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Grand Challenges 
•  Infectious diseases and 

microbiology of us 
•  sVOCs--EDC 
•  Nano-particles-IAQ 

Chemistry 
•  Climate, buildings and 

health 







§  Overcrowding	
  
§  High	
  rates	
  of	
  infec3ous	
  disease	
  (epidemics)	
  

§  Cholera	
  
§  Tuberculosis	
  
§  Typhoid	
  fever	
  

§  Poor	
  sanita3on	
  	
  
§  Fire	
  hazards	
  
§  Poor	
  ligh3ng	
  
§  No	
  ven3la3on	
  

Urban	
  Housing	
  –	
  19th	
  Century	
  



Energy crisis of 1973 and air 
pollution 

•  LBNL’s indoor air 
research program 

•  Harvard’s 6 cities 
air pollution health 
study 

cnbc.com 



1978-2008 Copenhagen Conferences 



What did they talk about? 

•  Indoor Pollutants 
–  VOCs, HCHO, ETS, 

Radon, NO2, 
Allergens, Mites, 
Odors, Humidity 

•  Ventilation 
–  Homes, Hospitals, ETS 

control 

•  Electric Environment 
–  Ions, Static electricity, 

electric fields 
•  Thermal Comfort 

–  Behavior, perceptions, 
sensations, discomfort, 
sleeping, swimming, 
elderly, energy, noise 
and heat stress effects 
on performance  



Housing/buildings	
  and	
  health	
  



Housing/buildings	
  and	
  health	
  

Asbestos	
  

Legionnaires	
  
disease	
  

Radon	
  

SBS	
  



Household	
  exposures:	
  asthma,	
  cancer,	
  neurological,	
  LRI	
  



ETS	
  
NO2,	
  CO	
   Lead	
  

Moisture/Mold	
  

Pes3cides/	
  
Chemicals	
  

Formaldehyde	
   Allergens	
  

Ambient	
  
Pollu3on	
  

VOCs	
  

Household	
  exposures	
  



Second Hand Smoke 
•  The Health 

Consequences of 
Involuntary Exposure to 
Tobacco Smoke: A 
Report of the Surgeon 
General, U.S. 
Department of Health 
and Human Services  
2006 

           
•  The scientific evidence 

indicates that there is   
no risk-free level of 
exposure to secondhand 
smoke.  



WHO 

TOBACCO still a major 
Health risk world wide 
 
10 million deaths per  
Year by 2030 



Asbestos 

Product bans 
 
Guidance for management  
In buildings 
 
Property transfer Soweto Slums, South Africa 



What’s happening now? 

•  Indoor Air vs. Outdoor Air Policy Void 
•  Smoke free indoor policies taking hold 
•  Surgeon Generals call for Health Homes 
•  Globalization of products:  Chinese Wallboard 
•  Always new chemicals in the market  
•  Rapid urbanization and disparities  



 
“The United States 
EPA ranks indoor 
air pollution among 
the top five 
environmental risks 
to public health.  
 
Unhealthy indoor air 
is found in up to 
30% of new and 
renovated 
buildings”.  
(Sustainable Building Technical Manual, 
Washington, D.C.: Public Technology, Inc. 
1996, 1.7) 
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IAQ can affect people's comfort, 
health, and work and schoolwork 
performance.  
(Source: Lawrence Berkley National Laboratory. http://www.iaqscience.lbl.gov/overview.html) 
 
 

A broad range of health effects may 
result from indoor pollutant exposures.  
(Source: Lawrence Berkley National Laboratory. http://www.iaqscience.lbl.gov/overview.html) 
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LEED Platinum Bank of America 
building at 1 Bryant Park NYC 

Photo © David Sundberg/ESTO 



Yet, IAQ problems persist! 
And , may get worse!  



	
  
Climate	
  Change	
  
and	
  Indoor	
  
Environments	
  
and	
  Health	
  
	
  

	
  	
  

Ins$tute	
  of	
  Medicine	
  
Na$onal	
  Academy	
  of	
  Science	
  
	
  
Released	
  June	
  7th,	
  2011	
  
hCp://www.nap.edu/
climatechangehealth	
  
	
  
	
  
Sponsor:	
  US	
  EPA	
  
	
  



Key	
  ques3ons	
  
•  What	
  are	
  the	
  likely	
  impacts	
  of	
  climate	
  change	
  in	
  the	
  U.S.	
  on	
  

human	
  exposure	
  to	
  chemical	
  and	
  biological	
  contaminants	
  
inside	
  buildings,	
  and	
  what	
  are	
  the	
  likely	
  public	
  health	
  
consequences?	
  

•  What	
  are	
  the	
  likely	
  impacts	
  of	
  climate	
  change	
  on	
  moisture	
  
and	
  dampness	
  condi3ons	
  in	
  buildings,	
  and	
  what	
  are	
  the	
  likely	
  
public	
  health	
  consequences?	
  	
  

•  What	
  are	
  priority	
  issues	
  for	
  ac3on?	
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IOM	
  NAS	
  CommiWee	
  
•	
  John	
  D	
  Spengler,	
  Harvard	
  University	
  (chair)	
  

•	
  John	
  L	
  Adgate,	
  University	
  of	
  Colorado	
  

•	
  Antonio	
  J	
  Busalacchi,	
  University	
  of	
  Maryland	
  

•	
  Ginger	
  L	
  Chew,	
  Centers	
  for	
  Disease	
  Control	
  

•	
  Andrew	
  Haines,	
  London	
  School	
  of	
  Hygiene	
  and	
  Tropical	
  Medicine	
  

•	
  Steven	
  M	
  Holland,	
  Na3onal	
  Ins3tutes	
  of	
  Health	
  

•	
  Vivian	
  E	
  Lo\ness,	
  Carnegie	
  Mellon	
  University	
  

•	
  Linda	
  A.	
  McCauley,	
  Emory	
  University	
  

•	
  William	
  W	
  Nazaroff,	
  University	
  of	
  California,	
  Berkeley	
  

•	
  Eileen	
  Storey,	
  Na3onal	
  Ins3tute	
  for	
  Occupa3onal	
  Safety	
  and	
  Health	
  

Study	
  Director:	
  David	
  A	
  Butler 	
  Research	
  Associate:	
  Lauren	
  Savaglio	
  



Why	
  study	
  the	
  effect	
  of	
  climate	
  change	
  
on	
  the	
  indoor	
  environment	
  and	
  health?	
  

“What's	
  the	
  best	
  
way	
  to	
  deal	
  with	
  
climate	
  change?	
  “	
  

“Staying	
  inside	
  
works	
  fine	
  for	
  
me.”	
  

Stephen	
  Colbert	
  	
  
The	
  Colbert	
  Report	
  
28	
  February	
  2011	
  
	
  



1oC  
increase in  
global 
temperature 
 
          = 
 
5% increase in  
moisture in the  
atmosphere 



Evidence	
  for	
  global	
  warming	
  is	
  unequivocal	
  

Since	
  1970,	
  Rise	
  in: 	
   	
   	
  Decrease	
  in:	
  	
  	
  	
  	
  	
  
•  	
  Global	
  surface	
  temperatures 	
  	
  NH	
  Snow	
  extent	
  
•  	
  Tropospheric	
  temperatures	
   	
  	
  Arc3c	
  sea	
  ice	
  
•  	
  Global	
  SSTs,	
  ocean	
  Ts 	
   	
  	
  Glaciers	
  
•  	
  Global	
  sea	
  level 	
   	
   	
  	
  Cold	
  temperatures	
  
•  	
  Water	
  vapor	
   	
   	
   	
   	
  	
  
•  	
  Rainfall	
  intensity	
  
•  	
  Precipita3on	
  extratropics	
  
•  	
  Hurricane	
  intensity	
  
•  	
  Drought	
  
•  	
  Extreme	
  high	
  temperatures	
  
•  	
  Heat	
  waves	
  
•  	
  Ocean	
  acidity	
   Fr: K Trenbreth, Climate Analysis Section, NCAR  IPCC Lead Author 

 

NASA 9/16/07 



Data	
  from	
  Climate	
  Monitoring	
  and	
  Diagnos3cs	
  Lab.,	
  NOAA.	
  Data	
  prior	
  to	
  1974	
  from	
  C.	
  Keeling,	
  
Scripps	
  Inst.	
  Oceanogr.	
  
Fr:	
  K	
  Trenbreth,	
  Climate	
  Analysis	
  Sec3on,	
  NCAR	
  	
  IPCC	
  Lead	
  Author	
  

Changing	
  atmospheric	
  composiIon:	
  CO2	
  
Mauna	
  Loa,	
  Hawaii	
  

Rate increasing 



White	
  House	
  Assessment	
  of	
  Climate	
  
Change	
  Impacts	
  in	
  the	
  US	
  

•  Northeast	
  
– Warmer	
  
–  Heat	
  waves	
  
– WeCer	
  
–  Extreme	
  precipitaIon	
  



Some	
  implicaIons	
  of	
  	
  
climate	
  change	
  



End	
  of	
  century	
  	
  
rise	
  in	
  sea	
  level	
  



Which	
  is	
  Our	
  Future?	
  

Technological	
  
development	
  

Life	
  
indoors	
  



Responses	
  to	
  Climate	
  Challenge	
  

•  MiIgaIon	
  
–  Reduce	
  end	
  use	
  
–  Increase	
  efficiency	
  
–  Reduce	
  carbon	
  
content	
  

–  Geo-­‐engineering	
  
•  AdaptaIon	
  

– Water	
  
management	
  

–  Cooling	
  features	
  
Bank of America Building, NYC    Malaysia Low Energy Office 
Cook and Fox Architects               Ken Yeang, Architects 
Photo by Jefferson Siegel 2007 
	
  	
  	
  



Climate	
  Change,	
  Indoor	
  Environments	
  and	
  Health	
  

Increase	
  mortality	
  
Thermal	
  comfort	
  

Infec3ous	
  respiratory	
  
disease	
  transmission	
  

Mold-­‐related	
  illness	
  

Water-­‐borne	
  diseases	
  
Vector/animal	
  borne	
  

disease	
  	
  

SBS,	
  Respiratory	
  illness,	
  
and	
  others	
  

Allergic	
  respiratory	
  
illness	
  	
  

Increased	
  extreme	
  
heat	
  and	
  cold	
  events	
  	
  

Increased	
  extreme	
  
precipita3on	
  events	
  	
  

Increased	
  outdoor	
  
ozone	
  levels	
  	
  

Change	
  of	
  hea3ng	
  and	
  
cooling	
  loads	
  

Increase	
  energy	
  
consump3on	
  

Scenarios	
   Impacts	
  on	
  Health	
  Impacts	
  on	
  buildings	
  	
  

Water	
  systems	
  
(drainage,	
  sewage,	
  

supply	
  )	
  
Durability,	
  insula3on,	
  
and	
  resistance	
  of	
  
materials	
  to	
  salt	
  

Increase	
  in	
  ozone,	
  
other	
  secondary	
  

pollutants	
  

Increase	
  indoor	
  
allergen	
  loads	
  

Increased	
  sea	
  levels	
  	
  

Increased	
  outdoor	
  
pollen	
  levels	
  	
  

Flooding	
  and	
  water	
  
damage	
  



Climate	
  Change,	
  Indoor	
  Environments	
  and	
  Health	
  

Increase	
  mortality	
  
Thermal	
  comfort	
  

Mold-­‐related	
  illness	
  

Water-­‐borne	
  diseases	
  
Vector/animal	
  borne	
  

disease	
  	
  

SBS,	
  Respiratory	
  illness,	
  
and	
  others	
  

Allergic	
  respiratory	
  
illness	
  	
  

Increased	
  extreme	
  
heat	
  and	
  cold	
  events	
  	
  

Increased	
  extreme	
  
precipita3on	
  events	
  	
  

Increased	
  outdoor	
  
ozone	
  levels	
  	
  

Scenarios	
   Impacts	
  on	
  Health	
  Impacts	
  on	
  buildings	
  	
  

Water	
  systems	
  
(drainage,	
  sewage,	
  

supply	
  )	
  
Durability,	
  insula3on,	
  
and	
  resistance	
  of	
  
materials	
  to	
  salt	
  

Increase	
  in	
  ozone,	
  
other	
  secondary	
  

pollutants	
  

Increase	
  indoor	
  
allergen	
  loads	
  

Increased	
  sea	
  levels	
  	
  

Increased	
  outdoor	
  
pollen	
  levels	
  	
  

Flooding	
  and	
  water	
  
damage	
  

Infec3ous	
  respiratory	
  
disease	
  transmission	
  

Change	
  of	
  hea3ng	
  and	
  
cooling	
  loads	
  

Increase	
  energy	
  
consump3on	
  



Katrina  
August 29 
2005 
 
The 2005 
season 
broke 
many 
records 

NCDC	
  
NOAA	
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Dampness,	
  moisture	
  and	
  flooding	
  
Extreme	
  weather	
  and	
  flooding	
  events	
  that	
  penetrate	
  buildings—	
  
which	
  may	
  become	
  more	
  frequent	
  or	
  severe	
  in	
  the	
  future	
  —
increase	
  the	
  number	
  of	
  people	
  at	
  risk	
  for	
  health	
  condiIons	
  related	
  
to	
  standing	
  water,	
  wet	
  building	
  materials,	
  and	
  sustained	
  high	
  
indoor	
  humidity.	
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  Dampness,	
  moisture	
  and	
  flooding	
  
Reiterated	
  from	
  Damp	
  Indoor	
  Spaces	
  and	
  Health	
  (IOM,	
  2004)	
  
•  Damp	
  indoor	
  environments	
  favor	
  house	
  dust	
  mites	
  and	
  
the	
  growth	
  of	
  mold	
  and	
  other	
  microbial	
  agents,	
  
standing	
  water	
  supports	
  cockroach	
  and	
  rodent	
  
infesta3ons,	
  and	
  excessive	
  moisture	
  may	
  iniIate	
  or	
  
enhance	
  chemical	
  emissions	
  from	
  building	
  materials	
  
and	
  furnishings.	
  

•  Damp	
  indoor	
  spaces	
  are	
  associated	
  with	
  ini3a3on	
  or	
  
exacerba3on	
  of	
  a	
  number	
  of	
  respiratory	
  ailments.	
  



Health Effects of Molds 

•  Allergies and asthma 

•  Infections 

•  Irritation 

•  Cognitive 

•  Other effects 

MICROFUNGI  by Gravensen, Frisvad and Samson   Munksgaard 1994 



Dampness in buildings and 
health effects---NORDAMP 

•  Scientific review of all 
the epidemiological 
studies (590) 

•  Other Reviews 
–  Damp  IOM  NAS 
–  CHMC 
–  WHO-Europe 

•  DAMPNESS increases 
relative risk OR 1.4—
2.2 

•  Cough, wheeze, 
asthma, tiredness, 
headache, airway 
infection 



MOLDS THAT HELP US 

PENICILLIUM 

MICROFUNGI  by Gravensen, Frisvad and Samson   Munksgaard 1994 
 



MICROFUNGI  by Gravensen, Frisvad and Samson   Munksgaard 1994 



Based on surveys, approximately half of U.S. 
homes have visible evidence of a dampness 
problem or mold contamination. 
(Source: Lawrence Berkley National Laboratory. 
http://www.iaqscience.lbl.gov/dampness-summary.html) 
 
 

About 23% of asthma cases in the U.S. are 
related to mold and dampness in homes. 
(Source: Mudarri, D & Fisk, W. 2007. Public Health and Economic Impact of Dampness and Mold ) 
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“moisture problems in buildings are 
common in all climates of the United States” 
 
“more than 75 percent of all building 
envelope (foundation, walls, windows, roof) 
problems are caused by excess moisture” 
 
(Source: Green Schools: Attributes for Health and Learning. 2007. Committee to Review and Assess 
the Health and Productivity Benefits of Green Schools, National Research Council) 

Copyright by VvS | Architects & Consultants / AVA Agnes Vorbrodt & 
Associates 

Green	
  Schools	
  
www.nap.edu	
  

	
  



U.S.	
  electricity	
  blackouts	
  skyrockeIng	
  
	
  

STORY	
  HIGHLIGHTS	
  
Non-­‐disaster	
  U.S.	
  power	
  outages	
  up	
  124	
  percent	
  since	
  early	
  '90s	
  	
  
U.S.	
  electricity	
  reliability	
  low	
  compared	
  to	
  some	
  naIons	
  	
  
	
  
	
  

SMART	
  GRID	
  fix	
  	
  $1.5	
  Trillion	
  
	
  
Experts:	
  "Smart	
  grid"	
  would	
  avert	
  blackouts,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  save	
  billions	
  	
  
AusIn	
  "Easy	
  BuCon"	
  controls	
  tens	
  of	
  thousands	
  of	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Texas	
  thermostats	
  

Thom	
  PaCerson,	
  CNN	
  August	
  9,	
  2010	
  



Power	
  Outages	
  Cost	
  Lives	
  

•  Jonkman	
  (2009)	
  es3mate	
  that	
  	
  
two-­‐thirds	
  of	
  the	
  771	
  known	
  
fatali3es	
  of	
  Hurricane	
  Katrina	
  were	
  
the	
  direct	
  result	
  of	
  flooding	
  .	
  

	
  
•  One	
  third	
  of	
  the	
  fataliIes	
  

were	
  associated	
  with	
  flood-­‐
related	
  circumstances	
  
including	
  lack	
  of	
  access	
  to	
  
potable	
  water	
  or	
  medical	
  
services	
  and	
  exposure	
  to	
  
extreme	
  heat	
  as	
  a	
  result	
  of	
  
power	
  outages.	
  

	
  	
  
	
  
	
  
	
  
Jonkman	
  SN	
  et	
  al.	
  2009.	
  Risk	
  Analysis	
  

29:676-­‐698.	
  

New	
  Orleans	
  	
  Sugar	
  Dome	
  a\er	
  Katrina	
  

hWp://serc.carleton.edu/research_educa3on/katrina/index.html	
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ReacIons	
  to	
  weather	
  emergencies	
  pose	
  
public-­‐health	
  risks.	
  CDC	
  reports	
  increase	
  in	
  
CO	
  poisonings	
  from	
  emergency	
  electricity	
  
generators.	
  



Aaer	
  Katrina	
  FEMA	
  provided	
  thousands	
  
of	
  mobile	
  homes	
  	
  

•  CDC	
  measured	
  
formaldehyde	
  in	
  >500	
  
trailers	
  (winter	
  07/08)	
  

•  Average	
  77	
  ppb	
  
•  Expected	
  10-­‐20	
  ppb	
  
•  Range	
  3-­‐590	
  ppb	
  
•  7,081	
  households	
  offered	
  

immediate	
  move	
  to	
  motel/
hotel	
  



Pollen	
  producIon	
  increases	
  	
  
with	
  CO2	
  

Researchers	
  have	
  suggested	
  that	
  
pollen	
  levels	
  in	
  outdoor	
  air	
  may	
  
rise	
  as	
  a	
  consequence	
  of	
  higher	
  
CO2	
  levels,	
  warmer	
  temperatures,	
  
and	
  concomitant	
  longer	
  growing	
  
seasons	
  resul3ng	
  from	
  climate	
  
change	
  (Ziska	
  et	
  al.,	
  2009),	
  which	
  
would	
  have	
  consequences	
  for	
  
health	
  outcomes	
  like	
  allergic	
  
rhini3s,	
  asthma,	
  and	
  atopic	
  
derma33s	
  (Reid	
  and	
  Gamble,	
  
2009).	
  
	
  	
  
Ziska	
  LH,	
  et	
  al.	
  2009.	
  Environmental	
  Health	
  
Perspec$ves	
  117:155-­‐158.	
  
Reid	
  CE,	
  Gamble	
  JH.	
  2009.	
  Ecohealth	
  6:	
  
458-­‐470.	
  

hWp://www.allergyasthmazone.com/wp-­‐content/uploads/2008/	
  
04/ragweed-­‐allergy.jpg	
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InfecIous	
  agents	
  and	
  pests	
  
The	
  ecologic	
  niches	
  for	
  house	
  dust	
  mites	
  will	
  change	
  in	
  response	
  to	
  
climate	
  change.	
  	
  Loca3ons	
  that	
  are	
  hoWer	
  and	
  drier	
  and	
  have	
  
increased	
  use	
  of	
  air	
  condi3oning	
  will	
  tend	
  to	
  have	
  fewer	
  dust	
  mite	
  
infesta3ons.	
  Decreased	
  use	
  of	
  hea3ng	
  systems	
  in	
  winter	
  because	
  of	
  
milder	
  condi3ons	
  may	
  result	
  in	
  increased	
  dust	
  mite	
  popula3ons.	
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InfecIous	
  agents	
  and	
  pests	
  
•  Climate	
  change	
  may	
  also	
  lead	
  to	
  shi\ing	
  
paWerns	
  of	
  indoor	
  exposure	
  to	
  pes3cides	
  
as	
  building	
  owners	
  respond	
  to	
  infesta3ons	
  
of	
  pests	
  whose	
  ranges	
  have	
  changed.	
  



Public Housing Residents use of pesticides: 
  93% in NYC, 83% in Boston 



Household	
  PesIcides	
  	
  
•  Ac3ve	
  ingredients	
  change!	
  
•  During	
  our	
  study,	
  we	
  saw	
  …	
  

–  Organophosphates	
  
•  Black	
  Jack	
  Roach	
  &	
  Ant	
  Killer	
  
•  Raid	
  Ant	
  Bait	
  
•  Raid	
  Ant	
  Controller	
  

–  Pyrethroids	
  
•  Black	
  Jack	
  Roach	
  &	
  Ant	
  Killer	
  
•  Raid	
  Ant	
  &	
  Roach	
  Killer	
  
•  Hot	
  Shot	
  Roach	
  &	
  Ant	
  Killer	
  
•  Tempo	
  20	
  WP	
  InsecIcide	
  
•  Chinese	
  Chalk	
  



PesIcide	
  Usage	
  

Current	
  ingredients:	
  
•  permethrin	
  
•  cypermethrin	
  
•  etc.	
  

Banned:	
  
•  diazinon	
  (2001)	
  
•  chlorpyrifos	
  (2000)	
  

Banned:	
  
•  DDT	
  (1972)	
  
•  chlordane	
  (1998)	
  

	
  

Pyrethroids	
  

Organophosphates	
  

Organochlorines	
  

???	
  



CollaboraIon	
  between	
  Harvard	
  and	
  FAMU:	
  	
  
•  	
  Center	
  for	
  Healthy	
  Op3ons	
  and	
  Innova3ve	
  Community	
  

Empowerment	
  (CHOICE)	
  	
  
Two	
  predominantly	
  African-­‐American	
  communiIes:	
  

•  	
  Roxbury,	
  MA	
  (urban)	
  
•  	
  Gadsden	
  County,	
  FL	
  (rural)	
  

GADSDEN	
  

ROXBURY	
  

PesIcide	
  and	
  Chemical	
  Exposure	
  (PACE)	
  Study	
  



Understanding	
  trends	
  -­‐	
  legacy	
  

Analyte	
   Roxbury,	
  
MA	
  

Gadsden	
  
	
  FL	
  

Chlorpyrifos	
  	
   64	
  %	
   99	
  %	
  
Diazinon	
  	
   21	
  %	
   45	
  %	
  

Cyfluthrin	
  	
   6	
  %	
   27	
  %	
  

Chlordane	
   14	
  %	
   35	
  %	
  
Cypermethrin	
  	
   35	
  %	
   96	
  %	
  

cis/trans-­‐permethrin	
  	
   88	
  %	
   100	
  %	
  
DDT	
   44	
  %	
   25	
  %	
  

Dust	
  samples	
  (collected	
  in	
  2006-­‐7) 



Understanding	
  trends	
  -­‐	
  legacy	
  

Analyte	
   Roxbury,	
  
MA	
  

Gadsden	
  
	
  FL	
  

Date	
  banned/	
  
restricted	
  

Chlorpyrifos	
  	
   64	
  %	
   99	
  %	
   2001	
  
Diazinon	
  	
   21	
  %	
   45	
  %	
   2004	
  

Cyfluthrin	
  	
   6	
  %	
   27	
  %	
   restricted	
  use	
  

Chlordane	
   14	
  %	
   35	
  %	
   1988	
  
Cypermethrin	
  	
   35	
  %	
   96	
  %	
   NA	
  

cis/trans-­‐permethrin	
  	
   88	
  %	
   100	
  %	
   NA	
  
DDT	
   44	
  %	
   25	
  %	
   1972	
  

Dust	
  samples	
  (collected	
  in	
  2006-­‐7) 



Understanding	
  trends	
  

DDT	
   chlorpyrifos	
   permethrin	
  



Understanding	
  trends	
  

DDT	
   chlorpyrifos	
   permethrin	
  

1972	
   2001	
  



Other	
  studies	
  



2003	
  European	
  Heat	
  Wave	
  	
  

Image courtesy of 
NASA Earth 
Observatory 

	
  
Killed	
  more	
  than	
  
35,000	
  people.	
  

	
  

These	
  condi3ons	
  
are	
  forecasted	
  to	
  
become	
  more	
  

common	
  by	
  2040.	
  
	
  



Ozone	
  and	
  Heat	
  

When	
  increased	
  ozone	
  
events	
  occur	
  

simultaneously	
  with	
  
heat	
  waves,	
  mortality	
  
can	
  rise	
  by	
  175%.	
  

	
  
	
  
	
  



2050	
  Projec3ons	
  of	
  PM2.5	
  and	
  O3	
  

Tagaris	
  et	
  al.	
  2009.	
  	
  ES&T	
  43:4979-­‐4988.	
  	
  



Increase in outdoor  
Air Pollution will  

impact indoors  

http://bpsfuelforthought.wordpress.com/ 
2012/03/27/colorado-forest-fire/ 



Indoor Chemistry 

•  VOC’s- some organic 
compounds at typical 
indoor temperatures 
react with ozone 

 
•  Produce irritating 

gases and particles  



Toxicology Letters 209 (2012) 166– 172 



10,000 reaching 
 retirement age daily 



Heat	
  Index	
  values	
  and	
  
corresponding	
  health	
  threats	
  

Na3onal	
  Weather	
  Service,	
  2010	
  





•  The	
  first	
  quarter	
  of	
  
2012	
  broke	
  the	
  January-­‐
March	
  record	
  by	
  1.4	
  
degrees	
  (0.8	
  degrees	
  
Celsius).	
  	
  

•  In	
  March,	
  at	
  least	
  7,775	
  
weather	
  sta3ons	
  across	
  
the	
  na3on	
  broke	
  daily	
  
high	
  temperature	
  
records,	
  and	
  another	
  
7,517	
  broke	
  records	
  for	
  
night-­‐3me	
  heat.	
  	
  



Vulnerable	
  populaIons	
  and	
  
thermal	
  stress	
  

Biologic	
  factors	
  
• Age	
  (the	
  very	
  young	
  and	
  
old)	
  

• Disease	
  (including	
  
cardiovascular	
  disease,	
  
Hypertension,	
  diabetes,	
  
and	
  obesity)	
  	
  

• Medica3on	
  use	
  (NSAIDs,	
  
an3cholinergics,	
  diure3cs)	
  

• Restricted	
  mobility	
  

Economic	
  and	
  social	
  factors	
  
• Availability	
  of	
  building	
  air	
  
condi3oning	
  [AC]	
  or	
  heat	
  	
  

• Availability	
  of	
  natural	
  
ven3la3on	
  (ability	
  to	
  open	
  
windows)	
  	
  

• Isola3on	
  and	
  Security	
  



ConvenIonal	
  Roof	
  Top	
  HVAC	
  



Air Conditioning (AC) Link to Increased SBS Symptoms 
in Offices	



Source: Seppanen and Fisk, 2002. Indoor Air 12: 98-112.	



Type of ventilation system!

= Significantly more symptoms	

= Reference Group	

 = Same # 	



First A uthor Year
No of 

s ubjects

Natural 
Venti-
lation

AC + 
No 

Hum id.

AC  + 
Steam  
Hum id.

AC +  
Ev ap. 

Hum id.

AC  + 
Spray 

Hum id.
J aakkola 95 8 68
M ende ll 96 7 10
M ende ll,  Burge 90 , 87 1 459
M ende ll, Harris on 90 , 87 1 044
Zweers 92 2 806
J aakkola 95 3 35
M ende ll, Burge 90 , 87 8 63
Zweers 92 3 573
J aakkola 95 5 59
Teeuw 94 9 27
M ende ll, Burge 90 , 87 1 991
M ende ll, F innegan 90 , 87 7 87
M ende ll, Harris on 90 , 87 2 080
M ende ll, Hedge 90 , 84 1 214
Zweers 92 3 846
Bras che 99
Hawkins 91 2 55



New	
  ConstrucIon	
  and	
  
WeatherizaIon	
  

•  1/3rd	
  energy	
  for	
  hea3ng	
  and	
  
cooling	
  lost	
  due	
  to	
  accidental	
  
air	
  leakage.	
  

•  Weatheriza3on	
  DOE	
  in	
  33	
  
years	
  (LIHEAP)	
  
–  6.4M	
  low-­‐income	
  houses	
  
–  2010~200,000	
  
–  Training,	
  some	
  cer3fied	
  by	
  
Residen3al	
  Energy	
  Service	
  
Network	
  

•  Energy	
  Star	
  DOE/EPA	
  
–  1M	
  homes	
  
–  2009	
  20%	
  of	
  500,000	
  	
  



WeatherizaIon	
  

hWp://cdn.venturebeat.com/wp-­‐content/uploads/2010/08/weatherize.gif	
  

hWp://heatusa.com/wp-­‐content/uploads/2009/06/weatheriza3on-­‐image.jpg	
  



 
| February 2011 • Environmental 

Health Perspectives	
  
By	
  John	
  Manuel	
  



Air Exchange Rates has been 
decreasing in new US Homes 

WHY WAS 
THERE A 

DECREASE
? 

•  Balance between 
acceptable indoor 
air quality and 
energy 

•  Low ventilation and 
health 

                         

(From Chan et al. 2003, LBL)�



Moisture capacity of homes 

•  100 years ago with 
masonry walls houses 
could hold 500 gls of 
water 

•  50 years ago wood houses 
could hold 100 gls of 
water 

•  Today metal studs, 
gypsum, & vinyl can hold 
50 – 5 gls of water 



Passamaquady Homes 



Mold Growth 

Moisture Trap 
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InfecIous	
  agents	
  	
  
Literature	
  supported	
  links	
  between	
  low	
  venIlaIon	
  
rates	
  and	
  increased	
  risk	
  of	
  allergies,	
  SBS	
  symptoms	
  
and	
  respiratory	
  infecIons.	
  	
  Temperature,	
  Humidity	
  
and	
  Ven3la3on	
  play	
  a	
  role	
  in	
  the	
  spread	
  of	
  influenza	
  
and	
  other	
  respiratory	
  viruses.	
  	
  
Sundell	
  J	
  et	
  al.	
  2011.	
  Indoor	
  Air	
  21:191-­‐204	
  

	
  





Low	
  venIlaIon	
  rates	
  in	
  dwellings	
  increase	
  
the	
  risk	
  of	
  allergic	
  symptoms	
  among	
  

children.	
  	
  
(Bornehag	
  et	
  al.,	
  2005)	
  

VenIlaIon	
  and	
  Health	
  
•  An	
  associa3on	
  
between	
  ven3la3on	
  
rates	
  and	
  health	
  
outcomes	
  is	
  
biologically	
  
plausible.	
  

	
  
	
  



Inadequate	
  air	
  exchange	
  contributes	
  to	
  
numerous	
  IAQ	
  problems	
  

	
  – Moisture	
  and	
  contaminant	
  accumula3on	
  
–  Thermal	
  discomfort	
  

from Fanger (2007),  

using data from Wargocki et, (2004) and  

Tham et al., (2003) 



Terry	
  Brennan	
  NE	
  ARC	
  May	
  2011	
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•  IAQ:	
  a	
  balance	
  between	
  
emissions	
  and	
  removal.	
  	
  	
  

•  Climate	
  change	
  can	
  affect	
  
this	
  system	
  in	
  numerous	
  
par3cular	
  ways.	
  	
  

•  By	
  increasing	
  the	
  outdoor	
  
concentra3ons	
  and	
  altering	
  
indoor	
  spaces	
  climate	
  change	
  
is	
  likely	
  to	
  increase	
  
associated	
  indoor	
  exposures.	
  	
  	
  

buildings	
  

humans	
  pollutants	
  



Carbon Dioxide an IAQ Issue? 

•  400 ppm global 
background 

•  +100 ppm in cities 
•  < 1000 ppm indoor 

design levels 
•  >2000 in many 

indoor settings 



IMPACT OF CO2 ON HUMAN 
 DECISION MAKING AND PRODUCTIVITY 

 
Usha Satish1 

 William J Fisk2 , Mark J. Mendell2, Katia Eliseeva2, 
Toshifumi Hotchi2, Douglas Sullivan2  

 

1 Department of Psychiatry, 

SUNY Upstate Medical University, Syracuse, NY 

2 Lawrence Berkeley National Laboratory, Berkeley, CA 
 

Supported by the U.S. EPA and the SUNY Upstate Medical University 



Ø  22 participants, controlled exposure study  
Ø  Randomized controlled within-subjects blinded design 
Ø  18-35 years of age  
Ø  Three CO2 exposure conditions, with balanced order of 

exposure: 
(1)   600 ppm ß all occupant generated 
(2)   1000 ppm ß ultrapure CO2 added 
(3)   2500 ppm ß ultrapure CO2 added 

Ø  All other conditions including ventilation rate were 
kept constant 

Ø  Tests of decision making performance (SMS) 
Ø  Survey of PAQ and symptoms (not covered) 

EXPERIMENTAL APPROACH 



Normal everyday tasks require 
processing of different types of information 

 
Ø  Receiving information 

Ø  Analyzing information 

Ø  Utilization of information in a relevant context 

Ø  Ability to relate this information to experience 

Ø  Ability to retain this information for future 

ELEMENTS OF PRODUCTIVITY 



Measurement of Decision Making Performance:  
Strategic management Simulation (SMS) - BASICS 

ParIcipates	
  in	
  computer	
  
simulaIon	
  with	
  various	
  

possible	
  scenarios	
  with	
  tasks	
  
that	
  are	
  	
  potenIally	
  complex	
  
and	
  volaIle,	
  have	
  ambiguity	
  
and	
  have	
  delayed	
  feedback	
  

12437921
43286487
32468327
48326487
32448343 

Yielding	
  
quanItaIve	
  
measurements	
  

Measured	
  by	
  
	
  validated,	
  reliable,	
  

sensiFve	
  	
  
scoring	
  mechanisms	
  

Individual	
  

Provides	
  results	
  on	
  parameters	
  
for	
  “decision	
  making”	
  (e.g.,	
  
responsiveness,	
  iniIaIve,	
  

emergency	
  responses,	
  planning,	
  
strategy,	
  etc.)	
  





Indoor CO2 Levels  
SETTING	
   REPORTED	
  CO2	
  (ppm)	
  

210	
  CA	
  
Classrooms	
   1070	
  	
  (Ime	
  avg.)	
   1489	
  (avg.	
  1-­‐hr	
  

peak)	
   9.8%	
  >	
  2000	
  

120	
  TX	
  
Classrooms	
  

1289	
  (median	
  
Ime	
  avg.)	
  

20%	
  >	
  2000	
  (Ime	
  
avg.)	
  

21%	
  >	
  3000	
  (peak	
  
1-­‐hr)	
  

100	
  US	
  Offices	
   ~700	
  (avg.	
  10	
  min	
  
peak)	
  

5%	
  >	
  1000	
  (10	
  
min	
  peak)	
  

6	
  US	
  meeIng	
  
rooms	
  

1	
  with	
  Ime	
  avg.	
  	
  
~	
  1000	
  

1	
  with	
  Ime	
  avg.	
  ~	
  
1800	
  

Passenger	
  Cabins	
  
of	
  Commercial	
  

Aircraa	
  

Frequently	
  >	
  
1000	
  

As	
  high	
  as	
  4200	
  
peak	
  

New	
  Cars,	
  Pickup	
  
Trucks	
  

Based	
  on	
  two	
  measured	
  venIlaIon	
  rates	
  high	
  CO2	
  
predicted	
  



“Several … studies found moderate to strong 
increases in respiratory and allergic health 
effects among children in homes with higher 
concentrations of selected VOCs or SVOCs, 
including formaldehyde and some types of 
phthalates (softening agents for some plastics), 
or in homes with larger amounts of some VOC or 
SVOC sources, such as particleboard, plastics, 
and recent paint”. 
(Source: Lawrence Berkley National Laboratory. http://www.iaqscience.lbl.gov/voc-
respiratory.html) 

Copyright by VvS | Architects & Consultants / AVA Agnes Vorbrodt & 
Associates 



Chemicals	
  in	
  our	
  homes	
  



flame	
  retardants	
  

phthalates	
  phthalates	
  

pes3cides	
  PAH	
   PCBs	
  

Chemicals	
  in	
  our	
  homes	
  





So what about me? 



My Body Burden of Chemicals 

CHEMICAL  
MATRIX UNITS MY  

LEVEL 
CDC AVE 

Bisphenol A  Urine μg/g 
creatinine 2.1  2.6 

PFOA Serum μg/L 6.7 3.9 

PCBs (PCB 153/168) Serum ng/g lipid 69 27.2 

Organochlorine Pesticides 
(DDE) Serum ng/g lipid 226 295 

Phthalates (MEHP) Urine μg/g 
creatinine 20.9 3.99 

PBDEs (BDE47) Serum ng/g lipid 23.2 20.5 

Triclosan Urine μg/g 
creatinine 4.3 12.7 

Hg in Hair  3.5 ppm   



The Right to Healthy Indoor Air 
Lars Molhave, 2002 



John D. Spengler, Ph.D. 
Akira Yamaguchi Professor of Health &  

Human Habitation 
Harvard School of Public Health 

 
Heath effects of indoor and 

outdoor 
 air pollutants 
Harvard Green Campus Initiative 
www.greencampus.harvard.edu  
 
Sustainability and Environmental 

Management Program and 
Harvard’s E-School 

www.extension.harvard.edu/envr  
 
Email: 

jack_spengler@harvard.edu 
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