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Motivation

• Elemental carbon (EC) linked to health effects, visibility 
reduction, material damage, climate change

• PM2.5 Teflon filters are acquired since 1997 at over 850 
locations in US to determine compliance with National 
Ambient Air Quality standards (NAAQS)

• Chemical speciation (with EC analysis) at relatively few 
sites.

• How accurately can light transmission through the filter 
be used to estimate EC on these filters?



Study Objectives

• Compile data bases of consistently applied batt
and EC measurements.

• Examine relationships by location and season.
• Evaluate the extent to which EC can be estimated 
from batt



Data Bases



Thermal EC measurement

• EC measurements using the IMPROVE protocol –
thermal optical reflectance on quartz‐fiber filters

• IMPROVE‐ filter reflectance monitored constantly 
with 632 nm laser as carbon is thermally 
desorbed

• Charring of OC causes darkening of filter‐ when 
O2 is added at high temperature, EC and 
pyrolyzed OC evolve‐ carbon evolving after 
reflectance reaches it’s initial value is designated 
EC



IMPROVE Method

0

100

200

300

400

500

600

700

800

900

1000

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560 1680 1800

Time (sec)

Te
m

p.
 (d

eg
C

)

FID Temp
Laser Reflect Laser Trans
Reflect-Split Trans-Split

OC1 OC2 OC3 OC4 EC1 EC2 EC3 calibbase

100% He 2% O2/98% He

ECR

ECT



Filter‐based light absorption

• batt=(A/V)· ln(I/I0)
• batt differs from babs.  batt usually overestimates babs
owing to multiple scattering effects of filter and sample 
deposit.   

• batt is measured by Laser Integrating Plate Method 
(LIPM) and Hybrid Integrating Plate/Sphere method 
(HIPS) in IMPROVE and by Densitometer Integrating 
Plate Method (DIPM) in other networks.



York weighted Perpendicular Least Squares (PLS) and 
unweighted Ordinary least Squares (OLS) regression 
slopes differ significantly, OLS higher slope (lower 
apparent absorption efficiency)



Larger negative intercept for OLS method 
(more positive babs with zero EC)



Denver- babs on Teflon 

Denver babs on Quartz – much 
higher slope than Teflon and large 
intercept

Filter substrates affect babs 
measurement



Urban IMPROVE sites had highest EC levels, WRAP sites lowest

Comparable results from DIPM and LIPM for 
Denver Brown Cloud Study



Fresno –co‐located SFS 
and IMPROVE samplers 
TOR EC compares well

DIPM batt and HIPS babs
well correlated but 
densitometer babs about 
twice as high

HIPS half DIPM 
measurements at 
Fresno (non‐wavelength 
corrected)



Urban IMPROVE sites had highest EC levels, WRAP sites lowest

2005-2006 EC levels by planning region



Squared correlation coefficients (R2) between babs and EC 
range from 0.77 at CENRAP sites to 0.86 for MANU‐VU sites‐
network wide R2=0.84



RMS error greater for 
York PLS regression 
than OLS regression

RMS error ranges from 
30-70% of average 
concentration



Median errors less for 
the York PLS regression 
than OLS regression
-weighting by uncertainty, 
which is proportional to 
concentration (R2=0.58) 
reduces influence of high 
values

Median errors 15-
25% of median 
concentration for 
York, 15-35% for OLS



Intercept change ~ same 
time as change to HIPS in 
1994

Very high apparent σabs in 
2004 probably due to 
oxygen leak (too little EC)

For IMPROVE, R2

increased first few years.  
Substantial difference for 
PLS and OLS slopes and 
intercepts



Data set Average 
EC/ batt

Slope (g/m2) Intercept 
(ug/m3)

R2 RMSb

error 
(µg/m3)

Average   
Conc. 
(µg/m3) 

RMS error/ 
Average   
Concentration

Denver 
(n=365)

Mexico              
City 
(n=260)

0.

0.104

086

0.110± 0.001 
(0.101± 0.002)            

0.098±0.002 
(0.095±0.002)

-0.229
(0.1

-0.66
(-0.6

± 0.058 
17± 0.122)

1±0.090  
27±0.163)

0.926                                        

0.907  

1.40 (1.28)

2.05  (1.34)

4.87

6.39

0.29                
(0.26)

0.32         
(0.21)

Fresno 
(n=350)

0.081 0.092± 0.002
(0.118± 0.003)

-0.472± 0.038
(-0.838±0.075)

0.833 1.07 (0.71) 1.84 0.58        
(0.38)

Equations for estimating PM2.5 elemental carbon (EC) based on 
DIPM (batt) measurements at Denver, Mexico Citya and the Fresno, 
CA, Supersite. The slope is the inverse of the light absorption 
efficiency (1/ σabs).  Values in bold are for York regression; values in 
parentheses are ordinary least squares.



For IMPROVE, there is small seasonal variation 
relationships

York regression results in bold, OLS in parentheses



Brown carbon is evident at the Fresno supersite where light 
transmission was measured continuously at several 
wavelengths

Fresno has enhanced light absorption at shorter wavelengths in 
winter 
Absorption angstrom exponent=‐ln(babsλ1)/ln(babsλ2)/ln(λ1/λ2)



Conclusions

• Filter light attenuation is reasonably correlated with 
IMPROVE EC, regardless of the filter transmission 
method.

• batt‐EC relationships differ among filter transmission 
methods, but they are consistent over space and 
time for the same method.

• EC can be estimated from batt within ±20% at urban 
concentrations.

• OLS regression gives lower RMS error, but greater 
median errors than weighted PLS regressions.
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