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1. Introduction 

 

Aerosol in the atmosphere is closely related to global environmental problems such as global warming 

and acid rain. At the present time, however, information on the impacts of aerosol on plants and human health is 

not sufficient. The research project of “Impacts of Aerosols in East Asia on Plants and Human Health” supported 

by the Grant-in-Aid for Scientific Research on Innovation Areas (The Ministry of Education, Culture, Sports, 

Science and Technology, Japan) is in progress in 2008-2012 (fiscal year).  

 

2. Objectives 

 

In this research project, many scientists in the fields related to atmospheric aerosol perform their 

intensive investigations in collaboration with each other research group to establish "Environmental Science of 

Aerosols". For this purpose, this research project consists of four research items, A01: Evaluation of Aerosol 

Formation and the Emission Sources, A02: Elucidation of Transport and Distribution of Aerosols and Air 

Pollutants in East Asia, A03: Elucidation of the Impacts of Aerosols on Plants, and A04: Elucidation of the 

Impacts of Aerosols on Human Health. Process studies to be performed in the A01 and A02 research items and 

impact studies to be performed in the A03 and A04 research items will be made in closer cooperation. In the 

A01 and A02 research items, the processes of emission, transformation, and deposition of aerosols from East 

Asia will be accessed and clarified. The results are utilized in the A03 and A04 research items for investigating 

the present impacts. Then, their results are feed backed to the A01 research item for the evaluation of future 

impact. The goal is to provide scientific data that become the basis of the environmental standards for setting 

emission measures under international cooperation and to lead to proposals concerning those issues.  

 

 



Figure 2. Aerosol exposure chambers located at
Tokyo University of Agriculture and
Technology (Fuchu, Tokyo, Japan). 

3. Outline of the Research Item A03 

 

In the research item A03, experimental studies and field surveys in Japan and other Asian countries on 

possible impacts of aerosols on plants is conducting. The objective of research item A03 is to clarify the effects 

of aerosol on plants by experimental studies and field surveys (Figure 1). To evaluate aerosol impacts on plants 

in Asia, the following must be comprehensively studied: (1) the mechanism in the adsorption of aerosol on the 

leaves or needles of forest tree species and that in the absorption of aerosol into the leaves or needles of forest 

tree species by bio-imaging technique using microscopes (research group P08); (2) the effects of aerosol on 

growth, physiological functions such as photosynthesis, water status and nutrient status of East Asian forest tree 

species and its species difference 

(research group P09); (3) 

improvement of measurement 

techniques of aerosol deposition and 

application of  the measurement 

techniques to field studies in 

corroboration with research group 

P11 (research group P10); and (4) 

measurements of dry deposition of 

aerosol components such as sulfate, 

nitrate and black carbon onto three 

forests located in tropical, temperate  

and frigid zones by micrometeorological measurement methods (research group P11). 

3.1  Experimental studies by P08 and P09 

In the collaborative experimental study of research groups P08 and P09, the effects of black carbon 

particles with submicron size on growth and physiological functions such as photosynthesis of Japanese 

representative forest tree species are 

investigating. The seedlings of Fagus crenata, 

Castanopsis sieboldii, Cryptomeria japonica 

and Larix kaempferi were individually planted 

in pots filled with Kanuma pumice soil. In June 

2009, the seedlings were transferred into 6 

chambers (Figure 2) located at Tokyo 

University of Agriculture and Technology 

(Fuchu, Tokyo, Japan). In the chambers, air 

 
Figure 1. The objective of Research Item A03. 



 
Figure 3. Field emission scanning electron 

microscope (FE-SEM) images of black 
carbon particles deposited on the 
leaves or needles of (a) F. crenata,  
(b) C. sieboldii, (c) C. japonica and 
(d) L. kaempferi seedlings.  
Bars = 500 nm. 

temperature and relative air humidity were maintained at 25.0±1.0/18.0±1.0˚C (6:00-18:00/18:00-6:00) and 

70±5%, respectively. The seedlings of the 4 tree species were exposed to black carbon particles with submicron 

size generated by an electrospray aerosol generator and an ultrasonic nebulizer. The mean number concentration 

of black carbon particles generated by the electrospray aerosol generator was 100-200 nm. The half of the 

seedlings was exposed to black carbon particles every two days (black carbon treatment), and the other half of 

the seedlings were not exposed to the particles (control treatment). The amounts of black carbon particles 

deposited on the surface of the leaves or needles were measured. Gas exchange rates of the leaves or needles of 

the seedlings were measured using an infrared gas analyzer system. As shown in Figure 3, black carbon particles 

generated by the electrospray aerosol generator and ultrasonic nebulizer were observed on the surface of the 

leaves or needles of F. crenata, C. sieboldii, C. japonica and L. kaempferi seedlings harvested in the black 

carbon treatment in August and October 2009. The 

exposure to black carbon particles for one growing 

season does not significantly affect the whole-plant 

growth and leaf gas exchange rates of the seedlings 

of the 4 tree species. In 2011-2012, research groups 

P09 and P10 will conduct an experimental study on 

the effects of sulfate aerosol on growth, 

physiological functions such as photosynthesis and 

nutrient status of Japanese forest tree species such as 

F. crenata, C. sieboldii, C. japonica and L. 

kaempferi.  

3.2  Field Studies by P10 and P11 

In the research group P10, field experiments 

are conducted using experimental tower (Figure 4) to 

evaluate dry deposition of aerosol components on a 

forest-ecosystem at the research station FM 

Tamakyuryo (Hachioji, Tokyo, Japan), integrate 

different measurement methods (passive and active 

sampling method, open pass FTIR spectroscopy, 

foliar rinsing method and forest through fall method), 

apply the improved measurement techniques of 

aerosol deposition to the field surveys by research 

group P11, and analyze mechanisms of aerosol 

deposition onto leaf surface in corroboration with 
 

Figure 4. Experimental tower located at FM 
Tamakyuryo of Tokyo University of 
Agriculture and Technology 
(Hachioji, Tokyo). Japan). 



research groups P08 and P09. 

In the research group P11, field surveys 

are conducting to evaluate dry deposition of aerosol 

components, especially sulfate, nitrate and black 

carbon, onto forests by micrometeorological 

measurement methods, improve measurement 

techniques of aerosol deposition and apply them to 

the field studies in corroboration with research 

group P10, analyze mechanisms of aerosol 

deposition onto the forests and dynamics of aerosol 

components in the forest ecosystems, and assess 

the impact of aerosol depositions to the forest 

ecosystems in corroboration with research groups P08 and P09. The observation of aerosol flux by concentration 

gradient method is carried out in temperate forest in Kitasaku (Nagano, Japan), frigid forest in Teshio (Hokkaido, 

Japan) and dry deciduous forest in Sakaerat (Nakhon Ratchasima Province, Thailand). In Sakaerat, experimental 

tower (Figure 5) for flux observation was constructed in the dry deciduous forest and catchment survey was 

started from the dry evergreen forest. At the tower, meteorological observations and aerosol sampling for the 

component measurements were started in December 2009. On the other hands, measurements of rainfall, 

throughfall and stemflow were started from January 2009 at the catchment plot. The resin-sampler was applied 

to the Sakaerat site in December 2009. The black carbon samplers were installed at the top of the tower in the 

dry deciduous forest. Moreover, to release black carbon particles strongly adsorbed on the leaf surface, 

epicuticular wax extracted by chloroform. Then, black carbon particles released from the leaf surface were 

collected on a silica filter. The chloroform extraction of black carbon particles was conducted for predominant 

three tree species (Shorea henryana, Hopea ferrea, and Dipterocarpus turbinatus) in the dry evergreen forest in 

December 2009 and February 2010, one of the predominant tree species (Pterocarpus macrocarpus) in the dry 

evergreen forest and a representative plantation tree species (Acasia mangium) in February 2010.  

 

4. Perspective 

 

As future framework for the elucidation of the effects of air pollutants on plants in East Asia, we must 

monitor not only acid deposition, but also gaseous air pollutants such as ozone and aerosol, and clarify the 

effects of aerosol such as black carbon particles and sulfate aerosol on plants. 

  

Figure 5. Experimental tower in Sakaerat, 




