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A) Supplementary Text:

Uncertainty analysis on mass concentrations of integrated system

For Xact-625, the combined uncertainty included contribution from flow (1.5%), calibration standard uncertainty (5%), long
term stability (calculated from the standard deviation of hourly internal Pd reference, 1.3%), and an element-specific
uncertainty associated with the spectral deconvolution calculated by instrument software for each spectrum (US-EPA,1999;
Tremper et al.,2018). In our study, each of elements was calibrate individually with a reference sample, the Xact-625 LOD
(Limit of detection) was calculated using HEPA field blank measurements during sampling campaign these are shown in
Table S1.

The uncertainty of ACSM is similar to AMS, as described previously (Allan et al., 2003; Nga et al., 2011), the overall
uncertainty includes uncertainties associated with the Q (flow), IE (Ionization Efficiencies), RIE (Relative Ilonization
Efficiencies), and CE (Collection Efficiency) (Middlebrook et al., 2012; Freney et al., 2019). In which, IE is the ionization,
transmission, and ion detection efficiency of nitrate (typically shortened as “ionization efficiency”), 10% uncertainty. In this
study, the capture vaporizer (CV) was equipped, compared with a standard vaporizer (SV), to reduce the particle bouncing
effect at vaporizer and the particle bouncing effect at vaporizer and hence improves the quantitative uncertainties caused by
CE (Hu et al., 2017b; Zhang et al., 2017), the uncertainty in CE is less than 30%. RIE is the ionization efficiency of species
relative to the ionization efficiency of nitrate; for ammonium and sulfate: determined in routine calibrations (10%
uncertainty and 30% uncertainty, respectively); for organics: determined for various types of organics in previous laboratory
experiments and literature values, an average value is used (20% uncertainty) (Bahreini et al., 2009). Q is the volumetric
sample flow rate into the instrument (<0.5% uncertainty). The propagated, overall uncertainty for the total ACSM mass
concentration is 20%-30%.

For AE-31 and SHARP-5030i, according to instrument manufacturer's test of instruments, the measurement accuracy is 5%,
that is, the measurement error is within 5% of the measured value.

In addition, to guarantee the data quality acquired by the integrated system, relevant quality assurance and quality control
(QA/QC) measures are implemented. The calibration of sampling flow rate, blank experiment and instrument calibration
were performed periodically to ensure data quality according to relevant national standards. The sampling flow rate was
calibrated every month to ensure the sampling flow precision was in the range of +1.5%. The blank experiment and

instrument calibration were conducted every two months.
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Design of the data analytics platform

The design solution of the data analytics platform was shown in Fig. S2, the data of three online instruments (ACSM, Xact-
625, AE-31) were processed in same (.csv) format and saved in their respective local computer using data transmission
software, and uploaded data to a same SQL Server remote database for data management. The database was based on the
dedicated server of the integrated system. The data of SHARP-5030i can be directly connected to the server. In addition, an
atmospheric environment data collection and processing system had been established. The data in the SQL Server database

was called to achieve unified processing and display of integrated data.

B) Supplementary Figure
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Figure S1. The picture of the online integrated system.
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Figure S2. Design solution of data analytics platform.
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45  Figure S3. Meteorological conditions during sampling campaign: temperature and relative humidity (a), and wind roses (b).
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Figure S4. Scatter plots with the linear regression parameters among online integrated system and other instruments.
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50 Figure S5. The scaled residuals of species output by ME-2.
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Figure S6. Spatial distribution of fire points in Guangdong (divided into day and night) during observation (the five-pointed star
was used to represent sampling site).
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55 Figure S7. Diurnal variation of the Cl- during the observation.

C) Supplementary Table:
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Table S1. The concentrations and detection limit of PM2.5 and chemical species during the sampling campaign.

Species Average Standard Detection
concentration deviation Limit
Organic (ug m3) oM 14.1 7.4 0.3
Inorganic ions (pg m=) SO4* 8.6 33 0.4
NOsy 1.8 1.9 0.2
NH4" 3.8 1.7 0.5
Cl 0.1 0.07 0.2
BC 2.1 1.0 0.1
Trace elements (ng m™) Si 380.6 185.0 17.8
K 443.9 269.1 1.17
Ca 103.0 53.8 0.3
Ti 14.4 8.2 0.16
\% 3.2 2.3 0.12
Cr 2.9 2.0 0.12
Mn 243 13.0 0.14
Fe 288.7 132.2 0.17
Co 0.03 0.1 0.14
Ni 2.9 1.3 0.1
Cu 11.3 7.7 0.079
Zn 102.2 60.9 0.067
As 5.8 4.7 0.063
Se 22 1.2 0.081
Mo 0.5 0.5 0.1
Cd 7.3 32 2.5
Sn 19.8 8.3 4.1
Sb 28.0 10.2 5.2
Ba 3.9 7.4 0.39
Hg 1.9 0.7 0.12
Pb 18.6 9.5 0.13




65

70

75

80

85

90

95

100

Reference

Allan, J. D., Jimenez, J. L., Williams, P. I., Alfarra, M. R., Bower, K. N., Jayne, J. T., Coe, H., and Worsnop, D. R.:
Quantitative sampling using an Aerodyne aerosol mass spectrometer 1. Techniques of data interpretation and error
analysis, J. Geophys.Res.,108(D3),4090, http://doi.org/10.1029/2002jd002358, 2003.

Bahreini, R., Ervens, B., Middlebrook, A. M., Warneke, C., de Gouw, J. A., Decarlo, P. F., Jimenez, J. L., Brock, C.
A.Neuman, J. A., Byerson, T. B., Stark, H., Atlas, E., Brioude, J., Fried, A., Holloway, J. S., Peischl, J., Richter,
D., Walega, J., Weibring, P., Wollny, A. G., and Fehsenfeld, F. C.: Organic aerosol formation in urban and
industrial plumes near Houston and Dallas, Texas.,, J. Geophys. Res., VOL.114, DO0OF16,
http://doi.org/10.1029/2008JD011493, 2009.

Freney, E., Zhang, Y. J., Croteau, P., Amodeo, T., Williams, L., Truong, F., Petit, J., Sciare, J., Sarda-Esteve, R.,
Bonnaire, N., Arumae, T., Aurela, M., Bougiatioti, A., Mihalopoulos, N., Coz, E., Artinano, B., Crenn, V., Elste, T.,
Heikkinen, L., Poulain, L., Wiedensohler, A., Herrmann, H., Priestman, M., Alastuey, A., Stavroulas, I., Tobler, A.,
Vasilescu, J., Zanca, N., Canagaratna, M., Carbone, C., Flentje, F., Green, D., Maasikmets, M., Marmureanu, L.,
Minguillon, M. C., Prevot, A. S. H., Gros, V., Jayne, J., and Favez, O.: The second ACTRIS intercomparison
(2016) for Aerosol Chemical Speciation Monitors (ACSM): Calibration protocols and instrument performance
evaluations, Aerosol Science and Technology, 53(7), 830-842, http://doi.org/10.1080/02786826.2019.1608901.,
2019.

Hu, W. W., Campuzano-Jost, P., Day, D. A., Croteau, P., Canagaratna, M. R., Jayne, J.T., Worsnop, D.R., and Jimenez,
J. L.: Evaluation of the new capture vaporizer for aerosol mass spectrometers (AMS) through field studies of
inorganic species, Aerosol Science and Technology, 51(6), 735-754,
http://doi.org/10.1080/02786826.2017.1296104, 2017b.

Middlebrook, A. M., Bahreini, R., Jimenez, J. L., and Canagaratna, M. R.: Evaluation of Composition-Dependent
Collection Efficiencies for the Aerodyne Aerosol Mass Spectrometer using Field Data., Aerosol.Sci.Tech.,
46(3):258-271, http://doi.org/10.1080/02786826.2011.620041, 2012.

Nga, N. L., Herndona, S. C., Trimborna, A., Canagaratnaa, M. R., Croteaua, P. L., Onascha, T. B., Sueperab, D.,
Worsnopa, D. R., Zhang, Q., Sun, Y. L., and Jayne, J. T.: An Aerosol Chemical Speciation Monitor (ACSM) for
Routine Monitoring of the Composition and Mass Concentrations of Ambient Aerosol, Atmos. Chem. Phys., 45,
770-784, http://doi.org/10.1080/02786826.2011.560211, 2011.

Tremper, A. H., Font, A., Priestman, M., Hamad, S. H., Chung, T. C., Pribadi, A., Brown, R. J.C., Goddard, S. L.,
Grassineau, N., Petterson, K., Kelly, F. J., and Green, D.C.: Field and laboratory evaluation of a high time
resolution x-ray fluorescence instrument for determining the elemental composition of ambient aerosols, Atmos.
Meas. Tech., 11, 3541-3557, https://doi.org/10.5194/amt-11-3541-2018, 2018.

US-EPA: Determination of metals in ambient particulate matter using X-Ray Fluorescence (XRF) Spectroscopy,
Agency, edited by: US-EPA (US Environmental Protection Agency), Cincinnati, OH 45268, USA, 1999.

Zhang, Y. J., Tang, L.L., Croteau, P. L., Favez, O., Sun, Y., Canagaratna, M. R., Wang, Z., Couvidat, F., Albinet, A.,
Zhang, H. L., Sciare, J., Prévot, A.S.H., Jayne, J.T., and Worsnop, D. R.: Field characterization of the PM2.5
Aerosol Chemical Speciation Monitor: insights into the composition, sources, and processes of fine particles in
eastern China., Atmos. Chem. Phys., 17, 14501-14517, https://doi.org/10.5194/acp-17-14501-2017, 2017.


http://doi.org/10.1029/2002jd002358
http://doi.org/10.1029/2008JD011493
http://doi.org/10.1080/02786826.2019.1608901
http://doi.org/10.1080/02786826.2017.1296104
http://doi.org/10.1080/02786826.2011.620041
http://doi.org/10.1080/02786826.2011.560211
https://doi.org/10.5194/amt-11-3541-2018
https://doi.org/10.5194/acp-17-14501-2017

	A) Supplementary Text:
	Uncertainty analysis on mass concentrations of int
	Design of the data analytics platform
	B) Supplementary Figure
	C) Supplementary Table:
	Reference

