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Figure 2-1.  Example of an IMPROVE_TOR carbon thermogram.  Seven carbon fractions are 
defined by the analysis atmosphere and the sample temperature.  OC1, OC2, OC3, and OC4 
evolve in a non-oxidizing pure helium (He) atmosphere while EC1, EC2, and EC3 evolve in a 
2% oxygen (O2) and 98% He mixture.  Optical charring corrections are determined by both 
reflectance (R) and transmittance (T) when these achieve their original values after O2 is added.  
Only the reflectance correction (OP) is currently reported with the IMPROVE carbon fractions. 
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a) 

 
b) 

 
Figure 2-2.  Schematic diagram of the: a) DRI/OGC carbon analyzer (Desert Research Institute, 
Reno, NV) and b) Model 2001 thermal/optical carbon analyzer (Atmoslytic, Inc., Calabasas, CA).  
In the Model 2001, the sample holder is open on top and bottom to minimize interference with 
the reflectance and transmittance measurement.  The carrier gas flows above and below (not 
through) the sample.   
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Figure 2-3. Schematic diagram of sample holder design in the: (a) DRI/OGC and (b) Model 2001 
carbon analyzers. 
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Figure 2-4. Temperature ramping during an audit experiment with a Tempilaqº G temperature 
indicator rated at 184 °C for a Model 2001 carbon analyzer. Also shown in the figure are 
reflectance (R) and transmittance (T) of the temperature indicator. The dashed line indicates the 
achievement of the rated temperature.  
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Figure 2-5. Reflectance (R) and transmittance (T) measurements and their first and second 
derivatives over time during an audit experiment with a Tempilaqº G temperature indicator rated 
at 184 °C. The dashed line indicates the achievement of the rated temperature. 
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Figure 2-6. Schematic diagram for measuring composition of the 100% helium (He) carrier gas.   
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Figure 2-7.  Mass spectrometric detector (MSD) response to known quantities of oxygen (O2). 

y = 50,300x + 87,500 
R2 = 0.99



 2-17

 

Oxygen Level in DRI/OGC Analyzer Oven

0

50

100

150

200

250

300

350

CA1 CA2 CA3 CA4 CA5
DRI/OGC Carbon Analyzer Number

O
xy

ge
n 

M
ix

in
g 

R
at

io
 (p

pm
)

Mean: ~ 251 ppm or 0.025% O2

DRI 2001 Carbon Analyzer: < 25 ppm or 0.0025% O2

Instrument Inlet Air:
 2 - 6 ppm O2

 
Figure 2-8.  Oxygen (O2) levels in the carrier gas through the analysis oven. 
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Figure 3-1. Comparisons of: a) TC, b) OC, and c) EC between the DRI/OGC and Model 2001 
carbon analyzers for 243 IMPROVE samples  (IMPROVE I and IMPROVE II from Table 3-1) 
collected at 40 sites between 4/25/2001 and 5/31/2001. 
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(c) 

 
Figure 3-2. Comparisons of: a) TC, b) OC, and c) EC between the DRI/OGC and Model 2001 
carbon analyzers for 57 Fresno. Both zero and negative OP (early split) corrections are used. 
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Figure 3-3. Comparisons of: a) TC, b) OC, and c) EC between the DRI/OGC and Model 2001 
carbon analyzers for 18 Hong Kong samples.  Both zero and negative OP (early split) are 
presented. 
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Montana Fire Samples
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Figure 3-4.  Comparisons of STN_TOT and STN_TOR with IMPROVE_TOR implemented on 
the Model 2001 carbon analyzers for: a) 30 IMPROVE IV samples, b) 57 Fresno samples, c) 18 
Hong Kong samples, and d) 22 Montana fire samples.  Note that the TOR pyrolysis correction is 
insensitive to the temperature program applied.  The TOT correction shows a large difference for 
the higher temperature STN protocol.  
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Figure 3-5.  Comparison of carbon fractions between DRI/OGC and Model 2001 analyses for 
243 samples (IMPROVE I and IMPROVE II from Table 3-1) collected at 40 sites from 
4/25/2001 to 5/31/2001. 
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Figure 4-1.  Carbon fractions in total carbon (TC) by IMPROVE_TOR as functions of analytical 
temperature and atmosphere for a Fresno sample on 7/16/2003. 
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Figure 4-2. Carbon fractions by IMPROVE_TOR (a) and IMPROVE_TOT (b) for a Fresno 
sample on 8/23/2002. 

IMPROVE_TOT 

IMPROVE_TOR 



 4-11

-100%

-80%

-60%

-40%

-20%

0%

20%

40%

60%

80%

100%

0.1 1 10 100 1000

TC Concentration (µg/filter)

R
ep

lic
at

e 
V

ar
ia

tio
n 

(R
V

)
TC Replicate Variation
Fitting for 95% Confidence Interval

10 times MDL

})
][

({
][][

22

TC
MDLCV

TC
Unc

TC
RD

RV +=<=

 
 
Figure 4-3.  Replicate variation (RV) of total carbon (TC) as a function of mean TC 
measurements with DRI/OGC analyzers. Replicates were performed on 1,010 IMPROVE 
samples from more than 150 sites. The sampling period was from 12/1999 to 10/2002, including 
224, 381, 236, and 169 samples in spring, summer, fall, and winter, respectively. The curved 
lines indicate the uncertainty of individual TC measurement at a 95% confidence level. The 
parameters of this line are minimum detection limit MDL = 1.49 µgC per filter and coefficient of 
variation (CV) = 8.4%. 
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Figure 4-4. Replicate variation (RV) of carbon fractions as a function of mean carbon fraction 
measurement with DRI/OGC analyzers. 95% confidence lines and number of samples are the 
same as those shown in Figure 4-3.  
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Figure 4-5. Replicate variation (RV) of organic carbon (OC) and elemental carbon (EC) as a 
function of mean OC and EC measurements with DRI/OGC analyzers. 95% confidence lines and 
samples are the same as those shown in Figure 4-3. 
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(b) 

 
Figure 4-6. Comparison of: (a) OC1 and (b) EC1 replicates between two DRI/OGC analyzers 
and between a DRI/OGC and a Model 2001 carbon analyzer.  The blue dots indicate replicates of 
the 1,010 IMPROVE samples by the DRI/OGC analyzer. The red dots indicate replicates of the 
243 IMPROVE I and IMPROVE II samples by the Model 2001. The Model 2001 measurements 
are within the uncertainty of the DRI/OGC measurements.  
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Figure 4-7. Comparison between the Model 2001 and DRI/OGC carbon fractions for 154 
IMPROVE I samples. The squares result from an empirical conversion of the DRI/OGC analyzer 
values to equivalence with the Model 2001 carbon analyzer values.   
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Figure 4-8.  Comparison of Model 2001 and DRI/OGC total carbon (TC), organic carbon (OC), 
and elemental carbon (EC) using the IMPROVE_A protocol on 160 IMPROVE VI samples 
collected between 1999 and 2003 (temperature plateaus of 140 °C for OC1, 280 °C for OC2, 480 
°C for OC3, 580 °C for OC4, 580 °C for EC1, 740 °C for EC2 and 840 °C for EC3). 
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Figure 4-9.  Comparison of Model 2001 and DRI/OGC carbon fractions using the IMPROVE_A 
protocol on 160 IMPROVE VI samples collected between 1999 and 2003 (temperature plateaus 
of 140 °C for OC1, 280 °C for OC2, 480 °C for OC3, 580 °C for OC4, 580 °C for EC1, 740 °C 
for EC2 and 840 °C for EC3). 
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Figure 4-10. Comparison of Model 2001 and DRI/OGC carbon fractions for 110 IMPROVE III 
samples with the modified carrier gas (250 ± 50 ppmv O2 in He for OC analysis) and 
temperature conditions (temperature plateaus of 142 °C for OC1, 238 °C for OC2, 468 °C for 
OC3, 579 °C for OC4, 591 °C for EC1, 738 °C for EC2, and 841 °C for EC3).  
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Figure 4-11.  Total carbon (TC), organic carbon (OC), and elemental carbon (EC) comparisons 
with the Model 2001 and DRI/OGC analyzers for 110 IMPROVE III samples with the modified 
Model 2001 carrier gas (250 ± 50 ppmv O2 in He for OC analysis) and temperature conditions 
(temperature plateaus of 142 °C for OC1, 238 °C for OC2, 468 °C for OC3, 579 °C for OC4, 591 
°C for EC1, 738 °C for EC2, and 841 °C for EC3).  
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Figure 4-12. Carbon fractions of  two Fresno samples (a and b) analyzed by the same DRI/OGC 
analyzer (CA #2) at nine-month intervals compared with those analyzed by the Model 2001 (CA 
#10) with IMPROVE_TOR and modified IMPROVE_TOR conditions. (* denotes analysis with 
modified analytical conditions stated in Figure 4-10.) Red lines indicating the consistent OC/EC 
split as negative OP are used.   










































































