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Objectives 

•Report status of IMPROVE carbon analyses 

•Review internal quality control (QC) checks 

•Discuss operational challenges and 
improvements 



DRI’s Environmental Analysis Facility (EAF) continuously 
operates 10-13 Model 2015 Multiwavelength Carbon Analyzers 

EAF Carbon Laboratory (Magee Scientific, Berkeley, CA and Aerosol, d.o.o., Ljubljana, Slovenia) 

(2016-Present, analyzed over ~261,800 samples with ~120,000 for IMPROVE) 



Carbon Laboratory Operations 

• Received ~1,655 IMPROVE samples per month (varies from 0 to ~2,800 samples per 
month) 

• Operated ~15-18 hours per day, 7 days per week until April 2022, reduced 
to ~6-8 hours per day, 3-5 days per week in recent months.  

• Matt Claassen has assumed responsibility since June 2021 in conjunction 
with Patrick Myers, who started September 2021. 

(July 2021 – June 2022 samples, n= ~ 18,399) 

Matt Pat 



Completed submission of all 2021 samples in July 2022 

Sampling Period Sample Receive 
Dates 

Number of 
Samples Received 

Analysis  
Completion Date 

7/1/21 – 12/30/21 8/20/2021- 
7/13/2022 9,227 July 2022 

1/2/22 – 6/28/22 2/4/2022-
7/28/2022 9,172* January 2023 (est.) 

(July 2021 – June 2022 samples, n= 18,399) 
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Analysis Period  

 Carbon throughput averaged ~110 samples per day* 

*Excludes calibration runs 

(July 2021 – June 2022) 
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Analysis Date 

▬ Backlog 
▬ Analyses 
▬ Received 

Carbon throughput remained stable after elimination of 
backlogs at the end of 2021 

 (Jan 2021 – Oct 2022) 
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n=22,349 QC runs 

Daily QC (excluding manual tests) 

Multiple QC per week plus 
Semi-Annual Calibration 

Semi-Annual 
Calib 

Once a 
week 

As 
Needed/  

Semi-Annual Calib 

Average 57 runs per day are dedicated to multiple 
quality control (QC) checks 

(July 2021 – June 2022) 



A better-insulated stranded wire replaced thermoplastic-insulated 
copper wire in connections to sample ovens 

• Thermoplastic-insulated copper 
wire burned out periodically on 
some sample ovens, leading to 
potential safety hazards and 
machine downtime 

• MG wire consists of outer 
fiberglass insulation with an  
inner mica insulation that can 
withstand high temperatures, up 
to 450°C 

MG 
Wire 

Ceramic 
sample 
oven 

Sample 
oven 
heater coil  

Hydraulic 
Solenoid 
Valve 

Quartz 
glass oven  



Initiated revised data validation protocol since  June 2020 
• Processing data by multiple sets simultaneously instead of in small 

batches.  
• Created software to identify and invalidate unusual sample runs to 

reduce sample re-analysis rates.   
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Month 

Re-analyses per Month (Jun. 2020 to Dec. 2021) 



Additional criteria were added to facilitate 
efficient data validation 

• Streamlined data-processing has shortened the reporting 
time. 

• Improved machine-
learning to validate 
accuracy 
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Date Analyzed  

Validation Turn Around Time ( Jan.2021 to Aug.2022) 



Example 2020-2021 publications and reports using the IMPROVE_A 
protocol  (n= 53) 

• Abbasi, B., Wang, X.L., Chow, J.C., Watson, J.G., Peik, B., Nasiri, V., Riemenschnitter, K.B., Elahifard, M., (2021). Review of respirable coal mine dust characterization for mass concentration, size distribution and 
chemical composition. Minerals, 11, 426.  10.3390/min11040426.  

• Aldhaif, A.M., Lopez, D.H., Dadashazar, H., Sorooshian, A., (2020). Sources, frequency, and chemical nature of dust events impacting the United States East Coast. Atmospheric Environment, 231,  
10.1016/j.atmosenv.2020.117456.  

• Amin, M., Putri, R.M., Handika, R.A., Ullah, A., Goembira, F., Phairuang, W., Ikemori, F., Hata, M., Tekasakul, P., Furuuchi, M., (2021). Size-segregated particulate matter down to pm0.1 and carbon content during the 
rainy and dry seasons in sumatra island, Indonesia. Atmosphere, 12,  10.3390/atmos12111441.  

• Bian, Q.J., Ford, B., Pierce, J.R., Kreidenweis, S.M., (2020). A cecadal climatology of chemical, physical, and optical properties of ambient smoke in the western and southeastern United States. Journal of Geophysical 
Research-Atmospheres, 125,  10.1029/2019jd031372 
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organic carbon and organic matter concentrations. Atmospheric Measurement Techniques, 13, 1517-1538.  10.5194/amt-13-1517-2020.  

• Carlton, A.G., Christiansen, A.E., Flesch, M.M., Hennigan, C.J., Sareen, N., (2020). Mulitphase atmospheric chemistry in liquid water: Impacts and controllability of organic aerosol. Accounts of Chemical Research, 53, 
1715-1723.  10.1021/acs.accounts.0c00301.  

• Carter, T.S., Heald, C.L., Jimenez, J.L., Campuzano-Jost, P., Kondo, Y., Moteki, N., Schwarz, J.P., Wiedinmyer, C., Darmenov, A.S., da Silva, A.M., Kaiser, J.W., (2020). How emissions uncertainty influences the 
distribution and radiative impacts of smoke from fires in North America. Atmospheric Chemistry and Physics, 20, 2073-2097.  10.5194/acp-20-2073-2020.  

• Chen, D., Zhao, Y., Zhang, J., Yu, H., Yu, X.N., (2020). Characterization and source apportionment of aerosol light scattering in a typical polluted city in the Yangtze River Delta, China. Atmospheric Chemistry and 
Physics, 20, 10193-10210.  10.5194/acp-20-10193-2020.  

• Chen, L.-W.A., Chow, J.C., Wang, X.L., Cao, J.J., Mao, J.Q., Watson, J.G., (2021). Brownness of organic aerosol over the United States: Evidence for seasonal biomass burning and photobleaching effects. Environmental 
Science & Technology, 55, 8561-8572.  10.1021/acs.est.0c08706.  

• Chen, Y., Dombek, T., Hand, J., Zhang, Z., Gold, A., Ault, A.P., Levine, K.E., Surratt, J.D., (2021). Seasonal Contribution of Isoprene-Derived Organosulfates to Total Water-Soluble Fine Particulate Organic Sulfur in the 
United States. Acs Earth and Space Chemistry, 5, 2419-2432.  10.1021/acsearthspacechem.1c00102.  

• Cheng, Y., Chow, J.C., Watson, J.G., Zhou, J.M., Liu, S.X., Cao, J.J., (2021). Decreasing concentrations of carbonaceous aerosols in China from 2003 to 2013 Scientific Reports, 11  5352.  10.1038/s41598-021-84429-w.  
• Chow, J.C., Chen, L.-W.A., Wang, X.L., Green, M.C., Watson, J.G., (2021). Improved estimation of PM2.5 brown carbon contributions to filter light attenuation. Particuology, 56, 1-9.  10.1016/j.partic.2021.01.001.  
• Christiansen, A.E., Carlton, A.G., Henderson, B.H., (2020). Differences in fine particle chemical composition on clear and cloudy days. Atmospheric Chemistry and Physics, 20, 11607-11624.  10.5194/acp-20-11607-2020.  
• Christiansen, A.E., Carlton, A.G., Porter, W.C., (2020). Changing nature of organic carbon over the United States. Environmental Science and Technology, 54, 10524-10532.  10.1021/acs.est.0c02225.  
• Debus, B., Weakley, A.T., Takahama, S., George, K.M., Amiri-Farahani, A., Schichtel, B., Copeland, S., Wexler, A.S., Dillner, A.M., (2022). Quantification of major particulate matter species from a single filter type using 

infrared spectroscopy - application to a large-scale monitoring network. Atmospheric Measurement Techniques, 15, 2685-2702.  10.5194/amt-15-2685-2022.  
• Dinkelacker, B.T., Pandis, S.N., (2021). Effect of chemical aging of monoterpene products on biogenic secondary organic aerosol concentrations. Atmospheric Environment, 254,  10.1016/j.atmosenv.2021.118381.  
• Du, Y.Y., Chen, J., Zhang, J.L., Gan, G.C., Liu, Y.C., Su, M.X., Lou, S.R., Zhou, M., Tao, S.K., Qiao, L.P., (2020). Observation of aerosol optical properties and new particle formation in the Yangtze River Delta. Huanjing 
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• dWang, Z., Xue, D., Jia, H., Liu, J., Mao, T., Song, S., Li, P., (2021). Characterization of Carbonaceous Aerosols at Binhai District, China. Environmental Chemistry, 40, 1871-1876.  10.7524/j.issn.0254-6108.2020011501.  
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10.3390/ATMOS11010103.  



Example 2020-2021 publications and reports using the IMPROVE_A 
protocol  (n= 53) 
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