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Table 1

Number concentrations of atmospheric particles and CCN, AR, mixing ratios of

gases and meteorological conditions during two observation heating periods

2013 4000 R 15 2
R, P IME TR
The observation heating period in 2013

(Range, mean I standard deviation)

2016 4F MR 1 2
(RAEE , FIME TR
The observation heating period in 2016

(Range, mean *+ standard deviation)

Nen OX10%)
Neen (X 10%), $8=0.2%
Nean (X 10%), $8=0.4%
Nean (X 10%), $8=0.6%

AR, 85=0.2%
AR, $5=0.4%
AR, $5=0.6%

0.72~10, 3.3+1.4
0.36~7.0, 3.1+1.3
0.88~16, 6.41+2.3
1.30~19, 8.54-2.9
0.01~0.32, 0.11%0.06
0.02~0.60, 0.24%0.11

0.03~~0.77, 0.31£0.14

0.30~6.9, 1.70.8
0.42~9.3, 3.31.4
0.68~15, 4.8+2.0
0.90~16, 5.4+2.1
0.02~0.63, 0.214-0.11
0.03~0.78, 0.314-0.13

0.04~0.83, 0.354=0.14

R2 WMERVRZHEFTHFEREEHEERNR RELXBREISKER

Table 2 Frequency,classification and weather conditions of new particle events during two observation heating periods in Qingdao

. NPF &R E NPF % H: 457 % F—REAERE o
LI B [ @S
. . Number of Frequency of Number of AQI=<100
Observation periods Sunny day
NPF event NPF event/% Class-I NPF event
2013-11-06~12-05 11 37 4 21 19
2017-01-09~23
12 35 4 22 26
2017-02~24
F 3 FHERNREHRBFN T EREGHSERE
Table 3 Characteristics of the NPF events in the atmospheres during two observation heating periods
. \ . BREEKE BRI FORLF Y
A 5% He R R R BRI CS ) o :
e _ _ B B _ NMINP li= e G
Date Classification FR/em ™3 « s71 GR/nm + h™! /1072 « g7 12
/X 10%cm™3 Dy rmax /0101 SP/%e

2013-11-07029] =2k 0.9 6.0 1.740.2 0.7 46 ——

2013-11-10 Bk 3.4 6.5 1.440.2 1.9 79 53
2013-11-1102¢1 2k 1.8 5.4/6.0P 1.240.3 1.2 37/72 112
2013-11-13029] F=2k 2.0 2.3/6.9" 2.640.6 1.0 30/100 ——
2013-11-15 E=2 1.2 5.0 3.240.1 0.4 39 ——
2013-11-1701¢] =2k 2.6 2.0 4.2%+0.8 0.5 38 ——
2013-11-18029] =2k 2.2 2.0/3.9 3.040.3 1.3 30/70 ——
2013-11-1901¢] =2k 2.3 3.0 5.340.2 1.1 40 ——
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gR3
A e e ks grcs  DoonrRt ROV AR
Date Classification FR/em™3 « 571 GR/nm +« h—! /1072 « g7 1a NMINF il frims
/X 10%tem™3 Dypg max/nm SP/ %

2013-11-20019] F=2k 1.3 3.5 3.440.1 0.3 28 —
2013-11-25 R 3.1 3.1 — 0.5 74 111
2013-11-27 H—% 3.4 7.9/4.5b 0.9%0.1 0.9 42/64 105
T4 Averagecaos 2.240.8 4.5+1.8 2.7+1.3 0.970.5 53421 95425
2017-01-13 E % 6.9 7.7 2.2+0.2 1.4 20 0
2017-01-14 Bk 2.2 4.6/14b 4.5.+1.3 1.1 19/27 0
2017-01-15 E=2 3.3 7.3 1.3£0.3 1.1 19 0
2017-02-06 H—K 2.6 2.1 2.60.2 1.8 67 22
2017-02-10 F—% 4.7 2.8 1.0+0.2 1.0 32 24
2017-02-11 Bk 3.8 1.1 5.140.4 1.0 15 0
2017-02-12 Bk 1.3 1.6 2.270.2 0.3 16 0
2.17-02-14 E 2.8 1.0 3.1+0.8 0.8 20 0
2017-02-17 H—% 4.5 6.0 0.4%0.1 2.2 48 38
2017-02-20 H—% 5.2 2.0 0.4%0.1 3.6 47 24
2017-02-23 =R 8.7 14 1.1+0.1 2.6 35 —
2017-02-24 Bk 2.4 1.0 3.540.4 1.0 16 0
T4 Averagecaone 4.0%2.0 5.0%4.4 2.3£15 1.540.9 29+15 27+6.4

T a BEEL R E R R B B THR TAEREM L h; b RSB THE — P BUg KRS M BUg R &R ¢ HIHEE 2% 3 NPF =44, SP

BISPIE 58 — 28 NPF S0 — — RiEitE.

Note: a Condensation sink was averaged 1 h prior to the nucleation event; b Refers to the first-stage growth and the second-stage growth rates; c just

calculate the Class-I and Class-II NPF events, while the mean value of SP only calculated Class-I; —— The rate cannot be estimated due to the in-

terference from inhomogeneous air mass or mixing processes.
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AF 50 nm ik Eo E N=sonm(b) 0. 2%, 0.4%f1 0. 6% SS THY Neenfll AR(c,d)
Fig.1 Particle size distribution (a) , the N<3nm and N=5nm (b), the bulk Nxcn and
AR at SS of 0. 2%, 0. 4% and 0. 6% (c,d), for NPF event observed on 10 November, 2013
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Fig.2 Particle size distribution (a) , the N<3nm and N=50nm(b), the bulk Ncen and
AR at SS of 0. 2%, 0. 4% and 0. 6% (c,d), for NPF event observed on 17 February, 2017
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A Comparative Study on the Generation and Activation of New Particles
in Qingdao Area During the Heating Period in 2013 and 2016

WANG Xin', YAO Xiao-Hong"*
(1.The Key Laboratory of Marine Environmental Science and Ecology, Ocean University of China, Qingdao 266100, China;

2. The Laboratory for Marine Ecology and Environmental Science, Pilot National Laboratory for Marine Science and Tech-

nology(Qingdao) , Qingdao 266071, China)

Abstract: The atmospheric aerosol particles number concentration (Ney)» particle number size distri-
butions and the concentrations of cloud condensation nuclei (Neey) were observed in the suburb of Qing-
dao during the heating period in 2013 and 2016, respectively. The Ney measured during 2016 decreased
by 48% compared with that in 2013, which may be related to the strengthening of pollutant emission re-
duction measures. The averaged Ny in 2016 was 25% smaller than that of 2013 at supersaturation (SS)
of 0.4% while the averaged Neoy during 2016 decreased 36 % at SS of 0.6%. However, the averaged Neey
in 2016 increased 6% at SS of 0.2%. The averaged Neey increased at lower SS with decreasing of the
number concentrations of >>100 nm particles (N<jp0an)» implying that the activation ability of large
than 100 nm particles is enhanced and then offsets the influence of the decrease of N<i40am on the con-
centrations of CCN. The activation rates (AR) in 2016 were 91%, 29% and 13% larger than that of
2013 at SSof 0.2%, 0.4% and 0.6%, respectively. In order to explore the influence of new particle for-
mation (NPF) events on the Neey, a comparative analysis of NPF events during the two-year observa-
tion periods was conducted. The study found that the averaged formation rate (FR) of new particles in
2016 ((4.0£2.0) em™® » s71) was larger than that in 2013 (2.2+£0.8) ecm™® » s7!) and the averaged con-
densation sink (CS) in 2016 was smaller than that in 2013, Therefore, the lower CS may be the cause of
the increased FR in 2016, The Dy » survival probability (SP), the contribution of NPF events to the
Neen and the AR of newly particles in 2016 were lower than that of 2013, which indicated that the
strengthening of emission reduction measures reduced the contribution of NPF events to CCN.

Key words: condensation nuclei (CN); cloud condensation nuclei (CCN); activity ratio (AR); new

particle formation(NPF) ; heating period

RAEHKE K X



