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Chapter 2: Theories and Knowledge About Sick Building Syndrome

When people talk about the health risks of indoor environments, the term sick building syndrome(SBS) often
surfaces. Though the phrase might sound clinical, its roots trace back to a simple observation: a building can make
its occupants feel ill, even when there is no identifiable disease. In this chapter, we dive deep into the theories that
explain why buildings can become “sick” and the body of knowledge that guides architects, engineers, and facility
managers in creating healthier spaces.

What Is Sick Building Syndrome?

Sick building syndrome is a condition where occupants of a building experience a range of nonspecific symptoms—
headaches, dizziness, eye irritation, fatigue, or respiratory discomfort—that improve or disappear when they leave
the environment. The key aspect is that no single pathogen or toxin is identified; instead, a combination of
environmental factors is believed to contribute to the symptoms.

Because SBS is not a disease with a single cause, it can be challenging to diagnose. The symptoms overlap with
many other conditions, making it essential to look at the building’s design, materials, and maintenance practices to
identify potential triggers.

Historical Context and Evolution of Theories

Early accounts of SBS date back to the 1950s, when researchers began noting clusters of symptoms in office
workers. Over the decades, several theories emerged to explain the phenomenon. The evolution of these theories
reflects the growing understanding of indoor air quality (IAQ), building materials, and human biology.

One of the earliest explanations focused on volatile organic compounds (VOCs) emitted from building materials,
furnishings, and cleaning agents. The premise is simple: the more chemicals released into the air, the higher the
likelihood of irritation or systemic symptoms.

« Common VOC Sources: Paints, adhesives, carpets, office equipment, and air fresheners.
¢ Impact: Even low concentrations of certain VOCs can cause headaches, nausea, or eye irritation.
 Testing: Indoor air sampling and chemical analysis help identify problematic compounds.

Another theory posits that moisture damage and inadequate ventilation foster mold growth and bacterial
proliferation. These microorganisms release spores and metabolic byproducts that can trigger allergic reactions or
respiratory issues.

¢ Indicators: Musty odors, visible mold, and dampness.
» Health Effects: Asthma exacerbation, allergic rhinitis, and sinus infections.
e Control Measures: Proper moisture control, regular inspections, and dehumidification.

Inadequate ventilation is a frequent culprit. When fresh outdoor air is insufficient, indoor pollutants accumulate, and
air becomes stale.

* Ventilation Rates: Building codes specify minimum air changes per hour; exceeding these can improve 1AQ.



« Airflow Patterns: Poor design can create stagnant zones where contaminants linger.
e Monitoring: CO , sensors serve as proxies for ventilation adequacy.

Beyond chemicals and microbes, the physical layout and lighting can influence occupants’ psychological well-being.
Poor ergonomics, inadequate natural light, or cluttered spaces can increase stress, leading to symptoms that mimic
SBS.

¢ Lighting: Fluorescent lighting can cause headaches; circadian lighting systems may reduce fatigue.
« Ergonomics: Adjustable furniture and proper workstation design mitigate musculoskeletal strain.
¢ Environmental Psychology: Natural elements (“biophilic design”) can lower stress and improve mood.

Integrative Models: Combining Multiple Factors

While each theory offers valuable insights, modern research emphasizes that SBS is rarely caused by a single
factor. Instead, it results from a complex interplay between environmental, biological, and psychological elements.
Two prominent integrative frameworks illustrate this complexity.

The IEQ model considers four core components: air quality, lighting, thermal comfort, and acoustics. When any of
these elements falls below acceptable thresholds, occupants may experience symptoms.

Air Quality: VOCs, CO ,, particulate matter.

« Lighting: Intensity, color temperature, flicker.

e Thermal Comfort: Temperature, humidity, airflow.

* Acoustics: Noise levels, reverberation, sound isolation.

The BHI quantifies the overall healthiness of a building by scoring various IAQ parameters. It integrates sensor data
(temperature, humidity, CO ,), occupant feedback, and maintenance records to provide a composite health score.

e Data Sources: 0T sensors, building management systems (BMS), surveys.
¢ QOutcome: Identifies high risk zones and informs targeted interventions.
* Benefits: Continuous monitoring enables proactive maintenance.

Key Knowledge Areas for Building Professionals

Understanding SBS requires more than just theoretical knowledge. Professionals must apply evidence based
practices to prevent and remediate symptoms. Below are essential knowledge domains that shape healthy building
design and operation.

Choosing low emission materials is the first line of defense. Certifications such ad. EED, Living Building
Challenge, and Green Seal provide guidelines for material selection, ventilation, and indoor environmental quality.

e Low VOC Paints: Use water based coatings with minimal off gassing.
« Recycled Content: Materials with recycled fibers reduce embodied emissions.
 Certified Flooring: Products that meet FloorScore standards.

Balancing IAQ with energy savings is a core challenge. Modern HVAC systems incorporate heat recovery
ventilators (HRVs) and energy recovery ventilators (ERVS) to exchange stale indoor air with fresh outdoor air while
minimizing heat loss.

e HRVs: Transfer heat between incoming and outgoing air streams.
¢ ERVs: Also exchange humidity, improving comfort in humid climates.
« Demand Controlled Ventilation (DCV): Adjusts airflow based on occupancy, measured via CO ,.

Effective moisture control is critical. Building envelopes, roofing, and HVAC condensate lines must be designed to
prevent leaks and condensation.



* Water Resistive Barriers: Protect walls and ceilings from water infiltration.
* Proper Drainage: Slope design and gutters keep water away from foundations.
¢ Regular Inspections: Early detection of leaks reduces mold growth.

IoT sensors now enable real time monitoring of IAQ parameters. Data analytics can predict trends, flag anomalies,
and trigger alerts for maintenance teams.

e CO, Sensors: Indicate ventilation adequacy.
 PM2.5 and PM10 Monitors: Track particulate matter from combustion or construction.
* VOC Detectors: Identify off gassing from new materials.

Even the best-designed building can fail if occupants do not report issues. Structured feedback mechanisms, such
as regular surveys or mobile apps, empower users to voice concerns and help facilities staff respond quickly.

e Smart Building Apps: Allow occupants to log symptoms and environmental conditions.
¢ Hotlines: Dedicated support lines for health concerns.
e Training Sessions: Educate occupants on proper use of equipment and reporting protocols.

Case Studies: Lessons From Real World Buildings

Examining actual buildings that have successfully addressed SBS provides actionable insights. Below are two
illustrative examples.

The Green Office Tower, located in a major metropolitan area, underwent a comprehensive retrofit to address
chronic SBS complaints. The project incorporated:

Installation of an advanced ERV system that reduced ventilation costs by 15%.

* Replacement of all carpeting with low VOC, recycled fiber floor coverings.

¢ Implementation of a DCV strategy that adjusted airflow based on real time occupancy.

* Deployment of a building wide sensor network feeding data into a central analytics dashboard.

Result: Occupant complaints dropped by 70% within six months, and the building achieved LEED Platinum
certification.

In a mixed use residential complex, residents reported headaches and respiratory irritation. An investigation
revealed:

¢ Inadequate ventilation in common areas.
e Water damage behind wall panels in the laundry room.
< High levels of VOCs from recently installed cleaning products.

Remediation steps included:

1. Re designing the HVAC system to increase airflow to 12 air changes per hour.
2. Replacing damaged wall panels and installing mold resistant materials.
3. Switching to fragrance free, low VOC cleaning agents.

Outcome: Resident satisfaction improved, and the incidence of reported symptoms fell by 60% in the first year.

Future Directions: Emerging Research and Innovations

As technology advances, new strategies are emerging to tackle SBS. Below are some promising developments.

Machine learning algorithms analyze historical sensor data to predict periods of high pollutant concentration.
Facilities can proactively adjust HVAC settings before occupants experience symptoms.



Materials embedded with microcapsules that release antimicrobial agents or neutralize VOCs when triggered by
environmental changes offer a proactive approach to IAQ control.

Software platforms now incorporate occupant comfort models, allowing designers to simulate how lighting,
acoustics, and airflow interact in real time.

Research confirms that incorporating natural elements—plants, water features, natural light—can reduce stress
and improve cognitive performance. These elements are increasingly being integrated into commercial and
residential projects.

Practical Checklist for Building Owners and Managers

Below is a concise checklist to help maintain a healthy indoor environment and mitigate SBS risks.

» Verify that the ventilation system meets or exceeds local code requirements.
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