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New particle formation (NPF) 

 A crucial secondary transformation process in the 
atmosphere (Zhang et al., 2012). Generally, this process 
includes two distinct stages: (1) nucleation to form a critical 
molecular cluster from gaseous vapours, and (2) subsequent
growth of these clusters to detectable sizes or even larger 
(Kulmala, 2003; Zhang, 2010). 

 NPF is an important source of atmospheric aerosol particles 
on a global scale (Yu et al., 2008; Merikanto et al., 2009). 

 The newly formed particles can grow into sizes where they 
may act as cloud condensation nuclei (CCN), thereby 
influencing cloud- and climate-relevant properties (Kerminen 
et al., 2012). 

 Understanding of NPF secondary aerosol formation and 
evolution in the atmosphere has become critically important.
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PKUERS

PKUERS: PKU Urban Atmosphere Environment MonitoRing Station

(39.99 N, 116.31 E)
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Evaluation of the effectiveness of pollution control
Instrument Development
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观测地点为位于北京大学北京大学理科一号楼顶的城市环境大气定位观测站，观测时间跨越2011年12月-2013年3月，每个季节为期约一个月。涉及的其他仪器如表所示。其中将MAAP与黑碳仪测量的黑碳浓度与AMS测量的物种浓度相加，近似认为等于亚微米颗粒物的浓度，即PM1。




Typical Particle Number Distribution of 
NPF, dust storm and Haze days in Beijing



Geographic distribution of stations new particle 
formation events reported in China

PKUERS 2004
SDZ 2008



NPF frequencies much higher at urban and regional sites 
than at coastal sites and during cruise measurement.

 The average growth rates of nucleation mode particles were 8.0–10.9 nm h−1 at 
urban, 7.4–13.6 nm h−1 at regional and 2.8–7.5 nm h−1 at coastal and cruise. 

 The high gaseous precursors and strong oxidation at urban and regional sites not 
only favored the formation of particles, but also accelerated the growth rate of 
the nucleation mode particles. 

 No significant difference in condensation sink during NPF days was observed 
among different site types, suggesting that the NPF events in background areas 
were more influenced by the pollutant transport.

Frequencies of NPF events



Nucleation rate higher and growth rate 
lower compared with those in the world   

1 Mt. Zeppelin ZPL
2 Dome-C DMC
3 Alert ALE
4 Jungfraujoch JFJ
5 Puy de Dome PDD
6 Pico Espejo PIC
7 Aspvreten ASP
8 Preila PRL
9 Finokalia FKL

10 Mace Head MHD
11 Värriö VÄR
12 Pallas PAL
13 Abisko ABI
14 Tiksi TKS
15 Mt. Waliguan WLG
16 Mukteshwar MUK
17 Hyytiälä HYY
18 Tomsk TMK
19 Järvselja JRV
20 Hohenpeissenberg HPB
21 Vavihill VHL
22 K-Puszta KPZ
23 Melpitz MPZ
24 San Pietro Capofiume SPC
25 Cabauw CBW
26 Harwell HRW
27 Egbert EGB
28 Southern Great Plains SGP
29 Botsalano BOT
30 Welgegund WGD
31 Marikana MAR
32 Helsinki HEL
33 Beijing BEI
34 Nanjing NAN
35 Budapest BUD
36 Sao Paulo SPL

Station name and 
abbreviation

（Tuomo Nieminen, ACPD，2017）

BEI

2004

2009-2016



FR: 15.9 ±13.4 cm-3s-1

GR: 5.5 ±3.4 nm h-1

CS: (3.1 ±1.3) ×10-2 s-1

FR: 16.4 ±13.2 cm-3s-1

GR: 2.2±1.9 nm h-1

CS: (1.3 ±0.5) ×10-2 s-1

Two types of NPF in Beijing

Wu Z J, Hu M* et al, J. Geophys. Res., 2007

Clean Polluted
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Two types of NPF in Beijing were distinguished in our early study, which is clean type with banana shape characteristic and polluted like apple or pear if want to say so. Formation rate of there two type are the same, but growth rate and condensation sink in polluted type are twice.



NPF under high aerosol loading in China

Beijing

Hyytiälä

(Shao et al.,  FEE,  2006)

Source Sink

Precursors Existing 
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In China, the special situation is the high aerosol loading. What we found is that under such high aerosol loading compared with other places, there can still be NPF, indicating strong source.



Beijing: typical NPF at polluted region

Urban   Coastal      Forest
Rural Mountain  Polar

Beijing urban @ PKU for 10 years measurements 2004-2014 

Wang ZB, Hu M*, et al, Acta Chimica Sinica, 2013
Kulmala et al.,  ACP,  2005; Hamed et al., ACP,  2007
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生成速率(Formation Rate, FR) 和增长速率(Growth
Rate, GR) 是表征新粒子生成和增长的两个重要参数[6].
 生成速率表示成核过程中新生成颗粒物数浓度随时间
的变化,  增长速率表示核模态颗粒物的中值粒径随时间
的变化. Kulmala  等[2] 基于100  多次外场观测的结果发现
新粒子的生成速率(J3) 具有较强的地域依赖性,  一般地
区的生成速率大约在0.01 ～10 cm－3•s－1  之间,  城市地区
则明显较高(100 cm－3•s－1),  而在海岸地区和工业区甚至
能够达到104 ～105 cm－3•s－1.  但是增长速率并未呈现出
较大的差异,  一般在1 ～20 nm/h  之间.  一些典型大气环
境下的新粒子生成速率和增长速率如图3  所示,  虽然大
部分地区的生成速率和增长速率并没有呈现出显著差
异,  但是发展中国家整体污染情况比较严重的超大型城
市( 如新德里和北京) 新粒子生成时的可凝结气态前体物
浓度、可凝结气态前体物产生速率和凝结汇较高[80, 81]
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Evolution from NPF to Haze



Current techniques for atmospheric nucleation 
studies in China

Instruments and measurement parameters in field observation
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Instruments and measurement parameters in field observation 




NPF observation at Dezhou



Rich NH3 and high SA cause NPF

Presenter
Presentation Notes
强大气氧化性下，气态硫酸生成，从而驱动大气成核过程
课题测量了气态氨的浓度变化，发现。。。



Both NH3 and HOMs Participate Nucleation

R = 0.72

R = 0.74

R = 0.75

Presenter
Presentation Notes
To further evaluate the influence of NH3 and H2SO4 on nucleation, we try to fit the FR with different mechanisms. 望都？
The Sulfuric acid level is reveal by normalized counts per second from CIMS, and the background is not taken out yet.
Compared to kinetic activation mechanism with double SA in the formula, cluster activation mechanism with single SA have a higher correlation index.
But if we replace SA in by NH3 or HOMs in the formula of kinetic mechanism, it produce a better results, indicating the participance of them in nucleation.



Wiedensohler A et al, J. Geophys. Res., 2009Carebeijing 2006
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PM1.0浓度快速增加
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Secondary formation

Act as CCN

Contribute 80% of total CCN

NPF enhanced increase of mass conc. 
Secondary formation and CCN activity 



NPF contributes to CCN

 NPF and growth increased CCN concentration 0.4~6 times in Beijing, 0.3~0.9 

in Shanghai (Leng et al., 2014)

 NPF contributions to CCN te related with NPF growth (Yue et al., 2011)



(Guo S, Hu M, Zamroa, M.L, Peng J. et al. PNAS, 2014)

Regional Complex Air Pollution in China

It has the characteristics of wide 
range of PM2.5 pollution, long 
duration, serious air pollution 
and rapid accumulation of 
pollutants.



核化阶段

PM2.5 = <30 µg/m3 PM2.5 increased 
from 10 μg/m3

to 360 μg/m3

O3 90ppb

Guo S, Hu M*,… Zhang R Y*, PNAS, 2014



Severe Haze @ Beijing 
areas January 2013, half of 
days PM2.5 > 300 µg/m3

Focus on haze in Beijing areas



NPF in the winter of Beijing and surrounding areas

Dezhou
PKU
Valid Day               80      
79
NPF event,             41      
39
NPF efficiency%   51      
49
NPF cause haze     11        
9
Haze efficiency%   27       
23

Dezhou

PKU
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德州点
数据有效天数80天
新粒子生成41次
新粒子发生频率51%
NPF I 32次
NPF II 9次
新粒子致霾11次
新粒子致霾频率27%

北大点
数据有效天数79天
新粒子生成39次
新粒子发生频率49%
NPF I 34次
NPF II 5次
新粒子致霾9次
新粒子致霾频率23%




Future directions

 For depth understanding of particle nucleation long-
term continuous measurements and comprehensive 
observations utilizing the full capacity of the highly 
selective instruments are required.

 Integrating field campaign, laboratory experiments 
and model simulations is enable a more 
comprehensive view of chemical and physical 
processes of secondary aerosol formation.

 we should also focus attention on their impacts on the 
environment and climate. Such complete evaluation 
would be extremely important to address the actual 
environmental problems.





Min HU 胡 敏
Peking University

Email:
minhu@pku.edu.cn

Thank you for your attentions 
Your comments are welcome!
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