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Abstract 

 

Effect of sulphur deposition on terrestrial ecosystems is still one of the important issues to be 

investigated in East Asia. Based on a scientific community of Acid Deposition Monitoring Network in East Asia 

(EANET), dynamics of sulphur derived from atmospheric deposition are investigated in forest catchments in 

Niigata, Japan, Nakhon Ratchasima, Thailand, and Sabah and Sarawak, Malaysia. To clarify sulphur dynamics 

in the forest ecosystems, analysis of sulphur isotopic ratio is applied for rainwater, soil water and stream water 

in addition to measurement of the fluxes. The data obtained in the project will be informative for discussion on 

possible impacts of sulphur deposition on the forests. Since nitrogen deposition is also quite large in the region, 

its relation to acidification/eutrophication should also be discussed. 
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1. Introduction 

 

Atmospheric deposition of sulphur compounds may gradually decrease according to the recent 

emission inventories in East Asia (e.g. Lu et al., 2010). However, the sulphur deposition level is still high and 

cumulative load of sulphur is quite large in the EANET region. Since sulphur deposited on ecosystems may be 

retained in soil and/or cycled in the soil-plant system, manifestation of its effect may be delayed (e.g. Mitchell 

and Likens 2011; Kobayashi et al., 2012). Moreover, several rivers/lakes for monitoring on inland aquatic 

environment in the East Asian countries showed pH-declining trend with SO4
2−-increasing trend (EANET, 
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2011). Effect of sulphur deposition on terrestrial ecosystems is one of the important issues to be investigated in 

East Asia.  

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 sulphur 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, sulphur dynamics in the 

forest ecosystems are investigated. The surveys have been started in the existing three catchments above and 

also in a new site, Bintulu Rehabilitated Forest in Sarawak, Malaysia. In order to determine sulphur dynamics in 

the forest ecosystems, analysis of sulphur isotopic ratio is applied for rainwater, soil water and stream water in 

addition to measurement of the fluxes. The data obtained in the project will explain the possible impacts of 

sulphur deposition on the forests. Since nitrogen deposition is also quite high in the region, its relation to 

acidification/eutrophication should also be discussed. In this report, we will introduce recent progress on the 

catchment projects in Japan, Thailand and Malaysia, especially on the APN Project.    

 

2. Methods 

 

2.1. Site description 

The study sites were established in four forest catchments in Japan, Thailand and Malaysia, as shown 

in Table 1. Fluxes of ions including SO4
2− had been studied by previous projects since 2002, 2005 and 2008 in 

Kajikawa, Sakaerat and Danum Valley sites, respectively. However, the surveys in these sites were mostly 

finished in 2010/2011. In 2012, the study sites were reactivated for the APN project and the rehabilitated forest 

in Bintulu was added as a new site for the APN project.  

Table 1. Study forest catchments in Japan, Thailand and Malaysia. 

Site Kajikawa 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 

2.2. Project outline 

Field surveys and data analysis are conducted in the selected forests to address the following issues:  

i) Flux determination of sulphur and nitrogen.  

ii) Analysis of sulphur isotope ratio of rainwater and stream water.  

iii) Speciation of sulphur compounds in soil layer. 

iv) Trial application of biogeochemical simulation model.  



 

 

The data obtained from the topics i) to iii) will be utilized for a trial application of a biogeochemical 

simulation model. The outcomes from the project will be informative for evaluating possible impacts of sulphur 

deposition on the forests. Since nitrogen deposition is also quite high in the region, its relation to 

acidification/eutrophication would also be determined.    

As for i) flux determination of sulphur and nitrogen, the fluxes by rainfall outside forest canopy (RF), 

throughfall (TF), soil solution (SS) and stream water (SW) have been measured by previous projects in 

Kajikawa, Sakaerat and Danum Valley sites. The existing data are utilized to summarize the fluxes in these sites, 

while RF, TF and SW are still measured in Kajikawa and Sakaerat sites. The data obtained from the resin 

samplers (Figure 1) for sulphur isotope analysis will also be used for this purpose. In the case of Bintulu site, the 

fluxes from SW may not be able to be estimated, since the stream is flowed not continuously but just seasonally.  

   

Figure 1. Resin samplers for sulphur isotope analysis.  

As for ii) sulphur isotope analysis, we applied “resin sampling” in this project. In the case of 

rainwater, the resin column, in which an ion-exchange resin was packed, was installed with a plastic funnel to 

collect RF and TF below the canopy (Figure 1). The ion-exchange resin in the column can trap SO4
2− in 

rainwater. The resin sampling is also applied for collection of SS and SW, for which plastic rings and mesh bags 

were used for packing the ion-exchange resin, respectively. The resin ring samplers for SS were installed in 

different depths in soil to collect SO4
2− in water vertically flowed down from each depth. The resin samplers for 

rainwater and SS were installed in the fields for several months to obtain enough amounts of SO4
2− for isotope 

analysis. The resin bags for SW were placed in the streams for several hours. In the case of Kajikawa site, water 

samples are also used for sulphur isotope analysis.  



 

 

2.3. Sulphur isotope analysis 

The SO4
2− extracted from the resin samplers or in water samples are precipitated as BaSO4 by using 

BaCl2. The sulphur isotope ratio in the powdered BaSO4 is analyzed by using the Elemental Analyzer (EA) - 

Mass Spectrometer (MS). Isotope ratio of sulphur compounds (34S/32S) may be changed by biological process 

(isotope fractionation). Sulphur isotope ratio of rainwater and SW is measured to discriminate origin of sulphur 

(atmospheric or biological origin) and to discuss retention time of sulphur in the ecosystems. Sulphur isotope 

ratio is expressed as: 

δ34S (‰) = {(34S/32S)sample/(
34S/32S)CDT − 1} × 1000 

where, (34S/32S)sample and (
34S/32S)CDT were isotopic ratios of sample and Canyon Diablo troilite (standard 

substance), respectively. 

 

3. Progress of the project 

 

3.1. Flux determination of sulphur and nitrogen  

Data analysis of the existing data is conducted, in particular for Kajikawa, Sakaerat and Danum 

Valley sites. In these sites, we have already accumulated the data on ion fluxes for 10, 6 and 4 years, 

respectively. Several research papers based on the previous surveys have been published in international 

journals. Figure 2 shows seasonal variation of SO4
2− fluxes from RF and TF+SF in Kajikawa site and Sakaerat 

site based on the accumulated data (Sase et al., 2012). Clear seasonality can be seen in both sites. In Kajikawa 

site, the fluxes increased in winter due to seasonal west winds, which might be affected by a long-range 

transport from the Asian Continent. In Sakaerat site, the fluxes increased in the beginning and middle of wet 

season, which reflected the precipitation pattern. The high peaks in the beginning of wet season may also be 

affected by biomass burning during dry season. The monsoon characterizes the climatic regime in the East 

Asian region and this play a role in the deposition patterns in the region.   

  



 

 

 

 
Figure 2. Seasonal variation of SO4

2− fluxes from rainfall outside the canopy and the sum of 

throughfall and stemflow in (a) a Japanese cedar forest in Kajikawa, Japan, and (b) a 

dry evergreen forest in Sakaerat, Thailand. RF, rainfall outside the canopy; TF, 

throughfall; SF, stemflow. (Modified after Sase et al., 2012).  

3.2. Analysis of sulphur isotope ratio of rainwater and stream water  

Preliminary surveys for sulphur isotope analysis of rainwater and SW were started in Kajiakwa site in 

August 2012. Rainwater from RF and TF and SW were collected and their sulphur isotope ratio was measured 

by EA-MS. The resin samplers were also applied in Kajikawa site and comparability of the data to that from 

water samples was confirmed. Measurement of sulphur isotope ratio in SS was also attempted. 

 The resin samplers for RF, TF, SS and SW were installed in Sakaerat site in October 2012, while the 

samplers for RF, TF and SS were installed in Danum Valley and Bintulu sites in December 2012. The resin 

samplers for RF, TF and SS will be exchanged after several months. In Sakaerat site, the resin bag sampler will 

be exchanged periodically once or twice a month. In Danum Valley site and Bintulu site, water samples will 

basically be used for isotope analysis, while the resin sampling is also tried occasionally. The collection 

methods applied in each site for sulphur isotope analysis are shown in Table 2. 

    Table 2. Collection methods applied for sulphur isotope analysis 

Media Kajikawa Sakaerat Danum Valley Bintulu 

Rainfall W/(R) W/R R R 

Throughfall W R R R 

Soil solution W/R R R R 

Stream W/(R) W/R W/R W/R 

Note. W, water sample is used for sulphur isotope analysis; R, resin 

sampler is used for sulphur isotope analysis. 

The first results on the sulphur isotope ratio in Kajikawa site were shown in Figure 3. The δ34S of RF 

was similar to those previously reported in Niigata Prefecture (Ohizumi et al., 2001). In Niigata Prefecture, it is 

well known that SO4
2− is transported by seasonal northwest winds in winter, as shown in Figure 2. Changes in 

the isotope ratio should carefully be watched from autumn to winter. The isotope ratio of RF was clearly lower 

than those in soil and stream. This may suggest biological fractionation of sulphur isotope in the ecosystems. 

Geochemical processes in soil, such as absorption and desorption of SO4
2−, may not change the isotope ratio.  

a) b)



 

 

Biological processes, such as decomposition of litter and sulphate reduction by microorganisms, may increase 

the isotope ratio in SS and SW.  

  

The method for pretreatment of BaSO4 for the isotope analysis is also informed to the project 

members in Thailand and Malaysia. It was discussed that pretreatment of BaSO4 would be carried out in each 

country, although the analysis by EA-MS will be carried out in Japan. It is expected that the information and 

knowledge of the sulphur isotope study will be shared among the members. 

3.3. Speciation of sulphur 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 is also planned in Kajikawa, Sakaerat and Danum 

Valley in 2013. It was decided that extractable sulphate by phosphate solution would be analyzed, since this 

portion mainly consists of water-soluble and adsorbed sulphate, which is recognized as plant available. Soil 

analysis will be conducted in UPMKB or ACAP. 

3.4. Collaboration and cooperation with EANET and relevant agencies in each countries 

Since the project is conducted based on the EANET community, the project leader attended a meeting 

with representatives of the EANET relevant agencies in Malaysia, including MMD, Ministry of Natural 

Resources and Environment (NRE), Department of Environment (DOE), Department of Chemistry (DOC), 

Universiti Teknologi Mara (UiTM) and UPM (Figure 3) and introduced the outcomes of the previous project in 

Danum Valley and the plan of the new APN project. It was agreed that a project workshop would be held in 

June 24, 2012 in Selangor, Malaysia to share outcomes/progress of the project with relevant agencies. 

 

Figure 3. Sulphur isotope ratio (δ34S) of 

rainfall outside forest canopy (RF), soil 

solution collected at 20 cm depth (S20), soil 

solution collected at 60 cm depth, stream 

water collected at upstream point (US), and 

stream water collected at the outlet of the 

catchment (SW). Error bar shows standard 

deviation of triplicate analyses. Samples 

were collected in August 2012. 



 

 

 

Figure 4. Meeting with EANET relevant agencies in Petaling Jaya, Malaysia in December 2012. 

 The project outline is introduced in the meeting of Task Force on Research Coordination of EANET 

and the 12th Session of Scientific Advisory Committee (SAC12) in November 2012.  
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