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ODbjectives

e 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

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

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



Carbon Laboratory Operations
(July 2021 — June 2022 samples, n=~ 18,399)

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

e 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.

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

Matt Pat



Completed submission of all 2021 samples in July 2022
(July 2021 — June 2022 samples, n=18,399)

: : Sample Receive Number of Analysis
Sampling Period : _
Dates Samples Received Completion Date
8/20/2021-
7/1/21 - 12/30/21 2113/2022 9,227 July 2022
1/2/22 — 6/28/22 LA 9,172* January 2023 (est.)

7128/2022
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7000 (July 2021 - June 2022)
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A better-insulated stranded wire replaced thermoplastic-insulated
copper wire in connections to sample ovens

e Thermoplastic-insulated copper

wire burned out periodically on Hydraulic S

some sample ovens, leading to  vorn " heater coil

potential safety hazards and e

machine downtime Wire

e MG wire consists of outer

fiberglass insulation with an

Inner mica insulation that can

withstand high temperatures, up

to 450°C Quartz :
glass oven Ceramic

sample
oven



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

Re-analyes Per Sample Month

Jun-20 Sep-20 Dec-20 Mar-21 Jul-21 Oct-21

Month




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

e 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.

e 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/atmo0s12111441.

e 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

»  Birki, C., Reggente, M., M. Dillner, A., L. Hand, J., L. Shaw, S., Takahama, S., (2020). Analysis of functional groups in atmospheric aerosols by infrared spectroscopy: Method development for probabilistic modeling of
organic carbon and organic matter concentrations. Atmospheric Measurement Techniques, 13, 1517-1538. 10.5194/amt-13-1517-2020.

e 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.

e 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.

e 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.

e  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.

e 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.

e 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.

e 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.

e 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
Kexue/Environmental Science, 41, 3932-3940. 10.13227/j.hjkx.201911271.

» 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.

e Gantt, B., McDonald, K., Henderson, B., Mannshardt, E., (2020). Incorporation of remote PM2.5 concentrations into the downscaler model for spatially fused air quality surfaces. Atmosphere, 11,
10.3390/ATM0S11010103.



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

e Gonzalez, M.E., Garfield, J.G., Corral, A.F., Edwards, E.L., Zeider, K., Sorooshian, A., (2021). Extreme aerosol events at Mesa Verde, Colorado: Implications for air quality management. Atmosphere, 12,
10.3390/atmos12091140.

» Gorham, K.A,, Raffuse, S.M., Hyslop, N.P., White, W.H., (2021). Comparison of recent speciated PM2.5 data from collocated CSN and IMPROVE measurements. Atmospheric Environment, 244,
10.1016/j.atmosenv.2020.117977.

e Guo, L., Cui, Y., He, Q., Gao, W., Pei, K., Zhu, L., Li, H., Wang, X., (2021). Contributions of aerosol chemical composition and sources to light extinction during haze and non-haze days in Taiyuan, China. Atmospheric
Pollution Research, 12, 10.1016/j.apr.2021.101140.

e Hand, J.L., Prenni, A.J., Copeland, S., Schichtel, B.A., Malm, W.C., (2020). Thirty years of the Clean Air Act Amendments: Impacts on haze in remote regions of the United States (1990-2018). Atmospheric
Environment, 243, 10.1016/j.atmosenv.2020.117865.

e June, N.A., Wang, X., Chen, L.-W.A., Chow, J.C., Watson, J.G., Wang, X.L., Henderson, B.H., Zheng, Y.Q., Mao, J.Q., (2020). Spatial and temporal variability of brown carbon in the United States: Implications for
direct radiative effects. Geophysical Research Letters, 47, 10.1029/2020GL090332.

e Kumar, A., Singh, S., Kumar, N., Singh, N., Kumar, K., Mishra, A.K., Chourasiya, S., Kushwaha, H.S., (2021). Seasonal abundance and source attribution of carbonaceous aerosols at different altitude of mountainous
locations in Uttarakhand Himalaya. Aerosol Science and Engineering, 5, 233-246. 10.1007/s41810-021-00098-2.

e Kumar, A., Singh, S., Kumar, N., Singh, N., Kumar, K., Chourasiya, S., (2021). Assessment of carbonaceous fractions in ambient aerosols at high altitude and lowland urban locations of Kumaon Province, Indian
Himalaya. Sn Applied Sciences, 3, 10.1007/s42452-020-04010-4.

e Li, N., Wei, X, Han, W.H., Sun, S.Y., Wu, J.H., (2020). Characteristics and temporal variations of organic and elemental carbon aerosols in PM1 in Changchun, Northeast China. Environmental Science and Pollution
Research, 27, 8653-8661. 10.1007/s11356-019-07494-9.

e Li, X, Xie, P, Li, A, Xu, J., Ren, H., Ren, B., Li, Y., Li, J., (2021). Study of aerosol characteristics and sources using MAX-DOAS measurement during haze at an urban site in the Fenwei Plain. Journal of Environmental
Sciences (China), 107, 1-13. 10.1016/j.jes.2020.12.015.

e Liao, W.J., Zhou, J.B., Zhu, S.J., Xiao, A.S., Li, K., Schauer, J.J., (2020). Characterization of aerosol chemical composition and the reconstruction of light extinction coefficients during winter in Wuhan, China.
Chemosphere, 241, 10.1016/j.chemosphere.2019.125033.

e Lyu, R.H., Zhang, J.S., Wu, J.H., Feng, Y.C., (2021). Primary carbonaceous particle emission from four power plants with ultralow emission in China. Acs Omega, 6, 1309-1315. 10.1021/acsomega.0c04754.

« Ma, Q.X., Wu, Y.F., Fu, S.L., Zhang, D.Z., Han, Z.W., Zhang, R.J., (2020). Pollution severity-dependent aerosol light scattering enhanced by inorganic species formation in Beijing haze. Science of the Total
Environment, 719, 10.1016/j.scitotenv.2020.137545.

e Malm, W.C., Schichtel, B.A., Hand, J.L., Prenni, A.J., (2020). Implications of organic mass to carbon ratios increasing over time in the rural United States. Journal of Geophysical Research-Atmospheres, 125,
10.1029/2019jd031480.

» Mardi, A.H., Dadashazar, H., Painemal, D., Shingler, T., Seaman, S.T., Fenn, M.A., Hostetler, C.A., Sorooshian, A., (2021). Biomass burning over the United States east coast and western North Atlantic Ocean:
Implications for clouds and air quality. Journal of Geophysical Research-Atmospheres, 126, 10.1029/2021jd034916.

e Nava, V., Das, K.C., Amin, V., Gronstal, S., Wang, X.L., Chow, J.C., Watson, J.G., Yang, Y., (2021). Quantification of carboxyl-functionalized multiwall carbon nanotubes in plant tissues with programmed thermal
analysis. Journal of Environmental Quality, 50, 278-285. 10.1002/jeq2.20180.

* Ni, D.F, Lin, J.J., Gao, J., Xie, J.F., Wang, J., Guo, Y.Z., Ren, J.N., (2020). Comparative analysis of new observation methods for carbonaceous aerosol (OC/EC). Zhongguo Huanjing Kexue/China Environmental
Science, 40, 5191-5197.

e Niu, X.Y., Chuang, H.C., Wang, X.L., Ho, S.S.H., Li, L.J., Qu, L.L., Chow, J.C., Watson, J.G., Sun, J., Lee, S.C., Cao, J.J., Ho, K.F., (2020). Cytotoxicity of PM2.5 vehicular emissions in the Shing Mun Tunnel, Hong
Kong. Environmental Pollution, 263, 114386. 10.1016/j.envpol.2020.114386.



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

e Pan, L., Kim, H., Lee, P, Saylor, R., Tang, Y., Tong, D., Baker, B., Kondragunta, S., Xu, C., G. Ruminski, M., Chen, W., McQueen, J., Stajner, I., (2020). Evaluating a fire smoke simulation algorithm in the National Air
Quality Forecast Capability (NAQFC) by using multiple observation data sets during the Southeast Nexus (SENEX) field campaign. Geoscientific Model Development, 13, 2169-2184. 10.5194/gmd-13-2169-2020.

e Peng, Y., Wang, H., Hou, M.L., Jiang, T., Zhang, M., Zhao, T.L., Che, H.Z., (2020). Improved method of visibility parameterization focusing on high humidity and aerosol concentrations during fog-haze events:
Application in the GRAPES_CAUCE model in Jing-Jin-Ji, China. Atmospheric Environment, 222, 10.1016/j.atmosenv.2019.117139.

* Peng, C., Tian, M., Wang, X.L., Yang, F.M., Shi, G.M., Huang, R.J., Yao, X.J., Wang, Q.Y., Zhai, C.Z., Zhang, S.M., Qian, R.Z., Cao, J.J., Chen, Y., (2020). Light absorption of brown carbon in PM2.5 in the Three
Gorges Reservoir region, southwestern China: Implications of biomass burning and secondary formation. Atmospheric Environment, 229, 10.1016/j.atmosenv.2020.117409.

e Rattigan, O.V., Carpenter, A.C., Felton, H.D., Civerolo, K.L., (2021). Optical carbon analysis on Teflon filters from the FRM network in New York. Atmospheric Pollution Research, 12, 10.1016/j.apr.2021.101163.

e Shen, J.Y., Zhao, Q.B., Cheng, Z., Huo, J.T., Zhu, W.F., Zhang, Y.H., Duan, Y.S., Wang, X.L., Chen, L.-W.A., Fu, Q.Y., (2020). Evolution of source contributions during heavy fine particulate matter (PM2.5) pollution
episodes in eastern China through online measurements. Atmospheric Environment, 232, 10.1016/j.atmosenv.2020.117569.

e Shimada, K., Takami, A., Ishida, T., Taniguchi, Y., Hasegawa, S., Chan, C.K., Kim, Y.P., Lin, N.H., Hatakeyama, S., (2021). Long-term measurements of carbonaceous aerosol at Cape Hedo, Okinawa, Japan: Effects of
changes in emissions in East Asia. Aerosol and Air Quality Research, 21, 10.4209/aaqr.200505.

e Tao,J, Zhang, L.M., Wu, Y.F., Zhang, Z.S., (2020). Evaluation of the IMPROVE formulas based on Mie model in the calculation of particle scattering coefficient in an urban atmosphere. Atmospheric Environment, 222,
10.1016/j.atmosenv.2019.117116.

e Tian, J.,, Wang, Q.Y., Han, Y.M., Ye, J.H., Wang, P., Pongpiachan, S., Ni, H.Y., Zhou, Y.Q., Wang, M., Zhao, Y.Z., Cao, J.J., (2020). Contributions of aerosol composition and sources to particulate optical properties in a
southern coastal city of China. Atmospheric Research, 235, 10.1016/j.atmosres.2019.104744.

* Vega, E., Lépez-Veneroni, D., Ramirez, O., Chow, J.C., Watson, J.G., (2021). Particle-bound PAHSs and chemical composition, Sources and health risk of PM2.5 in a highly industrialized area. Aerosol and Air Quality
Research, 21, 210047. 10.4209/aaqr.210047.

* Verma, M., Pervez, S., Chow, J.C., Majumdar, D., Watson, J.G., Pervez, Y.F., Deb, M.K., Shrivas, K., Jain, V.K., Khan, N.A., Mandal, P., Chakrabarty, R.K., (2021). Assessing the magnitude of PM2.5 polycyclic
aromatic hydrocarbon emissions from residential solid fuel combustion and associated health hazards in South Asia. Atmospheric Pollution Research, 12, 101142. 10.1016/j.apr.2021.101142.

e Watson, J.G., Cao, J.J., Wang, X.L., Chow, J.C., (2021). PM2.5 pollution in China’s Guanzhong Basin and the USA’s San Joaquin Valley mega-regions. Faraday Discussions, 226, 255-289. 10.1039/DOFD00094A.

e Wei, C.,, Bandowe, B.A.M., Han, Y.M., Cao, J.J., Watson, J.G., Chow, J.C., Wilcke, W., (2021). Polycyclic aromatic compounds (PAHSs, oxygenated PAHS, nitrated PAHs, and azaarenes) in air from four climate zones of
China: Occurrence, gas/particle partitioning, and health risks. Science of the Total Environment, 786, 147234. 10.1016/j.scitotenv.2021.147234.

* Yuan, M., Wang, Q., Zhao, Z., Zhang, Y., Lin, Y., Wang, X., Chow, J.C., Watson, J.G., Tian, R., Liu, H., Tian, J., Cao, J.J., (2022). Seasonal variation of optical properties and source apportionment of black and brown
carbon in Xi'an, China. Atmospheric Pollution Research, 13, 10.1016/j.apr.2022.101448.

e Zhang, F., Guo, H., Chen, Y.J., Matthias, V., Zhang, Y., Yang, X., Chen, J.M., (2020). Size-segregated characteristics of organic carbon (OC), elemental carbon (EC) and organic matter in particulate matter (PM) emitted
from different types of ships in China. Atmospheric Chemistry and Physics, 20, 1549-1564. 10.5194/acp-20-1549-2020.

* Zhang, X.L., Trzepla, K., White, W.H., Raffuse, S., Hyslop, N.P., (2021). Intercomparison of thermal-optical carbon measurements by Sunset and Desert Research Institute (DRI) analyzers using the IMPROVE_A
protocol. Atmospheric Measurement Techniques, 14, 3217-3231. 10.5194/amt-14-3217-2021.

e Zhang, Z.Z., Gao, Y., Yuan, Q., Tan, Y., Li, HW., Cui, L., Huang, Y., Cheng, Y., Xiu, G.L., Lai, S.C., Chow, J.C., Watson, J.G., Lee, S.C., (2020). Effects of indoor activities and outdoor penetration on PM2.5 and
associated organic/elemental carbon at residential homes in four Chinese cities during winter. Science of the Total Environment, 739, 139684. 10.1016/j.scitotenv.2020.139684.

e Zong, P., Zhu, Y., Wang, H., Liu, D., (2020). WRF-Chem simulation of winter visibility in Jiangsu, China, and the application of a neural network algorithm. Atmosphere, 11, 10.3390/atmos11050520.
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