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Biomass burning in rural areas is one of the major particulate matter (PM) emission sources. Open burning events

frequently occur during post- and pre-agricultural activities in early and late winter, resulting in high PM, s concentration

episodes immediately near emission sources. We have investigated the wintertime vertical PM, 5 distribution on three open

burning days and three non burning days in the morning in the lower atmospheric boundary layer according to atmospheric
stabilities. A drone has been utilized to measure the vertical distributions of air temperature, PM, 5, BC (black carbon), and Os
concentrations at 40, 80, 120, 160, 200, and 250 m heights in a rural area near an industrial complex. On open burning days,

ground PM, 5 concentrations increased up to 169 ug m~

3 at 9 AM while the closest urban PM, s concentration was only 33 ug

m™3. On non burning days, the difference in ground PM, s concentrations at most 23 ug m™>. The PM, s on open burning days
was accumulated in the stable boundary layer (below 80 m above ground level) at 8 and 9 AM in the morning due to the
suppressed vertical mixing of emitted PM, 5. The vertical gradients of PM, ;5 concentration, then, became reduced after solar
heating on ground activates atmospheric mixing. Consequently, the atmospheric stability in the early morning plays an

important role in vertical mixing of emitted PM, s and increasing ground PM, 5 concentrations during open burning events.
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Fig. 3. Octocopter rotary-wing drone and equipped (a) air temperature and relative humidity (RH), (b) PM,, (c) BC, and (d) Os

Sensors.
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Table 1. Comparison of PM, ;5 concentrations measured by
OPC at the measurement site on open burning days and non
burning days.

Ground OPC
T 8AM  9AM  10AM  11AM
PM, 5 (um 3)
02Dec2018 180 361 124 77
Open 26 Dec 2018 74 83 62 61
burning 3 oh2019 103 64 52 29
days e
Ave. 119 169 79 56
15 Dec 2018 69 46 49 43
Non 22 Dec 2018 58 77 58 57
burning
days 27 Dec 2018 7 8 8 9
Ave. 45 44 38 36
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Table 2. Comparison of PM, 5 concentrations measured at
the Chuncheon air quality monitoring station (AQMS) on
open burning days and non burning days.

Chuncheon AQMS 8AM 9AM 10AM  11AM
PM; 5 (um™)
02Dec2018 29 31 39 44
Open 26Dec2018 27 29 32 35
burning Feb2019 40 40 46 45
days 23 Fe
Ave. 32 33 39 41
15Dec2018 23 22 25 24
Non 22 Dec 2018 36 38 40 42
burning
days 27 Dec 2018 7 8 7 6
Ave. 22 23 24 24
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Table 3. Comparison of bulk Richardson number (Ri) esti-
mated at the measurement site on open burning days and
non burning days. The values with bold font correspond to
stable atmosphere (Ri>0.01).

Ri 8 AM 9AM 10AM 11 AM
Open 02 Dec 2018 0.024 0.019 0.014 0.005
burning 26 Dec 2018 0.001 0.009 <0.001 <0.001
days 23 Feb 2019 0.005 0.021 0.008 <0.001
Non 15 Dec 2018 0.004 0.019 0.003 0.002
Burning 22 Dec 2018 0.020 0.006 0.011 0.004
days 27 Dec2018 <0.001 <0.001 <0.001 <0.001
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Fig. 7. Classification of vertical PM, 5 distributions on open
burning and non burning days for (a) stable atmosphere
and (b) weakly stable atmosphere.
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