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Data Quality Control and Optimization of Organic Carbon/Elemental Carbon Thermal-Optical Analysis Method
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Abstract: Thermal-optical analysis is a commonly used method both domestically and internationally for analyzing carbon
components in atmospheric particulate matter. Taking the current mainstream DRI 2001A organic carbon/elemental carbon
analyzer as an example, this study confirmed and optimized the quality control requirements during the use of the method. It
mainly includes five aspects: filter pre-treatment, temperature calibration, selection of standard materials, three-peak detection,
and removal of carbonate carbon (CC) ,with the optimal quality control requirements proposed. The conclusions obtained mainly
include : (1) Blank quartz fiber filters used for carbon analysis can be baked in a muffle furnace at 550 C for 3 hours,achieve
a total carbon (TC) measurement value below 0.5 pg/cm”. (2) Temperature calibration of the instrument should be performed
before starting a new instrument or after replacing thermocouples. When the difference between the actual filter temperature and
the instrument set temperature is below 15 °C , the relative deviation of the carbon component concentration at each temperature
stage can be kept below 30%. (3) Both potassium hydrogen phthalate ( KHP) and sucrose standard solutions can be used for
calibration,and the relative error ranges of TC measurement values and standard values are —=3.0% to 3. 1% and -4. 8% to
3. 0% ,respectively, with a relative deviation of 2. 9% in the calibration curve slopes. (4) When the difference in methane peak
area exceeds 5000 mV - s or the relative deviation exceeds 9% , the relative standard deviation (RSD) value of the three-peak
detection results gradually increases but remains within 5%, indicating that the activity of the reduction tube is gradually

weakening. When the RSD of the three-peak detection results exceeds 5%, the gas cylinder pressure, instrument airtightness,
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oxidation or reduction tube activity, etc. should be checked, and the calibration curve should be redrawn. (5) Specific samples

should be treated with acid (0.4 mol/L HCl) to remove CC, otherwise it seriously interferes the detection concentrations of

organic carbon ( OC) and elemental carbon ( EC). The amount of acid added can be determined by combining Ca**

concentration. When it is above 30 mg/L,adding 20 pL of acid can completely remove CC; When below 10 mg/L,acid treatment

is not recommended ; When between 10-30 mg/L, pre-experiments re needed to determine the acid addition amount. By confirming

and optimizing the quality control through thermal-optical analysis method, quality control of instrument measurement data can be

better achieved,and the reliability and comparability of analysis results can be improved.

Keywords; organic carbon/elemental carbon analyzer; temperature calibration; three peak detection; carbonate carbon;

optimization
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Table 1 Baking temperature and duration of blank quartz fiber filter in different studies

B I i K IR/ °C BEEE I /h SCHk AR IR
Whatman 425 4 [15]
— 400~ 500 2.3~5 [16-17]
Whatman 450 4.5.6 [18-25]
Whatman 500 24538 [26-30]
Whatman 550 4.6 [31-32]
Pallflex/ Whatman 600 234 [33-37]
— 600 ~900 3 [38]
Pallflex/ Whatman 800 2.3.6 [39-47]
Whatman 900 3 [48-49]
Whatman 900 — [50]
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Fig.1 Methods of pre-treatment
and TC measurements of

blank quartz fiber filter
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Table 2 Summary of temperature calibration for three DRI 2001A carbon analyzers C
R X - (}fﬁiif‘i/ﬁfg Y _
01 Sl 02 Sl 03 S HlL
140 158.9+0.7 146.2+1.4 171.3+0.9
280 308.0+0.0 292.0+2.6 320.0+0.0
480 514.0+1.0 496.7+3.2 525.0+0.0
580 613.7+0.6 597.0+1.0 626.0+0.0
650 683.7+1.2 666. 7+1.2 697.7+0.6
700 733.7+0.6 T17.7+1.2 747.7+0.6
750 784.3+0.6 767.0+1.7 798.7+0.6
800 835.3+0.6 812.3+8. 1 849.7+1.5
850 886.0+0.0 862.7+7.6 900.7+2.3
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Fig.3 The effects of temperature
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Table 3 Test results based on KHP and sucrose standard solutions
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