The Sick Building Syndrome
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Definition and History

Sick Building Syndrome: a syndrome of uncertain aetiology consisting of non-specific, mild upper
respiratory symptoms (stuffy nose, itchy eyes, sore throat), headache and fatigue, experienced by
occupants of ‘sick buildings’; (also) the environmental conditions existing in such a building;
abbreviated SBS . (Oxford English Dictionary (OED), 1989)

First reported during the 1960s, yet it was not until
the 1980s that further reports began to be
published, raising awareness of this newfound
‘common’ problem (Health and Safety Executive,
1992).
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https://link.springer.com/article/10.1057/jba.2009.20#ref-CR8
https://link.springer.com/article/10.1057/jba.2009.20#ref-CR8

Sequence of Events

The reasons for buildings becoming ‘sick’ stemmed from the drive for energy efficiency:

Need to make buildings air-tight

Climate control systems, including ventilation and air circulation

Open plan floor-by-floor layouts to maximise use of ventilation systems

New synthetic materials (plastics, solvents, adhesives, synthetics carpets, etc.)
New types of equipment (computers, printers, fax machines)
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Causes of SBS

No single cause has been identified to cause SBS (NHS)
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The amount of outdoor ventilation per individual occupant was initially (19705.) set at five cubic feet per
minute (5 cfm). ASHRAE) revised the amount per occupant to 15 cfm in the 1990s, raised to 20 cfm for

offices and up to 60 cfm for areas of specific use where heavy pollution may accumulate, or is produced
(Bialous and Glantz, 2002)
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The amount of outdoor ventilation per individual occupant was initially (1970s) set at five cubic feet per
minute (5 cfm). ASHRAE) revised the amount per occupant to 15 cfm in the 1990s, raised to 20 cfm for

offices and up to 60 cfm for areas of specific use where heavy pollution may accumulate, or is produced
(Bialous and Glantz, 2002)
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Use of High-Efficiency Air Cleaning
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Volatile Organic Compounds (VOCs)

VOCs are carbon-based (organic) compounds that have a high vapour and
low water solubility, and therefore evaporate at ambient temperatures
within a building. Sources: photocopiers, printers, cleaning supplies, glues.
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Particulate Matter (Aerosols)

Particulate Matter: sum of solid and/or liquid particles having diameters from a few nanomaters to 100
micrometers that are suspended in the breathing air
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Particulate Matter (Aerosols)

Particulate Matter: sum of solid and/or liquid particles having diameters from a few nanomaters to 100
micrometers that are suspended in the breathing air
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LETTER

doi:10.1038/nature15371

The contribution of outdoor air pollution sources to
premature mortality on a global scale

1. Lelieveld'?, J. 8. Evans®*, M. Fnais®, D. Giannadaki® & A. Pozzer!

Assessment of the global burden of disease is based on epidemiolo-
gial cohort studies that connect premature mortality to a wide
range of causes', induding the long-term health impacts of ozone
and fine particulate matter with a diameter smaller than 2.5 micro-
metres (PM, ;P It has proved difficult to quantify premature mor-
tality related to air pollution, notably in regions where air quality is
not monitored, and also because the toxicity of particles from vari-
ous sources may vary™. Here we use a global atmospheric chemistry
model to investigate the link between premature mortality and seven
emission source categories in urban and rural environments. In
accord with the global burden of disease for 2010 (ref. 5), we
calculate that outdoor air pollution, mostly by PM, 5, leads to 3.3
(95 percent confidence interval 1.61-4.81) million premature deaths
per year worldwide, predominantly in Asia. We primarily asume
that all particles are equally toxic®, but also include a sensitivity study
that arronnts for differential tovicite We find that emissione fram
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scenario indicate that the contribution of outdeor air pollution to
premature mortality could double by 2050.

GBI¥ we also include desert dust (which is largely natural) with PM, 5;
hence strictly speaking we assess the effects of atmospheric composi-
tion.

The air quality guidelines of the World Health Organization
(WHO) and national regulatory policies are based on exposure res-
ponse functions that rely on PM; 5 mass concentrations, implicitly
treating all fine particles as equally toxic without regard to their source
and chemical composition. However, expert elicitation suggests that
carbonaceous partides are more toxic than crustal material, nitrates
and sulfates™, A recent study™ finds that PM, 5 from coal combustion
leads to increased mortality risk from cardiovascular disease and LC,
but that the evidence is much weaker for other sources, whereas esti-
mates using non-specific PM; s mass alone may underestimate the total
effectof PMa s on mortality. Further, this study did not find support for
mortality from biomass combustion and soil dust particles®. However,

thic and a crheoment romart hir the Health Ffacte Tactitnte in the TTC4

=ic e calculate that outdoor air pollution, mostly
= Py PM2.5, leads to 3.3 million premature deaths

WAL L MR LAVCIEUR U L LG & BURLS L AN S WL LALLM U UL G

PM, 5 related mortality in 2010 is 3.15 million people with a 95% con-
fidence interval (CI95) of 1.52-4.60 million. The main causes are CEV
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Particulate Matter: the case of Asbestos

Asbestos is a naturally occurring fibrous mineral that was commonly used as an insulating and fire-
resistant material in building construction until the late 20th century.

The Effects of Asbestos Exposure

NOSE AND MOUTH
ESoRLAGUS Asbestos fibers can be
Asbestos can cause inhaled through the nose
esophageal cancer when and mouth or swallowed
fibers are inhaled or %, when eating or drinking.
swallowed. *

>
LARYNX

Cancer of the larynx, or
voice box, can also be
caused by long-term
asbestos exposure.

PLEURAL MEMBRANE

Asbestos exposure can
cause scar tissue or
cancer to form in the
lining of the lungs,
constricting them and
making it very difficult
or painful to breathe.

LUNG TISSUE

Exposure to asbestos is
a known cause of lung
cancers, specifically
mesothelioma.

healthline

Banned or restricted in many countries in the 1990s-2000s




Bio-Aerosols

Bio-aerosols: biological matter suspended in the breathing air
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Impacts of SBS

Individual-related

Symptomology
Respiratory
Cutaneous
Ocular
Nasal
Cognitive
Lethargy
Oropharyngeal
General
Productivity
Lowering the productivity
rates of
v Formaldehyde v occupants’performances
2_Plasticizer texanol Monotonous wo cl ding ome
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18300 gative Associated Cost
s Absence from work
Lower productivity
Remedial expenses
Increasing energy
consumption
Temperature W wel-bdng
llluminance and satisfaction
Stress
Anxiety
Aggression
Depression
Susceptibilities
Low satisfaction

Ambiance-related

Respiratory: Allergic Rhinitis - Sinus congestion - Influenza like symptoms - Dry Cough - Throat irritation - Wheezing - Shortness of breath - Dry mucus membranes - Hoarseness of the voice -
Sensitivity to odors - Asthma - Cutaneous: Skin rashes - Itchy skin - Dry skin - Erythema - Lip irritation and dryness - Seborrheic dermatitis - Periorbital eczema - Rosacca - Uritcaria - Itching follicu-
litis - Ocular: Eye dryness - Eyes itching - Eyeswatering - Gritty eyes - Eye Burning - Visual disturbances - Light sensitivity - Swollen eyelids - Nasal: Runny nose - Sneezing - Blocked nose - Nose
bleeding - Cognitive: Functional headache - Migraine headache - Tension headache - Sinus headache - Mental confusion - Lethargy: Lethargy - Difficulty in concentrating - Mental fatigue -
General fatigue - Drowsy - Oropharyngeal: Throat dryness - Throat irritation - General: Nausea - Dizziness - Hypersensitivity reactions - Deteriorating the pre-existing illnesses
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What is the cost of SBS?

Estimating the cost of SBS is challenging, but it can be broken down to:

Productivity Losses Medical Costs

w5
Hard to estimate

100s of billions of EUR annually “E‘ %ﬁgyrpt?gé




Mitigation Strategies

Healthy building: built environment that encourages

9 positive well-being of human beings.
Green Building Inte%lfation P i)
Gt Advanced  FullReduction QUALITATIVE QUANTITATIVE
Air Pollution Ventilation &
Emission Systems Dampness
Contl'OI Use Of El 2 Greenery/Nature Daylight
Renewable Use of Passive L son
E Smart/Kinetic Advamed Techn! S Deconr/Aesthetil‘cswS l;\loils]c &
Public Sun Shield IAQ Integration 1 ] i
Awareness & Skin Control & our “:ll’]"“.“
Temperature

System Character
Q Q Layout/Functionality
Space

00 Bophik ‘z"'-v

Neighbourhood Design

Complexity Level of Implementation

Intenoa Layout  Frequent Design Frequgfnt
s Indoor Use

Furniture Cleanlng OpenablGVVlndOWS Perceived Health and Well-being national-| Decreased Public Health Costs
Arrangement ° Happiness and Satisfaction | (illness, injuries, therapies)

® Use Of Security developers—Increased Asset Value/Sale Price
. Non-Toxic Empowerment landiords—] Higher Rental Rates
. Hg‘/élCeaSerICe ||"kax Matenals Use Of Achievement |_Better Occupancy Rates/Tenant Longevity
Srnqkl_ng ning lrdw Relationships oceupants—| Productivity
Restriction me Community Performance
Prosperity
| Social Capital

Ultimate Effectiveness Level @

@

“E‘ Tae CyPRUS

Ins




Evolution of Strategies

- 0

Sustainable Buildings

o Gradual attention to
® sustainable buildings

o USGBC Establishment

e Economic use of ener
waste, water and polldation

« Global environmental
movement + Sustainble
development movement

Intelligent Buildings

attention
ildings

eIncreasin
togreen

o Building automationas a
core focus

» More robust directions
towards intelligent buildings

Technological dimension
® ot budings

Sustinable +
Intelligent Buildings

o Green bu:ldtngs are globally
widespread

Low-ener:

* & BiMapplication

o Intelligent buildings
incorporated with sust design

o Gradual shift to the social
dimension of buildings

) \20102015 @ )2015—2018 @

Healthy Buildings

e Increasing attention to health
& well-being in buildings

o Sick Building Syndrome
becomes a crucial issue

o Healthy butldmgs aspart
of asmartcity

« Emphasis on productivity
and healthy design

2018-Future

itally Sensible
I S ive
l-lea y Buildings
o Buildings to become fully
sensible and responsive

« Digital design for enhancing
health and productivity

o Health as the focal point of
future buildings
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Indoor Air Quality Monitoring
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Indoor Air Quality Monitoring
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Summary

©
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Thank You!
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