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PM,o B-ray attenuation samplers (B-ray absorption method)
equivalence evaluation and comparatively observed study
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Abstract

The Asian dust observation network operates [ -ray attenuation samplers to measure PMj, concentrations. In addition,
equivalence evaluation and accuracy inspection(Precision Tests) are conducted every year for the reliability of data. 3
-ray attenuation samplers(16 units) were comparatively observed from May to June 2020 and from July to December
2021. During the observation period, the average daily temperature was the lowest at 6.4C in December and the highest
at 27.3C in August. The average daily humidity ranged from 60% to 100%, but the average daily humidity was over
75% from July to September. The minimum value of the PM;o Gravimetric method was 5.0 / g/m3, the maximum value
was 53.4 u g/m3, and the average value was 17.8 u g/m3. The equivalence evaluation results of the PM;o Gravimetric
method and [ -ray attenuation samplers satisfied the criteria (slope: 1£0.1, intercept: 0+£0.5). A relative error analysis
between the PM;, Gravimetric method and /3 -ray attenuation samplers equipment showed that the relative error
increased when the concentration was low and the temperature and humidity were high. In addition, in the /3 -ray
attenuation samplers 5-minute interval observation data in May 2020, a relatively large Standard devication was shown
as an average maximum =+23.4 ptg/m3 and a minimum +15.2 ug/m3. At standard deviations of 10% and 90%,
equipment with high variability (deviation) was measured at 6 /lg/m3and 61 ,ug/mB, and equipment with low
variability was measured at 12 £ g/m® and 47 x g/m’. It was confirmed that concentration differences occurred due to
differences in variability for each equipment.
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AHE g 5 Ut
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Table 1. Average data of observation period, temperature and humidity, and observed concentration by
Beta—ray equipment.

. Avg. Avg. Avg. /3 -ray Avg.
(?\E)T) Sar&[;l:;(g);)late Temp Humidity ~ wind speed PMio G('M' /PNsl)lo
: (0) (%) (m/s) (1 g/m’) rem

B-rayl 2020.05.06.~05.21. 17.6+1.5 72.1£17.4 2.5+£1.5 26.5%£13.7 24.0£13.1
B-ray2 2020.05.05.~05.21. 18.0+1.6 76.6£19.1 2.1£1.3 23.6+12.3 22.3£11.8
B-ray3 2020.05.05.~05.21. 17.8+1.5 77.2%£17.9 2.2%1.4 24.8+11.9 22.8%€11.7
B-ray4 2020.05.05.~05.21. 17.7+1.6 75.4+£18.5 2.4+1.4 21.2+£10.8 21.8%£11.2

B-rayb 2020.05.26.~06.09. 20.1£2.1 81.8+£13.1 1.8£1.0 22.5+9.6 21.1£9.3
B-ray6 2021.07.19.~09.26. 24.6x1.5 90.7+5.8 2.6x1.4 11.8+4.9 10.8+4.6
B-ray7 2021.07.29.~09.27. 24.4+15 90.6+6.5 24+1.2 12.4+5.1 11.6+5.0
B-ray8 2021.08.26.~09.27. 23.8+1.3 90.5+6.1 2.8+1.6 12.7£5.2 11.4+5.2
B-ray9 2021.08.28.~09.26. 23.9+1.3 90.8+5.5 2.6x1.2 13.0£5.6 11.1+5.5
B-rayl0 2021.10.15.~11.08. 16.0£2.1 72.3+8.6 1.8+1.3 18.4+7.1 16.4+6.5
B-rayll 2021.10.23.~11.11. 15.2+2.4 71.7+6.4 2.2+14 17.8+7.2 17.3+7.0
B-rayl2 2021.10.23.~11.10. 15.3+2.3 70.4£6.0 2.1£1.3 18.6£8.1 17.2+7.3
B-rayl3 2021.11.17.~12.06. 11.5+2.2 70.9£7.2 1.7£0.8 26.8+14.4 26.0£14.6
B-rayld  2021.11.18.~12.06. 11.3+2.3 70.6x£7.4 1.8+0.8 27.9+15.5 24.7£14.4
B-rayl5 2021.11.23.~12.12. 10.9+1.9 70.8+£8.4 2.0x+0.7 20.6x11.6 20.5%£12.6
B-rayl6 2021.11.27.~12.15. 10.2+2.2 72.4+8.8 2.0+0.8 16.4+7.2 16.4+7.9
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Figure 1. Average daily PMio Gravimetric method
and temperature humidity on the
observation day
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Table 2. Average, 10% and 90% values of B—ray sampler PMio (ug/m°®)

f-ray 1 B-ray 2 ray 3 fray 4
Date G-M Type Average 10% Average 10% Average 10% Average 10%

PM;o PMoconcentrat and 90% PM,jcconcentrat and 90% PM;joconcentrat and 90% PM,oconcentrat and 90%
ion£StdDev., quantile ion+StdDev., quantile ion+StdDev., quantile ion+StdDev., quantile

5/12 444 Smin 42.6+22.4 16 to 67 45.0+23.3 20 to 77 41.0£21.1 16 to 64 37.4+£17.4 20 to 57
T (lh) (42.6£13.4) (28 to 63) (45.0£11.4) (35 to 61) (41.0£11.4) (31 to 59) (37.4+8.9) (30 to 45)

5/13 42.6 Smin  41.5£38.8 6 to 99 4474353 15 to 100  42.3+38.1 9 to 107 37.5+18.4 15 to 94
™ (1h) (43.4£23.8) (16 to 71) (44.7£243) (20 to 80) (42.3+24.2) (18 to 72) (37.5£21.6) (17 to 66)

5/14 394 Smin  46.8+24.7 25 to 79 43.5+14.0 29 to 56 46.6+18.0 27 to 74 40.8+12.9 29 to 51
7 (1h) (46.8£13.8) (28 to 59) (44.10£9.1) (33 to 56) (46.6£10.8) (31 to 57) (40.848.3) (31 to 49)

5/15 5.7 Smin  6.7£10.9 -7 to 20 7.8£11.3 -3 to 20 7.1£15.3 -9 to 22 7.6£9.3 -3 to 18
o (1h)  (8.6+7.3) (2 to 15) (9.1+6.6) (2 to 15) (7.1£9.0) (-4 to 16) (7.6+5.7) (1 to 15)

516 19.6 Smin  21.1£18.1 -1 to 50 19.7+13.0 0 to 35 20.3+14.9 -1 to 39 17.0£7.8 6 to 26
~(1h) (21.8£10.5) (11 to 34) (17.0+9) 9 to 33) (20.3£8.9) (10 to 32) (17.0¢4.6) (11 to 23)

519 232 Smin  27.3£30.5 0 to 81 28.8+22.9 9 to 71 28.44+27.0 5to 77 25.2+18.0 10 to 61
“ (1h) (27.7£15.6) (10 to 47) (28.8+12.3) (15 to 48) (28.4+13.2) (13 to 45) (25.2£10.6) (13 to 40)
520 163 Smin  16.1£18.8 0 to 65 17.949.1 8 to 28 16.7+15.1 4 to 48 15.1+6.0 8 to 24
= (lh) (17.5¢£13.1) (4 to 39) (17.9+¢5.9) (13 to 24) (16.7£10.7) (7 to 37) (15.143.4) (12 to 19)
ave. 273 Smin 28.84+23.4 6 to 61 29.6+18.4 11 to 55 28.9+21.3 7 to 59 25.8+15.2 12 to 47
& ~ (lh) (21.7£13.1) (14 to 47) (21.249.1) (18 to 45) (21.8£10.9) (15 to 45) (19.1+6.2) (16 to 37)
B-ray 13 B-ray 14 p-ray 15 B-ray 16
Date M Type _ Average 10% Average 10% Average 10% Average 10%

PM,o PMjoconcentrat and 90% PMjoconcentrat and 90% PMjcconcentrat and 90% PMjoconcentrat and 90%
iontStdDev., quantile iontStdDev., quantile iontStdDev., quantile iontStdDev., quantile

11/30 14.9 Smin  11.1£15.9 -7 to 38 13.8+12.8 2 to 32 14.5+10.8 4 to 31 10.5+13.0 -4 to 32
7 (1h) (11.1£15.1) (-5 to 32) (13.8t11.6) (4 to 32) (14.5£9.6) (7 to 29)  (10.5£12.4) (-2 to 31)

1211 97 Smin  7.9%17.1 -12 to 36 10.6+6.4 3 to 21 11.245.6 4 to 19 7.6+11.3 -4 to 26
o (1h)y (7.8£16.3) (9 to 31)  (10.5%4.7) (5 to 17) (11.144.2) (5 to 15) (7.5+£10.8) (-3 to 23)

123 206 Smin 22.7£21.5 1 to 52 20.9+13.9 6 to 42 20.0+8.7 10 to 33 19.7+£16.6 2 to 43
o(1h)y (22.7€214) (3 to 51)  (20.9+13.5) (8 to 41) (20.0£7.5) (12 to 31) (19.7+16.4) (5 to 41)

12/4 170 Smin  20.1£13.0 8 to 41 18.9+6.4 11 to 28 17.3+10.1 5 to 29 17.5£9.4 7 to 29
~ (Ih) (22.1£12.5) (10 to 40) (18.9+4.6) (14 to 25) (17.3£8.9) (7 to 26) (17.5¢8.4) (10 to 24)

12/5 13.1 Smin  14.9+£10.2 4 to 30 14.3+7.7 7 to 22 14.5+7.9 5 to 24 12.74£8.1 3 to 21
" (1h) (14.919.4) (6 to 29) (14.3+£5.7) (8 to 22) (14.5£6.3) (7 to 23) (12.7£6.6) (5 to 20)

126 11.1 Smin 15.3%£15.7 0 to 41 13.0+£8.8 -1 to 24 10.9+11.9 -8 to 26 13.1£12.9 -3 to 29
7 (1h) (15.3£15.1) (1 to 39) (13.047.5) (4 to 22) (10.9£10.8) (-3 to 24) (13.1£12.2) (-1 to 27)

ave. 14.4 Smin  15.3£15.6 -1 to 40 15.3£9.3 5 to 28 14.749.2 3 to 27 13.5+11.9 0 to 30
& 7 (1h) (15.7£15.0) (1 to 37) (15.2+7.9) (7 to 27) (14.7£7.9) (6 to 25)  (13.5£11.1) (2 to 28)

Part. Aerosol Res. Vol. 19, No. 1(2023)
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