
Human beings serve as continuous sources of volatile organic compounds �VOCs� in indoor

environments, with each individual emitting hundreds of distinct chemical species through

normal physiological processes . Research demonstrates that human occupancy contributes

2,180 � 620 μg h⁻¹ per person of VOCs under ozone-free conditions, predominantly from

exhaled breath . These emissions vary significantly based on activity levels, clothing coverage,

and environmental factors such as temperature and humidity. For instance, long clothing reduces

total VOC emissions by limiting skin surface exposure, while elevated relative humidity amplifies

ozone-driven skin lipid reactions, doubling total VOC output to over 6,000 μg h⁻¹ per person

.

The chemical diversity of human-emitted VOCs includes oxygenated compounds like acetone,

isoprene, and methanol, which correlate strongly with metabolic activity and environmental

enthalpy . Classroom studies reveal that student populations can elevate indoor VOC

concentrations by 44 ppb, surpassing contributions from outdoor air infiltration �27 ppb� and

non-human indoor sources �6 ppb� . This chemical burden creates a paradoxical scenario

where human presence inherently degrades the air quality intended to support occupant health.

Human Beings as Primary Indoor Environmental

Pollutants: A Comprehensive Analysis of Direct

and Indirect Contamination Pathways

The growing body of scientific evidence reveals a counterintuitive reality about

indoor air quality: the very occupants we seek to protect through building design

and environmental controls are themselves the most significant sources of indoor

pollution. Human beings continuously emit a complex array of chemical

compounds, biological materials, and particulates that fundamentally alter the

composition, chemistry, and microbial ecology of indoor environments. This

comprehensive analysis examines the multifaceted ways humans function as

primary indoor pollutants, affecting air quality through direct emissions of volatile

organic compounds and carbon dioxide, biological contamination through

bacterial shedding and microbiome disruption, and indirect pollution through

behavioral activities and environmental modifications.

Direct Chemical Emissions from Human Physiology

Volatile Organic Compound Production
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Carbon dioxide emissions from human respiration provide a quantifiable metric of occupancy-

derived pollution, with emission rates escalating from 0.013 m³ h⁻¹ per person during sleep to

0.38 m³ h⁻¹ during strenuous activity . In densely occupied spaces like cinemas, 100

occupants can collectively emit 2�8 m³ h⁻¹ of CO₂, creating indoor concentrations that

frequently exceed 1,000 ppm—levels associated with measurable declines in cognitive

performance . The thermal signature of human metabolism further complicates indoor air

management, as CO₂ accumulation often correlates with inadequate ventilation rates in energy-

efficient buildings.

Occupancy increases airborne bacterial genome concentrations by 18- to 31-fold compared to

vacant conditions, with resuspended floor dust contributing 19% of total airborne bacteria

during human activity . Each person sheds approximately 10⁶�10⁷ bacterial cells per hour

through skin desquamation and respiratory emissions, creating distinct microbial signatures

dominated by Staphylococcus, Propionibacterium, and Corynebacterium species . The

mechanical action of movement resuspends 29 μg h⁻¹ of particulate matter �PM₁₀) per person,

carrying attached microorganisms into the breathing zone.

Human occupancy fundamentally reshapes indoor microbial ecology, introducing 1,840 distinct

VOC compounds from bodily fluids and creating environments where 57% of airborne microbial

content originates directly from occupants . Ventilation systems moderate this biological

loading, with mechanically ventilated spaces showing 34% lower human-associated bacterial

abundance compared to naturally ventilated environments . However, even in well-ventilated

buildings, human-derived microorganisms persist in surface reservoirs, generating continuous

emission potential through secondary aerosolization.

Domestic activities amplify human pollution impacts:

These anthropogenic sources interact synergistically with human physiological emissions. For

example, ozone reactions with skin lipids produce secondary organic aerosols at rates of 1.2 μg

Carbon Dioxide as a Human-Generated Pollutant
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Biological Contamination and Microbiome Disruption

Human Bacterial Shedding and Airborne Microbial Loading
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Indoor Microbiome Transformation
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Indirect Human Contributions to Indoor Pollution

Behavioral Modifications and Chemical Introductions

Cleaning product use introduces 120�300 μg m⁻³ of terpenes and glycol ethers

Cooking emissions generate 200�1,500 μg m⁻³ of particulate matter and polycyclic aromatic

hydrocarbons

Personal care products elevate limonene and phthalate concentrations by 40�60 ppb



h⁻¹ per person, while HVAC systems recirculate chemical mixtures that undergo gas-phase

transformations .

Human metabolic output modifies indoor environmental parameters:

These emissions elevate indoor humidity by 10�15% relative to unoccupied conditions, fostering

microbial growth on surfaces and in HVAC systems. The resultant 0.5�1.5°C temperature rise

accelerates VOC off-gassing from building materials at rates of 5�7% per degree Celsius .

The concurrent exposure to human-derived VOCs, CO₂, and bioaerosols creates additive health

risks:

Vulnerable populations experience disproportionate impacts, with childrenʼs developing

respiratory systems absorbing 50% more particulate matter per unit body weight than adults .

The evidence conclusively demonstrates that human occupants constitute the dominant

pollution source in indoor environments through interconnected chemical, biological, and

physical pathways. Effective mitigation requires integrated strategies:

Future research must prioritize longitudinal studies of cumulative exposure effects and develop

smart building systems that dynamically balance human comfort with pollution control.

Recognizing humans as both sources and recipients of indoor pollution represents a critical

paradigm shift in environmental health science.
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Thermal and Moisture Dynamics

Heat emission escalates from 70 W (resting) to 400 W (strenuous activity)

Moisture production ranges from 30 g h⁻¹ (sedentary) to 300 g h⁻¹ (exercise)
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Health Implications and Exposure Pathways

Multi-Pollutant Synergistic Effects

Formaldehyde-equivalent carcinogenic risk increases by 2.1× in occupied spaces

Endotoxin levels from resuspended bacteria correlate with 17% higher asthma incidence

CO₂-induced acidosis exacerbates VOC toxicity in alveolar tissue
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Conclusion

���Demand-controlled ventilation systems responsive to real-time VOC/CO₂ levels
���Advanced filtration targeting 0.1�1 μm particles carrying microorganisms

���Building materials engineered to resist moisture accumulation and VOC adsorption

���Occupant education programs to reduce high-emission activities

���https://pubs.acs.org/doi/10.1021/acs.est.1c08764

https://pubs.acs.org/doi/10.1021/acs.est.1c08764
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