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  Excellent	or	very	good	

  Good	/	almost	always	acceptable	

  Some�mes	not	acceptable	

  Frequently	not	acceptable	





 Pollutant	concentra�ons	at	safe	levels	

Safe	 Hazardous	

Ambient	AQ		
standards	

Reference	
exposure	

levels	

Concentra�on	
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Candles	

Chalk	 Candles	

pDR	(black)	is	
research	grade	
monitor	



pDR
PurpleAir

AWAIR
Speck

AirVisual NODE

PM
2.

5  
(μ

·m
-3

)

0

20

40

60

80

100

120

140

10:00 12:00 14:00 16:00
Feb 25 - 2017

French		
Toast	

Bacon	

pDR	(black)	is	
research	grade	
monitor	

Internet	down	
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Fried	eggs	

Quesadilla	

pDR	(black)	is	
research	grade	
monitor	





  TVOC	
  Odors	



  Irritants	
  Allergens	

  Dampness	&	mold

  TVOC	
  Odors	

People	detect	
these	easily	



ultrafines	
  Acrolein

  Irritants	
  Allergens	

ultrafines

  Dampness	&	mold		

  TVOC	
  Odors	

Nothing	accurate	
and	affordable	is	
available		



ultrafines	
  Acrolein NO2

  Irritants	
  Allergens	

  Ozone	
ultrafines NO2	

  Dampness	&	mold		

  CO2	for	demand	
control	ven�la�on	
  VOCs	
  Odors	

Can	detect	relevant	
levels,	but	expensive	
and	requires	
frequent	calibra�ons		



ultrafines	
  Acrolein NO2

  Formaldehyde,	radon	
  Irritants	
  Allergens	

  Ozone	
ultrafines NO2	

  Dampness	&	mold		

  CO2	for	demand	
control	ven�la�on	
  VOCs	
  Odors	

Rela�vely	
inexpensive	�me-
integrated	tests	
available			



ultrafines	
  Acrolein NO2 CO

  Formaldehyde,	radon	
  Irritants	
  Allergens	

  Ozone	
ultrafines NO2	

  Dampness	&	mold		

  Temperature	and	
humidity	
  CO2	for	demand	
control	ven�la�on	
  VOCs	
  Odors	

Inexpensive	sensors	
available,	accurate	
enough	and	durable	
(2+y)	



  PM2.5,	PM10 ultrafines	
  Acrolein NO2 CO		

  Formaldehyde,	radon	
  Irritants	
  Allergens	

  Diesel	PM	/	black	carbon	
  Ozone	
  PM2.5,	PM10 ultrafines NO2	

  Dampness	&	mold		

  Temperature	and	
humidity	
  CO2	for	demand	
control	ven�la�on	
  VOCs	
  Odors	

Inexpensive	sensors	
available	and	
accurate	enough;	
durability	uncertain	



  PM2.5,	PM10, ultrafines	
  Acrolein NO2 CO		

  Formaldehyde,	radon	
  Irritants	
  Allergens	

  Diesel	PM	/	black	carbon	
  Ozone	
  PM2.5,	PM10,	ultrafines NO2	

  Dampness	&	mold		

  Temperature	and	
humidity	
  CO2	for	demand	
control	ven�la�on	
  VOCs	
  Odors	

Inexpensive	and	
accurate	enough	
sensors	being	used	
for	research	



  PM2.5,	PM10, ultrafines	
  Acrolein NO2 CO		

  Formaldehyde,	radon	
  Irritants	
  Allergens	

  Diesel	PM	/	black	carbon	
  Ozone	
  PM2.5,	PM10,	ultrafines NO2	

  Dampness	&	mold		

  Temperature	and	
humidity	
  CO2	for	demand	
control	ven�la�on	
  VOCs	
  Odors	

Inexpensive	
Available,	but	costly	
Coming	soon		





	Device	 Price	 Temp	 RH	 CO2	 VOC	 PM2.5	 PM10	 CO	 Ozone	 NO2	

Birdi (NA) $119 		 		 		 		 		 		 		 		 		

Koto Air Cubes $139

Netatmo $149 		 		 		 		 		 		 		 		 		

Speck $149 		 		 		 		 		 		 		 		 		

Airmentor $183 		 		 		 		 		 		 		 		 		

Awair $199

BlueAir-Aware $199 		 		 		 		 		 		 		 		 		

Foobot $199 		 		 		 		 		 		 		 		 		

Air Quality Egg $280 		 		 		 		 		 		 		 		 		

Dylos-DC 1100 $290 		 		 		 		 		 		 		 		 		

uHoo (NA) $299 		 		 		 		 		 		 		 		 		



	Device	 Price	 Temp	 RH	 CO2	 VOC	 PM2.5	 PM10	 CO	 Ozone	 NO2	

Birdi (NA) $119 		 		 		 		 		 		 		 		 		

Koto Air Cubes $139

Netatmo $149 		 		 		 		 		 		 		 		 		

Speck $149 		 		 		 		 		 		 		 		 		

Airmentor $183 		 		 		 		 		 		 		 		 		

Awair $199

BlueAir-Aware $199 		 		 		 		 		 		 		 		 		

Foobot $199 		 		 		 		 		 		 		 		 		

Air Quality Egg $280 		 		 		 		 		 		 		 		 		

Dylos-DC 1100 $290 		 		 		 		 		 		 		 		 		

uHoo (NA) $299 		 		 		 		 		 		 		 		 		

Somewhat	Yes	 No	 Not	clear	from	product	literature	
Credit:	Lauren	Lawson	



Source:	NARSTO	(2004)	
2.5	

PM2.5	



Source:	NARSTO	(2004)	
2.5	

PM2.5	



Kleeman,	Schauer,	Cass	(1999)	ES&T	

Burning	oak	wood	 Meat	charbroiling	 Smoking	cigare�e	
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Low	cost	sensors	see	only	the	part	to	right	of	red	line	



Integrated		number	
	(hours	–	day)	

Real-�me		
(seconds	–	hour)	

Research	devices:	
	$1000s	to	>$10K		



  Is	like	looking	out	a	narrow	
doorway	

  Something	passes	by	and	blocks	
the	doorway	genera�ng	a	pulse		

  Longer	/	bigger	pulse	is	a	bigger	
par�cle	



Sca�ering	Light	

Mie	sca�ering	due	to	fog	(water	droplets)	



Research	grade	 Low	cost	device	

Bare	sensor	OEM	pricing	$4	-	$15	

OEM	pricing	$100s	



Molded	plas�c	housing	
Tolerances?	

Research	grade	 Low	cost	device	

Machined	housing		
Close	tolerances	



Heater	induces	a	flow	through	the	device	
Control?	

Research	grade	 Low	cost	device	

Pump	for	controlled	flows	



Op�cal	chamber	gets	loaded	with	dust,	
poten�ally	changing	the	flow	and	response	

Research	grade	 Low	cost	device	

Sheath	flow	keeps	the	
op�cal	chamber	clean	





h�p://mobilesensingtechnology.com/

h�p://www.osbss.com/







This	is	most	difficult	for	most	users.		
Need	manufacturers	and	standards	to	ensure	quality.	



h�ps://www.epa.gov/air-sensor-toolbox	

h�p://www.aqmd.gov/aq-spec/home	

h�ps://explorables.cmucreatelab.org/explorables/air-quality-monitor-tests/	

h�p://aqicn.org/sensor/	



            
            

       

     
    

      
  
  
       

   
   

    
  
  

   
    

    
     

    

    
  

         

     
        

     
    

      
    

   

         

     
        

     
    

      
    

   

$280	

Cloud	Storage	 Yes	

Devices	 n/a	

PM,	T,	RH	

Group	 R2	

EPA	 -.06	to	0.40	

SCAQMD	 0.79	to	0.85	

CMU	 0.72	



 

    
     

     
    

   
 

 

         

 

    
     

     
    

   
 

 

         
$250	

Cloud	Storage	 Yes	

Devices	 Android	

PM	

Group	 R2	

EPA	 0.65	to	0.66	

SCAQMD	 0.65	to	0.70	

CMU	 n/a	



        
   

     
   

       
      
   

   
    

        
   

     
   

       
      
   

   
    

$199	

Cloud	Storage	 Yes	

Devices	 iOS,	Android	

Group	 R2	

EPA	 n/a	

SCAQMD	 0.55	

CMU	 0.25	

PM,	T,	RH,	CO2,	CO,	tVOC	
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$199	

Cloud	Storage	 Yes	

Devices	 ?	

Group	 R2	

EPA	 n/a	

SCAQMD	 0.77	to	0.92	

CMU	 n/a	

PM	



        
      

         
     

   
     

         
   

        
          
        

$199	

Cloud	Storage	 Yes	

Devices	 iOS,	Android	

Group	 R2	

EPA	 0.01	

SCAQMD	 0	to	0.25	

CMU	 0.61	

PM	

        
      

         
     

   
     

         
   

        
          
        



Dacunto	(2015)	



Dacunto	(2015)	

Yep.	It’s	complicated.	











LBNL	working	on	bibliography	of	scien�fic	papers	of	sensor	performance.		



bcsinger@lbl.gov

sroberts@southface.org




