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Abstract

As the public concern regarding fine dust has been raised since the 2010s in
Korea, the demand for air quality information have been greatly increased. To provide
accurate real-time air quality information, the government operates certified beta-ray
absorption continuous PM analyzers in air quality monitoring stations. Since the
accuracy of beta-ray absorption can be affected by not only the density and composition
of the particle itself but also environmental conditions such as temperature and
humidity, the beta-ray PM analyzers have to be calibrated regularly. In this study, three
types of beta-ray absorption continuous PM analyzers, which are being used in air
quality monitoring stations, have been evaluated by comparison with the gravimetric
reference PM sampler. Results of the study show that among three beta-ray PM
analyzers, two PM analyzers(model B, C) were in equivalency criteria, but one analyzer
(model A) was out of the equivalency criteria. Because model A showed a higher
overestimation error in higher temperature and humidity conditions, the water attachment
on the particle would be the main cause of overestimation. The PM analyzer A uses
the fixed-temperature heater as a dehumidifier in the inlet tube, but PM analyzer B and
C use the smart heater as a dehumidifier which controls the heating temperature
according to the incoming air humidity. To improve the accuracy of PM analyzer A,
which was out of the equivalent criteria, the correction method using temperature has
been applied. As a result, the accuracy of model A has been improved within the

equivalent criteria.
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Table 1. Properties of the PM reference sampler and (3-ray analyzers in this study

Model Reference A B C
Method Gravimetric B-ray B-ray B-ray
Inlet Heating ~ Fixed °t‘emp. SmarF heater Smart. heater

35T RH: 35% RH: 35%
PM 5 inlet WINS” WINS WINS vsce™
Filter Teflon Teflon Glass fiber Glass fiber
Sampling period 24h 1h 1h 1h

* B-ray : f-ray attenuation method
** WINS : Well Impactor Ninety-Six
*** VSCC : the Very Sharp Cut Cyclone.
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Fig. 1. Time profiles of daily average temperature(Temp), relative humidity(RH) from April 23,

2020 to January 14, 2021.
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Fig. 2. Time profiles of daily average PM,s,
PM,y concentrations from April 23,
2020 to January 14, 2021.
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Fig. 3. Time profiles of relative errors of 3 types (-ray analyzers(A, B and C) for PM:s and
PM,o from April 23, 2020 to January 14, 2021. Grey box denotes +10% relative error
ranges.
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Fig. 4. Equivalent evaluation results of (-ray analyzers. dotted line denotes the 1:1 reference line.

Table 2. Linear regression results of [-ray analyzers to reference sampler for PM,s and PMo

Criteria A B C
Slope 09~1.1 0.80 1.01 1.05
PMas
Intercept -2.25~2.25 3.10 0.80 0.71
Slope 09~1.1 0.78 1.01 1.10
PMio
Intercept -5.0~5.0 3.68 1.65 -1.53
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Table 3. Coefficients of PM correction equations and the change of coefficients of determination
(Rz) after the correction for PM,s and PMjo

Bo B Je2 B3 Bi 5
PMs s -0.001 0.016 0.903 0.987 1.2 0.892—0.970
PMio -0.001 0.016 1.16 0.951 1.2 0.924—0.958
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Fig. 7. Linear regressions of [J-ray analyzer A to the reference sampler before and after
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