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ɆWhy should we monitor Ultrafines?  

ɆWhat should we be measuring?  

ɆHow should we monitor for Ultrafines?  

ɆWhere do Ultrafines come from?  

ɆWhere should we monitor for Ultrafines ? 

ɆWhat do we find when we monitor?  

ɆWhat should we do about it?  

 
 

Ultrafine Monitoring Outline  
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Why should we monitor Ultrafines?  
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Why should we monitor Ultrafines?  



ÅUltrafine particulate material is more toxic than PM2.5 
material 

ÅUltrafine particles can cross cell membranes and can 
move into the circulatory system, brain, and other organs 

ÅUltrafine particles have been shown to cause adverse 
health effects related to stroke, systemic inflammation, 
vascular effects on diabetics, airway development, and 
asthma exacerbation 

ÅSuspected as one of the causative pollutants in near-
traffic epidemiology studies  
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Why should we monitor Ultrafines?  



6 Li et al., 2003 

Why should we monitor Ultrafines?  
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Araujo et al., 2008 

Promotion of  
atherosclerosis 

Promotes oxidative 
stress and allergic 
Inflammation in the 
lung 

Li et al., 2008 

Why should we monitor Ultrafines?  



ɆMass? 

ɆPM mass measurements similar to PM10 or PM2.5 methods  

ɆTime -integrated filter -based methods  

ɆContinuous methods (TEOM, BAM)  

ɆSize-selective inlet to remove larger particles  

ɆUltrafine size -cut leads to higher pressure drops across inlet 

device  

ɆStill feasible down to 150 -180 nm 

ɆDemonstrated for 150 nm inlet on BAM (Chakrabarti et al., 

AS&T 38(S1), 2004) 

ɆWhat is the upper size cut?  

Ɇ50 nm, 100 nm, 150 nm, 180 nm, 250 nm 

 

 
 

What Characteristics of Ultrafines 
Should We Measure? 

What should we be measuring?  
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Size Cut (Source Aerosol)  

Size Distribution - Long Beach Morning - 

October, 2002
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What should we be measuring?  
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Size Cut (Aged Aerosol)  

Average Size Distribution - Riverside May 2001 

(6AM-10AM)
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What should we be measuring?  
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Size Cut 

100 nm 61-100 nm 

150 nm 94-150 nm 

180 nm 109-180 nm 

250 nm 141-250 nm 

For the previous size distributions and upper size cuts, 
80% of the measured particle mass  would be found in the following  

size ranges, thus biasing measurements towards the upper end 
 of the measured ranges 

Riverside  

Upper Size  
Cut  

80% of Mass 
Is Within  

100 nm 55-100 nm 

150 nm 73-150 nm 

180 nm 82-180 nm 

250 nm 98-250 nm 

Long Beach 

Upper Size  
Cut  

80% of Mass 
Is Within  

What should we be measuring?  
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Riverside, Rubidoux, and Claremont, California. (Feburary 2001 - March 2002) 

(Fine et al, AS&T, 38 (S1), 2004 
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Number  vs. Mass 

Little or no correlation between PM number and PM mass  

What should we be measuring?  
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ɆCounting Particles  

ɆFull or Partial Size Distributions  

ɆExpensive, some are semi -continuous  

ɆTotal Particle  

ɆRelatively easy continuous measurements with CPCs  

ɆLower size cut of the type and model of CPC  

ɆPotential composition effects  

ɆSingle counting vs. photometric modes  

ɆNon -Volatile Particles Only  

ɆAdapt PMP Protocol to ambient measurements  

ɆThermal denuder or heater upstream  

ɆPossibly more consistent measurements  

ɆLose the majority of particles  

 

 

 
 

What Characteristics of Ultrafines 
Do We Measure?  

What should we be measuring?  
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ɆThe Ultrafine characteristics measured by any ambient 

monitoring program should reflect the latest health 

effects data  

ɆVolatile vs. Solid Particles  

ɆMass vs. Number  

ɆSpecific size ranges  

ɆEvidence exists for adverse health effects for all of the 

above.   

 

 
 

What Characteristics of Ultrafines 
Do We Measure?  

What should we be measuring?  
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Instrumentation  

 ɆCondensation Particle Counters (CPCs)($12K-$30K) 

ɆParticle number only  

ɆScanning Mobility Particle Sizers (up to $70K)  

ɆFull size distributions  

ɆNumber and mass (with assumptions ) 

ɆSemi-continuous  

ɆFast Mobility Particle Sizer (up to $120K) 

ɆSolid state  

ɆContinuous  

ɆFilter -based techniques with inlet ($5K -$25K) 

ɆMass only, speciation, toxicology possible  

ɆTime -integrated or continuous  

  

 

 
 

 

How should we monitor for Ultrafines?  
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Condensation Particle Counters  

How should we monitor for Ultrafines?  
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Condensation Particle Counters (1)  

How should we monitor for Ultrafines?  
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Condensation Particle Counters (2)  

How should we monitor for Ultrafines?  
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Condensation Particle Counters (3)  

How should we monitor for Ultrafines?  
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Specifications Model 3781 Model 3783 Model 3785 

Detectable Particle Diameter Range 6 nm to 3 ɛm 7 nm to 3 ɛm 5 nm to 3 ɛm 

Maximum Detectable Particle Concentration (cm-3) 5 x 105 1 x 106 1 x 107 

Particle Counting Errors  
± 10 %  

at 5x105 cm-3 
± 10 %  

at 1x106 cm-3 
± 10 %  

at 2x104 cm-3 

Aerosol Flow Rates (L/min) 0.12 ± 0.012 0.12 ± 0.012 1.0 ± 0.1 

Inlet Flow Rates (L/min) 0.6 ± 0.12 3 ± 0.3 1.035 

CPC COMPARISON 

How should we monitor for Ultrafines?  
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CPC COMPARISON 

How should we monitor for Ultrafines?  
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CPC COMPARISON - Precision  
 

How should we monitor for Ultrafines?  
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CPC COMPARISON - Accuracy  
 

How should we monitor for Ultrafines?  
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CPC COMPARISON ɀ Averaging Time  
 

How should we monitor for Ultrafines?  
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CPC COMPARISON ɀ Particle Size  

How should we monitor for Ultrafines?  
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Size Distribution Measurements ($$$$)  

How should we monitor for Ultrafines?  
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