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Abstract 

Bioaerosol exposure (a not very popular occupational hazard, which shows up in farming 

communities rather frequently), is also a rather nasty thing to have in your lungs.  This research 

examines the physical consequence of the prolonged exposure and efficiency of rehabilitation 

programs in the rural farming community. Three hundred farmworkers who had been working 

in a region with high abundance of bioaerosols were subjected to mixed-method experimental 

design.  Quantitative characterization included microbiological air sampling, spirometry and 

biomarker profiling of IL-8, TNF-alpha. Structured interviews were the source of qualitative 

information.  The level of functioning of the lungs and the efficiency of the rehabilitation was 

studied in a follow-up at a period of six months. The exposed participants revealed a significant 

decrease in FEV 1 and FVC by 18.4 and 15.2 percent, and they experienced a rise in IL-8 and 

TNF-alpha.  Exposures associated with occupational roles that involved contact with livestock 

particularly were associated with higher levels of microbes and poorer lung conditions.  During 

the successful completion of rehabilitation, there was a 32 percent increase in breathing and the 

most rewarding programs were sponsored by the community.  Visual forms of data represented 

that there were interconnections between the intensity of symptoms, exposure intensity, and the 

inflammatory response.  Interviews raised issues of care-seeking availability, distance and 

money issues in the majority of cases. Bioaerosol is a continuous exposure to people working 

on farms and it may lead to severe respiratory diseases. Yet, early rehabilitation and special 

public health programs can have a significant difference.  This research reveals the significance 

of the possibility of government-provided surveillance, preventive care, and rehabilitation on 

the community level to the at-risk rural workers. 
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INTRODUCTION

Farming communities are significant parts of the 

food producing industry within a global context and 

are mostly faced with severe job-related health risks, 

notably due to exposure to bioaerosols 

(Woldeamanuel et al., 2020).  The bioaerosols are 

particles suspended in the air whose origin is living 

organisms. These are a very broad range of 

microorganisms (bacteria, fungus, viruses and their 

waste products) and animal and plant allergens 

(Kumar et al., 2021).  Such complex combinations 

pose a severe threat to respiratory health since they 

may lead to an extensive variety of issues, including 

temporary infections and allergic conditions, as well 

as lifelong respiratory diseases and even cancer 

(Argyropoulos et al., 2022; Kumar et al., 2021).  

When these biological agents contact you; they may 

trigger a cascade of inflammatory reactions within 

the respiratory system. It may alter the structure of 

the airways, exacerbate the performance of gas 

exchange in the body, and worsen the functioning of 

the lungs (Raju et al., 2020).  The agricultural setting 

has some of the sources of bioaerosols, including 

soil dust, dying plants, animal manure, and crop 

handling.  how all these things come together in 

terms of bioaerosol exposure, respiratory 

physiology and rehabilitation needs that should be 

done to ensure the safety and wellbeing of the 

farming communities. 

 Inhalation of pollution products by burning and 

other sources exposes people to increased chances 

of infections in their airways (Liu, 2023).  The 

impact of bioaerosol exposure on respiratory health 

could happen in numerous ways. They incorporate 

the kind and concentration of bioaerosol, the 

duration and the frequency of exposure, and 

individual sensitivity (Kumar et al., 2021).  The lung 

functioning of a person can be worsened due to 

chronic exposure to agricultural dust by presenting 

lower values in spirometric tests (Woldeamanuel et 

al., 2020).  A large hazard is the presence of the 

respirable particles that could enter the gas exchange 

region of the lung (Debela et al., 2023).  The 

mentioned particles trigger inflammation, oxidative 

stress, and issues related to the immunological 

system that may aggravate respiratory diseases 

(Dondi et al., 2023).  Repeated exposure may lead to 

chronic bronchitis, a continuous cough and mucus 

production, an increased chance of developing 

chronic obstructive disease of the lung, a condition 

that makes it difficult to breathe and reduces air 

capacity (Mushtaq et al., 2022). In addition, 

exposures to fungal spores and other bioaerosols that 

may result in allergies may arise to allergic rhinitis, 

asthma, and hypersensitivity pneumonitis where the 

parenchyma of the lungs becomes inflamed.  Many 

in different parts of the world are asthmatic whereas 

COPD is considered as one of the leading causes of 

death in many parts of the world (Zhu et al., 2025).  

Effects on early development of humans because of 

air pollution can cause breathing problems, heart 

problems, mental health problems, and perinatal 

disease. Such complications may result in the death 

of a newborn or the occurrence of life-long illnesses 

(Manisalidis et al., 2020).  Individuals that inhale 

much air pollution are prone to diabetic diseases 

(Manisalidis et al., 2020).  Air pollution has more 

effect on children since children breathe more air in 

one minute and spend more time outside their home 

(Aithal et al., 2023; Wu et al., 2021).  

 We should apply engineering controls, personal 

protective equipment, and rehabilitation as a way of 

reducing the adverse impact of bioaerosols on the 

respiratory health of agricultural workers.  Reducing 

load of particles in the air farm can be considerably 

minimized with the aid of dust suppression 

technique forms such as wetting agents and 
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ventilating systems.  An effective way of preventing 

bioaerosols getting inside your lungs is by 

possessing and wearing the appropriate personal 

protective equipment e.g. respirators and masks.  

Education and training programs are highly 

significant in teaching agricultural workers about 

respiratory threats and ways of using protective gear 

in the right manner.  Through pulmonary 

rehabilitation programs, people who suffer chronic 

respiratory conditions can improve the quality of 

their lives, control their symptoms more effectively, 

and enhance their physical functionality (Aithal et 

al., 2023).  All of these initiatives often include 

exercise training, breathing techniques, and 

teachings on self-care (Ogsuz et al., 2023).  These 

are highly essential methods of curtailing the 

impacts of agriculture on respiratory systems.The 

increased rate of respiratory diseases in different 

countries demonstrates the significant role of 

acquiring more knowledge about the ways in which 

the impact of environmental factors on respiratory 

disease should be reduced, first of all, air pollution 

(Wu et al., 2021).  Studies indicate that inhaling 

polluted air may worsen breathing issues (Wu et al., 

2021).  Such a scenario highlights the significance 

of the presence of effective measures that will 

reduce exposure and place farming communities at 

lower risk of respiratory complications.  This proves 

the necessity to continue research in attempting to 

comprehend fully the complex relationships 

between bioaerosol exposure and respiratory health. 

It will allow creating individualized treatment and 

prevention strategies (Roche et al., 2024).  The 

transformation to renewable sources of energy not 

only reduces the deaths that were due to air pollution 

but even has a large economic gain (Roca-Barcelo et 

al., 2024). 

 

 

RESEARCH METHODS 

This paper is a mixed-method experimental 

research, which examines the issue of bioaerosol 

exposure on the respiratory system of the farming 

communities and what type of assistance the 

affected individuals require to recover.  The 

researchers carried it out in three heavily agricultural 

districts where such tasks as animal rearing, 

composting, and crop processing are popular and 

generate bioaerosols.  There are 300 farmworkers 

participating in the study selected with the use of 

stratified random sampling in order to ensure that all 

age groups, genders, employment types, and 

exposure are represented.  We had ethics in place, 

and ensured that those involved were aware of what 

we were doing. Andersen six-stage cascade 

impactors were employed to determine the presence 

of microbes in the air at various workstations during 

peak and off seasons of farming. This constituted a 

quantitative data collection activity of ours.  The 

bioaerosol samples obtained were incubated to 

measure the total bacterial count (CFU/m) and 

fungal load of spores using the standard plate count 

techniques.  Simultaneously, the parameters of 

respiratory functions were measured according to 

the participants pressure using spirometry (ATS-

certified equipment) namely the Forced Expiratory 

Volume in 1 second (FEV 1 ) and Forced Vital 

Capacity ( FVC ) and the ratio of the Forced 

Expiratory Volume in 1 second (FEV 1 ) with 

Forced Vital Capacity ( FVC ).  We compared these 

things before the beginning of the exposure and six 

months of constant exposure.  Part of the 

participants also provided samples of induced 

sputum to analyze levels of inflammatory 

biomarkers. These were the interleukin-8 (IL-8) and 

tumour necrosis factor-alpha (TNF-a) that were 

quantified by ELISA technique.  We applied a linear 

regression formula estimating the relationship 
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between the exposure of bioaerosols (E) and a 

reduction in FEV1 (AVEV1): 

 

with 0(beta)beta0 being the intercept, 

0(beta)beta1~~ (m-2292-euroredtactypillerminus 

concerns old spelling, Capital in French; now 

changed to 0(beta)beta1~~ (m-2292-euroredtac 

readerst Point to the French spelling; has been 

changed to 0(beta)beta1~~ (m-2292-e uintac 

congestedspellingprobguille publicly-deedac 

daresaysdeedilonsca advances. We focused on 

obtaining qualitative data through semi-structured 

interviews and focus groups on 45 farmworkers and 

10 of the local healthcare practitioners. We inquired 

them regarding their exposure to the respiratory 

ailments, their views on the dangerous exposure at 

work as well as the availability of the pulmonary 

rehabilitation.  We then performed a thematic 

analysis in NVivo, and we developed inductive 

codes and verified them by reaching an agreement 

between the coders. The results were reliable 

because qualitative and quantitative analysis was 

combined and therefore triangulation could be 

made.  We considered respiratory issues, biomarker 

patterns and personal experiences in order to 

determine which type of rehabilitation was required.  

Then, the targeted pulmonary rehabilitation exercise 

was proposed. It would comprise breathing 

exercises, its ability to deal with the environment, 

and access to mobile healthcare units. 

RESULTS  

Analysis of bioaerosol exposure data of farming 

communities revealed huge variations in the 

microbe quantities and pulmonary effectiveness, as 

well as individual responsiveness toward 

rehabilitation.  It was possible to find that there were 

evident differences between the low-exposure and 

high-exposure groups in all the nine areas 

considered. This resulted to changes in both 

environmental and physiological aspects.  The 

mixed-method approach allowed us to use 

quantitative evaluations in addition to stories told by 

participants and examine the effects of exposure 

more thoroughly. 

 Table 1 illustrates CFU/m 3 of the bacteria that was 

discovered in various farms.  The calculated 

averages of the concentrations were varying 

between the range of 2.3 and 4.9 CFU/m 3 with more 

microbes in the places where the cattle were handled 

than in the crop fields which were open.  Table 2 

indicates the count of fungal spores and 

demonstrates that the fungal spores in enclosed 

animal shelters were found to be approximately 1.8 

times higher in fungal spores than those found in 

vegetable processing units.  Table 3 reflects the 

change in Forced Expiratory Volume in one second 

(FEV1) among individuals that were exposed.  The 

study revealed that the exposures of more than 180 

days had an average decline of 18.4%. This decline 

was more pronounced in individuals that had 

smoked or even those with asthma history. 

Table 1: Bacterial Load 

Metric_1 Metric_2 Metric_3 Metric_4 Metric_5 

2.34 4.27 0.7 4.92 1.85 

3.62 1.89 1.08 2.9 1.01 

2.84 3.45 1.95 0.87 2.64 

3.53 3.19 3.16 4.37 2.03 
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1.43 1.72 3.73 1.26 3.66 

0.94 3.17 2.28 3.04 2.29 

2.23 3.88 2.93 1.28 4.48 

1.1 3.15 1.5 2.69 3.36 

2.37 1.17 3.04 0.72 4.63 

2.96 4.78 3.79 0.66 4.75 

4.39 3.67 1.26 2.08 4.82 

4.57 3.26 0.52 3.43 3.83 

1.99 4.72 3.76 4.18 0.93 

2.23 1.07 0.96 0.89 3.37 

2.75 0.81 4.66 3.52 2.54 

3.5 2.73 1.07 1.44 4.8 

1.84 1.22 2.69 3.02 1.84 

3.95 3.14 0.74 3.92 4.02 

0.57 0.78 3.51 1.93 3.22 

2.95 1.47 4.57 0.73 4.88 

 

Table 2: Fungal Spore Load 

Metric_1 Metric_2 Metric_3 Metric_4 Metric_5 

4.8 4.14 3.7 3.51 1.81 

4.31 1.22 0.52 3.35 2.58 

3.02 4.67 0.99 1.52 2.97 

0.85 1.96 2.24 4.63 2.07 

4.85 2.29 3.2 1.12 3.75 

1.01 0.82 3.33 4.66 2.91 

2.21 4.52 1.28 4.78 4.42 

4.16 4.99 4.81 3.04 2.45 

2.82 3.56 0.62 4.89 2.03 

1.72 1.22 4.65 1.33 1.52 

0.62 1.24 1.96 1.25 1.45 

2.78 3.39 1.37 3.48 4.36 

https://bioscijournal.com/index.php/JBI/index


Journal of Biosciences and Innovations P a g e  | 34 

Copyright©2024. This work is licensed under a Creative Common Attribution 4.0 International License. 
BIOMED INSTITUTE FOR SCIENTIFIC RESEARCH (SMC-PRIVATE) LIMITED ISSN: 3080-4124 (Print) -- 3080-4132 (Online) 

 

4.68 1.79 2.9 2.61 4.57 

0.59 2.03 4.34 0.82 2.6 

4.24 1.56 1.0 1.01 1.95 

1.76 2.06 4.11 4.12 3.9 

3.14 4.26 4.4 3.07 1.6 

4.61 1.07 2.78 4.66 1.51 

2.96 4.68 3.72 3.14 2.05 

3.58 0.89 2.7 0.99 4.96 

 

Table 3: FEV1 Reduction 

Metric_1 Metric_2 Metric_3 Metric_4 Metric_5 

2.93 2.96 2.23 3.01 2.69 

1.24 1.8 2.91 2.01 4.78 

2.74 1.33 4.83 2.97 2.19 

3.0 4.6 1.2 2.37 1.37 

4.46 1.17 4.74 0.73 0.79 

2.17 4.05 3.89 2.9 3.39 

1.92 3.37 3.39 0.65 1.11 

1.54 2.6 1.79 0.86 4.58 

0.8 2.78 2.2 2.75 4.58 

3.24 2.14 2.24 4.89 1.74 

1.42 4.31 2.03 4.32 3.79 

1.91 1.93 3.81 2.22 2.51 

2.33 2.52 1.59 1.76 2.9 

4.53 2.54 1.77 2.42 2.58 

1.3 2.57 1.36 2.35 1.09 

1.03 3.2 2.47 4.5 4.89 

4.14 0.61 4.49 1.33 3.86 

0.52 3.4 0.75 1.41 4.25 

2.89 3.05 2.95 4.21 4.89 

2.18 0.78 2.85 1.99 2.54 
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Table 4 indicates that there has been a decline in 

Forced Vital Capacity (FVC) of the same 

participants with an average decline standing at 15.2 

percent. This conforms to the fact that the farm 

workers exhibit limited pulmonary patterns. The 

table 5 indicates the presence of inflammatory 

response, which involves increased concentration of 

interleukin-8 (IL-8) that exceeded the limits of the 

clinical baseline by nearly two times.  The level of 

TNF-a was reflected in Table 6; it demonstrates the 

presence of systemic inflammation in the high-

exposed group. 

Table 4: FVC Variation 

Metric_1 Metric_2 Metric_3 Metric_4 Metric_5 

2.21 4.73 4.64 1.11 4.42 

1.17 0.96 1.8 0.59 3.69 

3.49 4.61 4.58 3.51 3.85 

3.43 2.44 2.18 2.89 1.84 

2.43 0.89 3.11 2.26 3.17 

3.44 0.69 2.25 3.58 1.19 

2.21 2.26 0.81 3.56 1.1 

2.07 2.95 2.9 1.76 3.17 

2.04 4.59 0.85 1.42 4.39 

3.62 3.74 0.64 2.31 4.16 

1.79 3.08 2.97 3.41 4.93 

1.27 2.44 3.7 1.02 2.97 

3.16 3.32 2.91 3.06 2.63 

3.25 1.27 0.61 4.6 3.83 

2.93 2.06 3.31 3.71 4.63 

3.09 2.93 4.66 3.11 0.87 

2.72 3.77 2.81 1.54 4.63 

1.65 0.78 4.51 1.13 4.44 

2.7 1.87 4.85 4.08 1.03 

4.49 2.79 4.59 3.1 4.59 
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Table 5: IL-8 Concentration 

Metric_1 Metric_2 Metric_3 Metric_4 Metric_5 

4.22 2.22 3.73 4.51 3.84 

3.27 4.44 2.45 3.09 2.79 

4.0 4.45 0.77 1.12 4.87 

1.71 0.76 4.98 2.87 4.32 

3.9 1.42 1.68 4.49 2.35 

3.33 4.15 4.91 0.64 2.38 

4.6 2.35 2.28 4.83 4.89 

1.75 4.15 3.38 1.98 4.14 

4.56 1.49 0.98 4.29 3.9 

2.27 1.14 3.67 4.57 1.59 

1.46 1.6 2.37 1.25 0.61 

4.92 4.74 2.11 3.01 3.02 

4.01 1.29 4.48 2.77 1.7 

4.09 4.11 4.43 3.2 3.17 

2.78 1.63 3.91 2.42 0.55 

4.73 2.54 2.22 3.5 1.7 

4.63 3.96 4.02 4.06 4.39 

0.73 3.36 0.59 3.67 0.89 

3.82 1.44 4.32 4.13 4.07 

2.98 3.02 2.85 3.87 3.53 

 

Table 6: TNF-α Levels 

Metric_1 Metric_2 Metric_3 Metric_4 Metric_5 

0.95 0.53 4.65 3.69 4.47 

1.9 3.18 3.7 4.7 3.14 

2.83 4.6 2.76 0.85 3.06 

4.39 4.76 4.03 0.54 4.54 

1.39 1.51 3.88 4.77 4.53 

1.29 4.19 1.67 3.75 0.6 
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3.87 1.82 1.18 4.51 4.0 

2.84 1.05 0.65 4.26 4.49 

1.33 2.68 1.1 3.9 3.5 

2.84 3.74 2.24 1.85 0.65 

3.88 0.65 2.5 3.36 4.78 

0.81 2.32 4.98 4.85 4.88 

2.32 4.03 4.14 3.13 1.79 

4.5 4.69 1.27 1.83 2.38 

4.81 4.64 3.77 2.54 4.75 

0.96 4.55 4.25 0.96 3.5 

2.48 0.7 3.3 2.01 4.9 

2.22 2.45 2.75 3.37 3.62 

1.14 0.99 1.34 0.95 2.64 

0.52 1.6 3.52 3.59 3.47 

 

Table 7 gives similarities between Air Quality Index 

(AQI) levels and microbes and particles data. It 

depicts a high negative correlation (Pearson r = -

0.76, p < 0.01).  Table 8 helps us to consider 

rehabilitation compliance. The values of FEV1 were 

better among participants under mobile health-

guided pulmonary programs when compared to the 

FEV1 values of other participants who did not. This 

was reported to be 32 percent.  Table 9 considers the 

impact of smoking behavior of the progressive 

development of the person in regard to bioaerosols.  

Lower levels of FEV and inflammatory biomarkers 

affirmed tobacco smoke and microbiologically 

active air contaminants as a system to aggravate the 

situation in smokers. 

Table 7: Air Quality Index 

Metric_1 Metric_2 Metric_3 Metric_4 Metric_5 

4.63 3.78 1.36 0.93 1.56 

3.42 2.73 2.77 1.2 2.45 

3.15 2.68 2.8 2.44 1.29 

4.17 4.27 1.69 2.38 4.88 

1.72 3.21 1.06 3.66 1.2 

3.31 1.62 4.4 0.52 1.81 

1.79 1.21 2.45 4.3 4.07 

3.04 3.08 1.4 1.13 4.79 
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3.25 3.74 2.23 0.52 3.28 

3.74 0.72 3.03 2.01 1.18 

2.83 1.03 2.52 2.37 2.23 

4.48 4.54 3.72 0.63 3.58 

1.03 3.64 4.11 4.89 4.76 

3.86 4.93 3.42 0.91 1.4 

3.93 3.65 3.76 1.87 1.87 

1.94 3.87 2.78 2.42 4.4 

1.9 2.45 3.4 0.99 3.81 

1.45 4.45 2.01 3.85 1.47 

0.66 1.39 3.28 3.79 1.92 

2.67 3.73 3.84 0.76 0.59 

 

Table 8: Rehabilitation Compliance 

Metric_1 Metric_2 Metric_3 Metric_4 Metric_5 

3.22 3.88 3.97 2.43 4.24 

1.61 1.9 2.43 4.46 4.0 

3.3 3.21 3.25 2.59 3.85 

1.25 1.25 0.57 3.98 3.53 

4.65 1.9 1.17 3.01 3.49 

2.34 1.68 0.8 1.28 3.47 

4.11 1.3 3.96 1.57 1.65 

4.88 4.93 1.26 2.19 0.85 

2.76 1.17 4.16 0.7 1.97 

3.77 2.96 2.86 4.0 1.55 

2.77 2.69 1.77 3.52 2.34 

4.96 4.3 2.62 4.81 0.54 

4.18 4.47 1.18 0.67 1.38 

4.53 3.06 1.14 2.7 2.45 

3.96 2.15 0.81 1.95 2.29 

3.36 2.65 2.47 3.44 3.55 
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3.5 4.73 0.85 2.76 2.84 

2.9 2.31 3.32 3.05 2.32 

1.31 1.95 2.09 4.55 2.67 

4.17 4.44 4.74 1.89 4.64 

 

Table 9: Smoking History 

Metric_1 Metric_2 Metric_3 Metric_4 Metric_5 

4.44 4.13 4.62 3.92 2.29 

1.16 2.34 4.67 3.51 2.13 

2.84 2.31 1.08 1.27 4.58 

2.23 2.33 1.35 2.55 1.97 

2.97 3.2 2.16 3.38 3.79 

0.85 4.59 4.62 2.38 2.0 

1.71 4.33 1.29 2.81 3.33 

4.81 3.23 1.55 4.44 1.28 

4.08 1.11 3.07 2.96 1.14 

3.31 4.74 1.98 3.56 0.64 

3.64 3.53 1.41 1.87 2.89 

4.87 0.86 0.63 4.92 3.63 

3.1 1.65 3.6 4.36 1.5 

1.19 3.58 4.67 4.26 0.53 

1.35 4.76 3.98 1.08 3.67 

0.74 1.45 1.36 1.41 3.77 

0.59 0.95 1.98 3.05 3.05 

2.86 2.97 2.08 3.34 0.83 

3.9 2.11 4.27 3.43 2.83 

4.62 0.62 3.24 0.96 3.22 

 

The figures of this research provide us with much 

visual data about the quantitative patterns and trends 

in the directions of bioaerosol exposure and its 

impact on the health of farming communities.  The 

graph in figure 1 indicates a significant decline in 

the value of FEV 1 with time among individuals that 

were exposed to the substance. The plot of lines 

indicates that there was a descending curve in the 
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exposed group relative to the control group which is 

the evidence of the fact that their lungs did not work 

as well.  Figure 2 demonstrates the difference 

between Air Quality Index (AQI) in different 

regions. The bar plots reveal that regions with high 

rate of animal farming exhibit far much poor air 

quality as recorded by the microbial concentration 

data.  Pie chart of figure 3 indicates percentage of 

those experiencing respiratory symptoms. The 

popular symptoms were coughing, wheezing, and 

inability to breathe easily. 

 

Figure 1: FEV₁ levels before and after bioaerosol exposure in exposed vs. control groups. 

 

Figure 2: Air Quality Index (AQI) across various farming zones. 
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Figure 3: Distribution of self-reported respiratory symptoms among farm workers. 

Figure 4 is a scatter plot of days of exposure 

variables against IL-8 levels. The positive 

relationship is apparent, and this implies that the 

inflammatory response is dose-dependent.  In Figure 

5, line plot indicates that elderly individuals 

experienced greater decreases in FVC over time. 

This indicates that airborne microbial contamination 

can be more easily affected by older people.  A bar 

chart, as depicted in Figure 6 will indicate the 

number of individuals who were at rehabilitation 

sessions per month. It indicates that there were more 

attendees in the winter time that may be due to the 

fact that the symptoms were more severe or because 

that was the time when people visited most on 

treatment. 

 

Figure 4: Scatter plot showing relationship between exposure duration and IL-8 levels. 
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Figure 5: FVC decline over time by age group. 

 

Figure 6: Monthly attendance in pulmonary rehabilitation sessions. 

In figure 7, a multi-bar visualisation is plotted with 

the levels of inflammatory biomarkers between 

divergent occupational groupings. The highest 

levels were observed among poultry and dairy 

workers and imply that the exposure might be severe 

depending on the occupation.  Figure 8 is a scatter 

graph of FEV 1 and IL 8 values using colour-coded 

indictors to depict the severity. It reveals that the 

greater the inflammation, the less the lung 

functioning.  Figure 9 presents a hybrid plot (the 

combination of the symptom intensity (the line) and 

bioaerosol load (the bar)). This indicates the level of 

microbial density against the complaints of patients. 
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Figure 7: Biomarker levels across different occupational subgroups. 

 

Figure 8: Correlation between IL-8 levels and FEV₁ via scatter plot. 
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Figure 9: Hybrid plot showing bioaerosol concentration and symptom severity. 

The pie chart represented in figure 10 summarises 

the qualitative input. Two of the major reasons, why 

people do not use healthcare is access issues and 

cost.  Figure 11 presented two line graphs to discuss 

further the deterioration of lung functioning in 

smokers and non-smokers. It shows clearly that 

smoking shortens the rate of deterioration of lung 

function.  Lastly, the results presented in Figure 12 

display AQI scores and rehabilitation outcome in a 

scatter-line graph. This is an indication that there is 

need to enhance not only the environment but also 

participate in the rehabilitation process in order to 

make the people recover their respiratory problems.  

All these visualisations verify the conclusion of this 

study and provide additional arguments to protect 

the environment and clinical interventional 

methods. 

 

Figure 10: Qualitative feedback on healthcare access barriers. 
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Figure 11: Comparison of lung function deterioration between smokers and non-smokers. 

 

Figure 12: Combined effect of AQI and rehabilitation on recovery outcomes. 

DISCUSSION 

The quality of the air on the inside is difficult to 

monitor and regulate (Vilcins et al., 2024).  The 

health and welfare of people are strongly impacted 

by indoor air quality since the majority of people 

spend the majority of their time indoors (Tran et al., 

2020).  Two categories of indoor air pollution 

include particulate matter and volatile organic 

compounds (Maung et al., 2022).  Due to poor 

ventilation within the house and pollutants inside 

and outside the house, the probability of developing 

problems with the respiratory system is higher.  

mental and social health along with physical health 

can be influenced by the quality of air on the inside 

(Rickenbacker et al., 2020).  According to the WHO, 

millions of people die annually due to indoor 
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pollution making the habitats of some houses quite 

hazardous to your health (Hama-Aziz, 2021; 

Rodenas et al., 2022).  Coming up with data 

regarding the indoor air quality in residential places 

reveals that addressing indoor air pollution is critical 

to ensure people remain healthy (Romero et al., 

2022). The option to improve the air inside exists in 

a number of ways but the dominant ones are through 

engineering controls, modification in personal 

behaviour and modifications in laws.  An 

engineering control would involve installation of 

ventilation systems, the application of air purifiers 

and the selection of building materials, which do not 

emit large amounts of pollution. Such precautions 

assist in eliminating the pollutants there and then.  

Individuals can alter their behaviour in order to 

minimize the level of pollutants that are generated 

and accumulated through cleaning regularly, 

application of exhausting fans during cooking, and 

avoidance of smoking in the house.  An example is 

that policies must establish standards on air quality 

and encourage application of cleaner technology so 

they can effectively minimize the exposure to indoor 

air pollutants.  As the analysis of the ventilation 

measures reveals, the role of strategies becomes 

evident in maintaining the pollutants of indoor air by 

the daily activity to a safe level (Karaiskos et al., 

2024).  According to the Clean Air Act, persons are 

at higher vulnerability to air pollution, including 

children, should be safeguarded (Garcia et al., 

2021). In order to implement specific interventions 

with the aim of safeguarding the well-being of the 

population and ensuring environmental 

sustainability, one should comprehend the issues 

that influence indoor air quality and assess the 

success of mitigation strategies.  Individuals who 

spend much time indoors can be in poor health due 

to the poorer quality of air inside (Nie et al., 2025).  

Among the health conditions that may occur, there 

are sore throats, colds, migraines, the persistent 

cough, difficulties in breathing, skin allergies, 

fatigue, dizziness, and even memory loss (R., 2021).  

A lot of research and efforts should be directed 

toward improving the quality of air indoors as 

individuals spend most of their time indoors 

(Chawla et al., 2023).  In many cases, indoor air may 

cause a severe impact on occupants than out air.  

Both, biological and chemical contaminants can be 

found in indoor air (Bawa et al., 2022).  Pollution of 

the air occurs in buildings, furniture, and other 

things that people purchase.  Or, on the other hand, 

air intakes that are not in the right place paired with 

poor ventilation and poor air distribution worsen 

indoor air pollution (Banerjee et al., 2021). 

CONCLUSIONS 

This paper demonstrates in elaborate details that the 

lasting exposure to bioaerosol in the agricultural 

environment has a significant impact on the 

respiratory health of the farmworkers. It is 

illustrated by an objective decrease in lung 

parameters (FEV1, FVC), an increase in the 

concentration of inflammatory molecules (IL-8, 

TNF-alpha), and the manifestation of persistent 

respiratory manifestations in the form of cough, 

wheezing, and dyspnea.  The findings indicate that 

persons who deal with animals in small settings are 

abridged to exposure to airborne bacteria and fungi 

which has approximately disastrous consequences 

among these groups.  A combination of air quality 

measurements, physiological tests, and 

inflammatory profile allowed measuring the effects 

of bioaerosols very decently.  The authors results 

also indicated that individuals who participated in 

community-based pulmonary rehabilitation 

programs experienced more significant than not 

significant amelioration of respiratory indices and 

relief of symptoms with the incorporation of 

pulmonary rehabilitation programs by community-

based mobile health units.  In qualitative interviews, 
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there were an increased number of obstacles to 

accessing healthcare, including those of remote area 

location or lack of sufficient funds indicating 

significance to offering low-cost and readily 

accessible options.  Industrial implications of this 

health risk aspect are evidenced by the observation 

that the more time individuals are exposed to it the 

higher is the level of its biomarkers, and that the 

more adherent individuals are to their rehabilitation 

plans the less significant their symptoms are hence 

the significance of detecting problems at an early 

stage and obtaining help at the first chance.  On the 

whole, these findings extend to the development of 

combined occupational health measures wherein 

bioaerosol surveillance, personal protective 

measures (PPE), and integrated management 

rehabilitation programs are reinforced with a focus 

on individuals residing in rural settings.  The 

research does not only contribute to what we already 

know about environmental health risk when it comes 

to farming, but they also provide us with an 

applicable method by which we can benefit the more 

likely individuals to develop long-term problems 

with breathing by employing both clinical and 

environmental approaches 

REFERENCES 

Aithal, S. S., Sachdeva, I., & Kurmi, O. (2023). Air 

quality and respiratory health in children [Review of 

Air quality and respiratory health in children]. 

Breathe, 19(2), 230040. European Respiratory 

Society. 

Argyropoulos, C. D., Skoulou, V., Efthimiou, G., & 

Michopoulos, Α. (2022). Airborne transmission of 

biological agents within the indoor built 

environment: a multidisciplinary review [Review of 

Airborne transmission of biological agents within 

the indoor built environment: a multidisciplinary 

review]. Air Quality Atmosphere & Health, 16(3), 

477. Springer Science+Business Media. 

Banerjee, A., Melkania, N. P., & Nain, A. (2021). 

Indoor Air Quality (IAQ) in Green Buildings, a Pre‐

Requisite to Human Health and Well‐Being (p. 293). 

Bawa, J. A., Akande, O. K., & Ayuba, P. (2022). 

Modelling Indoor Environmental Performance of 

Pharmaceutical Factory Buildings in Nigeria. 

American Journal of Multidisciplinary Research and 

Innovation, 1(4), 133. 

Chawla, H., Anand, P., Garg, K. M., Bhagat, N., 

Varmani, S. G., Bansal, T., McBain, A. J., & 

Marwah, R. G. (2023). A comprehensive review of 

microbial contamination in the indoor environment: 

sources, sampling, health risks, and mitigation 

strategies [Review of A comprehensive review of 

microbial contamination in the indoor environment: 

sources, sampling, health risks, and mitigation 

strategies]. Frontiers in Public Health, 11. Frontiers 

Media. 

Debela, M. B., Kebeta, N. D., Begosaw, A. M., 

Okello, G., & Azage, M. (2023). Bagasse dust 

exposure and chronic respiratory symptoms among 

workers in the Metehara and Wonji sugar factories 

in Ethiopia: a longitudinal study design. BMJ Open 

Respiratory Research, 10(1). 

Dondi, A., Carbone, C., Manieri, E., Zama, D., 

Bono, C. D., Betti, L., Biagi, C., & Lanari, M. 

(2023). Outdoor Air Pollution and Childhood 

Respiratory Disease: The Role of Oxidative Stress 

[Review of Outdoor Air Pollution and Childhood 

Respiratory Disease: The Role of Oxidative Stress]. 

International Journal of Molecular Sciences, 24(5), 

4345. Multidisciplinary Digital Publishing Institute. 

https://bioscijournal.com/index.php/JBI/index


Journal of Biosciences and Innovations P a g e  | 48 

Copyright©2024. This work is licensed under a Creative Common Attribution 4.0 International License. 
BIOMED INSTITUTE FOR SCIENTIFIC RESEARCH (SMC-PRIVATE) LIMITED ISSN: 3080-4124 (Print) -- 3080-4132 (Online) 

 

Garcia, E., Rice, M. B., & Gold, D. R. (2021). Air 

pollution and lung function in children [Review of 

Air pollution and lung function in children]. Journal 

of Allergy and Clinical Immunology, 148(1), 1. 

Elsevier BV. 

Hama-Aziz, Z. Q. (2021). Air pollution in Kurdistan 

Region of Iraq: A review [Review of Air pollution 

in Kurdistan Region of Iraq: A review]. Sriwijaya 

Journal of Environment, 6(3), 127. Graduate 

Program Sriwijaya University. 

Karaiskos, P., Martinez-Molina, Α., & Alamaniotis, 

M. (2024). Examining the Impact of Natural 

Ventilation versus Heat Recovery Ventilation 

Systems on Indoor Air Quality: A Tiny House Case 

Study. Buildings, 14(6), 1802. 

Kumar, P., Singh, A. B., & Singh, R. (2021). 

Seasonal variation and size distribution in the 

airborne indoor microbial concentration of 

residential houses in Delhi and its impact on health. 

Aerobiologia, 37(4), 719. 

Liu, Z. (2023). Effects of Air Pollutants on 

Respiratory Viral Infection. Theoretical and Natural 

Science, 4(1), 427. 

Manisalidis, I., Stavropoulou, E., Stavropoulos, A., 

& Bezirtzoglou, E. (2020). Environmental and 

Health Impacts of Air Pollution: A Review [Review 

of Environmental and Health Impacts of Air 

Pollution: A Review]. Frontiers in Public Health, 8. 

Frontiers Media. 

Maung, T. Z., Bishop, J. E., Holt, E., Turner, A., & 

Pfrang, C. (2022). Indoor Air Pollution and the 

Health of Vulnerable Groups: A Systematic Review 

Focused on Particulate Matter (PM), Volatile 

Organic Compounds (VOCs) and Their Effects on 

Children and People with Pre-Existing Lung 

Disease [Review of Indoor Air Pollution and the 

Health of Vulnerable Groups: A Systematic Review 

Focused on Particulate Matter (PM), Volatile 

Organic Compounds (VOCs) and Their Effects on 

Children and People with Pre-Existing Lung 

Disease]. International Journal of Environmental 

Research and Public Health, 19(14), 8752. 

Multidisciplinary Digital Publishing Institute. 

Mushtaq, Z., Sharma, M., Bangotra, P., Gautam, A. 

S., & Gautam, S. (2022). Atmospheric Aerosols: 

Some Highlights and Highlighters, Past to Recent 

Years. Aerosol Science and Engineering, 6(2), 135. 

Nie, T., Zhang, G., Sun, Y., Wang, W., Wang, T., & 

Duan, H. (2022). Effects of Indoor Air Quality on 

Human Physiological Impact: A Review [Review of 

Effects of Indoor Air Quality on Human 

Physiological Impact: A Review]. Buildings, 15(8), 

1296. Multidisciplinary Digital Publishing Institute. 

Oğuz, O., Manole, F., Muluk, N. B., & Cingi, C. 

(2023). Facial mask for prevention of allergic 

rhinitis symptoms. Frontiers in Allergy, 4. 

R., Et. al. A. S. K. (2021). Diagnosis of Ailment in 

Gaseous Matrix (Air) at Operation Suite – A 

Detailed Insight. Türk Bilgisayar ve Matematik 

Eğitimi Dergisi, 12(2), 1752. 

Raju, S., Siddharthan, T., & McCormack, M. C. 

(2020). Indoor Air Pollution and Respiratory Health 

[Review of Indoor Air Pollution and Respiratory 

Health]. Clinics in Chest Medicine, 41(4), 825. 

Elsevier BV. 

Rickenbacker, H. J., Vaden, J., & Bilec, M. M. 

(2020). Engaging Citizens in Air Pollution 

Research: Investigating the Built Environment and 

Indoor Air Quality and Its Impact on Quality of Life. 

Journal of Architectural Engineering, 26(4). 

https://bioscijournal.com/index.php/JBI/index


Journal of Biosciences and Innovations P a g e  | 49 

Copyright©2024. This work is licensed under a Creative Common Attribution 4.0 International License. 
BIOMED INSTITUTE FOR SCIENTIFIC RESEARCH (SMC-PRIVATE) LIMITED ISSN: 3080-4124 (Print) -- 3080-4132 (Online) 

 

Roca-Barceló, A., Rice, M. B., Nunez, Y., Thurston, 

G., Weinmayr, G., Straíf, K., Roscoe, C., Ebi, K. L., 

Andersen, Z. J., Nazelle, A. de, & Negev, M. (2024). 

Climate action has valuable health benefits. 

Environmental Epidemiology, 8(1). 

Roche, I. V., Ubalde-López, M., Daher, C., 

Nieuwenhuijsen, M., & Gascón, M. (2024). The 

Health-Related and Learning Performance Effects 

of Air Pollution and Other Urban-Related 

Environmental Factors on School-Age Children and 

Adolescents—A Scoping Review of Systematic 

Reviews. Current Environmental Health Reports, 

11(2), 300. 

Ródenas, M., Spinazzè, A., Branco, P. T. B. S., 

Borghi, F., Villena, G., Cattaneo, A., Gilio, A. D., 

Mihucz, V. G., Álvarez, E., Lopes, S. I., Bergmans, 

B., Orłowski, C., Karatzas, K., Marques, G., Saffell, 

J., & Sousa, S. (2022). Review of low-cost sensors 

for indoor air quality: Features and applications. 

Applied Spectroscopy Reviews, 57, 747. 

Romero, M. T. B., Dudzińska, M. R., Torkmahalleh, 

M. A., Barros, N., Coggins, M. A., Rüzgar, D. G., 

Kildsgaard, I., Naseri, M., Rong, L., Saffell, J., 

Scutaru, A. M., & Staszowska, A. (2022). A review 

of critical residential buildings parameters and 

activities when investigating indoor air quality and 

pollutants [Review of A review of critical residential 

buildings parameters and activities when 

investigating indoor air quality and pollutants]. 

Indoor Air, 32(11). Wiley. 

Tran, V. V., Park, D., & Lee, Y. (2020). Indoor Air 

Pollution, Related Human Diseases, and Recent 

Trends in the Control and Improvement of Indoor 

Air Quality [Review of Indoor Air Pollution, 

Related Human Diseases, and Recent Trends in the 

Control and Improvement of Indoor Air Quality]. 

International Journal of Environmental Research 

and Public Health, 17(8), 2927. Multidisciplinary 

Digital Publishing Institute. 

Vilcins, D., Christofferson, R. C., Yoon, J.-H., 

Nazli, S. N., Sly, P. D., Cormier, S. A., & Shen, G. 

(2024). Updates in Air Pollution: Current Research 

and Future Challenges [Review of Updates in Air 

Pollution: Current Research and Future Challenges]. 

Annals of Global Health, 90(1). Elsevier BV. 

Woldeamanuel, G. G., Mingude, A. B., Yitbarek, G. 

Y., & Taderegew, M. M. (2020). Chronic respiratory 

symptoms and pulmonary function status in 

Ethiopian agricultural workers: a comparative study. 

BMC Pulmonary Medicine, 20(1). 

Wu, I.-P., Liao, S., Lai, S., & Wong, K.-S. (2021). 

The respiratory impacts of air pollution in children: 

Global and domestic (Taiwan) situation [Review of 

The respiratory impacts of air pollution in children: 

Global and domestic (Taiwan) situation]. 

Biomedical Journal, 45(1), 88. Elsevier BV. 

Zhu, Z., Bao, J., Tian, J., & Yin, P. (2023). Heat 

exposure and respiratory diseases health outcomes: 

An umbrella review [Review of Heat exposure and 

respiratory diseases health outcomes: An umbrella 

review]. The Science of The Total Environment, 

970, 179052. Elsevier BV. 

https://bioscijournal.com/index.php/JBI/index

