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Abstract Vertical gradient observation of air pollutants is necessary to identify regional transport and local contribution. Based on
this, aerosol number concentrations in the particle size range of 0.13 to 3.39 um were measured in Lhasa in August 2020 using an
optical particle counter (the Printed Optical Particle Spectrometer, POPS) at the ground level and in a tethered airboat, respectively.

The results show that (1) the aerosol number concentration near the ground in Lhasa ranges from 16 cm to 870 cm3, which is 2-3
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orders of magnitude smaller than that in northern China and the Yangtze River Delta. (2) The aerosol number concentration shows a
daily variation structure with two peaks and valleys. The peaks are usually dominated by small particles of 0.13-0.4 um and
correspond to the morning and evening peaks (10:00 LT, Local Time; 21:00 LT). (3) Furthermore, the vertical distribution of aerosol
number concentration is closely related to the evolution of the boundary layer. The aerosol in the stable boundary layer decreases with
height, and the particle number concentration is 194494 cm. In contrast, the aerosol in the convective boundary layer and the residual
layer are uniformly distributed, and the number concentration is 165499 cm- and 123495 cm, respectively, and significantly lower
than that in the stable boundary layer. The above research results show that the pollution sources in Lhasa are mainly local motor
vehicle emissions. Therefore, controlling motor vehicles and reducing emissions is how to build a highland eco-tourism city.
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Fig. 1 Map of Lhasa city and test site ( EPB: Xizang Environmental Protection Bureau; MB: Meteorological
Bureau; TU: Xizang University).
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i A 2T (Convective boundary layer height, CBLH) .
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Table 1 Comparison of accumulative modal particle number concentrations in different regions.

Observation sites Diameter (nm) Number counts(cm™) Reference
Mean (£STD)
Jinan (summer) 100~1000 481+332 Gao et al., 2007
Taicang (summer) 100~1000 174541260 Gao et al., 2009

Beijing (summer) 100~2500 18594837 Gao et al., 2012



Beijing (winter) 100~1000 780045400 Wu et al., 2008

Guangzhou (summer) 100~800 3210+2057 HioKESE, 2015
100~800 Qietal., 2015
Yangtze River Delta 5300 +=5500
(summer)
Xintai (summer) 100~552 / 100~685 7019 Wang et al., 2021
Lhasa (summer) 130-3900 1544100 This work
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Fig. 2 Time series of the whole observation period, including PMzs, PM1g, NO2, SO2, number concentration of
particulate matter, and number concentration of different particle sizes of particulate matter (Shadow represents
release period of captive airship). (a) The 24-hour mean value of PM, The red, blue and black dotted lines
correspond to the 24-hour level 1 standard of GB 3095-2012 PM,5: 35ug'm™ and PMso: 55ug-m™, and the latest
WHO 24-hour standard of 2021 PM_s: 15ug'm3; (b) the hourly mean of PM.

o T A R B O FE AR BB /N B RN R 3 R AT 732K, it SRR Bk 1 it (JEI3) , Rk
H TR B R T 73 A FE0.13~0.49 umbiA2 B AR 1, o5 B HOK FE11198.4%~99.3%, H.10.13~0.14 pm B3
WP 5 HE K, v28.8%~34.8%; 0.14~0.16 umik 2, 21.8%~24.6%:; 0.16~0.18 um 515.5%~16.5%; 0.18~0.22
um510.9%~11.4%; 0.22~0.30 pm57.5%~10.1%, 0.30~0.41 pm51.5%~2.9%, i KF0.41 pmfTHRL1 5 HAX
AARN1%. 75 H S E0K {9240 cm>3~870 cm® (R BOREED JEREIN, 0.18~0.49 um Bt IR T 20K &
ARG, HE— 20U SERL U H T 175 R IR T AR T

3 ANRIHOK LR B IKLAE i
Fig. 3 The proportion of particle size at different concentration levels.
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Fig. 4 Diurnal variation of NO2, SO, PM25, PM1o and particulate matter (short line represents standard
deviation),(d) shows the number concentration of particulate matter in different particle size bins.
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Fig. 5 Two types of vertical profile existed in the observation period (a) Convective boundary layer; (b) Stable
boundary layer: red line represents average profile; The bold black line represents the boundary layer position.
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Fig. 6 Distribution profiles of particulate matter in different periods.
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Fig. 7 Distribution of the number of concentration profiles of aerosol particles.
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Table 2: Date, time, and other information for each vertical section in the measured mixed state.

NO. Date Release time Ri PBLH/ (m)
(Local Time)
1 2020-8-8 9:10 -1.59 200
2 2020-8-8 10:27 -20.77 660
3 2020-8-8 11:26 -443 700
4 2020-8-9 11:49 -5.28 560
5 2020-8-9 12:32 -6.86 700
6 2020-8-9 13:20 -8.62 430
7 2020-8-9 13:58 -12.91 450
8 2020-8-9 14:40 -5.23 445
9 2020-8-9 16:07 -7.04 900
10 2020-8-9 16:50 -1.06 1000
11 2020-8-10 12:28 -222.24 290
12 2020-8-10 13:05 -13.86 500
13 2020-8-10 13:42 -15.67 700
14 2020-8-11 11:51 -24.31 390
15 2020-8-11 12:39 -19.79 600
16 2020-8-11 15:06 -63.11 1400
17 2020-8-11 15:45 -41.37 1350
18 2020-8-12 10:25 -4.72 480
19 2020-8-12 12:13 -119.89 760
20 2020-8-12 15:13 -77.63 800
21 2020-8-13 10:13 -283.18 400
22 2020-8-14 13:51 -15.16 490
23 2020-8-16 10:44 -10.79 520
24 2020-8-16 11:24 -5.38 700
25 2020-8-17 11:14 -13.37 400
26 2020-8-17 11:59 -10.85 620
27 2020-8-18 7:10 0.77 310
28 2020-8-18 12:53 -72.37 800
29 2020-8-19 15:21 -61.37 2750
30 2020-8-19 19:39 -9.83 590
31 2020-8-20 13:06 -12.22 1100
32 2020-8-20 21:20 0.96 500
33 2020-8-21 12:45 -40.08 750
34 2020-8-21 14:36 -12.9 1750
35 2020-8-22 10:35 -14.39 700
36 2020-8-22 13:58 -17.16 1300
37 2020-8-26 12:35 -6 1440
38 2020-8-26 19:11 -43.56 490




39 2020-8-27 15:53 -7.64 2610
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Table 3: Date, time, and other information for each vertical section in the measured steady state.

Release time
NO. Date Ri PBLH/ (m)
(Local Time)
1 2020-08-08 7:52 1.85 220
2 2020-08-12 7:05 14.59 620
3 2020-08-12 8:36 11.61 700
4 2020-08-12 9:28 2.34 280
5 2020-08-17 7:09 26.56 200
6 2020-08-17 8:05 19.98 340
7 2020-08-18 21:52 1.53 340
8 2020-08-19 21:10 7.31 420
9 2020-08-20 7:12 8.42 200
10 2020-08-20 8:49 3.52 550
11 2020-08-22 7:12 25.59 200
12 2020-08-22 21:28 2.87 500
13 2020-08-26 7:11 15.36 580
14 2020-08-26 22:01 15.87 350
15 2020-08-27 7:09 2.1 190
16 2020-08-27 21:19 8.64 340
17 2020-08-28 6:53 13.58 660

18 2020-08-28 8:20 3.44 300
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Fig. 1 Map of Lhasa city and test site ( EPB: Xizang Environmental Protection Bureau; MB: Meteorological Bureau; TU: Xizang University).
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Fig. 2 Time series of the whole observation period, including PM,s, PM1, NO,, SO,, number concentration of particulate matter, and number concentration of
different particle sizes of particulate matter (Shadow represents release period of captive airship). (a) The 24-hour mean value of PM, The red, blue and black
dotted lines correspond to the 24-hour level 1 standard of GB 3095-2012 PMys: 35ug'm and PMyg: 55ug'm, and the latest WHO 24-hour standard of 2021

PMys: 15ug'm3; (b) the hourly mean of PM.
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Fig. 3 The proportion of particle size at different concentration levels.
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Fig. 4 Diurnal variation of NO,, SO, PM3s, PM1g and particulate matter (short line represents standard deviation),(d) shows the number concentration of

particulate matter in different particle size bins.
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Fig. 5 Two types of vertical profile existed in the observation period (a) Convective boundary layer; (b) Stable boundary layer: red line represents average profile;

The bold black line represents the boundary layer position.
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Fig. 6 Distribution profiles of particulate matter in different periods.
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Fig. 7 Distribution of the number of concentration profiles of aerosol particles.



