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1. Background 
Atmospheric deposition of sulfur (S) compounds may gradually decrease according to the recent 
emission inventories in East Asia (e.g. Lu et al. 2010). However, the S deposition level is still high 
and cumulative load of S is quite large in the EANET region. Since S deposited on ecosystems may 
be retained in soil and/or cycled in the soil-plant system, manifestation of its effect may be delayed. 
In fact, in US and Europe, it was reported that S accumulated in the past has been leaching to 
streams in forest area recently (e.g. Mitchell and Likens 2011). Moreover, several rivers/lakes for 
monitoring on inland aquatic environment in the EANET countries showed pH-declining trend with 
SO4

2−-increasing trend (EANET 2011). Effect of S deposition on terrestrial ecosystems is still one of 
the important issues to be investigated in the EANET region. 
 
2. Project outline 
Scientists from the Network Center (NC) and the EANET countries have been promoting the 
catchment-scale analysis in different types of forests, namely in Kajikawa site, Niigata, Japan, in 
Sakaerat site, Nakhon Ratchasima, Thailand and in Danum Valley site, Sabah, Malaysia. Taking 
account of the background above, the research team made efforts to obtain a new grant to study S 
dynamics in the forest catchments. Finally, the team has successfully obtained the research grant 
from the international research fund, Asia Pacific Network on Global Change Research (APN). 
Based on the existing catchment project, S dynamics in the forest ecosystems will be investigated.  
 
2.1. Project title  
“Dynamics of sulphur derived from atmospheric deposition and its possible impacts on the East 
Asian forests (ARCP2012-18NMY-Sase)” 
 
Continuation of the project for the next fiscal year (2013/2014) was approved at the 18th 
Intergovernmental Meeting of APN in April 2013. 
 
2.2. Objectives 
 To clarify sulphur dynamics (flux, retention time, speciation of accumulated sulphur 

compounds, etc.) in ecosystems of the East Asian forests 
 To discuss combined effects of sulphur and nitrogen on acidification and eutrophication of the 

East Asian forests 
 

2.3. Study sites 
The surveys are conducted in the forest catchments in Table 1. 
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Table 1. Study forest catchments in Japan, Thailand and Malaysia 
Site Kjikawa Sakaerat Danum Valley Bintulu 
Country Niigata, Japan Nakhon Ratchasima, 

Thailand 
Sabah, Malaysia Sarawak, 

Malaysia 
Forest type Japanese cedar Dry evergreen forest 

(DEF) 
Tropical 
rainforest 

Rehabilitated 
Forest 

Start year 2002 2005 2008 2012 
 
 
3. Progress of the project 
1) Flux determination of S and nitrogen 
Annual and seasonal fluxes of S and nitrogen from atmosphere, soil layers and stream water are 
determined in forest catchments. Data analysis of the existing data is conducted, in particular for 
Kajikawa, Sakaerat and Danum Valley sites. In these sites, the data on ion fluxes have been 
accumulated for 10, 6 and 4 years, respectively. Part of the data in Kajikawa and Sakaerat sites has 
already been published as scientific papers in international journals. The paper on Danum Valley is 
under review for publication in an international journal. 
   
2) Analysis of S isotopic ratio of rainwater and stream water 
The S isotopic ratio (δ34S, ‰) of rainwater and stream water is measured to discriminate origin of S 
(atmospheric, biological or geological origin) and to discuss retention time of S in the ecosystems.  
 
According to the data from August 2012 to February 2013 in Kajikawa site, the δ34S of the 
rainwaters from RF, TF and SF increased from summer to winter substantially, from approx. 4 ‰ to 
12 ‰, peaked in December and then slightly decreased. The δ34S of soil solutions and stream waters 
was stable through the period, approx. 9 ‰. This may suggest that S deposited onto forest floor was 
not directly flowed into the stream. The deposited S may be once retained/cycled in the ecosystems 
and then released to soil solutions and stream waters with the certain value of the isotopic ratio. 
Further discussion is necessary after accumulation of one-year data. 
 
Although the S isotopic data is still limited in Thailand and Malaysia, the δ34S values of stream 
water in the study sites were compared in Table 2. The value in Danum Valley was significantly 
lower than that in other sites. It was suggested that geological sources had large contribution the δ34S 
values of stream water in Danum Valley, since the value of SO4

2− might increase by biological 
fractionation in general. Further accumulation of the data is necessary for detailed discussion. 
 
Table 2. The δ34S values of stream water in the study sites 
Site Kajikawa Sakaerat Danum Valley Bintulu 
δ34S, ‰ 9.2 6.8 1.5 9.3 
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The value in Kajikawa site is the arithmetic mean during the 
period from August 2012 to February 2013; the values in Sakaerat, 
Danum Valley and Bintulu sites were the samples collected in 
October, December and December 2012, respectively. 

In the sites in Thailand and Malaysia, “resin sampling” is applied for the S isotopic analysis. The 
samplers, in which ion exchange resin was packed, were installed to collect SO4

2− in rainwater and 
soil solution (partly in stream water). The samplers exposed in the fields are collected after several 
months. The data by resin sampling will be available soon.    
 
3) Speciation of S compounds in soil layer 
Soil samples in Bintulu were collected in cooperation with collaborators of UPM Bintulu Campus 
(UPMKB) in December 2012. Collection of soil samples was also finished in Kajikawa, Sakaerat 
and Danum Valley in June/July 2013. It was decided that extractable SO4

2− by phosphate solution 
would be analyzed, since this portion mainly consists of water-soluble and adsorbed sulfate, which 
is recognized as plant available. Soil analysis is conducted in UPMKB or ACAP. 
 
4) Trial application of biogeochemical simulation model  
Part of the previous data in Sakaerat site has already been applied in the biogeochemical model, 
which was developed by Prof. Junko Shindo. With accumulation of the data in this project, 
improvement of the model could be discussed.  
 
5) Project seminar in Malaysia 
As one of the major planned activities for the project, “APN Workshop on Sulphur Dynamics in East 
Asian Forests” was held on 24 and 25 June 2013 in Selangor, Malaysia, to share outcomes/progress 
of the project with relevant agencies in Malaysia (Fig. 1). The workshop was organized by ACAP in 
cooperation with UPM. The workshop was attended by approx. 40 scientists/experts, namely the 
project members, researchers on relevant study fields, and experts from the EANET relevant 
organizations, including Malaysian Meteorological Department (MMD), Department of Chemistry 
(DOC), and Universiti Putra Malaysia (UPM).  

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 APN Workshop on Sulphur Dynamics in East Asian Forests on 24-25 June 2013. 
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The project will be continued until July 2014. The APN Workshop will be held in Thailand in 2014. 
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