
EANET/SAC 16/14/2 

Page 1 

The Sixteenth Session of the Scientific Advisory Committee 

on the Acid Deposition Monitoring Network in East Asia 

24-26 October 2016, Pathumthani, Thailand  

 

 

Progress of the Joint Research Project on Sulfur Dynamics in Forest Ecosystems in 

Thailand, Malaysia and Japan 

 

Network Center for EANET 

 

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. 

Leaching of S and its budget are still one of scientific issues in US and Europe (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.  

 

 
 

Consequently, the research project entitled “Dynamics of sulphur derived from atmospheric 

deposition and its possible impacts on the East Asian forests (ARCP2012-18NMY-Sase; 

ARCP2013-CMY-Sase)” was conducted for the period from August 2012 to July 2015. Scientists 

from the Network Center for the EANET (NC) and the participating countries jointly investigated S 

dynamics in four forest catchments in Japan, Thailand and Malaysia (Fig. 1). The joint catchment 

project largely contributed to scientific subjects in line with the “Strategy Paper for Future Direction 

Fig. 1. Study sites    
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of EANET on Monitoring of Effects on Agricultural Crops, Forest and Inland Water by Acidifying 

Species and Related Chemical Substances”, which was adopted by the Scientific Advisory 

Committee (SAC) of the EANET at its 14th Session in 2014.  

 

The research grant was finished in July 2015, and then new external research grants for the joint 

catchment project have not been obtained, yet. Currently, the data analysis and 

preparation/submission of the scientific papers are implemented based on the data accumulated 

during the project. In this progress report, some important findings from the data analysis are 

introduced. 

 

 

2. Possible recovery from acidification with reduction of the atmospheric input 

 

The NC has been investigating fluxes of ion constituents by atmospheric deposition and stream 

water since 2002 in the small forest catchment, Kajikawa site, Niigata Prefecture, Japan. Based on 

the accumulated data, recovery of the stream water from acidification has been suggested recently, 

as already reported in the 15th Session of SAC.  

 

Deposition amounts of non-sea salt (nss) S by throughfall and stemflow (TF+SF) peaked in 2006 

and declined thereafter in Kajikawa site, Niigata Prefecture, Japan (Fig. 2). This is very similar to 

the SO2 emission trends in the region (Lu et al. 2011). In the case of the total S deposition including 

sea salt S, the deposition amounts have been declining clearer since 2004, and the significant 

declining trend was detected for the observation period (p = 0.0020 by seasonal Mann Kendall test 

for the monthly data). Thus, the S deposition amounts have been declining in Kajikawa site for the 

observation period, and this may reflect the SO2 emission trends partly. The deposition amounts of 

H+ by TF+SF have been declined since 2006, although part of H+ appeared to be neutralized in the 

forest canopy.   

 

 

Accordingly, SO4
2− concentrations in the stream water showed the significant declining trend (Fig. 3, 

p < 0.0001 by Mann Kendall test). In particular after 2006, the concentrations dropped steeply, 

Fig. 2. Deposition amounts of non-sea 

salt (nss) sulfur by rainfall (RF) and 

throughfall and stemflow (TF+SF) in 

Kajikawa site, Niigata Japan.    

 



EANET/SAC 16/14/2 
 Page 3 

 

which appeared to reflect the deposition amounts. In fact, the annual weighted-mean concentrations 

of SO4
2− showed the significant positive correlation to the annual deposition amounts (Spearman’s 

rho = 0.796, p = 0.0019). The SO4
2− concentrations in the stream water seemed to reflect the annual 

deposition sensitively. Simultaneously, alkalinity showed the significant increasing trend for the 

observation period (p < 0.0001), and moreover the pH showed the significant increasing trend after 

2006 (p = 0.0015). It was suggested that the stream water in Kajikawa site has been recovering from 

acidification with reduction of the atmospheric S input.  

 

  

 

Seasonal changes in the S isotopic ratio (δ34S) of the rainwater, stream water and soil solution in 

Kajikawa site are shown in Fig. 4. The δ34S of rainwater showed a distinct seasonality, low in 

summer and high in winter, which suggested a seasonal variation of S emission sources in a year. In 

winter, the area experienced seasonal winds from northwest. Therefore, effects of sea salt (δ34S, 

20.3‰) and long-range transport from the Asian Continent may cause the higher δ34S values in 

winter, as suggested by Ohizumi et al. (2016). On the other hand, the δ34S of soil solutions and the 

stream water was very stable through the period. It was suggested that S deposited from atmosphere 

was not directly flowed into the stream but once retained in the ecosystems and then released 

gradually with the stable isotopic ratio.    

 

 

 

The SO4
2− concentrations in the stream water were sensitively reflected to the atmospheric inputs, 

showing the significant correlation with the SO4
2− deposition amounts. However, the SO4

2− in the 

Fig. 4. Seasonal changes in sulfur isotopic 

ratio (δ34S) of SO4
2− in rainwater, stream 

water and soil solution in Kajikawa site, 

Niigata Japan for the period from August 

2012 to December 2014.    

 

Fig. 3. SO4
2− concentrations of the stream 

water in Kajikawa site, Niigata Japan.    
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stream was not directly come from the atmospheric input, as suggested by Fig. 4. This suggests that 

the decline of SO4
2− concentrations in the stream water reflect not just decline of the input but 

changes in the retention-release cycle in the ecosystems due to decline of the input.  

 

 

Fig. 5. Variation in SO4
2− concentrations in Japanese lakes (MOEJ 2015). The ministry of the 

Environment of Japan (MOEJ) has been monitoring nine lakes in Japan. Seven lakes of them 

showed the significant declining trends from 2006/2007/2008 by seasonal Mann Kendall test. 

OHT, Lake Ohata-ike; YSG, Lake Yashaga-ike; BRY, Lake Banryu; IJR, Lake Ijira; IMG, 

Lake Imagami-oike; FTG-M, Futago-ike Meike; FTG-O, Futago-ike Oike. Red line in YSG, 

FTG-M, and FTG-O showed the year 2000, in which the Miyakejima eruption occurred. Blue 

and yellow lines in BRY and IJR showed the years 1993 and 1994, in which climatic anomalies, 

namely cold summer and drought summer were observed.  

 

Peak SO4
2− concentrations have been observed in Japanese lakes in the mid/late 2000s (Fig. 5). Then, 

the SO4
2− concentrations in five lakes, namely YSG, BRY, IJR, IMG, and FTG-O, have been 

declining since 2007, while those in FTG-O and OHT have been declining since 2006 and 2008, 

respectively. Three lakes, namely, YSG, FTG-M, and FTG-O, which are located in high mountains, 

showed another peaks after 2000, in which Miyakejima eruption occurred. Moreover, two long-term 

monitored lakes, namely BRY and IJR, showed the peaks in the mid-1990s, just after climatic 

anomalies like cold summer and drought summer in 1993 and 1994, respectively. Nakahara et al. 

(2010) suggested that the climatic anomalies accelerated mineralization of organic matters, resulting 

in high SO4
2− concentrations in a river flowing into IJR. It was suggested that SO4

2− concentrations 

in the Japanese lakes responded sensitively to changes in the atmospheric inputs and climatic 
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anomalies. However, for the same periods, in which SO4
2− concentrations in the respective lakes, the 

lake water pH increased in two lakes only, namely IMG and YSG, while alkalinity increased in 

FTG-O only. Moreover, alkalinity in IJR declined in the period. It seemed that decline of SO4
2− 

concentrations was not directly related to recovery from acidification in these lakes.       

 

 

3. Recovery, progress, or other impacts? 

 

As discussed above, it was suggested that the stream water in Kajikawa site has been recovering 

from acidification with reduction of the atmospheric S input. Although no clear recovery has been 

observed in the Japanese lakes, SO4
2− concentrations in the lake waters may also reflect the 

atmospheric S input sensitively. It seems that SO4
2− concentrations in inland water in Japan are 

basically regulated by the atmospheric inputs. However, possibility of subsequent recovery from 

acidification may also be regulated by other factors, such as the current status of each catchment 

area, its sensitivity to acid substances, balance of ion constituents in the water, etc. In the case of 

Kajikawa site, the catchment area is very small, approximately 3.84 ha, and has been suffering from 

the largest level of acid deposition over the decades. Therefore, reduction of the atmospheric S input 

appears to be reflected promptly to SO4
2− concentrations in the stream water and recovery of pH and 

alkalinity.   

 

On the other hand, as presented in the Fifteenth Session of SAC (EANET/SAC 15/13/2), it was 

suggested that acidification of the stream water has been progressing with reduction of the 

atmospheric S input in Sakaerat site, Nakhon Ratchasima Province, Thailand. Accumulated S in the 

catchment under tropical savannah climate with a distinct dry season appears to be released to the 

stream. Thus, reduction of the atmospheric S input seems to cause different reactions in different 

climates.  

 

Moreover, with reduction the atmospheric S input, importance of nitrogen (N) compounds, such as 

NO3
− and NH4

+, becomes larger as a potential driver of H+ in the ecosystems. In fact, NO3
− 

concentrations have been increasing over the observation period in Kajikawa site. It was suggested 

that unused N in the ecosystems has been leached into the stream (Kamisako et al. 2008). If 

contribution of NO3
− becomes much larger in the near future, it may affect pH and alkalinity.          

 

As suggested by the recent emission trends, the atmospheric S input will be declining gradually for a 

while. However, reaction of stream water chemistry may be different in different conditions, and 

recovery from acidification may not necessarily be observed in all the catchments/watersheds. 

Therefore, further investigation on S dynamics in the ecosystems and its relation to the N cycle 

should be carried out with continuous monitoring of atmospheric deposition and inland water 

chemistry.  
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