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Abstract: The particle size distribution is not only affected by meteorological factors such as temperature,
air humidity and wind, but also closely regulated by the boundary layer mixing such as turbulence. Based
on the simultaneously observed meteorological factors and particle size distribution in the range of 14. 6 —
660.0 nm in November 2018, the impact of different meteorological factors, especially turbulence, on the
particle size distribution is investigated to further understand the roles of meteorological factors in haze de-
velopment. The results show that the increased relative humidity can reduce the total particle number con-
centration (TPNC) in nuclear mode and Aitken mode, but raise the TPNC in accumulation mode. Warmed
temperature can increase the TPNC in the nuclear mode. The increase of wind speed, turbulent kinetic en-
ergy. frictional velocity and turbulence intensity can dilute and remove the particles in the Aitken and accu-
mulation modes, but enhance the TPNC in the nuclear mode. In contrast to the diurnal variation of turbu-
lence, the TPNC in Aitken mode and accumulation mode is low in the daytime but higher in the nighttime.

In clean days, the TPNC in the nuclear mode continues to rise in the afternoon and reaches a peak in the
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late afternoon. A time lag has been found in the nuclear mode TPNC increase in contrast to the turbulence

development. After the turbulence develops for 3 to 5 hours, the TPNC in nuclear mode begins to increase

significantly.
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Fig. 1 Average particle size distribution under

different PM, ; mass concentration levels
in Tianjin from 1 to 22 November 2018
(Dot indicates the average value of particle

number in each size, error bar is

expressed in standard deviation)
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Fig. 2 Distribution of total particle number concentration in (a. d, g) nuclear mode,

(b, e, h) Aitken mode, (c, f, i) accumulation mode with different (a, b, ¢) relative humidity,

(d, e, D) temperature, and (g, h, i) wind speed levels in Tianjin from 1 to 22 November 2018
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Fig. 3 Wind-dependence maps of (a) PM, s mass concentration,

(b) nuclear mode, (¢) Aitken mode, (d) accumulation mode total particle

number concentration in different modes in Tianjin from 1 to 22 November 2018

[Colored area indicates the mean value of corresponding parameter with varying

wind speeds (radial direction, unit; m * s~ ') and directions (transverse direction) ]

0 9 ) T L 1) )i O B g L o i T B BB W 500 A2
A 7KF-Ji i B BE 2 i U 3l BB BY 32 TR E . i U
9 BE AR i s S B EE L nT Ao L L L. 34
J5 1] B i U R R JEE 4 S RE P Ok 6 7 AL A i VAL 1
SR . AN A4 BTN A% S UKL W) A R0k B BE A i
Uit 30 RE F4 38 0 T s AT 1S L 2 RS A AR AL S 1Y
TUIE Hy JE KA J52 ) it 5 i U 51 RE 170 184 8 A 52 T
o PR FE | RN KO 5 1] P it U 5 RE R AN
[Fi) A 25 AU ) R A58 3 43 AT 19 552 el A AR s 55 7 [ N R
KA ) W — 3 (Weber et al, 2013; Chu et al,
2019) . it Pt X AURE Wb A2 1 43 A 1) R ) 5 UL
it VAL 7% B P 1 5 X e AR A RN R R LA URL )
SRR FNVE B A T 2 T 20 X6 kL 0 B A

[vi) B it 8 D8 20 T 384 K 43 7 B 1A R A% o 308 TR 48 0 B A%
PR o DR I8 o A A 2 R 0 A B B, W et al
(2021) F F 43 8 J7 2 BEAURE AL 0 K 88 % A% 3k
PRI S , IR 50 2 10 UE S T AR ML . MR E )y
T6] £ 3 0 98 B R T 0. 15 IR o 22 AR A 25 A L SR A 245 I
L) 1) B0 B A T 39 00 s I EsF T X6 R 1 B 22 2
H10—14 B 3k 5 p Rt Bl B2 T4y KL LS
J2 T 2 A R 1) T A2 i e RS URE )  BBO BE 1) J
1 B I

5 25 T AS [RIASE 25 SR 47 A A0 o 3 T
T-RAERKEITRENRIRESE(Z/ W5
At B, FUEFR R KAARE, EEER KRR E,
ot Xof 1 6 7 A R SRR R B I RN B Fom



104 A % 55 49 %
— <25 nm 25~100 nm >100 nm
T, 2XI105F 6 | b [
g 1x 105 (a) 1x10 r ( ) lXIO{’; (C)
& 5x10¢F 5x10°¢ 3% 10°
< i [ r
Q 2x10*r 1x10°
) 2x10° - E
= 1x10 . L
2 5><103: | | | | | 1% 105 | | | | | 3x10%¢ | | | | |
© 0~0.2 0.2~0.5 0.5~1 1-2  >2 0~0.2 0.2~0.5 0.5~1 1~2  >2 0~0.2 0.2~0.5 0.5~1 1~2  >2
litnshfe/(m* - s72) Tt shfg/ (m? - s72) Tt A AE/ (m? - s72)
7 5 - 6 o -
g 2% 10. @ 2 x 106 © 2x10 )
1x10°L ’ 1x10°
- E 1% 100 f
£ sx10f i 5“0'1?
s [ st f
N X107k 2% 105}
Q 2x10%r L :
o L %105 | 1x10 E
§ 1x 10 5x10¢F skl
3 O | | | | | S5 | | | | 1 | | | | | S0, oo
S O 01020203 03-04 504 T 0.1-0.20.2-03 0.3-0.4 0.4 0~0.1 0.1~0.20.2~0.3 0.3~0.4 >0.4 Bt
FEBEEE/(m - s7!) FEEEEE/(m - s7) PEREH)E/(m - s7) }‘%?)ﬂw
T oax10°F 1x10° :
= (@) 8x10°F (h) oL @) L g
S 1x10° 6x10° [ :
& 5x10°f % % 4x10°F i
> i I 1x10°E
2 4L E
%ﬂ 2x 10 2% 10° F :
S 1x100 e [
2 5% 10 E—1 | | | | | | ! 1x10* ! ! ! |
© 0~0.05 0.05~0.1 0.1~0.15 >0.15 0~0.05 0.05~0.1 0.1~0.15 >0.15 0~0.05  0.05~0.1 0.1~0.15 >0.15
o G e o (1) e H fif e 98 % (1) e e o (1)
T o105 F - 2% 10°
£ () (k) oL )
CoIx10E 1x10° lxmé%
& 5x10°f 5% 105k i
~ i [ 1x10°
Q> 2x 104} L E
N 5 £
S 1x10'; X1y i
2 5% 103 L1 | I ! ! 1x10° ! ! ! ! I 1x10* ! ! I I I
© 0~0.1 0.1~0.20.2~0.30.3~0.4 >0.4 0~0.1 0.1~0.20.2~0.30.3~0.4 >0.4 0~0.1 0.1~0.20.2~0.30.3~0.4 >0.4

K- R ()

TR R ()

KT R ()

Bl 4 2018 4E 11 H 122 H R (a,d, g DB (bye, by O ZAARBEE R () £, 1, D FRURBE 1Y OB B 4L
WE A (ay by i shRE . (dye D BEHEH T, (g, b, 1 3 B 9058 BE G o ko D /K3 0 38 B 55 41 1 40 A

Fig. 4 Distribution of total particle number concentration in (a, d, g, j) nuclear mode,

(b, e, h, k) Aitken mode, (c, f, i, 1) accumulation mode with different (a, b, ¢) turbulence
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(j» k. D horizontal turbulence intensity levels in Tianjin from 1 to 22 November 2018
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Fig.5 (a) Nuclear mode, (b) Aitken mode, (c¢) accumulation mode total particle number

concentration and (d) particle size distribution at different stability parameter (Z/L)

levels in Tianjin from 1 to 22 November 2018

(In Fig. 5d, N represents the number of particle size distributions at different stability parameter)
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(Colored in Figs. 6e and 6f indicates the particle number concentration)
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Time series of (a) turbulence kinetic energy and friction velocity, (b) stability parameter (Z/L)
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in Tianjin from 16 to 21 November 2018
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