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Acid rain and ozone issue in China：a historical perspective 

Xiaobin Xu 

(Chinese Academy of Meteorological Sciences; Key Laboratory for Atmospheric 

Chemistry, CMA, Beijing 100081, China) 

 

China has been world's largest consumer of coal and second largest consumer of 

mineral oil. With the rapid economical development and population growth in the 

country, increasing amounts of fossil fuels have been burnt for sources of energy, 

leading to intensive emissions of air pollutants, including SO2, NOx, VOCs, etc. As a 

consequence of increased emissions, China has been suffering regional acid 

deposition, severe haze and photochemical pollution for many years. In this talk, 

long-term changes in acid rain and ozone in China are presented and discussed. The 

observational data are mainly from Acid Rain Network (ARN) and Global 

Atmosphere Watch (GAW) stations, maintained by China Meteorological 

Administration (CMA). The severe acid rain area occurred mainly in the south of the 

Yangtze River. The overall precipitation acidity showed different trends in different 

periods, with a reduction during 1992-2000, intensification during 2000-2006 and 

continuous relief after 2006. The area with severe acid rain occurred first in southwest 

China and moved gradually eastwards. The trends in precipitation chemistry generally 

consist with the acidity trends, with sulphate and nitrate being the key ions related 

with precipitation acidity. Data from the GAW stations show an overall decrease trend 

in the sulphate vs nitrate ratio. The observational results of acid rain can be well 

explained by the variations of emissions, particularly those of SO2. In recent years, 

strong increases in surface ozone level were observed at many air quality monitoring 

sites in China, indicating a rapid development of regional photochemical pollution. 

However, ozone pollution is not a new issue in China. High ozone levels were 

observed in the western city Lanzhou in the late 1970s. Due to the lack of long-term 

monitoring, it is hardly possible to obtain the long-term changes of surface ozone in 

the whole country. Our observations of ozone at the GAW stations provide valuable 

datasets, which allow for an assessment of long-term changes of regional ozone in 

China. Different trends of surface ozone have been observed at different sites. Ozone 

shows a slight increase at Mt. Waliguan in western China, a large increase at 

Shangdianzi in the North China Plain, an enhanced variability followed by 

stabilization at Linan in the Yangtze River Delta. Decrease trends of ozone have been 

observed at Longfengshan in Northeast China but mainly in cold seasons. No 

statistically significant ozone trend has been observed at Xianggelila in Southwest and 

Akedala in Northwest China. 

  



Uncertainties in emissions inventories and their impacts on Asian air 

quality, human health, and the ecosystem 

Eri Saikawa, Emory University 

 

Greenhouse gas and air pollutant precursor emissions have been increasing rapidly in 

both China and India, leading to worsening air quality in Asia. Modelers use 

emissions inventories to represent the temporal and spatial distribution of these 

emissions needed to estimate their impacts on regional and global air quality. 

However, large uncertainties exist in emissions inventories and quantification of their 

uncertainties is essential for better understanding of the linkages among emissions and 

air quality, climate, and health. We use Monte Carlo methods to assess the 

uncertainties of the existing carbon dioxide (CO2), carbon monoxide (CO), sulfur 

dioxide (SO2), nitrogen oxides (NOx), and particulate matter (PM) emission estimates 

from four source sectors for China and India. We focus on the period between 2000 

and 2008 and in addition to national totals, we also analyzed emiss ions from four 

source sectors (industry, transport, power, and residential) and assessed differences in 

the existing emissions estimates within each of the subnational regions. We found that 

large disagreements exist among the existing inventories at disaggregated levels. We 

further assessed the impact of these differences in emissions on air quality using a 

chemical transport model. More efforts are needed to constrain emissions, especially 

in the Indo-Gangetic Plain and in the East and Central regions in China, where not 

only the emissions differences are high but also the simulated concentrations using 

different inventories. For example, we find that simulated O3 mixing ratio vary 

significantly in East and Central China, due to the uncertainty in anthropo genic VOC 

emissions. Our studies also highlight the importance of constraining SO2, NOx, and 

NH3emissions for secondary PM concentrations. Furthermore, present emissions are 

the second largest uncertainty factor for PM-related premature mortality estimates in 

China.  

 

 

  



Monitoring and assessment of air pollution and plant response in 

middle Indo-Gangetic Plains of India 

 

Authors: Madhoolika Agrawal1*, Shashi Bhushan Agrawal1, Arideep Mukherjee1, 

Durgesh Singh Yadav1 and Tsetan Dolker1 

1Department of Botany, Institute of Science, Banaras Hindu University- 221005, 

Varanasi India 

*Corresponding and presenting author 

 

Abstract 

World Health Organization has recognized Asian cities as the most polluted in the 

world. Most of the region is suffering from particulate matter (PM) and ozone (O3) 

pollution throughout the year. Both PM and O3 are known for their risk to human 

health and plants, but still significant research gap exists in understanding these 

variations in local as well as in regional scale. For the past decades, we have tried to 

assess the variations in ground- level ozone and PM pollution in middle Indo-Gangetic 

plain of India to assess intra-urban variability, seasonal variations, local and 

long-range sources and role of meteorological factors in regulating PM and O3 

variabilities. To assess the phytotoxicity of both the pollutants, major crop plants, 

trees and grasses were assessed for their sensitivity and responses. Both PM and O3 

have shown significant intraurban variability and levels were strongly regulated by 

both local and distant sources. The concentration of PM is above the standard for 

most of the study period. O3 concentrations were mostly regulated by the presence of 

NOx which has also become an important air pollutant in this region with increasing 

traffic load. Ozone exposure studies showed negative influence in most of the crop 

species and grasses, whereas in trees PM along with O3 is identified as a majorstress 

factor which influenced plant response. Biochemical, physiological, morphological, 

molecular and phenological studies showed species-specific responses which were 

largely governed by dose and duration of pollution exposure. Responses of different 

cultivars to O3are found to be regulated by different antioxidative mechanisms. Both 

air quality and plant response evaluation suggest significant phytotoxicity of both PM 

and O3 in this region which needs to be mitigated through strict regulation in emission 

sources.   

Keywords: Air pollution; Particulate matter; Ozone; Plant response, IGP 

  



Impacts of land use and land cover changes on biogenic emissions of 

volatile organic compounds in China: Implications for tropospheric 

ozone 

 

Hong Liao1 and Yu Fu2 
 

1School of Environmental Science and Engineering, Nanjing University of Information Science and 

Technology, Nanjing, China 

2Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China 

 

Based on the MEGAN (Model of Emissions of Gases and Aerosols from Nature) 

module embedded within the global chemical transport model (GEOS-Chem), we 

estimate the changes in emissions of biogenic volatile organic compounds (BVOCs) 

and their impacts on surface-layer O3 in China between the late 1980s and the 

mid-2000s by using the land cover dataset derived from remote sensing images and 

land use survey. The land cover change in China from the late 1980s to the mid-2000s 

can be characterized by an expansion of urban areas (the total urban area in the 

mid-2000s was four times that in the late 1980s) and a reduction in total vegetation 

coverage by 4%. Regionally, the fractions of land covered by forests exhibited 

increases in southeastern and northeastern China by 10-30 and 5-15%, respectively, 

those covered by cropland decreased in most regions except that the farming-pastoral 

zone in northern China increased by 5-20%, and the factions of grassland in northern 

China showed a large reduction of 5-30%. With changes in both land cover and 

meteorological fields, annual BVOC emission in China is estimated to increase by 11.4% 

in the mid-2000s relative to the late 1980s. With anthropogenic emissions of O3 

precursors, aerosol precursors and aerosols fixed at year 2005 levels, the changes in 

land cover and meteorological parameters from the late 1980s to the mid-2000s are 

simulated to change the seasonal mean surface- layer O3 concentrations by -4 to +6 

ppbv (-10 to +20%) over China. We find that the decadal changes in meteorological 

parameters had larger collective effects on BVOC emissions and surface-layer 

concentrations of O3 than those in land cover and land use alone. We also perform a 

sensitivity simulation to compare the impacts of changes in anthropogenic emissions on 

concentrations of O3 with those of the changes in meteorological parameters and land 

cover. 
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Physiological responses of a hybrid poplar to elevated Cd and 

O3 concentrations 

Sheng Xua,b, XingyuanHea,b, *, Wei Chena,b,Bo Lia,b,Yan Lib 

aKey Laboratory of Forest Ecology and Management, Shenyang 110016, PR China 

bInstitute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, PR China 

* Corresponding author: Xingyuan He, e-mail address: hexy1962@126.com (X. He) 

ABSTRACT: Pollution with both heavy mental and ground- level ozone (O3) has 

been steadily increasing, especially in the cities with heavy industry. Here we studied 

the combined effects of cadmium (Cd) pretreatments and elevated O3 fumigation on 

visible injury and growth, photosynthesis, oxidative stress, antioxidant enzyme 

activities and abscisic acid(ABA) content, and bioaccumulation of Cd in leaves of a 

hybrid poplar seedlings by using open top chambers (OTCs) in Shenyang city with 

developed heavy industry, Northeast China. The results in this study showed that 

elevated O3 (120 ppb) and its combination with high Cd concentration (500 mg kg-1) 

induced significant foliar injury symptoms. Root weight and total biomass (dry weight) 

with high Cd concentration (500 mg kg-1) under EO showed a significant decrease 

compared to that without Cd pollution, respectively. High Cd concentration (500 mg 

kg-1) decreased significantly root/shoot (R/S) ratio regardless of O3 treatment. 

Malondialdehyde (MDA) content showed a significant increase under the 

combination of elevated Cd (500 mg kg-1) and O3. EO significantly increased 

superoxide dismutase (SOD) activity. However, no significant change was observed 

in SOD activity among three Cd levels under EO. Under EO, the significant decreases 

of net photosynthetic rate (Pn), and photochemical efficiency of PSII (Fv/Fm) 

and quantum yield efficiency of PSII (ΦPSII) were observed with high Cd treatment 

by the end of experiment. Our results suggest that Cd pollution increase the 

susceptibility of pants to O3 and exacerbate the adverse impact of elevated O3 on 

physiological metabolisms of poplar species. 

Keyword: high cadmium, O3 pollution, physiological response, poplar tree 
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Effects of Ozone Stress on Yield and Grain Quality of a 

“Super” Rice Cultivar Nanjing 9108: the Differences between 

Superior and Inferior Spikelets 

 

HairongMu 1, ZaishengShao1, YunxiaWang2, Lianxin Yang 1* 

1 Jiangsu Key Laboratory of Crop Genetics and Physiology/Co-Innovation Center for Modern 

Production Technology of Grain Crops, Yangzhou University, Yangzhou, 225009, China 

2 College of Environmental Science and Engineering, Yangzhou University, Yangzhou, 225009, 

China  

*Correspondence: Lianxin Yang, E-mail: lxyang@yzu.edu.cn 

Abstract 

Grains attached to different positions in a panicle differ in weight and quality, but 
their responses to ozone stress are unclear, which constraints our understanding of the 
mechanisms of ozone-induced yield loss and grain quality deterioration of rice. A 

chamber experiment was conducted to examine the effects of ozone exposure through 
cropping season on rice yield and quality traits of grains attached to the upper primary 

rachis (superior spikelets; SS), the lower secondary rachis (inferior spikelets; IS), and 
the rest (medium spikelets; MS) in a panicle of Japonica “super” rice Nanjing 9108. 
Ozone stress significantly decreased filled grain percentage and grain mass, both in 

the order of IS > MS > SS, which led to substantial yield loss in rice. O zone stress 
decreased the proportion of perfect brown rice kernels, and the most pronounced 

reductions were found on IS; Accordingly, the proportion of the immature green and 
damaged kernels were substantially increased by ozone. The density of brown rice 
kernels was significantly decreased by ozone stress for IS, but no changes for SS and 

MS. The pasting properties of brown rice were negatively affected by ozone as 
showed by the decrease in break down, and the increases in maximum viscosity, 

minimum viscosity, final viscosity, setback and peak time of the RVA profile, but no 
ozone by grain position interaction was detected. The concentrations of protein 
fraction albumin, nutrients S, Cu and Mnin brown rice increased significantly in 

response to ozone, while other protein fractions and nutrient elements as well as 
anti-nutrient phytate did not exhibit significant changes. In conclusion, the significant 

ozone by grain position interactions on filled grain percentage and brown rice density 
suggest the negative effects of ozone on grain filling capacity varied among SS, MS 
and IS in a panicle. The grain filling capacity of inferior spikelets was affected more 

by ozone stress may reflect accumulative effects of ozone on rice plants. 

Key words: Rice, Ozone Stress, Grain Quality, Superior Spikelets, Inferior Spikelets 
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Impacts of ozone stress on physiology and biochemistry of 

rice seedlings with different zinc levels 

 

Zai-Sheng Shao1, Hai-Rong Mu1, Lian-Xin Yang1, Yun-Xia Wang2,* 

1 Jiangsu Key Laboratory of Crop Genetics and Phys iology/ Co-Innovation Center for Modern 

Production Technology of Grain Crops, Yangzhou University, Yangzhou 225009, China; 

2 Collegeof Environmental Science and Engineering, Yangzhou Univers ity, Yangzhou 225009, 

China; 

*Correspondence: Yunxia Wang, E-mail: yxwang@yzu.edu.cn 

Abstract 

A chamber experiment was conducted to investigate how the zinc (Zn) nutrient status 

of plant affects its responses to ozone (O3) stress. The seedlings of three rice cultivars 

differing in seed-Zn content(Yangdao6, YD6; Huaidao5, HD5; Wuyunjing23, WY23) 

were grown in nutrient solution without (Zn0) or with sufficient (1.5 μmol·L-1, Zn1.5) 

or oversupply (15 μmol·L-1
, Zn15) of ZnSO4 for two weeks and subsequently exposed 

to O3 fumigation (100 nl l-1, 8 h d-1) for 5 days. Zn deficiency caused significant 

decrease in plant Zn concentration of all three rice cultivars, but the reduction in plant 

growth was only observed in YD6, the low-seed-Zn rice cultivar. Oversupply of Zn 

dramatically increased plant Zn concentration but decreased shoot and root biomass 

of all three cultivars. O3 stress reduced root biomass of all three cultivars, but the 

reduction in shoot biomass was significant only for YD6. Among three Zn treatments, 

O3-induced plant biomass reduction in YD6 was more pronounced in plants without 

or oversupply of Zn, which indicated that plants suffering Zn disorders are prone to 

O3 stress. O3 stress induced leaf lesion as showed by the decreases in chlorophyll and 

the increases in malondialdehyde (MDA) content, especially in YD6. O3 stress 

decreased antioxidant contents of ascorbate and carotenoid but increased phenolics, 

especially in YD6; In contrast, Zn disorders didn’t affect leaf antioxidant contents in 

general except for carotenoid.O3 stress increased in leaf superoxide dismutase (SOD) 

activity, and the increases in plants with sufficient Zn supply were more pronounced 

than those plants with deficient or toxic Zn levels. These results suggest that sufficient 

Zn status of sensitive rice cultivar was beneficial for plants to resis t O3 stress, this 

could attribute to sufficient Zn for inducible SOD activity in plants under O3 stress. 

Key words: Oryza sativa L / O3 / Zn deficiency / Zn toxicity / superoxide dismutase 
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Title: The role of trichomes as chemical and physical barrier 

against different stress factors 

 

Elina Oksanen 

Department of Environmental and Biological Sciences, University of Eastern Finland,  

POB 111, 80101 Joensuu, Finland 

Corresponding author: Elina Oksanen. E-mail:elina.oksanen@uef.fi 

 

Plants have evolved a wide array of sophisticated mechanisms to acclimate and adapt to 

their variable environment, including inducing of biochemical pathways for defensive 

compounds and building resilient structures. Trichomes (leaf hairs) are specialized cell 

typesin the epidermal layer that enhance the protection of plant tissues from the 

external factors both mechanically and chemically. Glandular trichomes are active in 

storing and secreting various secondary metabolites such as triterpenoids, 

phenylpropenes, flavonoids, methyl ketones, acyl sugars and defensive proteins. 

These metabolites arevolatile, semi-volatile or non-volatileand can be related to 

defense against adverse environment in various ways. 

Several studies have indicated the responsiveness of trichomes to various 

environmental factors. The role of glandular trichomes in a changing environment has 

been studied extensively in silver birch (Betula pendula), where the leaves are densely 

covered with peltate glandular trichomes. For example, Kostina et al.(2001) detected 

an increase in the density of glandular trichomes in birch leaves exposed to elevated 

UV-B radiation, accompanied by an increase in secondary metabolites, mainly 

flavonoids. Prozherina et al.(2003) found that frost treatment in young birch seedlings 

induced a rapid increase in glandular trichome density, indicating structural 

acclimation of the epidermal tissue to low temperatures even in fully enlarged leaves. 

In this study, trichomes were serving as a glue and moisture eliminator to keep water 

droplets off the leaf surface, which may protect the leaves from freezing and help to 

maintain leaf gas exchange during cold periods. Thitz et al. (2017)demonstrated that 

both drought and elevated temperature can reduce the production of glandular 

trichomes in silver birch leaves. Similarly, Lihavainen et al. (2017) reported that high 

atmospheric humidity reduced glandular trichome density. Detailed chemical analyses 

in birch showed that the contents of the major triterpenoid and flavonoid aglycones 

correlated positively withglandular trichome density, indicating that glandular 

trichomes strongly affect leaf surface chemistry, and thus, hydrophobic properties and 

resistance traits to herbivores and pathogens. 

Recently, Li et al. (2018) have shown that glandular trichomes can reduce leaf ozone 

uptake. The density of glandular trichomes correlated with the ozone sensitivity of the 

plant, indicated by visible leaf injuries and lipoxygenase (LOX) product emissions. 

Responsiveness of glandular trichomes to ozone has been previously reported e.g. by 

Pääkkönen et al. (1998) and Prozherina et al. (2003) in silver birch leaves. Considering 

the high temporal, spatial and chemical flexibility of trichomes, these results 
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encourage us to use glandular trichomes as a promising target for resistance breeding 

for improved oxidative stress tolerance. Progress could be made by integrating the 

data, knowledge and know-how from the genetic, hormonal and metabolic regulation 

of trichome formation and adaptation with phenotyping and field testing. The pool of 

silver birch genotypes could offer a good source for trichome engineering due to  

well-characterized resistance traits, and recent advances in genome sequencing, 

uncovering numerous candidate genes associated with environmental adaptation 

(Salojärvi et al., 2017). 

 

References:  
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Physiology 28, 1-16. 

Pääkkönen, E., Günthardt-Goerg, M., Holopainen, T. (1998). Annals of Botany 82, 49-59. 

Prozherina, N., Freiwald, V., Rousi, M., Oksanen, E. (2003). New Phytologist 159, 623-636. 

Thitz, P., Possen, B.J.H.M, Oksanen, E., Mehtätalo, L., Virjamo, V., Vapaavuori, E. (2017). 

Canadian Journal of Forest Research 47, 1075-1081. 

Salojärvi, J., Smolander, O.-P., Nieminen, K., et al. (2017). Nature Genetics, 49, 904-912. 

  



Estimating the contribution of urban woody plants to the 

removal of atmospheric pollution: a species-specific case study 

in Italy 

 

Yasutomo Hoshika1, Elisa Carrari1*, Genki Katata2, Jacopo Manzini1, Furio Forni3, 

Elena Paoletti1 
1CNR Firenze, Italy; 2JAEA, Japan; 3Regione Toscana, Italy 

 

*Corresponding Author:eli.carrari@gmail.com 

 

A consolidated consensus is now available about the important role of plants in 

removing air pollutants in the cities. Selecting the right species for urban green 

infrastructure, however, is still a critical step for a proper planning, due to fragmented 

knowledge about the species-specific ability of ameliorating air quality. In this work, 

we collected all knowledge available in the literature and filled the modelling gaps in 

order to develop an approach suitable to be applied to any city in the world. As a case 

study, we selected the main cities of the Tuscany Region in Italy. Average data on 

local pollution and meteorology were used as input into the models. We hypothesized 

that the plants were isolated, not pruned and healthy. For each woody plant species 

(trees and shrubs) used in these cities, we estimated the size at maturity (50 years), the 

balance of ozone (by summing up potential ozone formation based on the emission of 

volatile organic compounds, and the surface and stomatal deposition of ozone), the 

total deposition of nitrogen dioxide (stomatal and non-stomatal), the deposition of 

particles (PM10 and PM2.5) and the uptake and storage of carbon dioxide.  All these 

variables were finally merged into a species air-quality index (SAQI), to summarise 

the overall ability of the individual woody species in ameliorating urban air pollution. 

Out of the 278 available species, data in the literature were missing for around 100 

species, suggesting further experimental studies are needed. Results suggested that the 

best species are those with large crowns at maturity and high stomatal conductance 

e.g. Fagus sylvatica and Acer pseudoplatanus, while the worst species show little 

crowns and high emission of volatile organic compounds, e.g.Prunus and Cornussp. 

For instance, an adult plant of Quercus petraea shows one of the highest ozone uptake 

(33.81g/tree/day) but an even higher potential ozone formation (38.55 g/tree/day). This 

kind of knowledge will help urban planners and managers of cities with priority issues 

of air quality in selecting the best species and avoiding the species that are not well 

suited to these issues.  
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Soil Trace Gas Fluxes in Living Mulch and Conventional 

Agricultural Systems 

 

Samuel JW Peters1, Eri Saikawa1,2, Daniel Markewitz3, Lori Sutter3, Alexander 

Avramov2, Zachary P Sanders4, Benjamin Yosen2, Ken Wakabayashi2, Geoff Martin2, 

Joshua S Andrews4, Nicholas S Hill4 

 

1Department of Environmental Health, Rollins School of Public Health, Emory University, 1518 

Clifton Rd, Atlanta, GA, 30322 

2Department of Environmental Sciences, Emory University, 201 Dowman Dr, Atlanta, GA, 30322 
3Warnell School of Forestry and Natural Resources, University of Georgia, 180 E Green St, Athens, 

GA, 30602 

4College of Agricultural and Environmental Sciences, University of Georgia, 137 Cedar St, Athens, 

GA, 30602 

 

Agriculture is a significant source of the three major greenhouse gases (GHG) – 

carbondioxide (CO2), nitrous oxide (N2O), and methane (CH4) – and the air pollutant 

precursor, ammonia (NH3). Fluxes of these naturally-occurring trace gasesare often 

augmented by agricultural practices such as fertilizer application, tillage, and crop 

systems management. Living mulch systems (LMS) are an emerging agricultural 

technique that shows promise for minimizing environmental impacts (e.g. reduced 

pesticide use or soil erosion), while maintaining yields. White clover combined with 

corn is one LMS that also has the potential to mitigate GHG and NH3 emissions 

through biological nitrogen fixation (BNF) and soil carbon sequestration. This study 

compared soil trace gas fluxes in a white clover LMS with three conventional 

agricultural techniques over two years in northern Georgia, USA. CO2and N2O mean 

soil fluxes (5.78 µmolm-2sec-1 and 2.60µmolm-2hr-1, respectively) observed in LMS 

plots significantly exceeded other treatments during the middle of the growing season. 

Soil temperature, moisture, potentially mineralizable nitrogen, and extractable nitrate 

partially explained these differences in flux. Large N2O fluxes occurred following 

fertilizer application in all techniques. Mean NH3 emissions were significantly higher 

in LMS plots (497 µg m-2 hr-1) compared to bare soil plots (210 µg m-2hr-1).While these 

results provide information on the nitrogen and carbon cycling of LMS, they do not 

indicate strong soil trace gas mitigation potential. However, these systems may reduce 

nitrogen leaching into groundwater or offset GHG emissions with increased carbon 

storage in the soil.  
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Lanthanum Induces Hormesis in Plants: A Perspective for 

Agronomy under Air Pollution 

 

Evgenios Agathokleous1,2*, Mitsutoshi Kitao1, Edward J Calabrese3 

 

1Hokkaido Research Center, Forestry and Forest Products Research Institute (FFPRI),7 
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2ResearchFaculty of Agriculture, Hokkaido University, Kita 9 Nishi 9, Sapporo, 060-8589, Japan. 

3Environmental Health Sciences, University of Massachusetts, Morrill I N344, Amherst, MA, 

01003, USA. 

*corresponding and presenting author: evgenios@affrc.go.jp 

orglobalscience@frontier.hokudai.ac.jp 

 

Lanthanum is a rare earth element extensively studied due to its wide application in 

several fields with a potential accumulation in the environment. We reviewed the 

literature and provide evidence from numerous studies published within the last two 

decades demonstrating a substantial and significant occurrence of lanthanum-induced 

hormesis in plants. These findings suggest that hormetic responses should be built 

into the study design of hazard assessment study protocols and included in the risk 

assessment process. Hormesis offers the opportunity to substantially improve cost 

benefit estimates for environmental contaminants, which have the potential to induce 

beneficial/desirable effects at low doses. Hormesis could also be utilized in the 

agronomy practice for maximizing yields and productivity under air pollution. 

 

Keywords: biphasic, hormesis, risk assessment, stimulation 
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River water chemistry in forest area of Japan, recovery or 

progress? 

 

Sase, H1,4,Morhohashi, M1, Takahashi, M1, Saito, T2, 4, Yamashita, N3, Ohizumi, T1,4, 

Nakata, M4. 
1 Asia Center for Air Pollution Research, Japan, 2 Niigata Prefectural Institute for Public Health 

and Environmental Sciences, Japan, 3 Forestry and Forest Product Research Institute, Japan,  

4Niigata University, Japan. 

 

Atmospheric deposition of acidic substances may cause acidification of terrestrial 

ecosystems. The forest area in Japan has been experiencing large-scale deposition of 

sulfur and nitrogen from the atmosphere since the 1960s, which was derived from the 

domestic emission sources as well as transboundary air pollution. In central Japan, 

river waters in forest area, where the bedrock has low acid neutralizing capacity, were 

acidified in the 1980s/1990s (e.g. Matsubara et al. 2007; Nakahara et al. 2010).We 

have been monitoring atmospheric deposition and stream water chemistry since 2002 

in a Japanese cedar (Cryptomeria japonica) forest along the Sea of Japan (Sase et al. 

2008), Kajikawa (KJK) site, in which large effect of transboundary air pollution due 

to winter northwesterly winds has been suggested. Although no acidification 

phenomenon was found during the observation period, increase of pH and alkalinity 

with decline of SO4
2− concentration in the stream water, suggesting recovery from 

acidification, have been clarified, in particular since 2006/2007. In fact, non-sea-salt 

SO4
2− deposition from through fall and stem flow has peaked in 2006/2007 and 

started declining thereafter, which is the similar to the emission trend in China (Lu et 

al. 2011).In the poster presentation, we would like to discuss whether river water in 

Japan will be smoothly recovered from acidification, referring to the data from other 

monitoring sites.  

 

References: Le et al. 2011, Atmospheric Chemistry and Physics;  

Matsubara et al. 2007, Water, Air and Soil Pollution;  

Nakahara et al. 2010, Biogeochemistry;  

Sase et al. 2002, Environmental Pollution. 
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Studies on PBL-Land Feedback at Yonsei University 

 

Jinkyu Hong1, Je-Woo Hong1, Junhong Lee1, Keunmin Lee1, Jeongwon Kim1, and 

Jooyeop Lee1 

1Ecosystem-Atmosphere Process Lab, Department of Atmospheric Sciences, Yonsei University, 

Seoul, Korea 

jhong@yonsei.ac.kr / http://eapl.yonsei.ac.kr 

Abstract. The atmosphere interacts with soil and vegetation continuously and they 

regulate each other. We have been studying interactions of PBL with soil, natural 

vegetation and urban canopy in East Asia. In this post presentation, we will briefly 

introduce our recent scientific achievements on roughness-climate feedback in the 

WRF model (Lee and Hong, 2016), topography-weather interaction (Lim et al., 2018; 

Song et al., 2018; Lee et al., 2015), urban climatein Seoul metropolitan area (Hong and 

Hong, 2016; Kent et al., 2018), air quality model evaluation during KORUS-AQ field 

campaign (Tang et al., 2018). Our findings can be applicable to air quality studies and 

we hope that we have collaborative opportunity with any of you in this workshop. 

 

Reference 

Hong, J.-W. and J. Hong (2016) Changes in the Seoul metropolitan area urban heat environment 

with residential redevelopment, Journal of Applied Meteorology and Climatology, 55, 

1091-1106. 

Kent, C., K. Lee, H. C. Ward, J.-W. Hong, J. Hong, D. Gatey, and S. Grimmond (2018) 

Aerodynamic roughness variation with vegetation: Analysis in a suburban neighbourhood and 

a city park, Urban Ecosystems, 21, 227-243. doi:10.1007/s11252-017-0710-1. 

Lee, J., H. Shin, S. Hong, P. Jimenez, J. Dudhia, and J. Hong (2015) Impacts of sub-grid-scale 

orography parameterization on simulated surface-layer wind and monsoonal precipitation in 

the high-resolution WRF model, Journal of Geophysical Research: Atmosphere, 120, 

644–653.doi: 10.1002/2014JD022747. 

Lee, J and J. Hong (2016) Implementation of spaceborne lidar-retrieved canopy height in the WRF 

model, Journal of Geophysical Research: Atmosphere,121, 6863-6876. 

doi:10.1002/2015JD024299. 

Lim, K., J. Lim, H. Shin, J. Hong, and Y. Ji (2018) Impacts of subgrid-scale orography 

parameterization on simulated atmospheric fields in the high-resolution atmospheric forecast 

model, Meteorology and Atmospheric Physics, 1-11. doi:10.1007/s00703-018-0615-4.  

P9 

mailto:jhong@yonsei.ac.kr


Song, I., U. Byun, J. Hong,and S. Park (2018) Domain-size and top-height dependence in regional 

predictions for East Asia in spring, Atmospheric Science Letters, 19, e799. 

doi:10.1002/asl.799.  

Tang, W., A. Arellano, J. DiGangi, Y. Choi, G. Diskin, A. Agustí-Panareda, M. Parrington, S. 

Massart, B. Gaubert, Y. Lee, D. Kim, J. Jung, J. Hong, J.-W. Hong, Y. Kanaya, M. Lee, R. 

Stauffer, A. Thompson, J. Flynn, and J. Woo (2018) Evaluating High-Resolution Forecasts of 

Atmospheric CO and CO2 from a Global Prediction System during KORUS-AQ Field 

Campaign, Atmospheric Chemistry and Physics, 18, 11007-11030. 

 

Acknowledgement: This research was supported by the National Research Foundation 

of Korea (NRF) funded by the Korea government (MSIT) (NRF-2018R1A5A1024958 

and PN18081). 

  



Deposition of long-range transported particulate matter 

on the needle surfaces of Japanese cypress 

(Chamaecyparisobtusa)grown in Nagasaki located in the western 

region of Japan 

 

Masahiro Yamaguchi1*, Sayaka Tsuji1, Kasumi Ogata1 and Naoto Murao2 

 
1 Faculty of Environmental Science, Nagasaki University, Nagasaki 852-8521, Japan, 2 Graduate 

School of Engineering, Hokkaido University, Hokkaido 060-8628, Japan, *e-mail: 

masah-ya@nagasaki-u.ac.jp 

 

1.  Introduction 

In the western region of Japan, the air pollution caused by the long-range 

transported particulate matter (PM) due to outflow from the Asian continent have 

been observed frequently during the winter and spring. Because the deposition 

velocity of fine PM such as PM2.5 is predicted to be relatively high over forest as 

compared with that over grass and water, it is possible that the long-range transported 

PM deposit onto the foliar surface of Japanese forest trees. To support this hypothesis, 

we periodically collected the PM and characterized metal element composition in the 

PM deposited on the needle surface of Japanese cypress (Chamaecyparisobtusa) 

grown in Nagasaki located in the western region of Japan. 

 

2.  Materials and methods 

From 24 April to 30 October 2017, one- and two-year old needles were 

periodically sampled from the three different parts of the canopy of three mature C. 

obtuse grown in the mountainous area of Nagasaki (32.91N, 129.74E, 559 m a.s.l). 

The harvested needles were washed with ultrapure water and  subsequently with 

chloroform to extract PM on the needle. The PM suspended in the chloroform was 

collected on quartz fiber (QR-100, Advantec) and PTFE membrane 

filters(OmniporeTM Membrane filters JVWP, Millipore).Metal element compositions 

and concentration ratios along with the ratios of Pb isotopes in the PM were analyzed 

using the ICP-MS (P-5000, Hitachi).The amount of metal elements was express as 

that on needle surface area measured by the area meter (LI-3000A, LI-COR). 

 

3. Results and discussion 

The total amount of metal elements (Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Ni, Cu, Zn, 

As and Pb) on the needle surfaces was high during the spring (Fig. 1a) when there 

was high atmospheric concentration of PM2.5 due to influence of outflow from Asian 

continent. The seasonal variations in the amounts of less-abundant metal elements (Al, 
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V, Ni, Cu, Zn, As and Pb) exhibited similar trends (Fig. 1b). The Pb amount varied 

with Zn amount at a constant ratio of 0.4 (Fig. 2a), which was close to the Pb/Zn ratio 

of PM in China (0.43)1). Most of the Pb isotope ratios in the PM were close to those 

observed in the Chinese coal (207Pb/206Pb: 0.850-0.876,208Pb/206Pb: 2.07-2.16)2)(Fig. 

2b). Therefore, Pb on the needle could have originated from the coal combustion in 

China. The enrichment factor (EF) of Pb ranged from 650 to 2270, and was 

significantly correlated with the 207Pb/206Pb ratios, suggesting that components having 

EFs of greater than 650 could have originated from anthropogenic source. The 

amount of Pb significantly correlated with that of Ni, Cu, Zn, and As, which showed 

EFs more than 650. These results indicate that the long-range transported PM, 

including Pb, Ni, Cu, Zn, and As, originated from the anthropogenic sources in China, 

and deposited on the needle of C. obtusa grown in Nagasaki. 

 

 

 

 

 

 

 

 

 

 

 

 

 
1) Okuda et al. (2013) Aerosol Air Qual. Res. 13, 436-449. 2) Hu et al. (2015) Cont. Shelf Res 111, 

218-278. 
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Abstract: Ground- level ozone (O3) affects plant carbon and water balancebutthe 

relative contributions of impaired photosynthesis and loss of stomatal control to 

O3-induced reductions in water use efficiency (WUE) remain unclear. We combined 

leaf stable isotopic signatures of carbon (δ13C) and oxygen (δ18O)with gas exchange 

data to determine the effects of O3 and leaf aging on light-saturated photosynthetic 

rate (Asat), stomatal conductance (gs) and WUE in four woody species (Platanus 

orientalis, Robinia pseudoacacia, hybrid poplar clones ‘546’, and poplar clones ‘107’) 

exposed to five O3 levels . In non-filtered compared to charcoal- filtered air, 

coordinated declines in both Asat and gs resulted in no significant effects of ambient 

O3 on WUE. At elevated O3, however, WUE decreased in all four species and this was 

a result of increased gs (and no change in Asat) in young leaves and of decreased Asat 

(and no change in gs) in mature leaves. These results show that the typically t ight 

coupling between leaf CO2 fixation and water loss was disturbed under elevated O3, 

where loss of stomatal control over transpiration is manifested either by increased gs 

at unchanged photosynthetic performance (young leaves) or maintained gs in spite of 

impaired photosynthesis (old leaves). Our study thus demonstrates that stomatal loss 

of control is a main reason for O3-induced declines in plant WUE, highlighting the 

need for incorporating this, hitherto unaccounted, effect into vegetation models.  

 

Key words: δ13C, δ18O, ozone, photosynthesis, stomatal conductance, water use 

efficiency, woody species. 
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Abstract: 

Eleven local cultivars of wheat (Triticumaestivum) were chosen to study the effect of 

ambient ozone (O3) concentration in the Indo-Gangetic Plains (IGP) of India at two 

high-ozone experimental sites by using 300 ppm of Ethylenediurea (EDU) as a 

chemical protectant against O3.The O3 level was more than double the critical 

threshold reported for wheat grain production (AOT40 8.66 ppm h). EDU responses 

were not only limited to biomass, stomatal conductance (gs), photosynthesis (A) or the 

biochemical parameters, lipid peroxidation (MDA), superoxide dismutase (SOD) and 

catalase (CAT) activities, content of oxidised (GSSG) and reduced glutathione (GSH), 

but also showed effect on the yield attributes and the grain yield indicating the 

severity of O3 induced productivity loss in this region.  

Based on the linear regression analysis of the yield in each treatment and the average 

yield of these cultivars at their growing sites, the cultivars could be addressed in four 

response groups: (a) generally well-adapted cultivars (above-average yield; (b) 

poorly-adapted (below-average yield);  (c) adapted to low-yield environment 

(below-average yield); and (d) sensitive cultivars (adapted to high-yield environment). 

EDU responses were dependent on the cultivar, the developmental phase (vegetative, 

flowering and harvest) and the experimental site. The response groups showed 

different set of correlations between the grain yield and biochemical or gas exchange 

parameters, indicating different adaptation strategies among wheat cultivars.  
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Abstract 

Effects of elevated O3 in different soil conditions on foliar elements 

stoichiometry were investigated in 3 deciduous broadleaved tree species with 

O3-FACE in northern Japan over two growing seasons. Essential elements (N, P., K, 

Mg, Ca, Mn, Fe, Ni) and Al were analyzed in leaf samples obtained from O3 and soils 

at 5 collection times for 2 successive years In this study, interrelations among the 

foliar elements within each species were investigated and  negative correlations 

between foliar N and the metal elements were observed in birch (Betula platyphylla  

var. japonica). From the differences of foliar contents as well as the resorption rate, 

beech (Fagus crenata)with determinate shoot growth pattern had rather a low capacity 

of foliar contents on O3 stress meanwhile oak (Quercus mongolicavar. crispula) was 

possibly susceptible to O3 on dynamics of immobile elements. Re-translocation rate of 

K, Fe and P had distinct impacts with soil nutrients. Principal component analysis 

revealed that Mn and K can become indices in assessing the O3 and soil effects in 

both short- and long-term monitoring of the growth of these tree species. We also 

examined decomposition of the foliar litter with a litter-bag method for accessing 

nutrient cycling as well as accessing ecological engineers (i.e. mainly collembolan 

sp.). Our findings are essential in further understanding to nutrient conservation 

mechanism in different edaphic conditions. 

 

Key words: Foliar nutrients, Stoichiometry, Free-air ozone enrichment, volcanic ash 

soil, Serpentine soil 
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Abstract 

Soil salinization area has been increased especially in a low precipitation region such 

as northeastern China. In the wide area of soil salinization in Northeast China, larch 

species (Larix) is employed for making forest plantation. On the other hand, the 

amount of nitrogen (N) deposition has been increasing. N loading may promote the 

growth of trees when soil N limits the growth. However, excess N loading can induce  

the negative effects on tree growth.As the impacts of N deposition have been 

concerned widely at China; we need to studied salinity and/or N loading effects on 

larch seedlings.  

In this study, we investigated photosynthetic responses of three larch species; 

hybrid larch F1 (L. gmelinii var. japonica x L. kaempferi) and its parent larch species 

(Dahurian larch: L. gmelinii var. japonica, Japanese larch; L. kaempferi). We set 3 

treatments of salinity [Control, Low salt, High salt] under 2 N loading levels [Control, 

N loading], totally 6 treatments with 4 replicates (n = 4). This experiment has been 

conducted at a greenhouse of Hokkaido University (43°3’N, 141°2’E).Seedlings were 

planted in 10L pots filled with kanuma pumice and akadama soil (1:1 by volume, 

almost no nutrient).We gave 500 ml water containing salt and/or N per pot every 20 

days. On July 7 N loading treatment was started [(NH4)2SO4, 0 or 50 kgN ha-1 yr-1], 

and one week later, salt loading treatment was started [NaHCO3:NaCl=9:1, Low 

salt:20 mM, High salt: 50 mM] until the late of September. 

Based on the current growth results, we observed the positive effect of salt loading 

on Dahurian larch and hybrid larch F1. As a tentative result, we will present the 

photosynthetic responses to salt and/or N loading such as stomatal conductance and 

seasonal value of chlorophyll fluorescence parameters. Focusing on the relationship 

between growth and physiological reactions, we discuss the differences in these 

photosynthetic responses among three larch species. 
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Abstract 

Tropospheric ozone (O3) pollution has the potential to limit the terrestrial plant 

growth. The concentration of O3 has doubled in the northern hemisphere since the 

first direct measurements in 1874, and currently exceeds over the levels known to 

cause physiological damage to plants. Mediterranean Europeis known as the area at 

highest O3 risk in Europe. Similarly to free-air CO2 enrichment, experiments by 

free-air enrichment of O3 can be considered as the best approach to provide a realistic 

estimate of tree responses under real-world conditions. Free-air O3 exposure facilities 

are technically challenging, but a last-generation experimental set-up is now available 

at the CNR campus in Sesto Fiorentino, Italy, and started operations in 2015. This is 

the first facility in the Mediterranean ecosystems. 

The ozone FACE facility (FO3X:Free-air Ozone Exposure, 

http://www.ipsp.cnr.it/prodotti/infrastrutture/fo3x/)  is located at Sesto Fiorentino, 

near Florence, central Italy (43° 48’ 59” N, 11° 12’ 01” E, 55 m a.s.l.). The climate is 

hot-summer Mediterranean climate according to the Köppen-Geiger classification, 

with mean temperature of 14.1 °C (Spring), 24.1 °C (Summer), 15.8 °C(Fall) and 

6.8 °C (Winter), usually no snow, and annual mean precipitation of 845mm, as 

recorded at the nearby meteorological station of Florence Peretola airport in the time 

period 1981–2010. The FO3X is a multidisciplinary study to assess the effects of 

increasing tropospheric ozone (O3) and other stress factors on vegetation under 

ambient conditions. Here we show a summary of the 2015-2016-2017 experiments. 

FO3X is available for new collaborative projects. 

 

Keywords: ozone, drought, water stress, risk assessment, oak, biomass 
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Abstract: Excessive atmospheric deposition of sulfur and nitrogen would cause 

negative effects on ecosystems, such as acidification and nutrient enrichment in soils 

and waters. Located in the transition region from the Sichuan Basin (SCB) to the 

Qinghai-Tibetan Plateau (QTP), the West China Rain Zone (WCRZ) has high 

deposition fluxes of sulfur and nitrogen according to previous regional and national 

atmospheric modeling studies. Meanwhile, foliar injuries and dieback of trees caused 

by acid rain in Mt. Emei, which is located in the WCRZ, have been reported in 1980s 

and 1990s. The acid rain problem and high deposition fluxes of sulfur (S) and 

nitrogen (N) are believed to be partially due to the high emissions of SO2, NOx, and 

NH3 in the SCB. However, in recent years, anthropogenic SO2 and NOx emissions 

have been greatly reduced in the SCB. In order to understand the effects of emission 

reductions on acid rain and S and N deposition fluxes in Mt. Emei, a one-year 

monitoring campaign has been carried out from July 2017 to June 2018, following the 

monitoring method of U.S. National Atmospheric Deposition Program (NADP). In 

total, 50 and 47 of wet and dry deposition samples were collected. 23 and 8 of wet 

deposition samples had pH lower than 5.60and 4.70, respectively. The annual 

Volume-Weighted Mean (VWM) pH was 5.03 in 2017-2018, higher than that 

measured in 2001-2002.Annual VWM concentrations of NO3
−, NH4

+, and SO4
2− in 

wet deposition were 17.6, 39.9, and 25.8 μeq L−1. Annual wet deposition fluxes of 

NO3
−, NH4

+,and SO4
2− (5.02, 11.39 and 8.41 kg S(N) ha−1, respectively) were higher 

than the dry deposition fluxes(3.23, 4.79 and 4.99 kg S(N) ha−1, respectively). From 

2010-2011 to 2017-2018, annual VWM SO4
2−and NO3

−concentrations reduced by 73% 

and 164%. Annual deposition fluxes of S and N are 13.40 and 24.43 kg S(N) ha−1, 

both much higher than the critical loads of 3.40 and 4.58 kg S(N) ha−1, respectively. 

Based on the results of Positive Matrix Factorization (PMF) analysis and the Hybrid 

Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model, anthropogenic 

emissions from some well-urbanized regions are the main source of S and N 

deposition in the Mt. Emei. This study suggests the effects of SO2 and NOx emission 

reductions on acid rain control; however, acid rain is still a severe problem and 

enhanced deposition of S and N may be harming Emei’s ecosystems. Therefore, 

long-term observations on air pollution and its effects on ecosystems should be made 

in Mt. Emei.  
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Abstract: Mt. Emei (29.50°N, 103.48°E, 493-3099 m above sea level) is located in 

the transitional region between the Sichuan Basin (SCB) and the Qinghai-Tibetan 

Plateau (QTP). It is a World Natural and Cultural Heritage site designated by the 

United Nations Educational, Scientific, and Cultural Organization (UNESCO) and is 

located in one of the World’s 34 biodiversity hotspots. It is important to protect the 

natural ecosystems for biodiversity conservation. However, acid rain caused foliar 

injuries and dieback of trees in the 1980s and 1990s based on literature and we still 

observed acid rain in Mt. Emei from July 2017 to June 2018. At the same time, ozone 

(O3) has been observed as an increasing problem in the cities near Mt. Emei and high 

O3 exposure are predicted for Mt. Emei using atmospheric models. Due to the 

aforementioned reasons, we observed hourly O3 concentrations using a portable O3 

monitor (model 205, 2B Technologies) from July 15, 2017 to October 31, 2017 and 

from March 1, 2018 to July 15, 2018. The results suggest remarkable diurnal and 

seasonal variations in O3 concentrations. In general, median MDA8 (i.e., 

maximum daily 8-hour average) O3 concentrations decreased from 60.9 ppb in spring 

to 43.3 ppb in fall, and 94% of high O3 episodes (MDA8 O3>70.0 ppb) were found in 

spring. Different from most urban areas, O3 concentrations were generally higher in 

the nighttime (20:00 p.m.-07:00 a.m.) than in the day time (07:00 a.m.-20:00 p.m.) in 

all the seven months. For example, in August 2017, average O3 concentrations were 

37.0 ppb and 28.4 ppb in the nighttime and daytime, respectively. Supported by the 

hourly meteorological data and the back-trajectories analysis using the Hybrid Single 

Particle Lagrangian Integrated Trajectory (HYSPLIT) model, the high O3 episodes 

occurred on April 18, 2018 are due to the O3-rich air from the QTP. In summer, the 

high O3 episodes only observed on June 6, 2018 and it was associated with O3-rich air 

from the urbanized SCB. To estimate the risk from O3 to vegetation, Sum60 was 

calculated and the value was (32.9 ppm-h) much higher thanthe critical load for 

natural ecosystem (8-12 ppm-h). In summary, we found that O3 might be threatening 

the health of plants in Mt. Emeiand there is a need to carry out long-term observations 

on O3 and its negative effects on plants in Mt. Emei. 
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The DO3SE model is the reference for O3 risk assessment in Europe as it is embedded 

in EMEP model, which is instrumental to the development of European air quality 

policies mainly through their support to LRTAP Convention. For risk assessment, 

ozone fluxmetrics as estimated by this model represent an advantage over 

exposure-based metrics, as the former approach considers the actual stomatal ozone 

uptake by the plant as well as the influences of meteorological, soil moisture and 

phenological factors on this uptake. However, important Mediterranean crops such as 

Mediterranean rice and olive trees have not been parameterized so far for this model. 

In order to parameterize DO3SE for both crops, different types of measurements were 

carried out in the field regularly throughout all the growing season o f the target plant 

receptor, including gas exchange (with a LICOR-6400)and leaf water potential (with a 

SKYE SKPM1400).The responses of stomatal conductance against temperature, 

Vapour Pressure Deficit, phenology and photo synthetically Active Radiations were 

studied by boundary line analysis, and different functions for these factors were 

derived. Finally, the performance of the modelled stomatal conductance estimates has 

been assessed by comparing them with measured values. 

 

Parameterization of a stomatal conductance model for rice and olive-tree is one of the 

objectives of GEISPAIN project (CGL2014-52838-C2-2-R, 2015-2018, MINECO, 

Spain), as a first step to compare modelled O3 fluxes with measured ones, using a fast 

O3 analyser (FOS, Sextant) in combination with the eddy covariance technique. In this 

project, the target Mediterranean ecosystems are: paddy rice, olive orchard, 

holm-oakdehesa and Mediterranean shrub. On the other hand, the recently funded 

ELEMENTAL project (2018-2020, MINECO) will continue GEIS pain objectives but, 

for the first time, O3 fluxes will be measured both over the tree canopy and below this 

canopy at the same time. The target ecosystems will be an Aleppo pine forest (with 

and without understory vegetation), an olive-tree orchard and adehesa ecosystem. All 

the measurements will be carried out at highly instrumented eddy covariance stations, 

some of them including e.g. sap-flows and lysimeters. Results of both projects are 

expected to be relevant for improving our knowledge on the models for ozone risk to 

vegetation under Mediterranean conditions.  
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Abstract: The West China Rain Zone (WCRZ) is located in the transitional region 

from the Sichuan Basin (SCB) (elevation: 250-750 m) to the Qinghai-Tibetan Plateau 

(QTP; average elevation >4000 m). It has a width of about 50-70 km from west to 

east, a length about 400-450 km from north to south, and an area about 2.5×104km2. 

Partially due to the great elevation changes, the WCRZ is one of the regions having 

the highest annual precipitation in China. The WCRZ is also rich in biodiversity and 

partially belongs to one of the world’s 34 biodiversity hotspots. Thus, it is important 

to preserve the ecosystems of WCRZ. Although the WRCZ is with low human 

activities, it is receiving high deposition fluxes of sulfur (S) and nitrogen (N) and high 

exposure to ozone (O3)based on atmospheric simulations using the source-oriented 

community multi-scale air quality (CMAQ) model for the years of 2013 (O3) and 

2015 (S and N deposition). About 90% of WCRZ’s area have annual S and N 

deposition fluxes in the ranges of 10-60 and 10-50 kg S(N) ha-1, respectively. 

Compared with critical loads (CLs) for the region derived from literature, over 

90%and 70% areas have annual S fluxes exceeding the CLs of 2.5-10 and 15-20 kg S 

ha-1, respectively. Over 90% areas have annual N fluxes larger than the CLs of 3.2-8.0 

kg N ha-1, and about 65% and 20% areas have the N fluxes higher than the CLs of 16 

and 32kg N ha-1, respectively. As for O3 exposure, most areas in the WCRZ have 

Sum06, W126, and AOT40f in the ranges of 20-80, 60-120, and 40-60 ppm-h in 2013, 

respectively. These O3 exposures are much higher than the corresponding CLs 

(Sum06 for natural ecosystems: 8-12 ppm-h; W124 for highly, moderately, and lowly 

sensitive species: 5.9, 23.8, and 66.6 ppm-h, respectively; AOT40f for forest trees: 10 

ppm-h). Based on our source apportionment results, trans-boundary transport of 

anthropogenic air pollutants are the major causes of the high exposures of O3 and S 

and N deposition. Energy and industries are the top contributors to annual S fluxes 

(15%-30% and 50%-80%, respectively) and annual NOx fluxes (15%-40% and 
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40%-70%, respectively). Agriculture dominates the annual NHx deposition (>90%). In 

August of 2013, Sum60* and W126* in the WCRZ have similar source contributions. 

About 40% and 13% of Sum06*are due to background O3and biogenic emissions, 

respectively; and the rest 47%is due to anthropogenic emissions (transport: 15%; 

industries: 20%; power plants: 5%; others: 7%).Given the importance of the WCRZ in 

biodiversity conservation and the high exposures to air pollutants, future field 

observations are needed to investigate the impacts from air pollution on ecosystems 

for the entire WCRZ. 

 

Keywords: source apportionment of air pollutants; Sichuan Basin; biodiversity; 

critical loads; Qinghai-Tibetan Plateau 

  



Valuation of the co-benefits between air pollution and 

greenhouse gas mitigation: a policy perspective 

 

Author: Pu Wang, Institute of Science and Development, Chinese Academy of 

Sciences 

 

Abstract:  

Air pollution reduction has become a policy priority in China due to its significant 

impacts on human health. Meanwhile, China has made commitments in the Paris 

Climate Conference to peak its greenhouse gas emissions by 2030. Since most air 

pollutants and greenhouse gases originate from fossil fuel combustion, co-benefits can 

be achieved from policies that aim to curb the use of fossil fuels. In this study, we 

apply methods in air pollutants transport modelling and health economics to evaluate 

the co-benefits between air pollution and climate policies, particularly in policies 

aiming at coal- fired power plants, and analyze the distribution of co-benefits in 

population and regions. Our study can help optimize the coordination of the two types 

of policies in order to achieve the maximal co-benefits. 
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Abstract: 

With the acceleration of industrialization and urbanization and the intensification of 

agriculture, surface ozone (O3) concentrations and atmospheric nitrogen (N) 

deposition fluxes have been increasing, which is a common environmental issue in 

most regions of China, further affecting the service functions of farmland and forest 

ecosystems surrounding the city. To clarify the ecological processes in response to 

elevated O3 and N addition, an O3-N-FACE system for Poplar Plantation Ecosystem 

was built at suburb of Beijing, China, in 2017. There are two O3 treatments (ambient 

air (AA), elevated O3 with 50% elevation of AA (E-O3), two N deposition (N0, and 

60 kg N/ha/y (N60)) in two Poplar clones. The size of each plot is 16m×16m, 

surrounded in 30m×30m, and 8 plots in total with four replicates in each O3 and N 

treatment for each poplar clone. The objectives are: 1) to reveal the combined effects 

of enhanced N deposition and O3 concentration on the key processes of carbon(C)-N 

coupling in forest ecosystems at soil, leaf, plant individual and stand scales; 2) to 

analyze the biological mechanism of the C-N coupling cycle and its complex response 

to enhanced N deposition and O3 concentration; 3) to reveal the combined effect of N 

deposition and O3 concentration on the key microbial functional groups of soil C-N 

conversion from aspects of the soil microbial community structure, functional 

succession and functional genes.  
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Abstract: Plant phytochemicals are the main mediators of plant- insect interactions. 

Their responses to environmental changes would influence the growth of plants and 

insect herbivores, which may eventually affect forest ecosystem function. Currently, 

elevated tropospheric O3 concentration and nitrogen (N) deposition derived from 

human activities have become a severer environmental issue in China, yet few studies 

have reported the combined impacts of increased tropospheric O3 concentration and N 

deposition on plant- insect interactions. The objective of this study is to reveal the 

potential effects of elevated tropospheric O3 concentration and N deposition on the 

interaction of poplar and insect herbivores from a phytochemical perspective by 

studying the responses of poplar foliage quality and the performance of insect 

herbivores to increased tropospheric O3 concentration and N deposition. Here, we 

planned to simulate increased tropospheric O3 concentration and N deposition in the 

open top chambers and O3 concentration enrichment system, and investigate the 

nutrients (nitrogen, sugar, starch) and key defense chemicals (condensed tannins and 

phenolic glycosides) of poplar foliage on potted and field-grown saplings, as well as 

the food consumption of insect herbivores in both individual and community levels. 

The results of this work may contribute to predicting the carbon sink strength of forest 

ecosystem in future climate change scenario. 

 

Key words: tropospheric O3, nitrogen deposition, poplar, insect herbivores, defense 

chemicals 
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Abstract: Rising tropospheric O3 concentrations, frequency and intensity of drought, 

and excess reactive nitrogen emissions (Nr) have become universal environmental 

problems since the Industrial Revolution. Due to a significant interaction between 

biogenic volatile organic compounds (BVOCs) and global climate change, improving 

understanding of regional isoprene emissions under the present and future shifting 

environmental conditions is imperative. Thus, we investigated the combined effects of 

elevated O3, moderated drought and nitrogen deposition on standardized leaf level 

(ISOleaf) and plant level isoprene emission (ISOplant) from poplar. At leaf level, 

ISOleaf depended on O3, drought, N additions, leaf position and fumigation time, 

showing consistently with observed changes in Asat (light-saturated rate of CO2 

assimilation) and Chl(chlorophyll content). Increasing O3 exposure significantly 

decreased ISOleaf, as well as Asat and Chl, while moderate drought and N load 

increased ISOleaf as well as Asat and Chl. When the responses were up-scaled to the 

entire-plant level, the effect of O3and fumigation time on ISOplant and plant level 

Asat(Pnplant) were consistent with leaf level results, however, no significant effects of 

drought and N50 treatment (50 kg Nha-1a-1) were found when all three sampling times 

were pooled together. The reduction of O3 on ISOplant was alleviated by MD, a 

significant O3 × drought interaction was observed, while N50 did not mitigate the 

negative effects of O3 on isoprene emission, i.e. the combined effects were additive 

and did not interact. These results suggest that future policies of pollution abatement, 

O3 control, irrigation management and production of NOx and utilization of 

nitrogenous fertilizer may dramatically affect leaf or plant level isoprene emissions. 

 

Key words: Isoprene emission, Tropospheric O3, Drought, Nitrogen deposition, 

Poplar 
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Biogenic volatile organic compound analyses by 

PTR-TOF-MS: Calibration, humidity effect and reduced 

electric field dependency 

 

Xiaobing Pang   

 

Green leaf volatiles (GLVs) emitted by plants after stress or damage induction are a 

major part of biogenic volatile organic compounds (BVOCs). Proton transfer reaction 

time-of- flight mass spectrometry (PTR-TOF-MS) is a high-resolution and sensitive 

technique for in situ GLV analyses, while its performance is dramatically influenced 

by humidity, electric field,etc. In this study the influence of gas humidity and the 

effect of reduced field(E/N) were examined in addition to measuring calibration 

curves for the GLVs. Calibration curves measured for seven of the GLVs in dry air 

were linear, with sensitivities ranging from 5 to10 ncps/ppbv(normalized counts per 

second/parts per billion by volume). The sensitivities for most GLV analyses were 

found to increase by between 20% and 35% when the humidity of the sample gas was 

raised from 0% to 70% relative humidity (RH) at 21°C, with the exception 

of(E)-2-hexenol. Product ion branching ratios were also affected by humidity, with the 

relative abundance of the protonated molecular ions and higher mass fragment ions 

increasing with humidity. The effect of reduced field (E/N) on the fragmentation of 

GLVs was examined in the drift tube of the PTR-TOF-MS. The structurally similar 

GLVs are acutely susceptible to fragmentation following ionization and the 

fragmentation patterns are highly dependent on E/N. Overall the measured 

fragmentation patterns contain sufficient information to permit at least partial 

separation and identification of the isomeric GLVs by looking at differences in their 

fragmentation patterns at high and low E/N. 
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Abstract 

Finite mesophyll conductance (gm) reduces the rate of CO2 diffusion from the 

leaf intercellular space to the chloroplast and constitutes a major limitation of 

photosynthesis in trees. While it is well established that gm is decreased by stressors 

such as drought and high temperature, few studies have investigated if the phytotoxic 

air pollutant ozone (O3) affects gm. We quantified the relative importance of three 

different types of limitations of photosynthesis in poplar trees exposed to elevated O3: 

decreases in stomatal conductance, gm and biochemical photosynthetic capacity. The 

O3-induced reductions in light-saturated net photosynthesis were linked to significant 

declines in gm and biochemical photosynthetic capacity (in particular carboxylation). 

There was no significant effect of O3 on stomatal conductance. Of the O3-induced 

limitations on photosynthesis, gm limitation was by far the most important (–16%) 

while biochemical limitation (–8%) was rather small. Both limitations grew in 

magnitude over the study period and varied in response to leaf-specific O3exposure. 

Our findings suggest that declines in gm may play a key role in limiting 

photosynthesis of plants exposed to elevated O3, an effect hitherto overlooked. 
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