R2	R3	R4	R5	R6	R7	R8	R9	R10	R11	R12	R13	R14	R15	R16	R17	R18	R19	R20	0.99	0.99	0.99	0.98	0.99	0.98	0.98	0.99	0.97	0.99	0.98	0.99	0.98	0.99	0.99	0.99	0.98	0.97	0.98	0.98	



PM10

7205	9112	6884	5795	8847	4573	9815	3772	8883	7889	8490	4953	3562	4611	5101	6603	9037	6645.5	5712.5	8701	4423	9777.5	3818.5	8794.5	7741.5	8388	4761.5	3477	4586	4898.5	Outdoor

Indoor


PM10
in	
6993	8941	5398	8218	4945	9832	5193	5327	8424	5932	4843	6912	3631	6879	2683	4772	7483	5902	7592	3821	6768.6666666666697	8731	5253	7859.3333333333303	4839	9737.3333333333303	4977	5249.3333333333303	7858.3333333333303	5749	4716	6810.6666666666697	3518	6771	2488.3333333333298	4647.3333333333303	7340.3333333333303	5712.3333333333303	7449.3333333333303	3654.6666666666702	Outdoor

Indoor


Pb
Indoor	
0.69899999999999995	0.58899999999999997	0.80200000000000005	0.59899999999999998	0.68400000000000005	0.60499999999999998	0.66200000000000003	0.56100000000000005	0.45300000000000001	0.60299999999999998	0.46899999999999997	0.39900000000000002	0.55100000000000005	0.64	0.307	0.626	0.52749999999999997	0.71850000000000003	0.58650000000000002	0.65049999999999997	0.58699999999999997	0.63500000000000001	0.54849999999999999	0.4385	0.57150000000000001	0.45950000000000002	0.32600000000000001	0.53549999999999998	0.629	0.26850000000000002	Outdoor

Indoor


Pb
indoor	
0.47299999999999998	0.40100000000000002	0.438	0.65600000000000003	0.54700000000000004	0.59199999999999997	0.629	0.751	0.90200000000000002	0.56299999999999994	0.35099999999999998	0.54200000000000004	0.47399999999999998	0.379	0.45	0.69699999999999995	0.64800000000000002	0.55600000000000005	0.33100000000000002	0.54200000000000004	0.45066666666666699	0.38366666666666699	0.42199999999999999	0.64	0.52233333333333298	0.56333333333333302	0.64400000000000002	0.71766666666666701	0.874	0.53033333333333299	0.32033333333333303	0.51600000000000001	0.45433333333333298	0.34266666666666701	0.43233333333333301	0.65633333333333299	0.59766666666666701	0.51900000000000002	0.30399999999999999	0.48766666666666703	Outdoor

Indoor


Zn

2.2330000000000001	2.2810000000000001	3.948	2.3210000000000002	2.2469999999999999	3.048	4.1929999999999996	2.3860000000000001	2.8570000000000002	3.423	2.2959999999999998	2.2639999999999998	3.2450000000000001	1.925	1.9259999999999999	2.2124999999999999	2.2654999999999998	3.714	2.306	2.0605000000000002	2.8935	3.9344999999999999	2.3485	2.1375000000000002	3.3010000000000002	2.2025000000000001	2.1355	3.0960000000000001	2.0099999999999998	1.5745	Outdoor

Indoor


Zn
in	
2.7330000000000001	2.7349999999999999	4.6680000000000001	2.7690000000000001	2.294	3.2130000000000001	2.2629999999999999	3.375	3.851	2.536	2.1739999999999999	2.0609999999999999	2.1930000000000001	3.0579999999999998	1.7170000000000001	2.8260000000000001	2.8029999999999999	1.9510000000000001	2.726	3.0110000000000001	2.3210000000000002	2.2776666666666698	3.6880000000000002	2.5489999999999999	1.95133333333333	2.9103333333333299	2.0363333333333302	3.0296666666666701	3.5723333333333298	2.3346666666666702	1.90733333333333	1.77433333333333	2.02633333333333	2.65533333333333	1.3956666666666699	2.4913333333333298	2.5270000000000001	1.579	2.3913333333333302	2.8096666666666699	Outdoor

Indoor


Cd
Indoor	
4.9000000000000002E-2	4.2000000000000003E-2	5.6000000000000001E-2	6.6000000000000003E-2	4.1000000000000002E-2	2.5999999999999999E-2	3.1E-2	3.7999999999999999E-2	6.7000000000000004E-2	3.7999999999999999E-2	5.7000000000000002E-2	6.4000000000000001E-2	6.2E-2	5.2999999999999999E-2	0.06	3.15E-2	0.04	5.2499999999999998E-2	5.1499999999999997E-2	3.6999999999999998E-2	1.9E-2	2.5000000000000001E-2	3.0499999999999999E-2	6.0499999999999998E-2	3.15E-2	5.0500000000000003E-2	5.7000000000000002E-2	5.2999999999999999E-2	4.2000000000000003E-2	5.45E-2	Outdoor

Indoor 


Cd
in	
3.1E-2	2.9000000000000001E-2	3.4000000000000002E-2	3.6999999999999998E-2	2.7E-2	0.06	5.2999999999999999E-2	3.4000000000000002E-2	6.0999999999999999E-2	3.1E-2	4.3999999999999997E-2	2.7E-2	2.5999999999999999E-2	3.9E-2	3.5999999999999997E-2	3.7999999999999999E-2	2.9000000000000001E-2	3.9E-2	2.8000000000000001E-2	4.4999999999999998E-2	2.5000000000000001E-2	2.3E-2	2.8000000000000001E-2	2.8333333333333301E-2	1.9E-2	5.2999999999999999E-2	4.6666666666666697E-2	2.6333333333333299E-2	5.5666666666666698E-2	3.3333333333333298E-2	3.5666666666666701E-2	2.0333333333333301E-2	1.96666666666667E-2	3.1E-2	2.66666666666667E-2	3.0333333333333299E-2	2.2333333333333299E-2	3.4000000000000002E-2	1.63333333333333E-2	3.5000000000000003E-2	Outdoor Title

Indoor


Bacteria
 b out av	
1269.25	1242.25	1614.25	1106.75	1264.75	1377.5	1146.5	1078.5	1284.75	1275.5	1187	1324.75	1207.5	1125	1301	1285.5	1259.5	1626	1125.5	1275.5	1386	1156	1089.5	1294.5	1287.5	1208	1338	1220.5	1136.5	1314	Outdoor

Indoor


Bacteria
b in av	
1528.5	1362.5	1272.5	1198.5	1398.5	1384	1238	1721	1081	1131	913.5	1163.5	1184.5	1224	1233	1084.5	986	921.5	1374.5	1478.5	1512.1666666666665	1341.8333333333335	1255	1175.1666666666667	1381.8333333333335	1353.1666666666667	1206.8333333333335	1696.3333333333333	1041	1107.6666666666667	893.5	1142	1164.3333333333335	1207.3333333333333	1215.1666666666667	1067.5	962.16666666666663	891.33333333333326	1346	1438.6666666666667	Outdoor

Indoor
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