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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 ~160,000 samples with ~82,000 for IMPROVE)



Carbon Laboratory Operations

• Received ~1,410 IMPROVE samples per month (varies from ~400 to 3,200 samples per 
month)

• Operated ~24 hour/day, 5-6 days/week during December-February; reduced to 
~50% capacity during March-May period; currently at ~15-17 hours/day, 4 
days/week with one supervisor, one software engineer, and three laboratory 
technicians

• Dana Trimble was promoted to Program Manager (Division of Hydrological 
Sciences), and Vinay Amin has assumed responsibility since October, 2019

(July 2019 - June 2020 samples, n= ~18,000)



Completed analyses of 2019 samples in March, 2020 
and currently analyzing July-August samples

Sampling Period Sample Receive 
Dates

Number of 
Samples Received

Analysis 
Completion Date

7/1/19-12/31/19 7/19/19-3/18/20 9,471 March 2020

1/1/20-6/30/20 1/30/20-9/2/20* 9,190* October 2020

*as of 10/8/20

(July 2019 to June 2020 samples)



Carbon throughput averaged ~100 samples per day*

*Excludes calibration runs and includes other projects
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Analysis Period

Changed 
staffing and lab 
operations due 

to COVID-19
& MnO2 testing

Recalibration of 
all instruments

(January 2019 – October 2020)

Increased lab 
operations
(Dec 2019-
Feb2020)
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Analysis Date

Eliminated carbon backlog since February, 2020 with more 
fluctuation in recent months
(January, 2019 – September, 2020)

▬ Backlog
▬ Analyses
▬ Received

Pandemic



Average reporting time from sample receipt 
reduced by ~70%
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Average 40 runs per day are dedicated to multiple 
quality control (QC) checks

(October 2019 - September 2020)

n=14,648 QC runs per year

Daily QC (excluding manual tests)

Multiple QC per week 
plus Semi-Annual 

Calibration

Semi-Annual
Calib

Once a
week

As
Needed

N
um
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r o
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(Sigma Aldrich [the supplier for MnO2] switched granular crystalline to fine powder MnO2)

Granulate manganese dioxide (MnO2) for sample 
oven is no longer available

Crystalline form Fine powder form

The fine powder MnO2 restricts gas flow and induces pressure build up (due to agglomeration). Continue 
searching for new suppliers and testing new packing methods. Have sufficient MnO2 for now.

Model 2015
Oven Configuration

Transmittance Rod Arm

MnO2 Oxidation Oven

Quartz Wool Packing

Dorsal Arm

Supports

Caudal Arm

Reflectance Rod Arm

Gas Injection PortMnO2



Carbon Hardware Improvements
(Replaced the quartz sample boat [with Nickel-Chromium wire holder] with single Kanthal 

alloy metal boat)

Old, quartz boat New, Kanthal Alloy boat
(mixture of iron, chromium, and aluminum)

Advantages:
• More stable- screws 

onto thermocouple
• Easy replacement-

remove screw and slide 
off

• Enclosed thermocouple-
minimizes break of 
“thermocouple tip”

• Longer lifespan- without 
chipping/distortion

Thermocouple Embedded Thermocouple



Initiated pre-run laser check to ensure the proper 
lasers signals 

7 laser signals



Implemented the “Cal Peak” cooling fan to save ~300 seconds between analysis 

Without 
cooling With 

cooling

(Cools the oven during the final stage of analysis, rather than after analysis)



Established new protocols for data validation
• Initiated automation to increase accuracy and efficiency 

⁃ Generate comparisons for replicates, reruns, and collocated samples
⁃ Identify extreme values (e.g., high, low, zero, and negative)

⁃ Monitor deviations from calibration peaks and send alert of instrument 
malfunction

• Created visualization tools 
⁃ Examine relationship between light 

attenuation and elemental carbon
⁃ Evaluate temporal variations (e.g., 

comparison with historical medians)

⁃ Streamline data validation and 
reporting process



DRI publications and reports using the IMPROVE_A protocol
(n= 43)

• Abbasi, B., Wang, X.L., Chow, J.C., Watson, J.G., Peik, B., Nasiri, V., Riemenschnitter, K.B., Elahifard, M., (2020). Review of respirable coal mine dust characterization for mass concentration, size distribution, chemical 
composition, and source Attribution. Coal Geology, in review.   

• Bano, S., Pervez, S., Chow, J.C., Matawle, J.L., Watson, J.G., Sahu, R.K., Srivastava, A., Tiwari, S., Pervez, Y.F., Deb, M.K., (2018). Coarse particle (PM10–2.5) source profiles for emissions from domestic cooking and 
industrial process in Central India. Science of the Total Environment, 627, 1137-1145.  https://doi.org/10.1016/j.scitotenv.2018.01.289.  http://www.sciencedirect.com/science/article/pii/S0048969718303358

• Cao, J.J., Wang, Q.Y., Li, L., Zhang, Y., Tian, J., Chen, L.-W.A., Ho, S.H.H., Wang, X.L., Chow, J.C., Watson, J.G., (2020). Evaluation of the oxidation flow reactor for particulate matter emission limit certification. 
Atmospheric Environment, 224, 117086.  10.1016/j.atmosenv.2019.117086.  http://www.sciencedirect.com/science/article/pii/S1352231019307253

• Chan, T.W., Huang, L., Banwait, K., Zhang, W., Ernst, D., Wang, X., Watson, J.G., Chow, J.C., Green, M., Czimczik, C.I., Santos, G.M., Sharma, S., Jones, K., (2019). Inter-comparison of the elemental and organic carbon 
mass measurements from three North American national long-term monitoring networks. Atmospheric Measurement Techniques Discussions, 2019, 1-38.  10.5194/amt-2019-104.  https://www.atmos-meas-tech-
discuss.net/amt-2019-104/

• Chen, L.-W.A., Zhang, M., Liu, T., Fortier, K., Chow, J.C., Kolberg, R., Cao, J.J., Lin, G., Patel, T.Y., Cruz, P., Buttner, M.P., Watson, J.G., (2019). Evaluation of epifluorescence methods for quantifying bioaerosols in fine 
and coarse particulate air pollution. Atmospheric Environment, 213, 620-628. 

• Chen, X.C., Chow, J.C., Ward, T.J., Cao, J.J., Lee, S.C., Watson, J.G., Lau, N.C., Yim, S.H.L., Ho, K.F., (2019). Estimation of personal exposure to fine particles (PM2.5) of ambient origin for healthy adults in Hong Kong. 
Science of the Total Environment, 654, 514-524.  10.1016/j.scitotenv.2018.11.088.  

• Chen, X.C., Ward, T.J., Cao, J.J., Lee, S.C., Chow, J.C., Lau, G.N.C., Yim, S.H.L., Ho, K.F., (2018). Determinants of personal exposure to fine particulate matter (PM2.5) adult subjects in Hong Kong. Science of the Total 
Environment, 628-629, 1165-1177.  10.1016/j.scitotenv.2018.02.049.  

• Chow, J.C., Cao, J.J., Chen, L.-W.A., Wang, X.L., Wang, Q.Y., Tian, J., Ho, S.S.H., Watts, A.C., Carlson, T.N., Kohl, S.D., Watson, J.G., (2019). Changes in PM2.5 peat combustion source profiles with atmospheric aging in 
an oxidation flow reactor. Atmospheric Measurement Techniques, 12, 5475-5501.  10.5194/amt-2019-198.  https://www.atmos-meas-tech.net/12/5475/2019/amt-12-5475-2019.pdf

• Chow, J.C., Cao, J., Chen, L.-W.A., Wang, X.L., Wang, Q.Y., Tian, J., Ho, S.S.H., Carlson, T.N., Kohl, S.D., Watson, J.G., (2019). Evaluating changes in PM2.5 peat combustion source profiles with atmospheric aging in an 
oxidation flow reactor. Atmospheric Measurement Techniques Discussions, 1-44.  10.5194/amt-2019-198.  https://www.atmos-meas-tech-discuss.net/amt-2019-198/

• Chow, J.C., Wang, X.L., Green, M.C., Watson, J.G., (2019). Obtaining more information from existing filter samples in PM speciation networks. EM, 23, 15-19.   
https://www.researchgate.net/publication/332878240_Obtaining_More_Information_from_Existing_Filter_Samples_in_PM_Speciation_Networks

• Chow, J.C., Riggio, G.M., Wang, X.L., Chen, L.-W.A., Watson, J.G., (2018). Measuring the organic carbon to organic matter multiplier with thermal/optical carbon mass spectrometer analysis. Aerosol Science and 
Engineering, online.   

• Chow, J.C., Watson, J.G., Green, M.C., Wang, X.L., Chen, L.-W.A., Trimble, D.L., Cropper, P.M., Kohl, S.D., Gronstal, S.B., (2018). Separation of brown carbon from black carbon for IMPROVE and CSN PM2.5 samples. 
Journal of the Air & Waste Management Association, 68, 494-510.   

• Das, K.K., Bancroft, L., Wang, X.L., Chow, J.C., Xing, B.S., Yang, Y., (2018). Digestion coupled with programmed thermal analysis for quantification of multiwall carbon nanotubes in plant tissues. Environmental Science 
& Technology Letters, 5, 442-447.  10.1021/acs.estlett.8b00287.  https://doi.org/10.1021/acs.estlett.8b00287

• Gaga, E.O., Arı, A., Akyol, N.H., Üzmez, Ö.Ö., Kara, M., Chow, J.C., Watson, J.G., Özel, E., Döğeroğlu, T., Odabasi, M., (2018). Determination of real-world emission factors of trace metals, EC, OC, BTEX, and 
semivolatile organic compounds (PAHs, PCBs and PCNs) in a rural tunnel in Bilecik, Turkey. Science of the Total Environment, 643, 1285-1296.  10.1016/j.scitotenv.2018.06.227.  
http://www.sciencedirect.com/science/article/pii/S0048969718323039

• Hand, J.L., Prenni, A.J., Schichtel, B.A., Malm, W.C., Chow, J.C., (2019). Trends in remote PM2.5 residual mass across the United States: Implications for aerosol mass reconstruction in the IMPROVE network. 
Atmospheric Environment, 203, 141-152.  10.1016/j.atmosenv.2019.01.049.  

http://www.sciencedirect.com/science/article/pii/S0048969718303358
https://www.atmos-meas-tech-discuss.net/amt-2019-104/
https://www.atmos-meas-tech-discuss.net/amt-2019-198/
http://www.sciencedirect.com/science/article/pii/S0048969718323039


DRI publications and reports using the IMPROVE protocol
(continued)

• Harner, T., Rauert, C., Muir, D., Schuster, J., Hsu, Y.M., Zhang, L.M., Marson, G., Watson, J.G., Ahad, J., Cho, S., Jariyasopit, N., Kirk, J.L., Korosi, J.B., Landis, M., Martin, J., Zhang, Y.F., Fernie, K.J., Wentworth, 
G.R., Wnorowsi, A., Dabek, E., Charland, J.P., Pauli, B., Wania, F., Galarneau, E., Cheng, I., Makar, P., Whaley, C., Chow, J.C., Wang, X.L., (2018). Air synthesis review on polycyclic aromatic compounds in the 
Athabasca oil sands region. Environmental Reviews, accepted.   

• Hidy, G.M., Chow, J.C., Watson, J.G., (2017). Critical review summary:  Air quality measurements—From rubber bands to tapping the rainbow. EM, 21,   
• Hidy, G.M., Mueller, P.K., Altshuler, S.L., Chow, J.C., Watson, J.G., (2017). Critical review:  Air quality measurements—From rubber bands to tapping the rainbow. Journal of the Air & Waste Management Association, 

67, 637-668.   https://www.tandfonline.com/doi/full/10.1080/10962247.2017.1308890
• Ho, S.S.H., Chow, J.C., Yu, J.Z., Watson, J.G., Cao, J.J., Huang, Y., (2017). Application of thermal desorption mass specrometry for the analysis of environmental pollutants, Nollet, L.M.L., Lambropoulou, D. (Eds.), 

Chromatographic Analysis of the Environment: Mass Spectrometry Based Approaches, 4th Edition, CRC Press, Boca Raton, FL, pp. 77-106. 
• June, N., 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). Observational constraints on ambient brown carbon with IMPROVE network observations. 

Environmental Science and Technology, in revision.   
• Kleinman, M.T., Head, S.J., Morris, R.E., Stevenson, E.D., Altshuler, S.L., Chow, J.C., Watson, J.G., Hidy, G.M., Mueller, P.K., (2017). Air quality measurements: From rubber bands to tapping the rainbow:  Crtical

review discussion. Journal of the Air & Waste Management Association, 67, 1159-1168.   
• Li, H.W., Wang, D.F., Cui, L., Gao, Y., Huo, J.T., Wang, X.N., Zhang, Z.Z., Tan, Y., Huang, Y., Cao, J.J., Chow, J.C., Lee, S.C., Fu, Q.Y., (2019). Characteristics of atmospheric PM2.5 composition during the 

implementation of stringent pollution control measures in Shanghai for the 2016 G20 summit. Science of the Total Environment, 648, 1121-1129.  10.1016/j.scitotenv.2018.08.219.  
• Li, L.J., Ho, S.S.H., Chow, J.C., Watson, J.G., Lee, S.C., Cui, L., Gao, Y., Dai, W.T., Ho, K.F., Cao, J.J., (2017). Characterization and health risk assessment of PM2.5 bound organics inside andoutside of Chinese smoking 

lounges. Chemosphere, 186, 438-445.   
• Liao, H.T., Yau, Y.C., Huang, C.S., Chen, N., Chow, J.C., Watson, J.G., Chou, C.C.-K., Wu, C.F., (2017). Source apportionment of urban air pollutants using constrained receptor models with a priori profile information. 

Environmental Pollution, 227, 323-333.   
• Liu, T., Chen, L.-W.A., Zhang, M., Watson, J.G., Chow, J.C., Cao, J.J., Chen, H.Y., Wang, W., Zhang, J.Q., Zhan, C.L., Liu, H.X., Zhen, J.R., Chen, N.W., Yao, R.Z., Xiao, W.S., (2019). Bioaerosol concentrations and 

size distributions during the autumn and winter seasons in an industrial city of central China Aerosol and Air Quality Research, 19, 1095-1104.   http://www.aaqr.org/article/detail/AAQR-18-11-OA-0422
• Ni, H.Y., Tian, J., Wang, X.L., Wang, Q.Y., Han, Y.M., Cao, J.J., Long, X., Chen, L.-W.A., Chow, J.C., Watson, J.G., Huang, R.J., Dusek, U., (2017). PM2.5 emissions and source profiles from open burning of crop 

residues. Atmospheric Environment, 169, 229-237.   
• 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.  http://www.sciencedirect.com/science/article/pii/S0269749119370253
• Pandey, A., Patel, S., Pervez, S., Tiwari, S., Yadama, G., Chow, J.C., Watson, J.G., Biswas, P., Chakrabarty, R.K., (2017). Aerosol emission factors from traditional biomass cookstoves in India: Insights from field 

measurements. Atmospheric Chemistry and Physics, 17, 13721--13729.  10.5194/acp-2017-291.  https://www.atmos-chem-phys.net/17/13721/2017/
• Pervez, S., Verma, M., Tiwari, S., Chakrabarty, R.K., Watson, J.G., Chow, J.C., Panicker, A.S., Deb, M.K., Siddiqui, M.N., Pervez, Y.F., (2019). Household solid fuel burning emission characterization and activity levels 

in India. Science of the Total Environment, 664, 493-504.  10.1016/j.scitotenv.2018.11.019.  http://www.sciencedirect.com/science/article/pii/S0048969718343663
• Pervez, S., Bano, S., Watson, J.G., Chow, J.C., Matawle, J., Shrivastava, A., Tiwari, S., Pervez, Y.F., (2018). Source profiles for PM10-2.5 resuspended dust and vehicle dxhaust emissions in central India. Aerosol and Air 

Quality Research, 18, 1660-1672.  10.4209/aaqr.2017.08.0259.  

https://www.atmos-chem-phys.net/17/13721/2017/
http://www.sciencedirect.com/science/article/pii/S0048969718343663


• Riggio, G.M., Chow, J.C., Cropper, P.M., Wang, X.L., Yatavelli, R.L.N., Yang, X.F., Watson, J.G., (2018). Feasibility of coupling a thermal/optical carbon analyzer to a quadrupole mass spectrometer for enhanced PM2.5
speciation. Journal of the Air & Waste Management Association, 68, 463-476.   

• Sahu, R.K., Pervez, S., Chow, J.C., Watson, J.G., Tiwari, S., Panicker, A.S., Chakrabarty, R.K., Pervez, Y.F., (2018). Temporal and spatial variations of PM2.5 organic and elemental carbon in Central India. Environmental 
Geochemistry and Health, 1-18.  10.1007/s10653-018-0093-0.  https://doi.org/10.1007/s10653-018-0093-0

• Sarkar, S., Rivas-Santiago, C.E., Ibironke, O.A., Carranza, C., Meng, Q.Y., Osornio Vargas, A.R., Zhang, J.F., Torres, M., Chow, J.C., Watson, J.G., Ohman-Strickland, P., Schwander, S., (2019). Season and size of urban 
PM differentially affects cytotoxicity and human immune responses to Mycobacterium tuberculosis Plos One, 14, 1-20.  10.1371/journal.pone.0219122.  
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219122

• Tian, J., Ni, H.Y., Cao, J.J., Han, Y.M., Wang, Q.Y., Wang, X.L., Chen, L.-W.A., Chow, J.C., Watson, J.G., Wei, C., Sun, J., Zhang, T., Huang, R.J., (2017). Characteristics of carbonaceous particles from residential coal 
combustion and agricultural biomass burning in China. Atmospheric Pollution Research, 8, 521-527.   

• Wang, X.L., Zhou, H., Arnott, W.P., Meyer, M.E., Taylor, S., Firouzkouhi, H., Moosmuller, H., Chow, J.C., Watson, J.G., (2019). Characterization of smoke for spacecraft safety. Journal of Aerosol Science, 136, 36-47.  
10.1016/j.jaerosci.2019.06.004.  

• Wang, X.L., Khlystov, A., Ho, K.F., Campbell, D., Chow, J.C., Kohl, S.D., Watson, J.G., Lee, S.C., Chen, L.-W.A., Lu, M.G., Ho, S.S.H., (2017). Real-world vehicle emission characterization for the Shing Mun tunnel in 
Hong Kong and Ft. McHenry Tunnel in the U.S.  Desert Research Institute, Reno, NV. 

• Wang, X.L., Ho, K.F., Chow, J.C., Kohl, S.D., Chan, C.S., Cui, L., Lee, S.C., Chen, L.-W.A., Ho, S.S.H., Cheng, Y., Watson, J.G., (2018). Hong Kong vehicle emission changes from 2003 to 2015 in the Shing Mun
Tunnel. Aerosol Science and Technology, 1-14.  10.1080/02786826.2018.1456650.  https://doi.org/10.1080/02786826.2018.1456650

• Watson, J.G., Cao, J., Wang, Q., Tan, J., Li, L., Ho, S.S.H., Chen, L.-W.A., Watts, A.C., Wang, X.L., Chow, J.C., (2019). Gaseous, PM2.5 mass, and speciated emission factors from laboratory chamber peat combustion. 
Atmospheric Chemistry and Physics Discussion, online.  10.5194/acp-2019-456.  https://www.atmos-chem-phys-discuss.net/acp-2019-456/

• Watson, J.G., Chow, J.C., (2018). Protocol for applying and validating receptor model source apportionment for PMEH study areas. Desert Research Institute, Reno, NV. 
• Watson, J.G., Chow, J.C., (2018). Sub-Saharan Africa centers of excellence for air quality research.  Desert Research Institute, Reno, NV. 
• Zavala, M., Molina, L.T., Maiz, P., Monsivais, I., Chow, J.C., Watson, J.G., Munguia, J.L., Cardenas, B., Fortner, E.C., Herndon, S.C., Roscioli, J.R., Kolb, C.E., Knighton, W.B., (2018). Black carbon, organic carbon, 

and co-pollutants emissions and energy efficiency from artisanal brick production in Mexico. Atmospheric Chemistry and Physics, 18, 6023–6037.   https://www.atmos-chem-phys.net/18/6023/2018/
• Zhang, Z.Z., Gao, Y., Yuan, Q., Tan, Y., Li, H.W., 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.  
http://www.sciencedirect.com/science/article/pii/S0048969720332046

• Zhao, Z.Z., Cao, J.J., Chow, J.C., Watson, J.G., Chen, L.-W.A., Wang, X.L., Wang, Q.Y., Tian, J., Shen, Z.X., Zhu, C.S., Liu, S.X., Tao, J., Ye, Z.L., Zhang, T., Zhou, J.M., Tian, R.X., (2019). Multi-wavelength light 
absorption of black and brown carbon at a high-altitude site on the Southeastern margin of the Tibetan Plateau, China. Atmospheric Environment, 212, 54-64.  https://doi.org/10.1016/j.atmosenv.2019.05.035.  
http://www.sciencedirect.com/science/article/pii/S1352231019303346

DRI publications and reports using the IMPROVE protocol
(continued)

https://doi.org/10.1007/s10653-018-0093-0
https://doi.org/10.1080/02786826.2018.1456650
https://www.atmos-chem-phys.net/18/6023/2018/

	Update of IMPROVE Carbon Analysis
	Objectives
	DRI’s Environmental Analysis Facility (EAF) continuously operates 10-13 Model 2015 Multiwavelength Carbon Analyzers
	Carbon Laboratory Operations
	Completed analyses of 2019 samples in March, 2020 and currently analyzing July-August samples
	Carbon throughput averaged ~100 samples per day*
	Eliminated carbon backlog since February, 2020 with more fluctuation in recent months�
	Average reporting time from sample receipt reduced by ~70%�
	Average 40 runs per day are dedicated to multiple quality control (QC) checks�(October 2019 - September 2020)
	(Sigma Aldrich [the supplier for MnO2] switched granular crystalline to fine powder MnO2)�
	(Replaced the quartz sample boat [with Nickel-Chromium wire holder] with single Kanthal alloy metal boat)
	Initiated pre-run laser check to ensure the proper lasers signals �
	Slide Number 13
	Established new protocols for data validation
	DRI publications and reports using the IMPROVE_A protocol�(n= 43)
	DRI publications and reports using the IMPROVE protocol�(continued)
	DRI publications and reports using the IMPROVE protocol�(continued)

