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The risks of air polluFon are not 
evenly distributed


Concentra4ons	and	exposures	vary	
Suscep4bility	varies	

Singer	-	8/6/2018	9	



10-2 10-1 100 101 102 103 104

PM 2.5

SHS

Mold/Moisture (EU)

radon (smokers)

formaldehyde

acrolein

radon (non-smokers)

ozone

NO2

ammonia (NH3)

acetaldehyde

crotonaldehyde

1,1-dichloroethene

styrene

carbon tetrachloride

1,4-dichlorobenzene

chromium

Acute CO Deaths

 IND Approach
 ID Approach
 Based on Literature 

          Reported Disease
          Incidence Rates

>9/G9$/0.''-$,/-$E'??=8,087$('78$/(E,G8$9),?8923

S74B-;#%!"#$%"&"'()*+,-#'.+)/"0.)1.$2#)
%

,5+?#%#;%-1'E%S*9)"5*B#*;-1%^#-1;N%X#"7C#/49#7E%FGHF%

i>,j7%/5*7)=#"%7#9#");2%5K%N#-1;N%5?;/5B#7%
U<HH%i>,j7%C#"%HGGG%C#5C1#%C#"%2#-"%

i>,j7%157;J2#-"JHGGEGGG%C#5C1#%

34567)
(#/5*=N-*=%7B50#%
Z51=%J%B5)7;?"#%

e-=5*%
P5"B-1=#N2=#%

>/"51#)*E%OV5*#E%3OF%%

()*+#"%<%IJDJFGHI%HG%



H/0)$E,-FG=?,8)$(,I)-$JD4KLMN3

()*+#"%<%IJDJFGHI%HH%

•! 8"9:.2)34567);-'+;;2#)<)%$+=.##)
•! i#-;NE%7;"50#7E%-*=%5;N#"%
/-"=)59-7/?1-"%)11*#77%

•! ^57C);-1%-=B)77)5*7%K5"%"#7C)"-;5"2%
=)7;"#77%%

•! (#9#");2%5K%/N"5*)/%1?*+%=)7#-7#%
•!Z#/N-*)7B7%#LC1-)*%B-*2%#k#/;7%

•! ,?*+%)"");-45*%1#-=)*+%;5%B5"#%
C#"B#-61#%1?*+%477?#%

•! M*l-BB-45*%5K%1?*+%477?#%"#1#-7#7%
/N#B)/-17%;N-;%)BC-/;%N#-";%%

•! &N-*+#7%)*%6155=%/N#B)7;"2%
)*/"#-7#%")70%5K%/15;7%



O'=-G)7$'<$D4KLM$/0$9'()73

()*+#"%<%IJDJFGHI%HF% @-11-/#%#;%-1'E%S^XE%FGGTE%HHHE%HFDW%



D,-FG=?,8)$(,I)-$/7$-),??5$G'(E?/G,8).3

HT%

Image Ref: N$CYJJ##;='161'+59J*#.71#$#"J*1HUJ 

()*+#"%<%IJDJFGHI%

>"&'2$?;=)



P/8-'1)0$./'Q/.)3
•!>)".-2%)"");-*;%
•! SL-/#"6-;#7%-7;NB-%-*=%5;N#"%
"#7C)"-;5"2%=)7#-7#7%

•! ,#-=7%;5%/5?+NE%.N##V#E%#;/'%
•!Z-2%/-?7#%-7;NB-%-*=%
)*/"#-7#%)*K#/45*7%

•!>7;NB-4/7E%#1=#"12%-*=%
/N)1="#*%B57;%7?7/#C461#%

()*+#"%<%IJDJFGHI%HU%



P/8-'1)0$./'Q/.)$–$R=78$,$<)+$C)5$7'=-G)73

()*+#"%<%IJDJFGHI%HW%

@2.$'.#')2"#A)02;B)-=C.='.+)
:.$'.2#)– 02;B)02.D-.=')$=+)&;=9)
.B"##";=).C.='#)

P"-*/)7/5%#;%-1'E%M*=55"%>)"%FGHG%
TG%N5B#7%.);N%?*9#*;#=%\"#C1-/#7%
U%"-*=5B%=-27%5K%B5*);5")*+%
IGm%N-=%3OF%-659#%-B6)#*;%7;=



Radon will remain a hazard
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Radon	
pCi/L	

Non-
smokers	

Smokers	

2	 4	 32	

4	 7	 62	

8	 15	 120	

20	 36	 260	

Lung	Cancer	Risk,	per	1000	
Life?me	Exposure,		

EPA Map of Radon Zones

h$ps://www.epa.gov/radon	

Radon	entry	to	homes	
varies	with	soil,	season,	
and	weather	
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Reducing IAQ Risks
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Healthy Homes
U.S. Department of Housing and Urban Development  x  Office of Healthy Homes and Lead Hazard Control 
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1. Keep it Dry
Prevent water from entering your home through 
leaks in roofing systems, rain water from entering 
the home due to poor drainage, and check your 
interior plumbing for any leaking. 

 

2. Keep it Clean 
Control the source of dust and contaminants, 
creating smooth and cleanable surfaces, reducing 
clutter, and using effective wet-cleaning methods. 

 

3. Keep it Safe 
Store poisons out of the reach of children and 
properly label.  Secure loose rugs and keep 
children’s play areas free from hard or sharp 
surfaces.  Install smoke and carbon monoxide 
detectors and keep fire extinguishers on hand. 

 

4. Keep it Well-Ventilated 
Ventilate bathrooms and kitchens and use whole 
house ventilation for supplying fresh air to reduce 
the concentration of contaminants in the home. 
 

5. Keep it Pest-free 
All pests look for food, water and shelter. Seal 
cracks and openings throughout the home; store 
food in pest-resistant containers.  If needed, use 
sticky-traps and baits in closed containers, along 
with least toxic pesticides such as boric acid 
powder. 
 

6. Keep it Contaminant-free 
Reduce lead-related hazards in pre-1978 homes by 
fixing deteriorated paint, and keeping floors and 
window areas clean using a wet-cleaning approach. 
Test your home for radon, a naturally occurring 
dangerous gas that enters homes through soil, 
crawlspaces, and foundation cracks.  Install a 
radon removal system if levels above the EPA 
action-level are detected. 
 

7. Keep it Well-Maintained 
Inspect, clean and repair your home routinely. 
Take care of minor repairs and problems before 
they become large repairs and problems. 

www.hud.gov/healthyhomes

Source: www.hud.gov/healthyhomes 
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Pollutant Source ReducFon
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California rule effective January 1, 2009 
US Formaldehyde Control Act in 2010 
Products labeled starting June 1, 2018  %
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Homes	built	with	low-emisng	materials	have	
lower	formaldehyde	concentra4ons		

31	

Unadjusted  

24%	reduc?on	at	
0.3	ach	

Hult	et	al.,	Indoor	Air,	2015	



Homes	built	with	low-emisng	materials	have	
lower	formaldehyde	concentra4ons		
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Unadjusted		 Adjusted	for	T,	RH,	house	age	

42%	reduc?on	at	
0.3	ach	

24%	reduc?on	at	
0.3	ach	

Hult	et	al.,	Indoor	Air,	2015	
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For PM, very helpful to reduce entry from outdoors


34	

A	large	frac4on	of	indoor	PM	comes	from	outdoors	
This	frac4on	varies,	and	increases	as	indoor	sources	are	mi4gated.	

RIOPA	Study1	

•  Los	Angeles	(n=112)	–	63%		

•  Elizabeth,	NJ	(n=80)	–	52%		

•  Houston,	TX		(n=76)	–	33%	

1Meng,	JEAEE,	2005,	15:17-28;		2Allen,	EHP,	2012,	120:	824-830		,				

MESA	Air2	(n=353	homes)	–	80%		
•  Bal4more,		
•  Chicago,		
•  Los	Angeles,		
•  New	York,		
•  Rockland,		
•  St.	Paul,		
•  Winston-Salem	
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What to do for Radon?
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•  Reduces	driving	
force	for	entry	
through	slab	

•  Enables	easy	
installa4on	of	fan	
for	ac4ve	system	

Passive	Soil		
Depressuriza?on	

Image:	Radon	Protec4on	in	New	Homes	Webinar	presented	on	Jan	30,	208	

Always	Test!	

h$ps://www.epa.gov/radon	

Exis4ng	Homes:	
Test	for	as	long	as	feasible		
If	short	test	is	2-8	pCi/L,	
test	for	longer.	
If	>8	pCi/L,	test	for	longer	
or	mi4gate,	then	test	
	
EPA	guidance	is	to	retest	if	
first	test	is	>4	pCi/L.		

New	Homes:	
If	in	Zone	1,	
install	passive	
system	&	test	



Source (Kitchen) VenFlaFon 
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7 devices 
L1: Low-cost $40 
B1: Basic, quiet $150 
A1: 62.2-compliant, $250 
E1: Energy Star, $300 
E2: Energy Star, $350 
M1: Microwave, $350 
P1: Performance, $650 
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Materials (287 g) extracted from RH vent.  
Photo & arrangement: M. Lunden 
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Mechanisch belüftete Objekte
Natürlich belüftete Objekte
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HBCD 
•! bioaccumulative 
•! thyroid disruption 
•! affects developing nervous system 
•! developmental neurotoxicity in mice 

hexabromocyclododecane%

(1)=#%/5?";#72%5K%i5*%,?/-7E%`"##*%(/)#*/#%X51)/2%M*74;?;#%
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TCPP TCPP 
•! accumulates in liver and kidneys 
•! affects nervous system development 
•! potential carcinogen 

tris (1-chloro-2-propyl) phosphate%



:9)$D-)G,=F'0,-5$D-/0G/E?)3

If the consequences of an action are unknown, but judged 
to have some potential for major or irreversible negative 
consequences, then it is better to avoid that action. 

 

 
Source: Wikipedia 
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