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JAEA%Z 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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Presenter
Presentation Notes
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。
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Typical Particle Number Distribution of
NPF, dust storm and Haze days in Beljing
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/sy Frequencies of NPF events
Urban Rural Coastal Cruise
0.8 _ . : :
NPF frequencies much higher at urban and regional sites
g than at coastal sites and during cruise measurement.
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® The average growth rates of nucleation mode particles were 8.0-10.9 nm h™! at

urban, 7.4-13.6 nm h~! at regional and 2.8-7.5 nm h™! 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. BRARI 2L 5 T L
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Presentation Notes
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.
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NPF under high aerosol loading in China
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Presentation Notes
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.
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Presentation Notes
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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Current techniques for atmospheric nucleation
studies in China

Instruments and measurement parameters in field observation

Instrument Measurement parameter Size range (nm) Application in China Reference*
ID-CIMS Sulfuric acid — Beijing (Zheng et al., 2011)
HRToF-CIMS Ammonia and amine —_ Nanjing (Zheng et al., 2015)
APj-TOF-MS Ion and cluster —_ —_  —
Cluster-CIMS Neutral molecular cluster ~1 — —
NAIS Particle and ion number size distribution 0.8-42 Xianghe (Wang et al., in preparation)
AlS Ion number size distribution 0.8-42 Nanjing (Herrmann et al., 2014)
PSM Particle number concentration 1-1000 Shanghai (Xiao etal., 2015)
SMPS/DMPS Particle number size distribution 3-800 Beijing (Wehner et al., 2004)
DEG-SMPS Particle number size distribution 1-50 (Jiang et al., 2011b)
Nano-CCNC Hygroscopicity, 2-10 —
CPCB Water / butangl affinity 2-10 —_ —_—
Nano-H/V-TDMA Hygroscopicity, / volatility 4-10 — e
TD-CIMS Size-resolved chemical composition 6-20 —
HR-ToF-AMS Size-resolved chemical composition Submicron Beijing (Huang et al., 2010)
Q-AMS Size-resolved chemical composition Submicron Beijing (Zhang et al., 2011)
*Note the reference is only referred to the first application in China.
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Instruments and measurement parameters in field observation 
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Rich NH; and high SA cause NPF
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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。。。
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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.
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g S NPF contributes to CCN
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© 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 etal., 2011)
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Focus on haze In Beljing areas

Elucidating severe urban haze formation in China

Song Guo®P, Min Hu®', Misti L. Zamora®, Jianfei Peng?, Dongjie Shang?, Jing Zheng?, Zhuofei Du?, Zhijun Wu?,

Min Shao?, Limin Zeng?, Mario J. Molina“', and Renyi Zhang

a,b,1

3State Key Joint Laboratory of Environmental Simulation and Pollution Control, College of Environmental Sciences and Engineering, Peking University, Beijing
100871, China; PDepartments of Atmospheric Sciences and Chemistry, Center for the Atmospheric Chemistry and the Environment, Texas A&M University,
College Station, TX 77843; and “Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA 92093

Contributed by Mario J. Molina, October 13, 2014 (sent for review September 9, 2014)

As the world’s second largest economy, China has experienced
severe haze pollution, with fine particulate matter (PM) recently
reaching unprecedentedly high levels across many cities, and an
understanding of the PM formation mechanism is critical in the
development of efficient mediation policies to minimize its re-
gional to global impacts. We demonstrate a periodic cycle of PM
episodes in Beijing that is governed by meteorological conditions
and characterized by two distinct aerosol formation processes of
nucleation and growth, but with a small contribution from primary
emissions and regional transport of particles. Nucleation consistently
precedes a polluted period, producing a high number concentration
of nano-sized particles under clean conditions. Accumulation of the
particle mass concentration exceeding several hundred micrograms
per cubic meter is accompanied by a continuous size growth from
the nudeation-mode particles over multiple days to yield numerous
larger particles, distinctive from the aerosol formation typically ob-
served in other regions worldwide. The particle compositions in Bei-
jing, on the other hand, exhibit a similarity to those commonly
measured in many global areas, consistent with the chemical constit-
uents dominated by secondary aerosol formation. Our results high-
light that regulatory controls of gaseous emissions for volatile organic
compounds and nitrogen oxides from local transportation and sulfur
dioxide from regional industrial sources represent the key steps to
reduce the urban PM level in China.

pollution | PMss | China | nucleation | secondary aerosols

Factors tied to extreme Beijing haze

China has recently experienced severe increases in urban haze
pollution due to fine particulate matter (PM), which has reached
unprecedented levels in many of its cities. Researchers seek to bet-
ter understand the mechanisms of PM formation, a critical public
health threat, and devise mitigation strategies to reduce its region-
al and global impacts. Focusing on the nation’s capital, Song Guo
et al. (pp. 17373-17378) found that meteorological conditions in
Beijing drive a periodic cycle of PM episodes characterized by
two distinct processes of aerosol nucleation and growth. Accord-
ing to the authors, Beijing’s meteorology, local and surrounding
emissions, and aerosol processes combine to produce extremely
polluted conditions, although the chemical composition of air-
borne particles in the city is similar to many other population
centers worldwide. Volatile organic compounds, nitrogen oxides
from urban transportation, and sulfur dioxide from regional in-
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In the winter of Beljing and surrounding areas
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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%
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® 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.
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New particle formation in China: Current knowledge and ®CmssMark
further directions

Zhibin Wang *!, Zhijun Wu 2, Dingli Yue *#, Dongjie Shang ¢, Song Guo %, Junying Sun b Aijun Ding %, Lin Wang d
Jingkun Jiang ¢, Hai Guo !, Jian Gao &, Hing Cho Cheung ", Lidia Morawska !, Melita Keywood , Min Hu #*

@ State Key Joint Laboratory of Environmental Simulation and Pollution Control, College of Environmental Sciences and Engineering, Peking University, Beijing 100871, China

b State Key Laboratory of Severe Weather, Key Laboratory of Atmospheric Chemistry of CMA, Chinese Academy of Meteorological Sciences, Beijing 100081, China

¢ Joint International Research Laboratory of Atmospheric and Earth System Sdences, School of Atmospheric Scences, Nanjing University, Nanjing 210023, China

4 Shanghai Key Laboratory of Atmospheric Particle Pollution and Prevention (LAP’), Department of Environmental Science and Engineering, Fudan University, Shanghai 200433, China
€ State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment, Tsinghua University, Beijing 100084, China

f Air Quality Studies, Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University, Hong Kong, China

£ State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Science, Beijing 100012, China

B Research Center for Environmental Changes, Academia Sinica, Taipei 11529, Taiwan

! International Laboratory for Air Quality and Health, Institute of Future Environments, Queensland University of Technology, Brisbane, QLD 4001, Australia

1 CSIRO Oceans & Atmosphere, PMB1, Aspendale, VIC 3195, Australia

HIGHLIGHTS

* New particle formation has been frequently observed in diverse environments of China, even in a heavily-polluted atmosphere.
» The distinct profiles of particle formation and subsequent growth suggest the nucleation mechanisms should be reconsidered.
* This paper systematically summarizes the recent advances, current bottleneck and future directions in studying NPF in China.
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Thank you for your attentions
Your comments are welcome!
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Peking University
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