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ABSTRACT
Major health hazards are caused by microorganisms, and this is because of their presence everywhere. The eatery environment is of great concern, considering the exposure of food surfaces and food products to the unhygienic practices of the staff and the consumers. The essence of this work was to assess microbial air quality in 15 randomly selected eateries within Port Harcourt metropolis in Rivers State, Nigeria. Sedimentation technique was used for microbial air quality sampling, using freshly prepared MacConkey agar, Chocolate agar, and Blood agar, which were placed one meter above the eatery floor for an hour, exposed to open air. The agar plates were closed and taken to the laboratory, where they were incubated for 24 hours at 37℃ for the growth of bacteria. The isolates were characterised and identified using standard microbiological techniques such as Gram staining, catalase test, coagulase test, indole test, urease test, and motility test. From the results, the total heterotrophic bacteria count from the 15 randomly selected eateries located in Mile 1, Mile 3, and Mile 4 axis of Port Harcourt are 235, 360, and 263, respectively. The P-value 0.199 shows there is no significant difference between location and airborne bacteria presence. The bacterial isolates with their percentage prevalence from the 15 eateries were Staphylococcus aureus 5(100), Micrococcus species 8(100), Staphylococcus species 12(100), Escherichia coli 2(100), and Bacillus species 8(100), with P-values of 0.002, 0.223, 0.199, 0.0015, and 0.223 respectively, all of which are not statistically significant except Staphylococcus aureus with P-value of 0.002, and Escherichia coli with P-value of 0.0015 which their percentage prevalence are statistically significant. In conclusion, this study depicts that pathogenic bacteria were released into the air due to different human activities, such as sneezing or coughing and through the use of poorly maintained mechanical devices in the eatery environment. These organisms have the ability to cause both minor and major infectious diseases, especially in the elderly and immunocompromised individuals. There is a call to maintain a healthy staff and customer environment, hence necessitating proper management of the environmental factors that promote microorganism growth and multiplication.
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INTRODUCTION
Air quality is a significant global concern, especially in developing nations. The deteriorating air quality amplifies environmental concern, and jeopardizes human health, leading to numerous health complications (Peter, 2013). Ensuring clean air is essential for sustaining life. Indoor air contains a complex mixture of microorganism species, and intermediate products, such as yeast fungi, molds, bacteria, viruses, and volatile microbial organic compounds. Exposure to these microbials, fragments of plant tissues, and metabolites may result in life health issues. Airborne bacteria can be toxic, allergenic, and/or infectious. The type of microorganisms and number of organisms present in the air are based on physicochemical factors like temperature, number of occupants, physical quality of the building, humidity, lighting, colloidal suspension, and organic material and food availability (Jalili et al., 2021). There has been an increase in awareness regarding the quality of both outdoor and indoor air over the past 20 years, this is because the number of microorganisms present in an environment is a reflection of the activities of man, which contribute to different ecosystems. (Adams et al., 2016). Organisms that are minute and very difficult to see with the naked eye are known as microorganisms. Within densely populated regions, airborne microbial pollutants, notably emerging pathogens and contaminants, can pose various detrimental impacts on human health and overall well-being, such as inflammation, allergic reactions, and infections (Peter, 2013). Airborne microbes constitute a significant proportion of particulate matter present in the atmosphere, which can be hazardous to human health, as well as the ecological balance of wildlife and plant species. Additionally, they can be transported with wind, thus affecting the entire ecosystem. Adverse health effects have been observed due to spread of airborne microorganisms (Albasri & Alsharif, 2024).The medical term bio-aerosol encompasses biological particles, both living and non-living, along with volatile organic compounds (VOCs) which are produced due to the excretion and dispersion of particles emitted from various ecosystems into the atmosphere. Bio-aerosol are easily dispersed in the air due to their small particulate size (<2.5um) and this makes them ubiquitous in the environment. It consists of viruses, fungi, bacteria, pollen, and their derivatives such as volatile organic compounds (VOCs), mycotoxins, and endotoxins ((Saramanda et al., 2016). Microorganism such as viruses, bacteria, and fungi primarily inhabit the soil, water, and the atmosphere. The aerosol dissemination of bacterial pathogens such as those found in the genera Escherichia, Salmonella, Legionella, Neisseria, Bacillus, Francisella, Burkholderia, Clostridium, Brucella, and Yersinia, presents significant health and ecological concerns (Schmidt et al., 2012).
All over the world, there has been a shift in lifestyle where people spend most of their time indoors, which could be in offices, classrooms, bars, and eateries. Dining out has become a regular occurrence and people often spend a considerable amount of time in eateries. (Wichmann et al., 2010). The eatery environment is of great concern, considering the exposure of food surfaces and food products to the unhygienic practices of the staff and the consumers. Humans are a major source of airborne microbes and they are dispersed through respiration, talking, walking, sneezing, and coughing (Johnson et al., 2011). Other sources include, Heating, Ventilation, and Air Conditioning (HVAC)  systems, which deliver a blend of outdoor and indoor air through supply vents, and can also harbour airborne microorganisms if not properly maintained(Bernstein et al., 2015).The survival of these microorganisms depends on certain factors such as temperature, relative humidity and pH (Fujimura et al., 2014).
On average, humans breathe in 20 cubic meters of air containing microorganisms daily. Some of these microbes are non-pathogenic and pose no threat or risk to man’s health, but the pathogenic microbes are of great threat to man’s health, resulting in a series of health complications (Schmidt et al., 2012). Certain factors such as poor sanitation, unhygienic staff and customers’ practices, poor ventilation, congested seating arrangements and sizes of eateries have increased the concern in sampling and analysing airborne microorganisms as these factors contribute greatly to their dispersal. These bio-aerosols can enter the human body through ingestion from food, inhalation, or absorption through the skin, leading to a range of health complications including communicable diseases, acute toxicity, allergies, and cancer (Sun et al., 2022).
Port Harcourt, the capital of Rivers State in the Niger Delta region of Nigeria, is a city known for its vibrant nature, considering the natural resources it houses, and the enabling environment for trade and tourism, attracts people form diverse locations for commercial activities and tourism. This has greatly contributed to the rise in the population of the blessed city to about 1,005,904 (Nekabari, 2012). The city’s urban landscape features a mix of residential, industrial, and commercial areas, including numerous eateries and food establishments catering to a diverse population. Considering the presence of some pathogenic bacteria, which could have resulted due to the unhygienic nature of the environment, raises a great concern to look into examining the presence and bacterial load in various locations in the city (Borch & Arinder 2002). Studies has been carried out in various indoor environment within the city of Port Harcourt assessing the presence of airborne bacteria, which have shown the presence of different species in the environment. And this is an indication of a threat to man’s health, especially those within areas with poor sanitation practices (Blatny et al., 2011). Various activities such as talking, sneezing, coughing, walking, and washing generate biological particles (Johnson et al., 2011). These bio-aerosols can enter the human body through inhalation, ingestion, or skin absorption, leading to a range of health effects, including communicable diseases, acute toxicity, allergies, and cancer. Inhalation is the primary route through which these microorganisms enter the body. Respiratory infections and decreased lung function are among the health impacts attributed to airborne bacterial contamination (Sun et al., 2022) . Certain factors such as eatery size, sitting capacity, and ventilation system, and sanitation practices by various eateries within the region is a key factor for the study of microbial activities in the environment. While numerous studies have investigated airborne bacteria indoors and outdoors, only a few have specifically evaluated airborne bacteria in eateries. In modern times, dining out has become a regular occurrence (Wichmann et al., 2010), and people often spend a considerable amount of time in eateries. Consequently, examining the presence of airborne bacteria in eateries is crucial not only for protecting people's health but also for enhancing their dining experience. In Port Harcourt, factors such as air quality in eateries are influenced by urbanization, industrial activities, local activities and these are key considerations for air quality which presents the need for this study. 
  Statement of the Problem
The World Health Organization (WHO) reports that around 600,000 deaths occurs annually on the continent due to air pollution, representing 23% of global deaths attributed to environmental factors (WHO, 2018).  There has been increasing interest in sampling and analysing airborne microorganisms due to concerns such as indoor air quality, bioterrorism, and health impacts such as respiratory illnesses, infectious diseases, allergies, and even cancer. The presence of pathogenic bacteria in an eatery environment is a threat to man’s health due to the fact that this organism can easily be spread through coughing, sneezing, respiration, and also through contaminated food thereby leading to severe health complications (Johnson et al., 2011) hence the need for this study.
 Aim of the study
The aim of this study is to determine the presence of different airborne bacteria in some selected eateries within Port Harcourt metropolis. 
Specific Objective of the Study
1. To determine the presence of airborne bacteria in some eatery in Port Harcourt.
2. To isolate airborne bacteria in selected eateries in Port Harcourt.
3. To identify the different airborne bacteria species present in selected eateries in Port Harcourt.
4. To quantify the bacteria load in various eatery environment
Significance of the Study
This investigation addresses critical issues of airborne bacteria in eatery environment, where large number of people gather, which poses potential health risks through contact, inhalation or ingestion of this bacteria organisms in food (Bragoszewska et al., 2018).  By identifying the presence of these organisms in the environment, this study aims at introducing strategies that will help in mitigating the presence of these bacteria in the eatery environment, thus, improving the indoor air quality of the eatery, enhancing food safety, and promoting a healthier dining environment. These findings also inform effective strategies for eatery managers and policymakers to uphold public health and safety standards. Understanding the various sources of airborne bacteria in an eatery environment is crucial for implementing effective mitigation strategies to ensure food safety and enhance overall indoor air quality in the eatery environment. 
  Research Questions
       1.    What type of airborne bacterial species are found in the selected eateries in Port Harcourt?
       2.     What are the contributing factors to the presence of these airborne bacteria in the various eateries?
       3.     What are the strategies that can be adopted to mitigate the presence of this bacteria?



                                               
MATERIALS AND METHODS
Study Design 
For the purpose of this work, experimental design was adopted.
Study Area / Population
This study was carried out in Port Harcourt, located in Southern Nigeria, within Latitude 4º 42' 00'' to 4º 57' 03'' North and Longitude 6º 53' 11'' to 7º 8' 49'' East, occupying an area of approximately 369 km². It is the capital city of Rivers State and is comprised of two Local Government Areas (LGAs) of the state known as Obio/Akpor and Port Harcourt LGAs. The study covered 15 selected eateries in Mile-1, Mile-3, and Mile-4 areas in Port Harcourt obtaining a total of 45 samples. 
Port Harcourt, the capital of Rivers state Nigeria is a vibrant urban centre renowned for its role as a key oil hub and commercial hub within the Niger Delta region. This has greatly contributed to the rise in the population of the blessed city to about 1,005,904 (Nekabari 2012). The city’s urban landscape features a mix of residential, industrial, and commercial areas, including numerous eateries and food establishments catering to a diverse population. Considering the presence of some pathogenic bacteria, which could have resulted due to the unhygienic nature of the environment, raises a great concern to look into examining the presence of different airborne bacteria in eateries at various locations in the city (Borch and Arinder 2002). 


[image: ]Figure 1: Map of Port Harcourt Metropolis
Source: (Ogbozige &Toko, 2020).
Inclusive Criteria for the study
The eatery must be an enclosed structure within the busy areas of Port Harcourt.
Eateries that serves food to customers
Exclusive Criteria
Non-enclosed eateries are excluded from this study.
Eateries that do not serve food to customers

Sampling Method
Random sampling technique was used for this analysis using the grab sampling/ hand sampling method for collection of aerosol into sterile petri dish containing the culture media. (Khaefi et al., 2016).
 Materials Sterilization 
Prior to the preparation, all glass wares used were properly washed, dried and sterilized in the oven at 160˚C for one hour. Surface of laboratory workbenches were also disinfected with 70% ethanol to reduce contaminants (Onuorah et al., 2015).
Media Preparation
Nutrient Agar, McConkey agar, Chocolate agar and Blood agar were used for this work. They were prepared based on the manufacturer’s   instructions and 20 mils were aseptically dispensed into sterile petri dishes for Nutrient Agar and McConkey agar. 2 mils of blood was added into the flask containing molten nutrient agar and then rocked to enable proper mixing before they were turned into the sterile petri dish for blood and higher temperature of molten nutrient agar for Chocolate agar (Cheesebrough, 2010)
Sample Collection
Air samples were analysed in the various eateries using the sedimentation method. This is done by placing a sterile petri dish containing MacConkey, Chocolate, and Blood agar on designated areas within the eatery and exposing it for 10 minutes for gravitational settling of air particles into the plate, with the plate placed at 1 meter height above the floor. The plates were then properly covered and incubated at 37˚C for 24 hours for bacteria growth (Khaefi et al., 2016).

Bacteria Organism Isolation
After 24 hours of incubation, the plates were examined for bacterial growth. The morphology and appearance (shape, color, growth pattern, hemolysis, and the edges) of different colonies were taken note of and then heterotrophic count was carried out for each eatery. Microscopic examination was carried out following the Gram staining technique to differentiate between Gram positive and Gram-negative bacteria, whereby Gram-positive bacteria stains purple, while Gram-negative bacteria stain pink. Biochemical test such as coagulase test, catalase test, oxidase test, and indole test were carried out for bacterial differentiation (Cheesebrough, 2010).
Organism Identification
Different techniques were used in the organism identification. They include Gram staining technique and Biochemical test technique (Cheesebrough, 2010).
Gram Staining Technique
Gram staining was done on each of the isolated organism, differentiating Gram positive from Gram negative bacteria. A drop of normal saline was placed on a grease free glass slide. Using a sterile wire loop, number of colonies were emulsified to forming a smear which was allowed to air-dry and then placed on the staining rack. The slide was flooded with crystal violet (primary stain) for 1 minute, and then rinsed with water. It was then flooded with Lugols iodine (mordant) for 1 minute after which it was rinsed with water. 70% ethanol was used to decolorize rapidly and rinsed with water. Safranin (secondary stain) was used to counterstain for 30 seconds and then rinsed water, after which it was allowed to air-dry and then examined using oil immersion objective, with Gram positive bacteria staining purple, while Gram negative bacteria stained pink.
 Biochemical Tests
Some biochemical tests were carried out for further organism differentiation. These tests include catalase test, coagulase, urease test, and motility test.
Catalase Test
Small amount of bacterial colony was placed in a grease-free slide using a sterile wire loop and a drop of 3% of hydrogen peroxide. The presence of bubble within 5-10 seconds indicates positive.
Oxidase Test
Small amount of bacterial growth was placed on the filter paper using the wire loop. A drop of oxidase reagent was placed on the bacterial on the filter paper. Colour change was then observed for within 20 seconds.
Coagulase Test
A sterile wire-loop was used to emulsify a small amount of the colony in a drop of normal saline placed on a clean grease free glass slide to form a milk-like color. A drop of undiluted plasma was the placed in the suspension on the slide. Coagulase clumping of cocci, confirms positive result within 10 seconds.
Indole Test
The bacteria colony was inoculated into a sterile peptone water in a biju bottle and incubate for 24 hours, after which few drops of Kovac’s reagent was added into the bottle and then allowed to stand for 3 minutes. It was then observed for the formation of a red ring.
Motility test
A sterile wire-loop was used to collect small amount of the growth and then the inoculum was stabbed into the center of motility medium, about 1-2 cm deep and then incubated at 37˚C for 24 hours after which the medium was observed for pattern of bacteria growth in the medium.
 Antibiotic Sensitivity Test
The bacteria colony were sub-cultured into a nutrient broth and allowed to stay over-night. 100µl of the over-night culture was dispensed into a nutrient agar plate, after which the different antibiotic discs were then placed into the medium and incubated overnight. The zone of inhibition was then measured with a meter rule graduated in millimetre (mm).
Data Analysis
The data generated were analysed by simple mean value, statistical package for the social science (SPSS), percentage, and test for significance using Chi-square.
[bookmark: _MON_1793803337]RESULTS
[bookmark: _MON_1793640730]Table 1 showed the total heterotrophic count from the three locations (Mile1, Mile3, and Mile4). From the 15 sampled eateries within the three locations, Mile3 has the highest total heterotrophic count per location (360), followed by Mile4 (263) and then Mile1 (235). p-values less than 0.05 are considered statistically significant. From the p-value obtained (0.199) which is greater than 0.05, shows non-statistical significance. This means that there is no significant difference in airborne bacteria occurrence based on location.




Table 1.     Total Heterotrophic Count of Bacteria across Eateries in the Selected Locations
	
	THC

	Mile 1
	235

	Mile 3
	360

	Mile 4
	263

	p-value
	0.199

	X2-value
	6.00

	Inference
	Non-significant










Table 2 shows Percentage Prevalence of Isolated Airborne Bacteria across Selected Location showed different locations with different bacteria organism across different eateries. The study showed the presence of Staphylococcus aureus, and Escherichia coli which are statistically significant with a p-value < 0.05, while Micrococcus spp, Staphylococcus spp, and Bacillus spp were also present but statistically non-significant with a p-value >0.05. 








Table 2.     Percentage Prevalence of Isolated Airborne Bacteria across Selected Location
	Location
	No. of eatery per location
	Staphylococcus aureus
	Micrococcus spp
	Staphylococcus spp
	Escherichia coli
	Bacillus spp
	
	
	
	
	
	
	

	Mile 1
	5
	2 (40.00)
	3 (37.5)
	5 (41.67)
	0 (0)
	3 (37.5)
	
	
	
	
	
	
	
	

	Mile 3
	5
	1 (20.00)
	3 (37.5)
	3 (25.00)
	2 (100)
	3 (37.5)
	
	
	
	
	
	
	
	

	Mile 4
	5
	2 (40.00)
	2 (25.00)
	4 (33.33)
	0 (0)
	2 (25.00)
	
	
	
	
	
	
	
	

	Total
	15
	5 (100)
	8 (100)
	12 (100)
	2 (100)
	8 (100)
	
	
	
	
	
	
	
	

	p-value
	
	0.002
	0.223
	0.199
	0.0015
	0.223
	
	
	
	
	
	
	
	

	X2-value
	
	0.564
	3.0
	6.0
	3.0
	3.0
	
	
	
	
	
	
	
	

	Inference
	
	NS
	NS
	NS
	NS
	NS
	
	
	
	
	
	
	
	



KEY: NS=Non-significant
S=Significant
P-values less than 0.05 are considered statistically significant
From the above data, the p-values obtained are all greater than 0.05, thus, considered statistically insignificant.


DISCUSSION
The assessment of airborne bacteria presence in selected eateries within Port Harcourt metropolis revealed a statistically significant presence of Escherichia coli and Staphylococcus aureus. Other bacteria organisms that were also detected, though not statistically significant, included Micrococcus species, Bacillus species and other Staphylococcus species all. This finding is concerning, as these bacteria are opportunistic pathogens that can cause large range of illnesses, particularly in immunocompromised individuals.
The presence of Escherichia coli in the air of eateries is a significant concern, as it can cause urinary tract infections, diarrhea, and pneumonia. Escherichia coli is a common gut bacterium, its presence in the air suggests that there may be inadequate hygiene practices, such as contaminated food handling (Singha et al., 2023). Staphylococcus foodborne diseases is one of the most common foodborne diseases resulting from the contamination of food by preformed Staphylococcus aureus enterotoxins. It is one of the most common causes of reported foodborne disease in the United State of America (Kadariya et al., 2014). The presence of Staphylococcus aurues in the air is an indication of inadequate cleaning and disinfection practices, and this pathogen may find its way into food products, which is an indication that customers are at potential risk of Staphylococcus aurues colonization and infection.
Micrococcus species were detected, but not statistically significant. Micrococcus species are commonly found in human skin and in the environment. While considered harmless. Inhalation of Micrococcus species can cause infection in rare cases, particularly in individuals with compromised immune system or pre-existing lungs conditions. Bacillus and other Staphylococcus species detected in this study although not statistically significant, are not typically associated with foodborne illnesses, occurring as common environmental and skin bacteria respectively but are opportunistic pathogen to persons with compromised immune function. 
The high airborne bacteria concentration in some of this eatery is as a result of eatery overcrowding by customers, coupled with poor eatery size. Study by (Fleischer et al., 2006) showed that human is a major source of airborne bacteria. This clearly states the occupant density and human activities is a contributing factors to indoor airborne bacteria concentration.
Study by (Stryjak-Owska Sekulska et al., 2007) showed that poor ventilation system is also a major factor which contributes greatly to the airborne bacteria load. Some of the sampled eateries lacks good ventilation system with some using opened window as an alternative which could be a means through which organisms outside the eatery enter through air exchange. Thus, this contributes greatly to the detection of different types of airborne bacteria in an eatery indoor air. There was a great variance in the concentration of airborne bacteria in well-ventilated and properly spaced eateries compared to those with opposite characteristics, with a well-ventilated eatery having low concentration of airborne bacteria in most of cases. Aggressive floor cleaning (sweeping) re-suspends these organisms present in the dust into the air, thus, exposing the customers to inhaling these harmful pathogens.
 CONCLUSION 
Assessment of indoor airborne bacterial load of eateries is very important since it can be linked to public health problems. From the study, there is a great decrease in the airborne bacteria concentration in well-ventilated and properly spaced eateries with proper dining area arrangement. This is a clear indication that the hygienic nature of the eateries plays an important role in skyrocketing or mitigating airborne bacteria load in the various eateries. 
Considering the airborne bacteria concentration in the various eateries, this can be used to assess the level of cleanliness of the various eateries, which could be a source of human discomfort.
 RECOMMENDATIONS
This study has shown high concentration of airborne bacteria in some of the sampled eateries. Thus, this study strongly recommends better building structures, proper ventilation, spacing, and better seating arrangements within the dining areas of the various eateries. 
Enlightenment of and education of food handlers, and other eatery staff such as the cleaners in charge of the eatery cleaning on consumer safety is also very important since some of this organisms can be re-suspended in the air from dust particles.
Regular sanitation practice could also be vital to mitigating the concentration of airborne bacteria in the various eateries.
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