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Evaluation of Measurement Reliability of Light-scattering PM, 5
Monitor Applied with Referenced-channel Calibration Technology
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Abstract Attention has been attracted to low-cost light-scattering based dust monitors (LSMs) to conduct exposure
assessment and measure continuously the concentrations of ambient PM;, and PM, 5. However, by a lack of calibration on
these LSMs, their accuracy and reliability are often unknown which limit their application in scientific research. In the LSM, the
particle number concentration is counted and then transferred to mass concentration as the output. The measurements of
particles by light scattering method, however, are often affected by factors such as the high relative humidity, particle size
distribution, and chemical composition. In this study, referenced-channel calibration method was applied to improve their
accuracy and precision among the light-scattering PM, 5 monitors. In comparison with the -gauge monitor, better accuracy
and correlation (R?) were obtained in PM, s concentrations observed with LSM applied with referenced-channel calibration
method (“NEW LSM”) than those from conventional LSM. In addition, the relative precision of PM, ; measurements among
three LSMs was found to be excellent in the NEW LSMs (0.1~14.5%), rather than in the conventional LSMs (0.2~27.2%).
Results from this study suggest that high quality PM, 5 data measured by newly-upgraded LSMs will effectively be utilized in
predicting future PM, 5 concentrations in urban areas. However, a long-term study is required to improve the reproducibility
and accuracy of the PM, s measurements made by the light-scattering based dust monitors applied with the referenced-
channel calibration technology in the future.

Key words: Light-scattering dust monitor, Referenced-channel calibration method, $-gauge monitor, Accuracy and relative

precision of light-scattering monitors
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Table 1. Determination of mass correction factors of light-scattering methods relative to B-gauge reference method.

Ratio of
A sensor B sensor R
i particle #
Particle Mass per a
Channel ize (um) rticle (ug)
size particie (kg . Particle . Particle
# particles # particles A/B
mass (ug) mass (ug)

1 0.3 0.0004239 167.2 0.07 161.3 0.07 1.04

2 0.5 0.0019625 162.7 0.32 183.3 0.36 0.89

3 1.0 0.01570 145.3 2.28 128.6 2.02 1.13

4 20 0.42390 80.9 34.29 77.5 32.85 1.04

5 5.0 1.96250 14.8 29.05 11.5 22.57 1.29

6 7.0 5.38510 1.5 8.08 1.3 7.00 1.20

7 8.0 8.03840 1.0 8.04 1.0 8.04 1.00

8 9.0 11.44530 1.0 11.45 1.0 11.45 1.00
Mass from sensors (C, ug) 93.58 84.36 average: 1.07
Mass from -gauge (D, pg) 80 80
Mass factor of sensors (M =D/C) 0.855 0.948
Output from sensors (C X M, ug) 80.0 80.0
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Table 2. Change in originally-corrected mass correction factors of light-scattering particle instruments in ambient aerosol parti-

cle samples.
A sensor B sensor Ratl.o of
. particle #
Particle Mass per a
Channel size (um) article (1g)
€ u particie tug . Particle . Particle
# particles # particles A/B
mass (ug) mass (ug)

1 0.3 0.0004239 110.2 0.05 101.3 0.04 1.09

2 0.5 0.0019625 132.7 0.26 113.0 0.22 117

3 1.0 0.01570 40.2 0.63 35.0 0.55 1.15

4 2.0 0.42390 60.8 25.77 57.5 24.37 1.06

5 5.0 1.96250 19.8 38.86 215 42.19 0.92

6 7.0 5.38510 1.5 8.08 13 7.00 1.20

7 8.0 8.03840 1.0 8.04 1.0 8.04 1.00

8 9.0 11.44530 1.0 11.45 1.0 11.45 1.00
Mass from sensors (C, pg) 93.14 93.86 average: 1.07
Mass from (3-gauge (D, ug) - -
Mass factor of sensors (fixed, M) 0.855 0.948
Output from sensors (C X M, ug) 79.6 89.0
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Fig. 1. Temporal variations and relative precision of three
PM, 5 sensors before application of referenced-channel cali-
bration method.
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Table 3. Correction of mass correction factors of light-scattering particle instruments using referenced-channel calibration
method.

Ratio of
A sensor B sensor .
. particle #
Particle Mass per a
Channel size (um) article (ug)
H p Hg . Particle . Particle
# particles # particles A/B
mass (ug) mass (ug)

1 0.3 0.0004239 120.2 0.05 116.0 0.05 1.04

2 0.5 0.0019625 132.0 0.26 148.8 0.29 0.89

3 1.0 0.01570 34.0 0.54 30.1 0.47 1.13

4 2.0 0.42390 70.8 30.01 67.9 28.78 1.04

5 5.0 1.96250 14.7 28.85 1.4 2237 1.29

6 7.0 5.38510 2.0 10.77 1.7 9.15 1.20

7 8.0 8.03840 1.0 8.04 1.0 8.04 1.00

8 9.0 11.44530 1.0 11.45 1.0 11.45 1.00
Mass from sensors (C, pug) 89.97 80.60 average: 1.07
Mass from B-gauge (D, pg) - -
Mass factor of sensors (fixed, M) 0.855 0.948
Output from sensors (C X M, ug) 76.9 76.4
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