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Textbooks

*ASHRAE: Indoor Air Quality Guide, 2010. Best practices for
design, construction and commissioning

eSpengler, J., J. Samet, and J. McCarthy. 2001. Indoor Air Quality
Handbook. New York: McGraw-Hill

eIndoor Environmental Quality, Thad Godish, CRC Press, 2000

*Bearg, David. Indoor Air Quality and HVAC systems.

Harvard School of Public Health
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Reading Materials

Jour nals;

Indoor Air

« Atmospheric Environment

eAmerican Industrial Hygiene Association Journal
*Environmental Science & Technology

*Environment International

«Journal of the Air & Waste Management Association

Harvard School of Public Health
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Websites

*\WHO, Indoor Air Programn
( )

e US EPA, Indoor Air Quality program

( )

*US Surgeon General
(

eAmerican Industrial Hygiene Association
(http://www.aiha.org/)
*ASHRAE

Harvard School of Public Health
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Websites (Cont.)

«OSHA (

 NIOSH
( cdc.gov/niosh)

Harvard School of Public Health
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Teaching methods

Combination of lectures, case studies and
homework/ mini IEQ projects.

Active learning through class participation
and case based teaching

Where appropriate, guest speakers may
contribute to the course (leading experts and
practitioners)

Class readings will be assigned every week

Course website for communications and
maat@;ﬂ(gl]ﬂ%?ublic Health
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Grading/Performance evaluation

 Homework assignments and min1 IEQ
project (50%)

* Final examination: (50%)

(Based on ALL reading materials given 1in class,
homework assignments and lecture material)

Harvard School of Public Health
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Goals of the Course

Identify and explain the major indoor air pollution
sources and their health implications.

Introduce students to building science themes (thermal
comfort, HVAC systems, ventilation)

Enable the students to develop the skills required to
assess |IEQ problems , identify their causes and
recommend mitigation strategies

Identify and describe the current regulations, standards
and guidelines related to indoor air quality.

Introduce students to indoor air research themes

Harvard School of Public Health
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Context of the course

Sources of indoor pollutants and health
implications.

Emerging pollutants and health implications

The built environment: HVAC systems, building
science matters (Energy, thermal comfort,
ventilation, green buildings, sustainable design
1Ssues)

[EQ 1nvestigations, mitigation of IEQ problems:
Tools (IAQ modeling, instrumentation), case
studies related to various microenvironments

Harvard School of Public Health
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* Gases
* Biologicals
e particles

Health, well-

being,

productivity
e Systems
» Use/maintenance
* Occupants

Harvard School of Public Health




EH:522 : Indoor Environmental Quality and Health

Basic definitions for the Course

Pressure

¢ It is defined as the force per unit area.

¢+ Standard atmospheric pressure at sea level is 29.92

inches of mercury or 760 mm of mercury or 14.7
Ib/sqg.inch.

Harvard School of Public Health
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Basic definitions for the Course

Air density (p)

¢ It can be defined as the mass per unit volume of air,
(Ibm/ft3). at standard atmosphere (p=14.7 psfa, room
temperature 70 F and zero water content.- p,;~=0.075
Ibm/ft?)

¢ Specific enthalpy (h): A measure of energy for a system
per mass. Units: KJ/kg, Kcal/hr

Harvard School of Public Health
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Basic definitions for the Course

Volumetric Flow Rate, Q, (i.e. in a pipe, duct ) (m3/s, CFM)

The volume or quantity of air that flows through a given location (section)
per unit time

A\

SR

Where

Q = volumetric flow rate in cfm or m3/s
U = average velocity in fpm, or m/s

A = cross-sectional area in sq.ft, or sq.m

Mass Flow rate, M, (i.e. in a pipe, duct ) (kg/s, Ib/min)
The mass of air that flows through a given location (section) per unit time 13

Harvard School of Public Health ° ° ° ° ° ° ° °
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Basic definitions for the Course
Conservation of M ass and energy:

e  Within some problem domain, the amount of mass remains constant--
mass 1is neither created nor destroyed.

The first law of thermodynamics, ( ), states
that energy can be transformed (changed from one form to another),
but cannot be created or destroyed

Al
Mi=M?2 Ml,Ql,hl,pl/\\
p1 Q1= p2* Q2 | \>> |

M1*h1=M2*h2 M2,Q2,h2, p2

Harvard School of Public Health
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Indoor Environmental Quality & Health

“Health is a state of complete physical, mental and social well-

being, not merely the absence of disease or infirmity.”
WHO, 1946

|ndoor Environmental Quality

* indoor air temperature; * illumination (light level);

* mean radiant temperature; * sound;

* relative humidity; * air quality;
e air movement; » other factors (Furnishings,

\ Psychological factors).

f

Harvard School of Public Health
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Health and Housing: A historical

prospective

Harvard School of Public Health
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Perspective: Determinants of Health

 (Genetics

* Environment

— Behavior \ /

e Diet
« Exercise Disease

— Occupation

— Exposure profile
 Pollutants
* Infectious agents

— Social determinants
* Income
 Social support
e Medical care

Harvard School of Public Health
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Historic overview: IEQ & Health

 Connection has been known for centuries

* Hippocrates, Greek philosopher and ““f:
of medicine”

* In his treatise, On Air, Water and Pla
“.. disease 1s a direct manifestation of an
unhealthy site rather than a form of
punishment cast down by angry gods....”

* Similarly the Romans made the same
connection..

Harvard School of Public Health
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Florence Nightingale

;;' s
5, Jee A oL S0
Sy P

the founder of the nursing profess on:;?-'f

In the 18™ and 19" century, link
focused on where you live.....

* The connection between the
health and the dwelling of the

population is one of the most
Important that exists.”

Florence Nightingale, 1856

Harvard School of Public Health
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Urbanization— 19™ century

By 1900, New York had the highest population density on earth

Harvard School of Public Health
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“Urban Housing — 19th century

Urbanization- Overcrowding

High rates of infectious dlsease (epldemlcs)
* Cholera

* Tuberculosis

* Typhoid fever

Poor sanitation

Fire hazards T

Poor lighting ,ﬁ:bﬁ—“ 748"

No ventilation T2
HOUSING laws started belng |mplemented

Harvard School of Public Health
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Urban Housmg — 215 century
A turning point

Percentage of World Population

0% - T
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Data Source: United Mations, hitp:/fesa un.org/unup/p2kiodata. asp

Harvard School of Public Health
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What has changed in the indoor microenvironments over

the last 50 years?
(Weschler Atmos. Envir. 2008)

www.cpluv.com/www/medias/prideparanoia/pridep www.getmarquishomes.com

http://i.treehugger.com/files/th_images/dell_computers.jpg

Harvard School of Public Health
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Personal habit changes.....

Harvard School of Public Health
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Personal habit changes

. Time spend Indoorsﬁ

°Sm0king@

*Pet ownership ﬁ

Harvard School of Public Health
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. ..We spend over 90% of our time indoors. ..

- Demographic shift from rural to urban lifestyles.

Increase of indoor activities (work, webbased
activities, shopping, etc)

e Increased dependence on the automobile —
commuting to work

THE HUMAN ISAN INDOOR SPECIES

v More than 94% of a person’s time is spent indoors or in a vehicle

Harvard School of Public Health




. EH:522 : Indoor Environmental Quality and Health

Smoking trend 1n the US
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Building factors.....

Harvard School of Public Health
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Modern Construction

Harvard School of Public Health
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Synthetic Materials

& ’.;f‘i;y

Harvard School of Public Health
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VOC Sources

Harvard School of Public Health
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Oftice Machines

Harvard School of Public Health
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| > 40% of US Homes Have Gas

1' o 1.

Harvard School of Public Health
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Tighter buildings...

 Why we have tighter

buildings today?

* Challenge: Acceptable
IEQ and Energy

balance
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AC use in the US....

—&— Some Type AC —O- No AC —/r Central AC =% Window AC o C entral AC Systems

* Mostly recirculation of
air (90%)
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Ventilation Eftectiveness?

‘Good mixing ~ Poor mixing

Harvard School of Public Health




EH:522 : Indoor Environmental Quality and Health

IAQ problems over the years...?

Harvard School of Public Health
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IAQ of the 1980’s

ASBESTOS

Harvard School of Public Health
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IAQ of the 1990°s

PESTICIDES ALLERGENS

Particulate Matter

Harvard School of Public Health
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[TAQ of the 215 century
~nore challenges ahead

PHTHALATES

METALS

PERSISTENT
POLLUTANTS
PBDE,PCB’s

ENDOTOXINS
MYCOTOXINS and
ACTINOMYCETES

CHEMICAL
SENSITIZERS

INFECTIONS
C/BW

Harvard School of Public Health
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Chemicals 1n our homes...

 USEPA reports 3000 chemicals
produced or imported in USA per year

with >1M pounds/yr

* 43% No testing for basic toxicity

e 7% Complete basic toxicity testing but
not for endocrine activity

e Bisphenol A & Phthalates ~ 1B
pounds/yr

T 1 QAT £ 1
cormvarn o o at Svievaas Caea bty
11Gl VUaU DVIIVUL Ul 1 UULIV 1i1valull
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Modern Chemicals

Phthalates

Bisphenol A

Polytetrafluoroethylene
(PTFE)

Polychlorinated biphenyl
(PCB)

Polybrominated diphenyl
ethers (PBDE)

Triclosan

Harvard School of Public Health
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Environmental
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Indoor Environment

Harvard School of Public Health
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Indoor Environment

Outd Micro-organisms
' U?Dm —= Gases and Vapors
If : Inert Parlicles
3 : Gases and Vapors
MiCcro-organisms
Inert Particles Gases and Vapors:

B S/ e
Gases and Vapors ihert Particles

LR LA Gases and Vapors

il
smoke

Harvard School of Public Health
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Indoor vs ambient Environment

e Limited volume of air

» Pollutants: higher indoor than OA

concentrations, indoor sources
* Indoor chemistry

 personal habits, susceptible people

Harvard School of Public Health
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“RULE OF A THOUSAND”

A pollutant released indoors 1s about
1000 times more likely to be inhaled

than that same amount released outdoors

(Nazaroff, 2000)

Harvard School of Public Health
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Why are we concerned about IEQ?

Indoor sources

Many contaminants higher indoors and
strongly influence exposures

Spend over 90% of our time 1ndoors

Health, comfort and productivity are
effected by indoor environmental conditions

Harvard School of Public Health
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Indoor sources

MOISTURE

iy

MATERIALS

COMBUSTION

MAINTENANCE: Ventilation, Filtration, Cleaning

Harvard School of Public Health
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Air Pollutants with Higher levels indoor

Air Pollutants

(Higher Indoors than Outdoors)

= Criteria Air Pollutants
— Carbon Monoxide™
— Nitmogen Dioxide
— Parmticulates
= Moncriteria (Toxic) Air Polluotants
— Volatile Organic Compounds
(VOCs)
— Pesticides
Respirable Suspended Particles
(RSP)
House Dust (lead®, ...)
— Radon
— Asbestos
— Acid Aerosols

*Causes reproductive toxicity (Proposition 65
list) or direct health effects.

Harvard School of Public Health

Toxic Air Pollutants
(Higher Indoors than Outdoors)

= Volatile Organic Compounds (ViOCs)

— Chioroform ™™
1.1.1-Trichloroethame
Benzemne**
Carbon Tetrachloride™*
Trichloroethylene™*
Tetmachlioroethylene**
Spyrens
meeta, para-Dichlorobenzemne™*
Ethyl benrene
ortho-X ylene

— mela, para-X ylene

— Formmaldehyde™*

— Methylene Chiloride:

« Environmenital Tobacoo Smoke®™
— MNicotimne
— Respirable Suspended Particles
— Polycyclic Aromatic Hydrocarbons
— Benzenc**

== auses Cancer {Proposition 65 list).
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Air Pollutants with Higher levels indoor

Air Pollutants
(Higher Indoors than Outdoors)
= Pesticides

— Dichlorovos®*

— Chilorothalonil **

— Hexachlorobenzene™*
— Heptachlor**

— Chlorpyrifos

— Aldrin**

**auses Cancer {Proposition 65 list).

Harvard School of Public Health
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Higher Health Risks for indoor sources

COMPARISON OF INDOOR AND OUTDOOR
RISKS FROM AIR TOXICS

Benzene

_INDOORS
% OF RISK DUE TO SOURCES FOUND
Source: TEAM study

Harvard School of Public Health
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Indoor Environmental Quality (IEQ), productivity
& Health related economic benefits 7777

 Better lighting
quality?
* Improved acoustics ?

Harvard School of Public Health

Higher ventilation
rate

Reduced allergens
and chemicals

No indoor smoking
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IEQ and Health link — the global picture

* WHO Global Burden of Disease
Project (2002)

Conservative estimates of 2 — 3% of
global DALY

Harvard School of Public Health
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POTENTIAL INDOOR AIR HEALTH EFFECTS

= Allergic Reactions
(Molds, Particles)

= Angina (CO)

= Asbestosis

= Asthma (Particles, Mold)

= Brain Damage (CO)

= Burning Lung (Molds, Particles)
= Chronic Cough (Molds, Particles)

= Chronic Pulmonary Obstructive
Lung Disease (CPOD)

m Dizziness (CO, VOCs, Molds)
= Headache (CO, Molds)
= Fatigue (VOCs)

Harvard School of Public Health

® Fluid in Throat (Particles, Mold)

® Immunosuppression
(VOCs, Pesticides, Molds)

® Lung Cancer (Particles, Radon)
® Leukemia (Benzene, VOCs)
= Multiple Chemical Sensitivity (VOCs)

® Neural Effects
(Molds, VOCs, Pesticides)

= Shortness of Breath
(Molds, Particles)

= Seizures (Molds, Pesticides)
= Sudden Death (CO)
= Tightness in Chest (Molds, Particles)
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Sick Building Syndrome

SYMPTOMS:

a Dry - Itchy Eyes

1 Nasal Irritation e Symptoms Linked to
1 Hoarseness, Irritated Building

Throat, Laryngitis * Resolve When not in

1 Skin Problems Building
 Affect a Substantial

1 Fuzzy Thinking,
Fraction of Occupants

Memory

1 Irritability, Sleep
Disruption, Fatigue

1 Headaches, Nausea

Harvard School of Public Health
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> 30% of Americans Have Allergies
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Asthma Up 75% [1980-1994]
~ When Breathing Breaks Down

Both the incidence of and mortality from asthma have risen in recent
years; doctors believe pollution is a major factor.

Asthma Deaths

Asthma by Race
na-sﬂs El.'l PFH G0 Ui

by Age

PER 1,000

1970 78 80 82 84 86 1986

SOUNCE, NATIONAL CENTER FOR HEALTH STATISTICS HLUHRLTH—HEWEWEEK ;

Harvard School of Public Health
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Reproduction

_;
[t
6"

: G- |
» flame retardants a'i:#Autism (ASD)

Diabetes

a., Indoor related
Exposures in many

cases

Beginning a lifetime of vulnerability. A recent mesting highlighted new data showing that in
uteno exposures to endodrine-disrupting chemicals can initiate changes leading o disease later in life.

Harvard School of Public Health



EH:522 : Indoor Environmental Quality and Health

US Surgeon General’s Call to Action
to Promote Healthy Homes

On June 9, 2009, Acting Surgeon General Steven K. Galson
released The Surgeon General’s Call to Action to Promote Healthy
Homes.

The Surj_z,eun Ceneral’s Call to

“A healthy hOme |S Slted, deSI gned, Action To Promote Healthy Homes

built, renovated, and maintained
In ways that support the health of
residents’

i

Harvard School of Public Health
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Buildings for the Future...

e Green Buildings
e Sustainable buildings

* Energy Efficient
buildings
* Healthy buildings

Harvard School of Public Health
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Top Ten Characteristics of a Healthy Building

Dry * Air quality
Clean — VOCs

Ventilated — Biologicals

Thermal control OZO.ne
: : — Particles

Acoustic quality .

* Space equity

Glare control

* Manage workplace

Odor control Stress

Harvard School of Public Health




How Sustainable Buildings Could Improve
Health & Productivity

Sustainable Thermal state
Buildings Hearing & concentration
Vision

Attitude
Better design Mental performance
construction,

commissioning
& O&M

Superior Work

Improved Indoor Performance D
Environmental
Quality
Less
i Absence |
Better Health Reduced Health Care
Costs

W. Fisk, LBNL, White House Conference, Jan. 2006
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A Generation of Indoor Air Science:
1978 - 2008

Published Items in Each Year

Since 1978 — 8,000 1A

articles cited nearly

180,000 times |||‘|||‘|
_ - S -.llllllIIII “‘“ | L

Harvard School of Public Health
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‘International Building Guidance

USGBC —
UK —

JAPAN — N =iy /

2006

AUSTRALIA -

GERMANY — new
system being
introduced

CASBEE esnpemsrnmms 254

Comprehensive Assessment System for Building Environmental Efficiency
Harvard School of Public H®3
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Relative Wor kK Performance vs. Temperature
(maximum performanceat at 21.8 °C, 72 °F )
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Seppanen and Fisk (2005)
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Ventilation and Productivity

classroom code minimum
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Current minimum for offices in most ¢

30 40

Veniiation Rate (L.s-person)

Seppanen, Fisk, Lei-Gomez (Indoor Air Journal 2005)

Harvard School of Public Health ° ° ° ° ° °
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Ventilation and short term sick leave

40 buildings
In study

: (Milton et al. 2000)
Short term sick leave

12 L/s 24 L/s per persdn
24 cfm 48 cfm per person

Harvard School of Public Health
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Ventilation and Respiratory 1llness

Decrease in Respiratory Illness or Absence
With Increased Ventilation Rates

70 -

" All reductions Respiratory lliness
5o | significant

40

30 -

()
%)
@
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20
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0,

Higher 1000 ppm
Vent. less CO2 Vent. Rate

Rate in More space :
in in Nursing i Rate in
Classrooms .
Barracks Home i Offices

Source: Fisk Annual Rev. E&E 2000
Harvard School of Public Health
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IAQ Problems

L 1 Pt

rta{ JONSIN [ STATE. JOURNAL.

"-'Inu ry '"nr“lnl-ul:r ‘-mi.u Hm hU- Players DU“" 3 Game 'l’.‘.'ﬂﬂ Bad air linked to hul:kl“l' game ﬂlnmqpq

Carban mancxice bufidu rafses heartallack risk, sludy shows

e en m e Tt ey e e pe o e —
=

l'I‘--“Il*-
o el o o L T et ., 8 Pl B
H.,. = ._..ﬂ' =" i v e
'|.- - o l'l-rri'-'i il N 0 e sty
[ et e

s e s
iy o e e e —'-'.-T..':.:-'-';: T ]

et
S g B ] Far rr e b e
vy p—

[ o e ey - |
2 e ot e o i b b i B

. i

Harvard School of Public Health




EH:522 : Indoor Environmental Quality and Health

Media frenzy?

4 | REGISTRY OF mo e
7, T ;
VEHICLEs o :

RUGGLES CENTER

Boston Globe
April 13, 1995

Harvard School of Public Health




