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Objectives 

• Report status and improvements of 
IMPROVE carbon analyses 

 

• Update progress on next-generation 
carbon analyzer (DRI Model 20XX) 



Carbon Laboratory Operations 
(July 2011 to June 2012) 

• Received ~1,900 samples per month (between 

800 – 3292) 

• Maintained 24 hours per day/6-7 days per 
week operation with seven staff 

• Analyzed ~21,000 IMPROVE samples per 
year (800 to 3,394 per month) 

• Averaged ~3,000 samples per month in the 
queue (1,000 to 4,455) 

• Participated in UC Davis Artifact Study (~560 

samples for December 2011, January and August 2012) 



IMPROVE Carbon Analysis following 

the IMPROVE_Aa Protocol 
(July 2011 to June 2012) 

Sampling Period Samples 
Received 

Analysis Completion 
Date 

7/1/11-12/31/11 12,794 April 2012 

1/1/12-6/30/12 10,850 October 2012 

a Chow et al. (2007) JAWMA 



Regular oxygen performance tests show values within the 

100 ppm tolerance 
(Tested every six months) 
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Low OC and EC levels found on pre-fired 

quartz-fiber filters  
(Acceptance testing, August 2011-July 2012) 
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Acceptance Quartz Filter ID

OCTRC ECTRC

Acceptable OC (1.5 µgC/cm²) Acceptable EC (0.5 µgC/cm²)

Average OC (0.24±0.22 µgC/cm²) Average EC (0.005±0.024 µgC/cm²

March 2012 



Daily instrument auto-calibrationa is 

within ±5% tolerance 
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Quarterly standard calibration is within ±5% 

tolerance 
(Sucrose; thrice per week) 
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Improvements in Carbon Analyzer 
(DRI Model 2001) 

• Updated oven relay (with active air cooling) to reduce 
electrical resistance,  
ensure sufficient heat  
dissipation, and minimize  
outages 

 

• Installed a new coupler (between light pipe to optical fiber) to 
ensure stability and reduce laser drift (<1.5%) 



Worldwide Helium Shortage Mitigation Strategy 

• Current helium (He) consumption is 2,500 L/day 
with an annual cost exceeding $10,000 

• Plans to reduce He consumption by 50% (Add new 

circuit board with valves) 

– Stop He-3 venting through methanator during analysis (50 

mL/min) 

– Toggle make-up He valves (i.e., He-3, He-2, and CH4) 

• Eventually replace He with another non-oxidizing 
gas (e.g., nitrogen or argon) 

Helium Tanks 

Gas Regulator 



Implement EUSAAR-IIa Protocol in 

DRI Model 2001 
Temperature Residence Timeb 

OC in 100% He IMPROVE_A EUSAAR-II EUSAAR-II 

OC1 140 °C 200 °C 120 sec 

OC2 280 °C 300 °C 150 sec 

OC3 480 °C 450 °C 180 sec 

OC4 580 °C 650 °C 180 sec 

EC in 98% He/2% O2 

EC0 -- 500 °C 120 sec 

EC1 580 °C 550 °C 120 sec 

EC2 740 °C 700 °C 70 sec 

EC3 840 °C 850 °C 80 sec 

a European Supersites for Atmospheric Aerosol Research protocol 
b IMPROVE_A residence times are predicated on peak and return-to-baseline 

and range from 120 to 580 seconds. 



Revised carbon analysis SOP to reflect 

improvements  
(Number 2-216r3, October 22, 2012) 

• Revised daily calibration schedule 

 

 

 

 

• Updated QA/QC activities 

 

• Enhanced troubleshooting guide 

Chow et al., ABC, 2011 

Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

Morning 
(Startup;   
7 a.m.) 

System 
blank, lab 
blank, 
Autocalib 

Lab blank, 
sucrose 

Lab blank, 
Autocalib, 
KHP 

Lab blank, 
sucrose 

Lab blank, 
Autocalib, 
KHP 

Lab blank, 
sucrose 

Lab blank, 
Autocalib 

Evening  
(7 p.m.) 

CO2 
injection 

Autocalib CO2 
injection 

Autocalib CO2 
injection 

Autocalib CO2 
injection 



Efforts in Carbon Research 
• Examined data trendsa between EC and filter 

reflectance (EC–τR) to resolve questions about 
consistency after instrument upgrade (2005) with 
IMPROVE_A protocola 

• Obtained NSF grant ($390,000 from Environmental Chemical 

Science Program) to characterize source and chemical 
structures of brown carbon and compounds in 
thermal fractions (integrates Model 2001 with soft 

photoionization TOF-MS) 

• Conducted feasibility experiments for next 
generation DRI Model 20XX (Enhanced optical [λ=400–900 nm] 

and elemental detection [C, H, N, S, O, and m/z spectra]) 

• Found changes in filter mass that may be 
related to organic vapor adsorption 

aChen et al., 2012 AMT 



Consistent Decreasing Trends in EC and 

Reflectance 
(2000–2009) 

Similar downward trends at 65 
sites with average rates (relative 

to the 2000–2004 baseline medians) of 
4.5%/yr for EC and 4.1%/yr 

for τR. 

Chen et al., 2012 AMT 



EC-τR Relationship shows minor changes for 

most IMPROVE sites 

EC+ (after 2005) vs. EC− (before 

2005) relationships derived 
from robust regression 
analysis through τR 

measurements show changes 
within 
 

10% except for low-

loading samples (
 

20%). 

Wemianche Wilderness 

Brigantine National Wildlife Refuge 

Hance Camp at Grand Canyon National Park 
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Integrated Model 2001 DRI carbon analyzer with 

Photoionization Time-of-Flight/Mass Spectrometer  
(PI-TOF/MS; U. of Rostock, Germany) 

Grabowski et al. (2012), ABC 



y-scale x 0.25 ! 

y-scale x 0.25 ! 

y-scale x 1 

OC I 

OC II 

OC III 

IP 

Sn 

S0 
REMPI Zimmermann, 2011 

Mass spectra of 

thermal carbon 

fractions from Model 

2001 with Resonance 

Enhanced Multi-

Photon Ionization-

Time-of-Flight/Mass 

Spectrometry (REMPI-

TOF/MS) 



Potential configuration for next generation 

thermal/optical carbon analyzer (DRI Model 20XX) 

Flow Control 

Network
CHNS Reactor

(MnO2)

C→CO2, H→H2O, 

N→NOx/N2, S→SO2

NDIR CO2 

Detector
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Outputs:



Use annular oven to measure key 

elements and mass spectra 
Septum for 

calibration gas 

Outlet for un-
oxidized fragments  

Dual catalytic 
ovens 

Reflectance 
Arm 

Transmittance 
Arm 

Sample 
Cross 

• Allow the evolved gases to be analyzed with or without pre-catalytic 
conversion.  

• Two ovens contain MnO2 or Ni/C catalyst for C, H, N, S, or O analysis 

MnO2 
Ni/C 



MS signals are linear with C, H, N, and S quantities 

in various calibration chemicals 

y = 0.0694x
R² = 0.998
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Use reverse flow for O analysis to minimize 

baseline drift (Reduce holding times by 45 minutes) 

y = 0.75x
R² = 0.92
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Quantify C, H, N, S, and O using the IMPROVE_A 

protocol 

Thermogram of Fresno 
ambient aerosol sample for 
(a) CHNS, and (b) O 
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protocol. 
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Mass 

spectrometry 

produced 

elemental 

concentrations 

comparable with 

other detectors 

IC-CD: Ion chromatography with conductivity detector 
FID: Flame ionization detector 



Elemental composition varies between 

summer and winter (Fresno, California) 

Abundant (NH4)2SO4 in summer 
(Decompose at 200‒400 
 

C; OC2 at 280 
 

C in 
100% Helium) 
(EC/TC=0.23) 

Abundant NH4NO3 in winter 
(Dissociation starts at room temperature; OC1 
at 140 
 

C in 100% Helium) 
(EC/TC=0.28) 



Source profiles vary between gasoline and 

diesel samples for carbon fractions 

Most carbon is in EC2; 
S is low due to low-S fuel. 
(EC/TC=0.62) 

Increased C in OC and EC1 
compared to diesel soot. 
(EC/TC=0.73) 



Unoxidized mass spectra show different patterns 

between gasoline and diesel exhaust samples 
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Experimental Configuration Using Xenon Lamp 

and Spectrophotometers 

Sample 
filter 

Quartz light pipe 

Xenon lamp 
Reflectance 
Spectrophotometer 
(200-1100 nm) 

Transmittance 
Spectrophotometer 
(200-1100 nm) 

Oven 
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absorbing carbon in wood smoke 
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33 DRI publications using IMPROVE protocol since 2011 meeting 

• Bell, S.W.; Hansell, R.A.; Chow, J.C.; Tsay, S.C.; Wang, S.H.; Ji, Q.; Li, C.; Watson, J.G.; Khlystov, 
A. (2012). Constraining aerosol optical models using ground-based, collocated particle size and 
mass measurements in variable air mass regimes during the 7-SEAS/Dongsha experiment. Atmos. 
Environ., online.  

• Cao, J.J.; Li, H.; Chow, J.C.; Watson, J.G.; Lee, S.C.; Rong, B.; Dong, J.G.; Ho, K.F. (2011). 
Chemical composition of indoor and outdoor atmospheric particles at Emperor Qin's terra-cotta 
museum, Xi'an, China. AAQR, 11(1):70-79. http://aaqr.org/VOL11_No1_February2011/8_AAQR-
10-10-OA-0088_70-79.pdf. 

• Cao, J.J.; Chow, J.C.; Tao, J.; Lee, S.C.; Watson, J.G.; Ho, K.F.; Wang, G.H.; Zhu, C.S.; Han, Y.M. 
(2011). Stable carbon isotopes in aerosols from Chinese cities: Influence of fossil fuels. Atmos. 
Environ., 45(6):1359-1363.  

• Cao, J.J.; Shen, Z.X.; Chow, J.C.; Lee, S.C.; Watson, J.G.; Tie, X.X.; Ho, K.F.; Wang, G.H.; Han, 
Y.M. (2012). Winter and summer PM2.5 chemical compositions in 14 Chinese cities. J. Air Waste 
Manage. Assoc., 62(10):1214-1226. DOI: 10.1080/10962247.2012.701193. 
http://www.tandfonline.com/doi/pdf/10.1080/10962247.2012.7011933 . 



33 DRI publications using IMPROVE protocol since 2011 meeting 

(continued) 

• Cao, J.J.; Wang, Q.Y.; Chow, J.C.; Watson, J.G.; Tie, X.X.; Shen, Z.X.; An, Z.S. (2012). Impacts of 
aerosol compositions on visibility impairment in Xi'an, China. Atmos. Environ., 59:559-566.  

• Cao, J.J.; Huang, H.; Lee, S.C.; Chow, J.C.; Zou, C.W.; Ho, K.F.; Watson, J.G. (2012). 
Indoor/outdoor relationships for organic and elemental carbon in PM2.5 at residential homes in 
Guangzhou, China. AAQR, 12(5):902-910. http://aaqr.org/VOL12_No5_October2012/18_AAQR-
12-02-OA-0026_902-910.pdf. 
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Particles in the Atmosphere (ICCPA), Vienna, Austria, 6/26-29/2011.  

• Chen, L.-W.A.; Chow, J.C.; Watson, J.G.; Schichtel, B.A. (2012). Consistency of long-term 
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Atmospheric Measurement Techniques Discussion, 5:2329-2338. http://www.atmos-meas-
tech.net/5/2329/2012/amt-5-2329-2012.pdf. 

• Chen, L.-W.A.; Watson, J.G.; Chow, J.C.; Green, M.C.; Inouye, D.; Dick, K. (2012). Wintertime 
particulate pollution episodes in an urban valley of the western U.S.: A case study. Atmos. Chem. 
Phys. Discuss., 12(1):36. http://www.atmos-chem-phys-discuss.net/12/15801/2012/acpd-12-
15801-2012.pdf. 
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Canada and China have adopted 

IMPROVE_A for their long-term networks 



Future Activities 

• Retrofit new valves and circuit boards to reduce 
helium consumption on carbon analyzers. 

• Evaluate comparability and differences between 
IMPROVE_A and EUSAAR-II protocols. 

• Participate in European efforts for round-robin carbon 
intercomparison and standard reference material 
(SRM) development. 

• Develop algorithm to convert reflectance/transmission 
signal to absorption and compare Angstrom 
Absorption Exponent to quantify OC, brown carbon, 
and EC. 

• Integrate C, H, N, S, with O analysis. 


