
                           

         
         

     

       
       
     

         

                                 
                                        

            

PM  Light Extinction Monitoring* for  a
 

Possible Secondary PM  NAAQS Based
 

on  Visibility‐Related Welfare Effects
 

Prepared  by  Marc  Pitchford for
 

Presentation at  the AAMMS
 

Subcommittee Advisory  Meeting
 

Washington,  DC  – Feb.  24th  & 25th, 2010 
 

* While  this presentation  exclusively  concerns  PM  light extinction  monitoring,  EPA  is  also  considering  PM mass  concentration 

indicators  for  a possible  visibility effects related  to the secondary PM NAAQS.  A more  complete  discussion is  included  in the 

PM Policy  Assessment  document  (in  preparation). 
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Background  & Purpose 
 
•	 As  part  of  its PM  NAAQS  review,  EPA  is  considering  a  secondary  standard  

to  protect  against  visibility  based  welfare  effects  that  is  different  from  the  

primary  standard.  

•	 Light extinction  (i.e.  fractional  loss  of  light per  unit  distance  caused  by  

scattering  and  absorption  by  particles  and  gases)  is  more  closely  tied  

visibility  effects  than  PM mass  concentration.  

•	 PM light  extinction  (component  of  light  extinction  caused  by  PM)  is  the  

largest  contributor  to  light  extinction  during  hazy conditions  and  it  is  

directly  measurable  

• 	 Purpose  of  this  presentation  is  to  introduce  the  monitoring  goal and 

describe  monitoring  options  that  could  be  used  to  meet  that  goal  

•	 Overall  purpose  of  this  AAMMS  advisory  is  to  seek  feedback  concerning  

PM light  extinction  monitoring  approaches  for  use  in implementing  a 

possible  PM secondary  NAAQS  
–	 Establish a specific  FRM, or specifications  and  procedures  for  approval  of a 

FRM 

–	 Specifications  and  procedures  for  approval  of a FEM 

–	 Provide  network  design  and  probe  siting criteria 
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Monitoring  Goal 
 

•	 Metric – Hourly  averaged PM10  light extinction at  550nm 
wavelength 

– 	 Haze  impacts  are  instantaneous,  but  hourly data  captures  the  generally  

more  slowly  changing  urban  haze  levels  throughout  the  day  

– 	 Most  PM  light  extinction  is  by  PM2.5, but  for  some  cities  PM10‐2.5  is  a 

major  contributor  

– 	 Humans  are  most  sensitive  to  light at  ~550nm  

•	 Range/Quality – 10  Mm‐1 to  1000 Mm‐1 with overall 

accuracy/precision of  < 10%  (RMS)  
– 	 NAAQS  protection  levels  being  considered  are  between  60  Mm‐1  and  

200  Mm‐1 and  maximum  urban  values  above  1000 Mm‐1  

– 	 A change  of  less  than  10%  in light  extinction  is  typically  imperceptible  

•	 Constraints – Daylight hours with relative humidity < 90%  

– 	 Secondary  NAAQS  would  only apply  to  daylight  hours  where  visibility  

issues  are  best  understood  

– 	 High  relative  humidity  is often  associated  with  natural  causes  of  haze  

(e.g.  fog and  precipitation)  
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Monitoring  Options 
 
•	 Multiple instrumental approaches, including 
commercially available units that can meet the goal  

– Light extinction (long‐path  transmissometer or  folded  path  

systems) 

– Separate  measurements  of  PM light scattering and 
 

absorption
 

– Both PM  light scattering by nephelometer  and  light 

absorption by filter  transmission monitoring have  been  

used  successfully  in  long‐ and  short‐term  monitoring 

programs for several  decades,  

– However  other promising approaches  might ultimately 

prove  to be superior  
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Measurement  Approaches 
 
Long‐Path Transmissometer
 

0.1km  to  10km  

light  scattering  light  absorption 

Advantages:  

•One  instrument  measures  light  extinction (scattering  and  absorption)  

•No  particle  modification  caused  by  sample  handling  

•Path‐averaged measurement  may  be  more  representative  than point  measurements 

•Short  and  long‐path versions  are commercially  available  

•Can  measure  at  selected  wavelengths 
Disadvantages:  

•Cannot  exclude  particles  exceeding  10 μm,  including  fog,  precipitation,  etc. 

•Calibration is  problematic  for  long‐path instruments 

•Siting requirements  for  long‐path  instruments  can  be  difficult  to meet  

•Cost can  be  high  (>  $25k) 
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Measurement Approaches
 
Cavity Ring Down  and  Cavity Attenuation Phase Shift 
 

t 

t 

~30cm  Rate  of pulse  
decrease  related  

Frequency phase 

shift related to  

to light extinction  light  extinction 

Advantages:  

•One  instrument  measures  light  extinction (scattering  and  absorption)  

•Can  exclude  particles  larger  than  10 μm 

•Can  be  calibrated  with well  characterized  standards  

Disadvantages:  

•Coarse particle  sampling  is  a concern  
•Relative  humidity  changes  due  to  sample  heating  or cooling  are  a concern  

•Laser‐dependent  wavelengths  (e.g.,  531 nm,  but  not  550  nm)  

•Not  currently  commercially  available  
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Measurement Approaches
 
Integrating Nephelometer  for  light scattering
 

~30cm  

small  particles scatter  

light  all  directions  
large particles scatter  more  

in  the forward direction Truncation angle  between  light  

source  and  baffles  

Advantages:  

•Can  exclude  particles  larger  than  10 μm 

•Calibration with well  characterized  standards  
•Several  commercially  available  instruments  
•Has  been  used  routinely  for  many  years  
Disadvantages:  

•Only measures  light  scattering  so absorption  must  be  measured  separately  

•Coarse particle  sampling  is  a concern  

•Relative  humidity  changes  due  to  sample  heating  and  cooling  is  a concern  

•Angular  truncation causes underestimation  of coarse  particle  scattering  
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Measurement Approaches
 
Filter Transmission  for Particle Absorption
 

Optical  interaction minimal  in  the 

atmosphere  because  of distances  

between  particles 

Close  proximity  of particles to  each  

other and  to filter fibers causes  

increased  light absorption 

Advantages:  

•Can  exclude  particles  larger  than  10 μm 

•Several  commercially  available  instruments  
•Has  been  used  routinely  for  many  years  
Disadvantages:  

•Only measures  light  absorption  so scattering  must  also be  measured  

•Data adjustments  required  due  to  filter fibers  and  particles  introduced  biases  

•Most existing  units  operate  at  a single  wavelength far  from  550nm  wavelength  
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Measurement Approaches
 
Photoacoustic Absorption
 

t 

~30cm  

light  

sound 
Advantages:  

•Can  exclude  particle  larger  than  10 μm 

•Gives ambient  PM absorption  without adjustments  (as  required  for filter transmission) 

•Commercial  units  are  available  

Disadvantages:  

•Only measures  light  absorption  so scattering  must  also be  measured  

•Currently  available  commercial  units are  expensive  (~$40k)  

•Laser‐dependent  wavelengths  includes  531nm,  but  not  550nm  
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Measurement Approaches
 
Nephelometer‐Photoacoustic  Hybrid  Devise 
 

From Arnott, et  al., 2009  

Advantages:  

•One  instrument  measures  both light  scattering  and  absorption  

•Nephelometer  has  a  very  small cutoff  angle  (<  3.5  degrees)  and  makes separate forward  

and  backscattering measurements  

•Component  cost  is  low so overall  cost is  expected to be  reasonable  

Disadvantages:  

•Coarse particle  sampling  is  a concern  

•Relative  humidity  changes  due  to  sample  heating  and  cooling  is  a concern  

•Only prototype units  have  been  built,  not  yet  commercially  available  
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Possible  Next Steps*
 

•	 Compile and assess  available information to  determine most 
 
applicable approaches
 

– 	 Instrument  reviews,  and  laboratory  and  field  performance  evaluations  

– 	 Validation  testing  and  operational  experience  

– 	 Use  available  information  in  error  propagation  analysis  

•	 Measurement  intercomparison studies 

– 	 Field  and/or  laboratory  environment  selected  to  produce  challenging  

conditions  for  the  instruments  

– 	 Would provide  first  hand  operational  and  performance  characteristic  

•	 Deploy a  modest  prototype network of  the  most  promising
 

candidate instruments for  a  limited time
 

– 	 Operated  by  state/local  agencies  for  most  realistic  operational  and  

performance  feedback  

– 	 Would provide  earliest  light  extinction  data  that  could  be  helpful  for  

the  next  PM  NAAQS  review  

•	 Information gained in these steps* would guide selection  of  FRM  

device or  preparation of  performance standards/testing procedure 

* The value of  conducting each  of  these  steps will  be  evaluated with respect  to resource  and time  limitations.  
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From Mueller,  et  al., 2009 
 

From Molenar,  IMPROVE web  site.  
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 Aethalometer Optical Schematic 
 

From Arnott,  et  al., 2005.  
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Particle Soot Absorption  Photometer  (PSAT)  

Multi‐Angle Absorption  Photometer  (MAAP)
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