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Part One: Overview of Project Work and Outcomes

Non Technical Summary

Deposition level of sulphur (S) is high and hence the cumulative load of S is also high in
Northeast and Southeast Asia. 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. Effect of S
deposition on terrestrial ecosystems is one of the important issues to be investigated in the
region. The scientists from the community of Acid Deposition Monitoring Network in East
Asia (EANET) investigated the dynamics of S derived from atmospheric deposition in forest
catchments in Japan, Thailand, and Sabah and Sarawak, Malaysia. Field surveys and
chemical analyses were conducted in cooperation with various local scientists and a new
research community was formed through the activities. Two workshops were held in
Malaysia in 2013 and Thailand in 2014 to share the knowledge obtained in the project with
government officers, experts, and scientists in the respective countries. The knowledge will
be informative for discussion on possible impacts of S deposition on the forests in the region.
Moreover, research capacity of all the scientists involved in the project has been developed.
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Objectives

In the project, S dynamics in the forest ecosystems will be investigated with the following
objectives:

® To determine S dynamics in ecosystems of the East Asian forests

® To evaluate the combined effects of S and nitrogen (N) on acidification and
eutrophication of the East Asian forests

Amount Received and Number of Years Supported

The Grant awarded to this project was:
US$ 44,000 for Year 1:
US$ 35,600 for Year 2:

Activity Undertaken

* Field surveys and data analysis in four forest catchments
The study sites were established in four forest catchments, namely Kjikawa site in Japan,
Sakaerat site in Thailand and Danum Valley sites in Sabah and Bintulu sites in Sarawak,
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Malaysia. In these sites, field surveys and data analysis were carried out to address the
following subjects:

i)  Flux determination of S and nitrogen

ii) Analysis of S isotopic ratio of rainwater and stream water

iii) Speciation of S compounds in soil layer

iv) Trial application of biogeochemical simulation model

In the field surveys, rainfall outside of forest canopy (RF), throughfall and stemflow
(TF+SF) under forest canopy, stream water (SW), soil solution (SS), and soil were
collected periodically or intensively. lon concentrations including SO4*” in rainwater, SW
and SS were determined with S isotopic ratio. In particular, in Kajikawa and Sakaerat
sites, trend analysis was also carried out using the existing flux data by the previous
studies.

* Project seminars in Malaysia and Thailand
The project seminars entitled “The APN Project Workshop on Sulphur Dynamics in East
Asian Forests” were held in 2013 and 2014 in Malaysia and Thailand, respectively.

Results

* Based on the field surveys and data analysis above, characteristics of S dynamics have
been clarified in the four study forests.

- S loads from atmosphere: The S deposition amount was larger in the following order,
Kajikawa (29 kg S ha™" year™) > Bintulu (19 kg S ha™" year™') >> Sakaerat (5.8 kg S
ha™ year™") > Danum Valley (3.6 S kg ha™" year™).

- S04* concentration in stream water (SW): The SW concentration was higher in the
following order, Kajikawa (101 pmols L™") > Bintulu (73 pmols L™") > Danum Valley (39
umols L") >> Sakaerat (6.3 pmol, L™).

- The SW concentration in Sakaerat site was significant low compared to that of the
deposition (41.9 pmol. L™, as the weighted-mean of TF+SF), suggesting retention of
S in the forest ecosystems.

- S isotopic analysis of SW suggested various possible sources of S in these forest
ecosystems. Not only atmospheric deposition but also geology and biological
fractionation should carefully be considered as possible S sources in SW.

- With declining of atmospheric S deposition for the observation period, SW in
Kajikawa site seemed to be recovered from acidification, while SW in Sakaerat site
seemed to be acidified. Both forest ecosystems may respond sensitively to changes
in atmospheric conditions but the reactions are different depending on the respective
climates.

* Project seminars in Malaysia and Thailand

Approx. 40 participants including scientists, governmental officers and experts,

respectively, attended the project seminars entitled “The APN Project Workshop on

Sulphur Dynamics in East Asian Forests” in Malaysia and Thailand, respectively. In

addition to progress and outcomes of the project, future research topics to be promoted in

these countries were discussed from various view points.
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Relevance to the APN Goals, Science Agenda and to Policy Processes

The project team consists of scientists who have been involved in the EANET, the regional
initiative for acid deposition monitoring. The project was conducted in cooperation with many
local scientists in Japan, Thailand and Malaysia. New scientific community has been formed
through the project. Moreover, many young scientists are involved in the project and their
research capacity has been enough developed. They are closely related to APN Goals 1
(Supporting regional cooperation...) and 2 (Enhancing capacities...).

The project team has been communicating with governmental officers from relevant
agencies in the respective countries to provide scientific outcomes from the project.
Importance of biogeochemical studies like this project has been emphasized. In the case of
Japan, based on our experience, S isotopic analysis has been applied to governmental
surveys for precipitation, lake water and forest catchments since 2014. This contributes to
APN Goal 3 (Strengthening interactions among scientists and policy makers...).

Some of the project members are nominated as the members of Scientific Advisory
Committee (SAC) of the EANET. The project leader is working at the Network Center for the
EANET. The project members have presented the project progress at SAC meetings to
share with scientists from 13 EANET member countries. This contributes to APN Goal 4
(Cooperating with other global change and sustainability networks and organizations).

The project studied S derived from atmospheric deposition and it dynamics in forest
ecosystems. Atmospheric S pollution is still one of the important environmental issues in
Asian region. The project theme was closely related to the APN Scientific Research Agenda
2 (Ecosystems, Biodiversity and Land Use) and Agenda 3 (Changes in the Atmospheric,
Terrestrial and Marine Domains).

Self-evaluation

We studied S derived from atmospheric deposition and its dynamics in forest ecosystems,
utilizing S isotopic analysis, and identified possible S sources in the ecosystems. Effects of
atmospheric S deposition on SW chemistry were also identified in all the sites, although
magnitude and types of the effects were different between the sites. In particular, our trials in
Thailand and Malaysia are the first biogeochemical catchment studies using isotopic
analysis in Southeast Asia. The project outcomes will contribute to development of
biogeochemical studies in Asia. Moreover, the data will be utilized for modeling, which may
contribute to policy making in future.

Field surveys, data analysis including existing and new data, and communications among
contributors were relatively smooth and fruitful. However, soil S analysis is still on going in
some sites. Some more detailed data in soil S may be produced in near future. Trial
application of the data to biogeochemical models is also still under discussion. In near future
hopefully, the data may be applied to such models. Moreover, only one paper is published in
an international journal, although one paper is under review and several papers are under
preparation. It can be expected that some more papers will be published as outputs from the
project in near future.

Final Report: ARCP2013-13CMY-Sase



Potential for further work

In Northeast and Southeast Asia, in addition to acidic pollutants including S and N, other
types of air pollutants, such as ozone and particulate matters (PM), have been highlighted
recently. S is also important as a component for forming fine PM (e.g. PM,5). These are also
raised as important research topics in the project workshop, which was held in Thailand in
December 2014. Effects of multi pollutants, including S, N, ozone and PM, and climate
change should be studied in near future in the region.

Consequently, based on the community formed by the APN project, a new joint study has
just started in December 2014:

® The effects of ozone and aerosols on physiological characteristics of urban and
suburban forests in Malaysia (Project Leader, Dr. Roland Kueh Jui Heng): funded by
Fundamental Research Grant Scheme (FRGS), Ministry of Education, Malaysia.
The study is carried out in Bintulu, Sarawak, Malaysia. Dr. Hiroyuki Sase and Prof. Nik
Muhamad Majid are involved in the new study as major collaborators.

Not only in Malaysia, in Japan also, a similar study on PM has just started by Dr. Tsuyoshi
Ohizumi and Dr. Hiroyuki Sase. Outcomes of both studies will be informative each other. In
Thailand, in near future, similar new studies should be promoted.

Moreover, in near future, the current project members would like to start a new international
project, in which three or four countries are involved, hopefully with support from APN.

Publications [please write the complete citation]

Yamashita, N., Sase, H., Kobayashi, R., Leong, K-P., Hanapi, J.M., Uchiyama, S., Urban, S.,
Toh, Y-Y., Muhamad, M., Gidiman, J., Chappell, N.A. 2014. Atmospheric deposition versus
rock weathering in the control of streamwater chemistry in a tropical rain-forest catchment in
Malaysian Borneo. Journal of Tropical Ecology, 30: 481-492.
doi:10.1017/S0266467414000303
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Part Two: Technical Report

Preface

Atmospheric deposition of S compounds is still one of the important environmental issues in
Northeast and Southeast Asian countries. To tackle this scientific issue, scientists from the
community of Acid Deposition Monitoring Network in East Asia (EANET) investigated S
dynamics in forest catchments in Japan, Thailand and Malaysia. This is the first international
project on S dynamics in Asian forests. We are sure that our findings will contribute to
evaluation of atmospheric S impacts and further development of biogeochemistry in this
region.
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1. Introduction

Deposition level of sulphur (S) is high and hence the cumulative load of S is also high in East
Asia. Emissions of SO, in Asia increased by 119% from 1986 to 2003 (Ohara et al. 2007).
Although SO, emissions in China peaked in 2006 and have decreased gradually thereafter
(Lu et al. 2011), emission levels remain high in the 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 (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 SO,* -increasing trend (EANET 2011). Effect of S deposition on
terrestrial ecosystems is one of the important current issues to be investigated in East Asia.
However, effects of S were mostly ignored as a scientific subject, since S emission had
already been reduced in developed countries, while nitrogen (N) deposition and its
biogeochemistry had been well studied in context of N saturation (Aber et al. 1989; Stoddard
1994). Moreover, biogeochemical studies on the catchment scale, which is an effective
approach to evaluating the effects of S and N, had not been enough promoted in Southeast
Asia.
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The scientists from the community of Acid Deposition Monitoring Network in East Asia
(EANET) investigate the dynamics of S derived from atmospheric deposition in forest
catchments in Niigata Prefecture, Japan, Nakhon Ratchasima Province, Thailand, and
Sabah and Sarawak States, Malaysia. In order to determine S dynamics in the forest
ecosystems, analysis of S isotopic ratio was applied for rainwater, soil water and stream
water in addition to measurement of the fluxes. The data obtained in the project may explain
the possible impacts of S deposition on the forests. Since N deposition is also quite high in
the region, its relation to acidification/eutrophication could also be discussed in the part of
the sites.

In this project, S dynamics in the forest ecosystems were investigated to determine S
dynamics in ecosystems of the East Asian forests and to evaluate the combined effects of S
and nitrogen on acidification and eutrophication of the East Asian forests.

2. Methodology

Study sites:

The study sites were established in four forest catchments in Japan, Thailand and Malaysia
(Fig. 1). Fluxes of ions including SO,* had been studied by previous projects since 2002,
2005 and 2008 in Kajikawa, Sakaerat and Danum Valley sites, respectively (Table 1).
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.

Study (catchment) sites Kajikawa site (Niigata, Japan)
501 | | -/-
vy
®
o mg W
Sakaerat site (Nakhon | ® P
Ratchasima, Thailand) . ® aquatc
B soivForest
0 : { ]
\L\.\AA, Q soil
; ‘ % A Inland aquatic
104 ! 3 * Catchment
& | | Danum Valley site (Sabah,
’ : Malaysia)
Bintulu site R s
(Sarawak, Malaysia) 10 120 130 140 150

Fig. 1 Locations of the existing EANET ecological monitoring sites and study catchments. In
the EANET sites marked with circle, square, diamond, and triangle indicates sites for
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monitoring on soil, forest vegetation and inland aquatic environment, on soil and forest
vegetation, on soil only, on inland aquatic environment only, respectively. Stars colored with
green and blue indicates catchment sites on regular basis and research basis, respectively.

Table 1. Study sites and applied methods

Site Kajikawa Sakaerat Danum Valley Bintulu
Country Niigata, Japan Nakhon Sabah, Malaysia Sarawak,
Ratchasima, Malaysia
Thailand
Foresttype  Japanese cedar DEF Tropical Rehabilitated
rainforest
Forest
Applied Bulk sampling of Bulk sampling of IER sampling IER sampling
methods for rainwaters from rainwaters from
deposition RF, TF,and SF  RF, TF, and SF
IER sampling
(see Fig. 2)
Applied Water sampling IER sampling IER sampling IER sampling
methods for using the porus
soil solution  cup
Applied Water sampling  Water sampling  Water sampling  Water sampling
methods for . . .
IER sampling for |IER sampling for IER sampling for
stream . . . . . .
S isotopic S isotopic S isotopic
water . ; .
analysis analysis analysis
Start year 2002 2005 2008 2012

Note. DEF, dry evergreen forest;RF, rainfall outside forest canopy; TF, throughfall; SF,
stemflow; IER, ion-exchange resin

Flux determination:

Field surveys were conducted to determine the fluxes of ion constituents by rainfall outside
forest canopy (RF), throughfall (TF) and stemflow (SF), and stream water (SW). The
sampling methods applied for the respective sites were summarized in Table 1. In addition to
water sampling, the data obtained from the ion-exchange resin (IER) sampling (Fig. 2) were
also be used for this purpose. lon concentrations in the water samples and extract samples
from IER were determined using ion chromatograph. The ionic analysis was carried out in
ACAP, Japan or ERTC, Thailand.

In the case of Kajikawa, Sakaerat and Danum Valley sites, fluxes of ion constituents were
determined by the previous projects. The existing data were utilized to summarize the fluxes
in these sites.

S isotopic analysis:

To obtain enough amounts of the samples for S isotopic analysis, “IER sampling” was
applied in Sakaerat, Danum Valley and Bintulu sites (see Table 1). In the case of rainwater,
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the IER column, in which the IER was packed, was installed with a plastic funnel to collect
RF and TF below the canopy (Fig. 2). The IER in the column can trap SO4* in rainwater.
The IER sampling was also applied for collection of SS and SW, for which plastic rings and
mesh bags were used for packing the IER, respectively. The IER ring samplers for SS were
installed in different depths in soil to collect SO4*” in water vertically passed through each
depth. The resin samplers for rainwater and SS were installed in the fields for several
months to obtain enough amounts of SO, for isotopic analysis. The IER bags for SW were
placed in the center of the stream flow for several hours. In the case of Kajikawa site, water
samples are also used for S isotopic analysis.

The SO,* extracted from the resin samplers or that in water samples were concentrated by
evaporating water on hot plate and then precipitated as BaSO, by using BaCl,. The S
isotopic ratio in the powdered BaSQO, is analyzed by using the Elemental analyzer (EA) -
Mass Spectrometer (MS). The S isotopic analysis was carried out in ACAP, while the pre-
treatment was carried out partly in UPM, too. Isotopic ratio of S compounds (**S/**S) may be
changed by biological process (isotope fractionation). S isotopic ratio of rainwater and SW
was measured to discriminate origin of S (atmospheric, biological or geological origin) and to
discuss retention time of S in the ecosystems. S isotopic ratio is expressed as:

5%*S (%o) = {(>*S/**S)sampie/(**S/**S)cpr — 1} x 1000

where, (**S/*’S)sampie and (**S/*?S)cpr were isotopic ratios of sample and Canyon Diablo
troilite (standard substance), respectively.

% Resin column: lon-exchange
resin packed in PVC pipe

In forest area ¢) Bintulu site

Fig. 2. lon-exchange resin (IER) samplers for S isotopic analysis

Speciation of S compounds in soil layer:

In Bintulu site, NaHCOg3-extractable fraction was measured in UPM according to the EANET
technical manual (EANET 2000). This fraction may include SO,* and some organic S. In
other sites, CaHPOg4-extractable fraction was measured in ACAP according to Tabatabai
(1996). This fraction may include both adsorbed SO4*” and soluble SO,*".
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Trial application of biogeochemical simulation model:

We have been discussing possibility of utilizing a biogeochemical model, which was
developed by Prof. Junko Shindo, University of Yamanashi. Prof. Shindo was the project
leader of the previous projects, in which the catchment plots in Sakaerat and Danum Valley
sites were established. So far, the data in Kajikawa and Sakaerat sites have been applied to
the model to simulate soil solution concentrations in the previous project. However,
utilization of the new data on S dynamics is still under discussion.

Project seminars in Malaysia and Thailand:

The project seminars entitled “The APN Project Workshop on Sulphur Dynamics in East
Asian Forests” were held in 2013 and 2014 in Malaysia and Thailand, respectively, in order
to share outcomes from the project and discuss future research topics in the region.

3. Results & Discussion

Fluxes of S and N:

Inputs of S and N by TF (+SF) under forest canopy and the outputs by SW in the study
catchments were summarized in Table 2. The mean SO4*" concentrations in SW were 101,
73, 39, and 6.3 pmol, L™ in Kajikawa, Bintulu, Danum Valley, and Sakaerat sites,
respectively.

The atmospheric inputs of S and N were significantly large in Kajikawa site, where long-
range transport of air pollutants from the Asian Continent was suggested (Sase et al. 2012).
The inputs in Bintulu site were also large, which is one of the most industrialized cities in
Malaysia. The inputs in Sakaerat and Danum Valley sites were relatively small, although the
inputs of Sakaerat site showed a distinct seasonality and high peaks were observed in the
beginning of wet season as described below.

The outputs of S and N in Kajikawa site were approx. 75% and 56% of the inputs,
respectively. Even though a relatively large portion of the S input was discharged from SW, it
seemed that the S input was not directly discharged into SW, as discussed in the section for
S isotopic analysis. As already discussed by Stoddard (1994), NO3;™ concentration in SW in
healthy forests should be low, since N is an important nutrient and normally limited in
temperate forests. The large N output as NO3;™ suggested possible N saturation, as shown in
the long-term data.

The outputs in Sakaerat site were significantly smaller than the inputs. The catchment is
under tropical savanna climate, which has distinct dry and wet seasons. There was a large
uncertainty of the water balance. Even though the uncertainty was taken into account, the
outputs were significantly small. The SO4*" concentration in SW was significant low
compared to that of the input (41.9 ymol, L™, as the weighted-mean of TF+SF), suggesting
retention of S in the forest ecosystems, as discussed below. Although NOj3; concentration
(6.3 umol, L") was also low compared to those of NO3; (24.4 umol. L™") and NH," (31.4
umol. L™"), the N may be effectively used in the large internal N cycle as suggested by
Yamashita et al. (2010).
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The material budgets in Danum Valley have been published by Yamashita et al. (2014), as
one of the project outputs. The S output was larger than the input in Danum Valley, while the
N output was smaller than the input. The similar discrepancy of S budget was observed also
in Sarawak in the same island (Gomyo et al. 2012). Since Danum Valley site is located in
remote area in Borneo Island, other sources than atmospheric deposition, such as sulfide
minerals in geology, was suggested. This was also suggested by S isotopic analysis, as
discussed below.

In Bintulu site, the material budget has not been estimated because water discharge was not
measured precisely. However, both inputs of S and N were relatively large. Since Bintulu is
famous for industrial area, further investigation of atmospheric impacts may be necessary.

Table 2. Fluxes of S and N in the study catchments

Site Kajikawa Sakaerat Danum Valley”®  Bintulu
Country Niigata, Japan Nakhon Sabah, Malaysia Sarawak,
Ratchasima, Malaysia
Thailand
Forest type Japanese cedar Dry evergreen Tropical Rehabilitated
forest rainforest
Forest
Annual 2,281 1,488 2,700 3,500
precipitation (mm)
S Input”’ 28.52 5.762 3.6° 193
ﬂ;g_1)s Output 216 0.16 6.0 NA
N Input 16.6 2 7.9° 6.2° 11.87
(kg 1N Output 9.3 0.1 1.6 NA
ha ')

Note. ™' Input by TF (+SF) under forest canopy; By water sampling of TF+SF; By IER
sampling of TF; “ After Yamashita et al. (2014).

Analysis of the long-term data in Kajikawa and Sakaerat sites:

As shown in Table 1, the surveys in Kajikawa and Sakaerat sites started in 2002 and 2005,
respectively. Relatively long-term data have been accumulated in these sites. Based on the
analysis of the long-term data, sensitive responses to changes in atmospheric conditions
have been found in both catchments.

In Kajikawa site, Japan, atmospheric deposition of S increased significantly in winter due to
seasonal west winds from the Sea of Japan, as already reported by the previous studies
(Ohizumi et al. 2001; Kamisako et al. 2008; Sase et al. 2008; 2012). The forest largely
suffered from transboundary air pollution from the Asian Continent. According to Lu et al.
(2011), S emission in China peaked in 2006 and gradually declined thereafter. Similarly,
non-sea salt (nss) SO,* deposition by TF+SF in Kajikawa site peaked in 2006 and started
declining (Fig. 3). The total SO, deposition (including sea salt) also significantly declined
during the observation period (detailed data is not shown here).
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Accordingly, SO4* concentration in SW declined with increase of its alkalinity, while NO5
concentration increased continuously (Fig. 4). In fact, as shown in Fig. 5, the weighted mean
S04*” concentration in SW was significantly correlated with the annual SO,* deposition (p =
0.00194). It was suggested that the SW in Kajikawa site recovered from acidification due to
decline of S0, deposition. Moreover, since NOj; concentration in SW increased
continuously, it was suggested that N saturation in Kajikawa forest progressed gradually.
Currently, relationship between recovery from acidification due to the reduction of S input
and N saturation was not clear. The discussion above is under preparation for publication
(Sase et al. in preparation).
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In Sakaerat site, Thailand, atmospheric deposition showed distinct seasonality as shown in
Fig. 6. There is a clear dry season from November to February. In March or April in the
beginning of the wet season, deposition of all ion constituents from both RF and TF+SF
increased significantly. In general, canopy exchange, such as leaching and uptake, is limited
in SO, and CI". In these ions, the deposition by TF+SF can be considered as total
deposition, including wet deposition by rainfall and dry deposition of gaseous and particulate
matters. Gaseous and particulate pollutants suspended in the air and plant body during the
dry season may be washed out by the first precipitation (Sase et al. 2012). In the later wet
season, the deposition increased again with increase of precipitation.

The SW chemistry showed very unique seasonality as shown in Fig. 7. In the early wet
season, pH and EC of the SW increased with increase of base cations and alkalinity (Fig. 7a
and b). It was suggested that mineralization of organic matters on forest floor was enhanced
by the first precipitation in the beginning of wet season (Lodge et al. 1994) and that base
cations and NH4" derived from the mineralization leached into the SW in the early wet
season. According to Yamashita et al. (2010), the soil pH also showed the seasonality,
declining during the dry season and increasing during the wet season. Since anion
exchange capacity (AEC) in soil is derived from pH-dependent charge, higher AEC with
lower pH in the beginning of the wet season may effectively trap anions derived from
atmospheric deposition as well as mineralization of organic matters. Therefore, leaching of
anions was limited in the early wet season, resulting in ‘alkalinization’ observed here. After
this alkalinization, suddenly pH dropped with the peak of SO4* (Fig. 7b and c). With
increase of the soil pH during the wet season, AEC decreased, and therefore anions
including SO~ may be released. However, only SO, was observed as clear peaks,
although sometimes NO3; showed peaks. Dissolved inorganic nitrogen (DIN) such as NO3~
was effectively used in the plant-soil system (Yamashita et al. 2010). Moreover, compared
with CI” and NO3~, SO,*" is strongly adsorbed on soil surface (Kamewada and Takahashi
1996). This may be the reason why only SO,*" was observed as clear peaks. In fact, the
magnitudes of the peaks clearly reflected the deposition amounts in the early wet season
(Fig. 8), which indicated sensitive responses of the SW to atmospheric deposition.

During the observation period, as clearly shown in Fig. 7b, the pH of the SW has been
declining significantly with increase of SO4*". On the other hand, the SO4*~ deposition has
been declining. The trends on the deposition and the SW chemistry were summarized in
Table 3. According to the EANET data (EANET 2013), The nss-SO,> deposition and/or
concentrations declined significantly for the last decade from 2000 to 2012 in Bangkok (p =
0.002, since 2005, and p = 0.004, respectively) and Pathumtani (p = 0.03 and 0.0002,
respectively) in Thailand. The latest emission inventory (Kurokawa et al. 2013) is
corresponded to the trends above. The SO.,* deposition/concentration seemed to be
declining for the last decade at the regional scale. Decline of the SO,
deposition/concentration may accelerate release of SO,* adsorbed on soil. Moreover,
precipitation pattern changed slightly such that the relative contribution of precipitation in the
middle-late wet season has increased recently. This may also accelerate leaching of SO4*
from the ecosystems. Release of SO,* might cause acidification observed here. Therefore,
retention and release of SO,* largely contributed to both seasonal changes and trends
during the observation period.

The discussion above is under submission for publication (Sase et al. submitted).
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Fig. 6. Changes in monthly deposition of
major anions (a) and cations (b) by
throughfall and stemflow in Sakaerat site.
Plots and error bars show mean values and
standard errors of five collectors (Sase et al.
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Table 3 Trends of atmospheric depositions and stream water chemistry during the
observation period in Sakaerat site (Sase et al. submitted)

TF+SF SW
Variable
Concentration Deposition Concentration Flux
SO~ - - ++ ns
NO3~ ns ns ++ ns
Ccr ns - ++ ns
NH," ns ns - ns
Na* ns ns ++ ns
K* ns ns ns ns
Ca** ns ns ++ ns
Mg** ns ns ++ ns
H* ns ns ++ +
Alkalinity ns ns ns ns

Note. — and --, declining at p < 0.05 and p < 0.01, respectively; + and ++, increasing at p <
0.05 and p < 0.01, respectively; ns, no significant trend. TF+SF, volume-weighted mean
concentrations and atmospheric depositions by throughfall and stemflow; SW,
concentrations and chemical fluxes by stream water.
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S isotopic ratio of rainwater, soil solution and stream water:

The S isotopic ratio (3**S, %o) of RF, SS and SW was summarized in Table 4. The 5**S
values of RF were quite different among the sites. Since the study sites were located in
different countries, sources of atmospheric S might also be different. Even within Borneo
Island, the values are slightly different between those at Danum Valley sites, Sabah and
Bintulu sites, Sarawak. The 3**S values of SW may be informative to discuss dynamics of S
in ecosystems and its origin. In Kajikawa site, the annual weighted mean 5*S value of SW
was mostly similar to that of RF. As a possible source of S, atmospheric deposition can be
considered. In Sakaerat, the 5*'S values of SW were sometimes significantly larger than
those of RF. In addition to effects of atmospheric deposition, effects of biological
fractionation (bacterial dissimilatory S reduction, BDSR) can be considered. On the other
hand, in the 3**S values of SW in Danum Valley and Bintulu were sometimes significantly
smaller than those in RF. In addition to effects of atmospheric deposition, effects of geology
(rock weathering) can be considered. The 5°*S values of SS were basically in between those
of RF and SW. Possible sources of SO4*” in SW are discussed below.

Table 4. S isotopic ratios in the study catchments

Site Kajikawa Sakaerat Danum Valley Bintulu

Country Niigata, Japan Nakhon Sabah, Malaysia Sarawak,
Ratchasima, Malaysia
Thailand

S RF 8.83 4.1 10.1 7.9

isotopic

ratio (2.3-12.3)

(()/63“8, SS 6.7-10.5 2.0-9.3 6.5 9.6 44-117

o) sSwW 9.28 2.6-10.4 2.6-8.2 41— +14.3

(8.4 -10.0)
Possible source of S AD (including BDSR Rock weathering Rock weathering
in SW sea salt)

AD (seasonally) AD (high flow AD (seasonally)
period)

Note. RF, Rainfall outside forest canopy; SS, soil solution; SW, stream water; AD,
atmospheric deposition; BDSR, bacterial dissimilatory S reduction

In Kajikawa site, the 3**S values of RF showed distinct seasonality, low in summer and high
in winter, suggesting different emission sources. Effects of transboundary air pollution as
well as sea salts were suggested as reported by Ohizumi et al. (2001). On the other hand,
the values of SW were very stable, approx. 9%.. In winter, the values of SW were
significantly smaller than those of RF. Since biological fractionation cause increase of the
5*S values in the ecosystems, the fractionation cannot explain all of the phenomena. As
described above, the SO,*  deposition in Kajikawa site was quite large and especially
increased in winter. Therefore, the large input of SO4*” from the continent may affect the SW
chemistry through a year. In fact, the annual weighted mean 5*S value of RF was mostly
similar to that of SW. According to the input-output budget in Table 2, 75% of the S
deposition was released to SW. But the S isotopic analysis indicated that SO,*~ derived from
atmospheric deposition was not directly flowed into SW. It was suggested that SO,*
deposited from atmosphere was once retained in the ecosystem and released with the
averaged 5*S value into SW gradually. Detailed retention mechanisms, such as adsorption
of SO4* to soil surface and S uptake by plants, should be investigated. The discussion
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above is under preparation for publication (Saito et al. in preparation).
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Fig. 9. Seasonal changes in the S
isotopic ratio of rainwater and
stream water in Kajikawa site (Saito
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In tropical forest sites also, seasonal effects of atmospheric S were suggested. In Sakaerat

site (Fig. 9 upper left), the 5*S values of SW were significantly higher than those of RF

during the dry season. However, with the first precipitation in the early wet season, the value
suddenly decreased to the same level with those of RF and keeps the level from the early to

middle wet seasons. The 5**S values increased gradually again from the late wet season to

the dry season. It was suggested that atmospheric S contributed to SW chemistry from the

early to middle wet seasons, while the SO,* derived from biological fractionation (BDSR)

was leached out by high water flow in the late wet season. Detailed mechanisms on BDSR
in Sakaerat site should be investigated.
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In Bintulu site (Fig. 9 lower left), the 3*S values of SW were significantly lower than those of
RF in the low-precipitation period. The 3**S values increased to the same level with RF in
the high-precipitation period, although the detailed seasonal changes in RF were not
measured. It was suggested that the SO,*  derived from geology with low 3*S values
contributed to the SW chemistry during the low-precipitation period. On the other hand,
direct effects of atmospheric S to the SW chemistry were observed in the high-precipitation
period.

In Danum Valley site (Fig. 9 upper right), the data is very limited. In general, the 3**S values
of SW were significantly lower than those of RF. As described above, the S output in Danum
Valley site was significantly larger than the input (Table 2). It was suggested that the SO,*
derived from geology with low 3**S values contributed to the SW chemistry in the Danum
Valley site. However, the 5*S value in December 2012 was significantly large and relatively
close to that of RF. Since the water discharge was significantly large at that time (detailed
data is not shown here), direct flow of atmospheric S may contribute to increase of the 5**S
value of SW.

The discussion in tropical forests is under preparation for publication (Yamashita et al. in
preparation).

Extractable SO, in soil:

S analysis in soil is still on going. The first data of extractable S in Bintulu and Sakaerat sites
were shown in Fig. 10 and Fig. 11, respectively. In Bintulu site, extractable SO,*” in soil was
determined in different slope positions, namely upper, middle and lower positions. The
content of SO,*” increased with soil depth and declined with decline of the slope position
(Fig. 10). The storage estimated on a unit area basis showed the similar tendency (detailed
data is not shown here).

200 November 2012 50 March 2013

— n ]

0-20 20-40 40-60 0-20 20-40 40-60
150 30

100 20

% 1 Fig. 10. NaHCO3-
° 0-20 20-40 40-60 ° 0-20 20- 40 40- 60 extractable 8042_

10 20 in soil (mg kg™") in
30 2 different slope
- 10 positions in
0 0 Bintulu site.
0-20 pepthfom) 0% 0-20 pepthfom) 0% (Ahmed et al. in

[ | Upper Middle Lower preparation)

On the other hand, in Sakaerat site, the content of SO, was larger in 5 cm than in 50 cm
(Fig. 11), although the extraction method is different. However, the storage on a unit area
basis must be larger in deeper soil layers than in shallow soil layers due to high density in
deeper sail.
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Extractable SO4*” in soil in other sites will be determined in near future. Moreover, S isotopic
ratio of extractable SO,* may be measured for some samples, if the S contents are high
enough for the isotopic analysis.

Trial application of biogeochemical simulation model:

We have just clarified some unique characteristics S dynamics and their possible origins in
the study sites. However, the detailed mechanisms of S dynamics are still under
investigation. We may need some more data analysis and also additional surveys to clarify
the mechanisms. Therefore, application of the data to biogeochemical model is still under
discussion. Hopefully in near future, with accumulation of the data and analysis, application
of the model can be considered.

Project seminars in Malaysia and Thailand:

“The APN (Project) Workshop on Sulphur Dynamics in East Asian Forests” was held in
Malaysia and Thailand in 2013 and 2014, respectively, as follows:

® In Selangor, Malaysia: 24 June 2013 (with the field trip on 25 June)
® In Bangkok, Thailand: 18 December 2014 (with the field trip on 19 December)

The 40 - 45 participants from universities, institutes and governmental agencies attended the
respective workshops. Progress and outcomes of the project were presented and active
discussion was made. Moreover, possible future research topics were discussed. The
workshop summaries were attached in the Appendix.

Several papers are under preparation for publication based on the data obtained in the
project. Most of the project data will be disclosed in the papers. The project data may also be
disclosed on the ACAP website after publication of the papers.

4. Conclusions

Atmospheric deposition of S compounds is still one of the important environmental issues in
Northeast and Southeast Asian countries. We conducted field surveys and data analysis in
four forest catchments in Japan, Thailand and Malaysia to clarify dynamics of S in the
ecosystems and to evaluate possible combined effects of S and N on acidification and
eutrophication. As a new trial, S isotopic analysis was also applied in this study. Fluxes of S
and N were significantly large in Kajikawa site, Japan, and Bintulu site, Sarawak, Malaysia,
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where transboundary air pollution and effects of local industrial area were suggested,
respectively. In particular, it was suggested that Kajikawa site has been recovering from
acidification due to reduction of S input, while N saturation has been progressing gradually.
Currently, relationship between the recovery from acidification and N saturation was still not
clear. Further investigation is necessary for combined effects of S and N inputs on the
ecosystems. The fluxes in other two sites are relatively low. However, it was clarified that
SW chemistry responded sensitively to changes in atmospheric conditions in Sakaerat site,
Thailand. Based on the S isotopic analysis, dynamics of S in the ecosystems and possible
sources of S in SW were clarified in the respective sites, although characteristics of S
dynamics were quite different among the sites and the detailed mechanisms should be
investigated more. Effects of atmospheric S on SW chemistry were certainly suggested in
Kajikwa and Sakaerat site, while effects of geological sources (such as rock weathering) on
SW chemistry were suggested in Danum Valley and Bintulu sites. In particular, the S output
significantly exceeded the input in Danum Valley probably due to S leaching derived from
rock weathering. Moreover, biological fractionation of S (BDSR) may occur from the late wet
season to the dry season in Sakaerat site. We found certain effects of atmospheric S on the
ecosystems through the project. However, we also found that climate, geology and feature of
the ecosystems should carefully be taken into consideration for evaluation of S dynamics in
Northeast and Southeast Asia. Our findings will be shared with the EANET community and
will contribute to evaluation of atmospheric S impacts and further development of
biogeochemistry in this region.

5. Future Directions

We found possible S sources for SW and possible processes of S dynamics in the
ecosystems. In particular, biological S fractionation (BDSR) observed in Sakaerat site is a
very important process in the S dynamics. Detailed mechanisms should be investigated.
Moreover, geological S suggested in Danun Valley and Bintulu sites may also be important
for nutrient dynamics at the watershed scale. Changes in precipitation amount and its
pattern due to climate change may affect significantly S weathering in such watersheds, as
Mitchell and Likens (2011) suggested. Further studies on such S sources and processes in
the ecosystems should be promoted in Northeast and Southeast Asia. Relationship between
cycles of S and N in the ecosystems should also be investigated.

Currently, deposition as particulate SO, (such as (NH4),SO,) is one of the major processes
on atmospheric S input in ecosystems. The (NH,4).SO, is a major component of fine aerosols,
so-called ‘PM,s". Problem on particulate matters (PM) is a big issue in Northeast and
Southeast Asia. Many possible S sources, such as power plants, industry, vehicle, and
biomass burning, have been discussed in the region. Our trial on S isotopic analysis may
contribute to identify possible sources of PM; 5.

Moreover, as suggested in Sakaerat site, biomass burning is a possible large source of
pollutants. Not only S-containing PM but also other types of PMs such as black carbon (BC)
should be investigated. Ozone may also be produced. Forest canopy effectively trap PM on
the surface, and this can be considered as a removal process of PM from atmosphere. This
process should be investigated in detail as one of ecological functions of forest canopy.

Taking the subjects into accounts, effects of multi pollutants, including S, N, ozone and PM,
and climate change should be studied in the region. In any types of the studies above, our
experience in the project will be utilized effectively.
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Appendix

Conferences/Symposia/Workshops

® The APN Workshop 2013 on Sulphur Dynamics in East Asian Forests
Venue: Residence Hotel, UNITEN, Selangor, Malaysia
Date: 24 June 2013 (with the field trip on 25 June)

»  List of speakers invited by the project budget
Project members:
Dr. Hiroyuki Sase, ACAP

Dr. Tsuyoshi Ohizumi, ACAP
Dr. Naoyuki Yamashita, ACAP
Mr. Bopit Kietvuttinon, RFD

Dr. Hathairatana Garivait, ERTC

R

Collaborators:

< Mr. Tatsuyoshi Saito, ACAP, tsaito@acap.asia

<~ Dr. Seca Gandaseca, UPM Bintulu Campus (UPMKB), seca@upm.edu.my
<~ Dr. Ahmed Osumanu Haruna, UPMKB, osumanu@upm.edu.my

< Mr. Mohamad Hilmi bin Ibrahim, UPMKB, mohamadhilmiibrahim@gmail.com

»  Local project member
< Prof. Nik Muhamad Majid, UPM

» Relevant scientists, experts, and officers from universities, institutes and
governmental agencies attended the Workshop.

UPM

Institute of Tropical Forestry and Forest Product (INTROP), UPM

Malaysian Meteorological Department (MMD)

Department of Chemistry (DOC)

Other universities

S

® The APN Project Workshop 2014 on Sulfur Dynamics in East Asian Forests
Venue: H. Slade Meeting Room, Department of National Park, wildlife and Plant,
Bangkok, Thailand
Date: 18 December 2014 (with the field trip on 19 December)

»  List of speakers invited by the project budget
Project members:
Dr. Hiroyuki Sase, ACAP

Dr. Tsuyoshi Ohizumi, ACAP
Dr. Naoyuki Yamashita, ACAP
Prof. Nik Muhamad Majid, UPM

R

Collaborators:
< Mr. Tatsuyoshi Saito, ACAP, tsaito@acap.asia

<~ Dr. Yayoi Inomata, ACAP, inomata@acap.asia
<~ Dr. Seca Gandaseca, UPM, seca@upm.edu.my
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<~ Dr. Ahmed Osumanu Haruna, UPMKB, osumanu@upm.edu.my

» Local project member
<> Mr. Thiti Visaratana, RFD
< Mr. Bopit Kietvuttinon, RFD
<~ Dr. Hathairatana Garivait, ERTC

»  Guest speakers by their own budget
< Dr. Kazuhide Matsuda, Tokyo University of Agriculture and Technology,

kmatsuda@cc.tuat.ac.jp
< Mr. Tatsuya Yamazaki, student, Meisei University

» Relevant scientists, experts, and officers from universities, institutes and
governmental agencies attended the Workshop.

ERTC

RFD

Pollution Control Department (PCD)

Japan International Research Center for Agricultural Sciences (JIRCAS)

Other universities

R

The workshop summaries including the detailed presentation program are attached as PDF
file (Appendix 1).
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Workshop Summary
APN Workshop 2013 on Sulphur Dynamics in East Asian Forests

Hiroyuki Sase' and Nik Muhamad Majid?

! Asia Center for Air Pollution Research (ACAP), 2 Universiti Putra Malaysia (UPM)

l. Background

1. Effect of sulfur deposition on terrestrial ecosystems is one of the important issues to be
investigated in the East Asia region. Since sulfur 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 sulfur accumulated in the past has
been leaching to streams in forest area recently. Moreover, several rivers/lakes for
monitoring on inland aquatic environment in the East Asia countries showed pH-declining
trend with SO,*-increasing trend.

2. Scientists from the Acid Deposition Monitoring Network in East Asia (EANET) 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. The research team is now studying sulfur dynamics in the forest
catchments. The location of the study sites were shown in Fig. 1.
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Fig. 1. Location of the study sites for APN Project
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10.

The project is supported by Asia Pacific Network on Global Change Reearch (APN). Part of
the surveys in Sakaerat site and Bintulu site is financially supported by KAKENHI from
Ministry of Education, Culture, Sports, Science & Technology in Japan and Mitsubishi
Corporation, Japan, respectively.

Outline of the workshop

The APN Workshop 2013 on Sulphur Dynamics in East Asian Forests was held on 24 June
2013 in Selangor, Malaysia, by ACAP in cooperation with UPM. The workshop objectives
are:

i) To discuss effects of sulphur derived from atmospheric deposition on East Asian forest
ecosystems.

ii) To share outcomes/progress of the projects with relevant agencies.
iii) To chart future directions of the project.

The workshop was attended by the project members, researchers on relevant study fields,
and experts from the EANET relevant organizations, including Malaysian Meteorological
Department (MMD), Department of Chemistry (DOC), Universiti Putra Malaysia (UPM), etc.

The workshop was opened by Prof. Paridah MD Tahir, Director of Institute of Tropical
Forestry and Forest Product (INTROP), UPM.

Following the introduction of the APN project by Dr. Hiroyuki Sase, Project Leader, eight
speakers presented outcomes from relevant studies in Japan, Thailand and Malaysia as
well as progress of the project.

The workshop program, including names of the speakers and presentation titles, is shown
in the Appendix.

Outcomes from the workshop

The presentations in the workshop included the latest scientific knowledge on catchment-
scale analysis in the EANET countries and new trials in the project, such as sulfur isotopic
analysis and use of the rehabilitated forests for acid deposition study. The information
above may be informative for understanding possible mechanisms of acid deposition
impacts on forest ecosystems and considering future direction of the EANET monitoring
and relevant studies.

In the panel discussion on future direction of the project, several suggestions were made:



V.

The project studies in Japan, Thailand and Malaysia produced valuable scientific data
and findings. The experience in the three countries should also be shared with other ten
countries in the EANET.

The catchment-scale analysis is a useful methodology to discuss effects of acid
deposition on forest ecosystems more precisely. Investigation of material flow/cycle in
the unit area is informative to discuss the effects quantitatively. The methodology should
be promoted in the EANET community. Moreover, in the APN Project, sulfur isotopic
analysis was adopted as a new tool for tracing material flow in the ecosystems.
Outcomes from the project will contribute to more precise understanding of acid
deposition impacts on ecosystems in the region.

The rehabilitated forests could be utilized for acid deposition studies, since they are
quasi-natural forest and their growth/management records were fully compiled. Use of
the rehabilitated forests for the future EANET monitoring should be considered.

The project approach may be informative to understand sulfur cycle in forest ecosystems.
In addition to this, effects of sulfur compounds on plant nutrition should also be studied in
future.

Atmospheric deposition may affect plant physiology such as transpiration rate, which
may also be related to climate. Synergistic effects of atmospheric deposition and climate
change on forest ecosystems should also be taken into consideration.

MMD informed that new project on long-range transport of air pollutants from Southern
part of China to the peninsula part of Malaysia would start soon.

Some more relevant agencies in Malaysia, such as Department of Forestry, should be
involved in the EANET activity.

Acknowledgements

- The workshop participants thank Asia Pacific Network on Global Change Research

(APN, ARCP2012-18NMY-Sase) and Universiti Putra Malaysia (UPM) for sponsoring
this workshop.



Appendix : Program of the APN Workshop

Workshop (June 24, 2013)

Time Speaker Topics
09.00 Prof. Dr. Paridah Md. Opening
Tahir
09.15 Dr. Hiroyuki Sase Introduction of the APN Project, “Dynamics of sulphur derived
from atmospheric deposition and its possible impacts on the
East Asian forests”
09.30 Dr. Tsuyoshi Ohizumi Utilization of stable S isotope analysis for atmospheric
science
10.00 Mr. Tatsuyoshi Saito Seasonal variation of sulfur isotope ratio in a small catchment
of a Japanese cedar forest in Kajikawa, Niigata prefecture,
Japan
10.30 Coffee break
10.45 Dr. Hathairatana Precipitation chemistry and the potential impact on soil
Garivait acidification in Sakaerat forested catchment in Thailand
11.15 Dr. Hiroyuki Sase Seasonal changes in stream water chemistry in Sakaerat site
in Thailand
11.45 Assoc. Prof. Dr. Seca Water Quality on Rehabilitated Forest in UPM Bintulu,
Gandaseca Sarawak
12.15 Assoc. Prof. Dr. Ahmed Soil chemistry of a rehabilitated forest
Osumanu Haruna
12.45 Lunch
14.00 Dr. Naoyuki Yamashita Neutralisation of dissolved materials in a tropical rainforest
catchment near Danum Valley, Malaysian Borneo
14.30 Mr. Mohamad Hilmi bin  Evaluation of deposition amounts of ion constituents at
Ibrahim different forest stands of a rehabilitated forest in Malaysia
14.45 Coffee break
15.15 Prof. Dr. Nik Muhamad Panel Discussion facilitated by Prof. Nik
Nik Ab. Majid Panelists:
(Facilitator) i) Dr. Hiroyuki Sase, ACAP, Japan
ii) Assoc. Prof. Dr. Ahmed Osumanu, UPM
iii) Dr. Hathairatana Garivait, Environmental Research
and Training Center (ERTC), Department of
Environmental Quality Promotion (DEQP), Thailand
iv)Ms. Maznorizan Muhamad, MMD
16.00 Dr. Hiroyuki Sase Closing

Field Trip (June 25, 2013)

Time

Activities

09.00

Assembly — Hotel Lobby

09.30

Briefing — Forest Rehabilitation Project

10.00

Site visit

11.00

End of program
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Chairpersons’ Summary
APN Project Workshop 2014 on Sulfur Dynamics in East Asian Forests

Background

Deposition level of sulfur is still high and a cumulative load of sulfur is quite large
in East Asia. Since sulfur deposited on ecosystems may be retained in soil and/or
cycled in the soil-plant system, manifestation of its effect may be delayed.
Moreover, several rivers/lakes for monitoring on inland aquatic environment in the
East Asian countries showed pH-declining trend with SO,* -increasing trend.
Effect of sulfur deposition on terrestrial ecosystems is one of the important issues
to be investigated in the region.

Consequently, the research project started in 2012 with financial support of the
Asia  Pacific  Network  for  Global = Change  Research  (APN)
(ARCP2012-18NMY-Sase & ARCP2013-13CMY-Sase, Dynamics of Sulphur
Derived from Atmospheric Deposition and its Possible Impacts on East Asian
Forests). In the project, dynamics of sulfur derived from atmospheric deposition
have been investigated in forest catchments in Niigata, Japan, Nakhon Ratchasima,
Thailand, and Sabah and Sarawak, Malaysia. The APN Workshop 2013 on Sulphur
Dynamics in East Asian Forests was held in Selangor, Malaysia, to share the
progress of the project.

The APN Project Workshop 2014 on Sulphur Dynamics in East Asian Forests was
held on 18-19 December 2014 in Bangkok, Thailand, to share the outcomes from
the project and discuss current environmental issues and future research topics in
the region. The workshop was organized by the Asia Center for Air Pollution
Research (ACAP) in cooperation with the Royal Forest Department (RFD) of
Thailand.

Schedule and Venue

The workshop on 18 December was held in the H. Slade Meeting Room,
Department of National Park, Wildlife and Plant, Bangkok, Thailand. Moreover,
the workshop fieldtrip to the forest park in Samutprakarn Province was carried out

on 19 December to learn the forest management in the province.
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Outline of the workshop

The workshop was attended by approx. 45 scientists/experts from institutes,

universities or agencies in Thailand, Malaysia and Japan.

The workshop was moderated by Mr. Bopit Kietvuttinon, Director and Mrs.

Suwanna Umphauk, Silvicultural Research Division, RFD.

The sessions were chaired by Dr. Hiroyuki Sase, ACAP or Prof. Nik Muhamad

Majid, Universiti Putra Malaysia (UPM).

The timetable of the workshop is shown in the following table.

Time Speaker Possible topics
9:00 Mr. Thiti Visaratana, Acting Opening remarks
Director of Forest Research and
Development Bureau, Royal
Forest Department (RFD)
9:15 Dr. Hiroyuki Sase, ACAP Introduction of the APN Project

Session 1: Utilization of stable S isotope analysis for atmospheric and biogeochemical

sciences in Japan (Chaired by Prof. Nik)

9:30 Dr. Tsuyoshi Ohizumi, ACAP Utilization of stable S isotope analysis for
atmospheric science

9:50 Dr. Yayoi Inomata, ACAP Seasonal variation of sulfur isotopic ratio in
precipitation in coastal region of Sea of Japan

10:10 Mr. Tatsuyoshi Saito, ACAP Seasonal variation of sulphur isotopic ratio in a
small catchment of a Japanese cedar forest in
Kajikawa, Niigata prefecture, Japan

10:30-11:00 Coffee break

Session 2: Atmospheric depositions of sulfur in Japanese forests (Chaired by Dr.

Sase)

11:00 Dr. Kazuhide Matsuda, Tokyo Sulfur dry deposition on forests in East Asia
University of Agriculture and
Technology

11:20 Mr. Tatsuya Yamazaki, Meisei Vertical profiles of sulfate and nitrate aerosols
University in a forest canopy
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in suburban Tokyo

11:40-13:00

Lunch break

Session 3: Soil and stream water chemistry in Sarawak, Malaysia (Chaired by Dr.

Sase)

13:00 Dr. Ahmed Osumanu Haruna, Sulphur storage in soil of a rehabilitated forest
Universiti Putra Malaysia (UPM) | at Bintulu, Sarawak

13:20 Dr. Seca Gandaseca, UPM Stream water chemistry in the rehabilitated

forest in Bintulu, Sarawak, Malaysia

Session 4: Atmospheric depositions of sulfur and its dynamics in Thai forests (Chaired

by Prof. Nik)
13:40 Dr. Hathairatana Garivait, Precipitation chemistry in Sakaerat forest,
Environmental Research and Nakhon Ratchasima Province
Training Centre (ERTC),
Department of Environmental
Quality Promotion (DEQP)
14:00 Dr. Naoyuki Yamashita, ACAP Vertical distribution of sulfur isotopic ratio in
rainfall, throughfall, soil and streamwater in
Thai and Malaysian tropical forest
14:20 Dr. Hiroyuki Sase, ACAP Alkalinization and acidification of stream water
in Sakaerat forest
14:40-15:15 Coffee break

Session 5: Panel discussion

15:15 Panel discussion Dr. Sase (Moderator), Prof. Nik, Mr. Bopit, and
Dr. Hathairatana.
16:30 Mr. Bopit Kietvuttinon Closing remarks

IV. Major outcomes

9. The project members and cooperative researchers presented progress of the studies

on sulfur dynamics in forest ecosystems in Thailand, Malaysia and Japan, which

included topics on various media in the ecosystems, such as rainwater, soil, soil

solution and stream water.

10. Moreover, the atmospheric scientists from Japan introduced studies on dry
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11.

deposition processes onto/in forest canopy.

In the panel discussion, the following two themes were discussed by four panelists

and the participants:

1) Current atmospheric environmental issues

In addition to acid deposition and nitrogen deposition, ozone and particulate
matters (PM) should be taken into consideration as the important atmospheric
pollutants in the region, which may cause reduction of plant growth/yields as
well as harmful effects on human health.

However, tropospheric ozone has not been well recognized as a harmful
pollutant by the general public. Public awareness should be promoted

furthermore.

11) Future research topics and collaboration

It was introduced that new joint research projects on ozone and/or PM have
already been planned in Malaysia and Thailand:
- Malaysia: December 2014 — November 2016

The effects of ozone and aerosols on physiological characteristics of

urban and suburban forests in Malaysia (by Roland Kueh Jui Heng, Nik

Muhamad Majid, Ahmed Osumanu Haruna, Franklin Raai Kundat, and
Hiroyuki Sase)
- Thailand: April 2015 — March 2018 (under application)

Removal process of biomass-origin black carbon by forest canopy in dry

forests in Northeast Thailand (by Hiroyuki Sase, Kazuhide Matsuda,

Naoto Murao, T. Ohizumi, T. Fukazawa, and N. Yamashita with B.
Kietvuttionon, H. Garivait, and T. Artchawakom)

In addition to the research topics above, the various research ideas were raised

by the participants as follows:

- Next generation of the inferential method with meteorological model,
multi-layer and multi-pollutant models

- Unknown processes in tropical region, such as nitrogen dynamics and
processes in deeper soils, to contribute to development of
biogeochemical model

- Effects on local community

- More direct relations to the EANET stations and utilization of the



APN Project Workshop 2014 on Sulfur Dynamics in East Asian Forests

EANET data
- S isotopic ratio in PM; s in the northeast Asian countries
- Relations to climate change
12. During the fieldtrip to the forest park in Samutprakarn Province on 19 December,
the workshop participants realized that a relatively large green area has been
conserved and still enlarged year by year just next to the megacity, Bangkok, by
efforts of the RFD and local community. It was suggested that such a large green
area in urban area had an important role to remove air pollutants from the
atmosphere. The participants planted native tree species in the forest park to

contribute to rehabilitation of the forest.






Funding sources outside the APN

® In-kind support for the project

»

»

»

»

»

ACAP: supporting the surveys in Kajikawa site, including use of laboratory
instruments, etc.

RFD: supporting the surveys in Sakaerat site, including use of facilities, field
workers for sampling, etc. and preparation of the workshop

ERTC: supporting the chemical analysis in Sakaerat site, including use of
laboratory instruments, laboratory staff, etc.

UPM: supporting the field surveys and chemical analysis in Bintulu site, including
laboratory instruments, laboratory staff, etc. and preparation of the workshop
Danum Valley Field Centre: supporting the field surveys in Danum Valley

® Co-funding for the project

»

Ministry of Education, Culture, Sports, Science, and Technology (MEXT), Japan:
Grant-in-Aid for Scientific Research on Innovative Areas (20120012)

The project was finished in the end of March 2013. Sample collection/analysis for
RF and TF+SF in Sakaerat site was supported by the project. Grant in JFY 2012:
3,800,000 JPY

® The previous project, in which the relevant data was accumulated.

»

Ministry of the Environment of Japan (MOEJ): Environment Research and
Technology Development Fund (C-052, C-082 and B-0801), from 2005 to 2010 in
Sakaerat and Danum Valley sites

Mitsubishi Corporation: the Malaysian Experimental Project in Tropical Forest
Regeneration, since 1990 in Bintulu site

MOEJ: Kajikawa site was originally established for the surveys of the MOEJ in
2001 and has been operated as the research site of ACAP thereafter. Surveys on
multi-isotopic analysis (S, Sr, Pb, N and O of NOs etc.) started by MOEJ in
several sites including Kajikawa site in 2014.

Final Report: ARCP2013-13CMY-Sase



List of Young Scientists

Mr. Tatsuyoshi Saito, Researcher, Ecological Impact Research Department, ACAP,
tsaito@acap.asia

>
>

»

»

He joined the surveys in Kajikawa, Danum Valley and Bintulu sites.

Through the project, he developed his experimental skills, especially for S
isotopic analysis.

Currently, he is also the Ph.D. student of Niigata University. It is expected that
papers produced based on the project will be part of his Ph.D. Thesis.

Message from Mr. T. Saito: “The project was a good opportunity to challenge new
scientific subjects. Especially, it was happy for me to have participated in the
workshop and presented outcomes from the project.”

Students of UPM supported field surveys and chemical analysis with their supervisors:

»

Ms. Norainie Rosli, Ph.D. student, UPMKB

<~ Her supervisor: Dr. Seca Gandaseca, Associate Professor, UPM,
seca@upm.edu.my

Mr. Mohamad Hilmi bin Ibrahim, Master Course student, UPMKB,

mohamadhilmiibrahim@gmail.com

< His supervisor: Dr. Ahmed Osumanu Haruna, Associate Professor, UPMKB,
osumanu@upm.edu.my

Final Report: ARCP2013-13CMY-Sase



Glossary of Terms
ACAP, Asia Center for Air Pollution Research
BC, black carbon

BDSR, bacterial dissimilatory S reduction

DIN, dissolved organic nitrogen

DOC, Department of Chemistry

ERTC, Environmental Research and Training Centre, Thailand
INTROP, Institute of Tropical Forestry and Forest Product, UPM
MMD, Malaysian Meteorological Department

MEXT, Ministry of Education, Culture, Sports, Science and Technology, Japan
nss, non-sea salt

PCD, Pollution Control Department

PM, particulate matters

RF, rainfall outside forest canopy

RFD, Royal Forest Department, Thailand

S, sulphur

SF, stemflow

SS, soil solution

SW, stream water

TF, throughfall

UPM, Universiti Putra Malaysia

Final Report: ARCP2013-13CMY-Sase



Abstracts, Power Point Slides of conference/symposia/workshop presentations

The following materials are attached as PDF files (Appendix 2)

® Brochure for The APN Workshop 2013 on Sulphur Dynamics in East Asian Forests

® Abstracts for The APN Workshop 2013 on Sulphur Dynamics in East Asian Forests

® Abstract Book of The APN Project Workshop 2014 on Sulfur Dynamics in East Asian
Forests

® Power Point Slides of the presentation, Introduction of the APN Project, “Dynamics of
sulphur derived from atmospheric deposition and its possible impacts on the East
Asian forests” by Sase et al. in the workshop 2014

® Poster presentation materials in other conferences:
» Japanese Forest Society in 2015 (by Yamashita et al.)
» Japan Geoscience Union Meeting (JpGU meeting) 2015 (by Yamashita et al.)
» Japan Geoscience Union Meeting (JpGU meeting) 2015 (by Saito et al.)
» Isotope Symposium 2013 (by Sase et al.)

Final Report: ARCP2013-13CMY-Sase
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APN Workshop 2013 on Sulphur Dynamics in East Asian Forests.

Introduction of the APN Project, “Dynamics of sulphur derived from
atmospheric deposition and its possible impacts on the East Asian
forests”

Sase, H.!, Ohizumi, T.", Yamashita, N.', Visaratana, T.%, Kietvuttinon, B.?, Garivait, H.?,
and Majid, N.M.*

1. Asia Center for Air Pollution Research; 2. Royal Forest Department, Thailand; 3. Environmental
Research and Training Center, DEQP, Thailand; 4. Universiti Putra Malaysia, Malaysia.

Keywords: stable isotope, biogeochemical cycle, rainwater, stream water, soil

Deposition level of sulphur is still high and a cumulative load of sulphur is quite large in East
Asia. 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 SO,” -increasing trend
(EANET 2011). Effect of sulphur deposition on terrestrial ecosystems is one of the important
issues to be investigated in the region. Consequently, scientists from the community of Acid
Deposition Monitoring Network in East Asia (EANET) started the new project in 2012 with
financial support of the Asia Pacific Network for Global Change Research (APN). In the
project, dynamics of sulphur derived from atmospheric deposition are investigated in forest
catchments in Niigata, Japan, Nakhon Ratchasima, Thailand, and Sabah and Sarawak, Malaysia
(Table 1).

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
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APN Workshop 2013 on Sulphur Dynamics in East Asian Forests.
Utilization of Stable S Isotope Analysis for Atmospheric Science

Tsuyoshi Ohizumi', Yayoi Inomata', Naoko Take'
1. Asia Center for Air Pollution Research
Keywords: Sulfur Isotope, Northeast Asia, Anthropogenic Emission, Transboundary Air Pollution

Sulfur isotope geochemistry has been a rewarding study field because of the relatively large
percentage mass difference between the two principal isotopes, the variety of chemical forms of
sulfur, and their widespread occurrences in the earth’s lithosphere, hydrosphere, and
atmosphere. Sulfur isotope geochemistry began in the late 1940s and has been concerned with
such problems as isotope fractionation in the biological sulfur cycle, the sulfur-bearing gases of
volcanoes, the isotopic composition of present-day and ancient oceans, isotope distribution in
coal and petroleum, etc. Sulfur isotopic ratio measurement on air pollution research was
initiated by Mizutani and Rafter (1969) in Japan and Grey and Jensen (1972) in USA, etc. and
has increased application in environmental studies.

We have monitored sulfur isotopic ratio of the atmospheric deposition collected in the area
along the Sea of Japan since 1980s, in order to clarify the causes of obvious seasonal variation
and huge amount of winter deposition of sulfur in the region (Fig. 1). As the results, we could
conclude that the observed seasonal variation of the amount and isotopic ratio values of sulfate
deposition can only be explained by taking a sulfur supply with high delta values into account,
in addition to variation of sulfur contribution from sea salt, biogenic, volcanic and local
anthropogenic origins. The contribution of high delta sulfur becomes the most significant in

winter in which continental outflow becomes significant.
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Fig.1 Variation with time in the isotopic ratio and deposition of sulfur collected in Niigata, Japan
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APN Workshop 2013 on Sulphur Dynamics in East Asian Forests.
Seasonal variation of sulfur isotope ratio in a small catchment of a
Japanese cedar forest in Kajikawa, Niigata prefecture, Japan

Saito, T.!, Yamashita, N.!, Inomata, Y.!, Uchiyama, S.!, Nakata, M., Ohizumi, T.', and
Sase, H'.

1. Asia Center for Air Pollution Research (ACAP); 2. Niigata University, Japan.
Keywords: sulfur isotope ratio, rainwater, soil water, stream water

This study is conducted to clarify the dynamics of sulfur derived from atmospheric deposition,
especially the variation of sulfur isotope ratio. The study plot was selected in a small catchment
of a Japanese ceder forest in Kajikawa, Niigata prefecture, Japan (Fig.1) which suffered large
amount of deposition from transboundary air pollution (Kamisako et al. 2008). Rainwater, soil
water (middle slope: 20 centimeters depth; lower slope: 20 and 60 centimeters depth) and
stream water (upstream and downstream) were collected from the study site at least once a
month (Fig. 2). In addition, throughfall and stemflow were also collected. The pH, electric
conductivity, major ions and sulfur isotope ratio in these samples were determined. Water
sampling and measurement began in August 2012. Sulfur isotope ratio in rainwater and stream
water showed clear difference. In this presentation we discuss their seasonality.
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ABSTRACT

The rapid increase in developmental activities by human has given considerable
rise to atmospheric pollutants which have affected the natural ecosystems severely.
Among those pollutants emission of SO, and NO, have increased significantly in the East
Asian region since 1990. Acid deposition has become more and more important issue in
the region due to its trans-boundary nature and the impact to ecological acidification. The
impact lead to soil acidification would be the most important for catchment area where
water availability is defined.

Wet deposition such as rainfall (RF), stem flow (SF) and throughfall (TF) in the
catchment area of SRS station has been measured since 2005 under the joint research
project on catchment analysis in Thailand. Clear seasonality of atmospheric deposition
and elemental flow in the forest ecosystems has been observed under the catchment
study. Deposition amounts of all ions by TF+SF generally increased during the beginning
of wet season, especially SO,” showed the highest concentration. As in the year 2008, the

total amount of precipitation collected by RF was 1377.2 mm, while TF and SF were
863.1 mm and 34.9 mm, respectively. The volume weighted average pH of the
precipitation was 5.15. Total amount of SO, deposition in RF, TF and SF were 8.3, 87.0
and 3.0 mmol/m?%/year, respectively. An attempt is made to quantify the potential effects
on long-term soil acidification at a tropical forested catchment area in Thailand. The
regulatory factors that govern soil sensitivity and vulnerability in the area are
summarized. The modifications to soil chemical characteristics in which such changes
may influence soil acidification in the area are discussed.

Keywords: precipitation chemistry, tropical forested catchment, soil characteristics, soil
acidification
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A small catchment plot (approx. 35 ha) was established in a dry-evergreen forest in the Sakaerat
Silvicultural Research Station, Nakhon Ratchasima Province, Thailand. Field surveys on input
and output are carried out in the catchment plot. As for the output, stream water at the outlet of
the catchment was collected at the same interval and the discharge was continuously monitored.
As for the input, precipitation samples including throughfall (TF), stemflow (SF), and rainfall
outside the forest canopy were collected basically at two-week interval. Ion constituents were
determined using ion chromatograph for the water samples. The regular surveys started in
October 2005. Soil chemical properties and ion fluxes in soil layers were also determined
intensively. In this presentation, seasonal changes in stream water chemistry will be mainly
discussed. Stream water chemistry showed a distinct seasonality. The pH and EC increased
simultaneously with alkalinity and base cations in early wet season. After the alkalization
above, the pH and alkalinity suddenly decreased with flushing of SO42' in middle/late wet
season. High mineralization rate (Yamashita et al., 2010) and high deposition amount (Sase et
al. 2012) in the beginning of wet season may affect alkalization and acidification of the stream
water, respectively. In particular for acidification, mechanisms on retention and release of SO42'
in the catchment should be discussed.
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This study was conducted to assess the water quality condition on stream water at Rehabilitated
Forest of Universiti Putra Malaysia Bintulu Sarawak, Malaysia. A total of 144 water samples
were collected from 12 stations and taken from upstream, middle stream and downstream the
study area. Monitoring, field measurement and water sampling was conducted from 29"
January until 19" March 2013. Twenty water quality parameters were measured and analyzed in
field (in situ) and in laboratory (ex situ) according to Standard Methods APHA. According to
National Water Quality Standards (NWQS) Malaysia, the water temperature was in normal
ranges; electrical conductivity (EC), salinity (SAL), ammonia nitrogen (NH,-N), biochemical
oxygen demand (BOD), total dissolved solids (TDS) and total suspended solids (TSS) were
categorized under Class I, while dissolved oxygen (DO), turbidity (TUR) and chemical oxygen
demand under Class II and pH under class III. Macroelements such as potassium (K), calcium
(Ca), magnesium (Mg), sodium (Na) and micronutrients include iron (Fe), zinc (Zn),
manganese (Mn) and copper (Cu) was found in safe level and healthy condition. Based on
Malaysia Water Quality Index (WQI) provided by Department of Environment (DOE)
Malaysia, overall water quality status at the study area was categorized under Class II which
represents water bodies of good quality, unpolluted and safe for body contact.

AT W S o AR T P o 1250

Acknowledgment

Thank ACAP-Japan and UPM-Mitsubishi Rehabilitated Project for support this research.
References

APHA (American Public Health Association), 2005. Standard Methods for the Examination of
Water and Wastewater. 21st Edn. American Public Health Association, Washington, DC.



APN Workshop 2013 on Sulphur Dynamics in East Asian Forests.
Soil chemistry of a rehabilitated forest

Ahmed, O. H.",Ch’ng, H. Y.', Majid, N. M. A.?, Susilawati, K., Sase, H.”, and
Yamashita, N.}

IDepartment of Crop Science, Faculty of Agriculture and Food Sciences, Universiti Putra Malaysia
Bintulu Sarawak Campus,97008Bintulu, Sarawak, Malaysia.
*Department of Forest Management, Faculty of Forestry, Universiti Putra Malaysia, 43400 Serdang, Sclangor,
Malaysia.
*Ecological Impact Research Department, Asia Center for Air Pollution Research (ACAP),
Japan Environmental Sanitation Center (JESC), 1182 Sowa, Nishi-ku, Niigata 950-2144, Japan

In recent times, concerns have been expressed about the degradation of the environmental
quality. Sulphur oxides have been implicated in the air quality degradation world-wide,
particularly in highly industrialized areas. Since sulphur compounds including sulphur
oxides and sulphate in the atmosphere are likely to find their way to the soil in forest areas,
the need for studies in sulphur dynamics is essential especially in degraded and
rehabilitated forest soils which are known to be fragile. This aspect of research also calls
for studies on soil fertility and soil factor evaluation vis a vis sulphur dynamics. In line with
this, a study was carried to assess Soil Evaluation Factor (SEF) of a rehabilitated forest soil.
The study was carried at the rehabilitated forest of Universiti Putra Malaysia Bintulu
Campus Sarawak, Malaysia. Standard procedures were used to determine variables
evaluated in this study. The SEF equation (Lu et al., 2002) was used to estimate the fertility
of the soil as this method is an improvement over Soil Fertility Index (SFI).
SEF =[Ca+ Mg+ K — log (1+Al)]xOM +5

The SEF slightly increased with increasing soil depth probably due to movement of
nutrients down the soil profile. However, regardless of soil depth, the SEF was less than 5
suggesting that the fertility status of the rehabilitated forest soil was relatively poor. Among
the variables evaluated in this study, the SEF related to magnesium, potassium, aluminium,
and soil organic matter. This suggests that sulphur dynamics could affect soil fertility of
this rehabilitated forest since sulphur interacts with soil organic matter and aluminium. This
premonition is being researched in the rehabilitated forest.
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The neutralisation process of dissolved materials from rainfall to streams in catchments is poorly
understood in tropical rainforests with complex biogeochemical and hydrological processes. The
temporal variations in streamwater chemistry and vertical nutrient fluxes within plant-soil systems have
been observed for about 4 years in Sabah, Malaysian Borneo. The mean precipitation pH value of 5.3
declined to 4.8 in the surface soil solution at upper slope and increased to 5.9 in the subsoil at lower slope
and 7.1 in the streamwater. The NO,", NH," and K" fluxes markedly decreased from the surface soil to the
stream, whereas the Na”, Ca™" and Mg”* fluxes remained high in the subsoil and the stream. Significant
chemical weathering in deeper strata played an important role in the relatively high streamwater pH value
because exports of Na*, Ca”™ and Mg™ to the stream greatly exceeded the input via atmospheric
deposition. This tropical stream had a low acid sensitivity to the fluctuation of strong acid leaching during
storms periods due to the constant high HCO, leaching, whereas DOC, including organic acids, may
cause temporal variations in water acidification.
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Malaysia as a developing country has not exceptional for experiencing acid deposition
problem. Current status of rainfall and throughfall depositions is generally scarce in the
humid tropical region. The objective of this study is to compare the rainfall deposition
outside forest canopy with throughfall depositions for several ions at different forest stands
(5, 8, 11, and 14 years) old of rehabilitated forest in Bintulu, Sarawak, Malaysia where
atmospheric depositions have not reported yet. Ion exchange resin (IER) method was used
for measuring rainfall and throughfall deposition. Annual rainfall depositions were 1704,
207.3, 4.9, 900, 218 and 802 mg m™ year' for Ca’’, Na‘, Mg”", NH,", NO; and SO,”,
respectively. Depositions ions amount for throughfall were higher than rainfall in terms of
Mg”", Fe, Zn and NH,", but for Ca*", Cu and NO, it was lower. The study shows that a
rehabilitated forest or a forest area with canopy closure significantly affects the amount of
both anions and cations reaching the forest floor. Several processes on the forest canopy can
be considered as possible causes of the phenomena above, which may include dry deposition
of gaseous/particulate matters to the canopy, leaching/uptake of ions on leaf surface and
consumption/modification of ions by microorganisms, etc. The results suggested the role of
trees to change ion compositions in rainwater by such canopy interactions.
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Preface

It’s my great pleasure to hold the “APN Project Workshop 2014 on Sulfur Dynamics in
East Asian Forests” in Bangkok, Thailand. Effect of atmospheric deposition on forest
ecosystems is one of the important issues to be investigated in Asia. However, the topic

has not been enough studied in the region, especially in tropical countries.

In Thailand, Royal Forest Department (RFD) has been conducting a joint research
project on catchment analysis in Sakaerat Silvicultural Research Station, Nakhon
Ratchasima Province, since 2005, in cooperation with Environmental Research and
Training Centre (ERTC), Department of Environmental Quality Promotion (DEQP) and
Asia Center for Air Pollution Research (ACAP). A lot of scientific knowledge has been
obtained through the project, regarding atmospheric deposition, soil and stream water
chemistry, and their biogeochemical processes in the dry forest. Several scientific

papers based on the joint project have already been published in international journals.

In particular since 2012, by obtaining the research grant from Asia-Pacific Network for
Global Change Research (APN), we have been studying sulfur dynamics in forest area
in three countries, namely Thailand, Malaysia and Japan. This multilateral research
project is an epoch-making study on atmospheric deposition and forest ecosystems in
the region. The workshop will introduce major outcomes from the project and relevant
research activities. I believe that fruitful discussion will be made during the workshop,

which must contribute to improvement of atmospheric environment in the region.

&

(Thiti Visaratana)
Forest Management Expert
Acting Director of Forest Research and Development Bureau

Royal Forest Department
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1. Background

Deposition level of sulfur is still high and a cumulative load of sulfur is quite large in
East Asia. Since sulfur 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* -increasing trend (EANET 2011). Effect of sulfur deposition on terrestrial

ecosystems is one of the important issues to be investigated in the region.

Consequently, scientists from the community of Acid Deposition Monitoring Network
in East Asia (EANET) started the project in 2012 with financial support of the Asia
Pacific Network for Global Change Research (APN) (ARCP2012-18NMY-Sase &
ARCP2013-13CMY-Sase, Dynamics of Sulphur Derived from Atmospheric Deposition
and its Possible Impacts on East Asian Forests, Project Leader: Dr. Hiroyuki Sase, Asia
Center for Air Pollution Research, ACAP). In the project, dynamics of sulfur derived
from atmospheric deposition are investigated in forest catchments in Niigata, Japan,
Nakhon Ratchasima, Thailand, and Sabah and Sarawak, Malaysia. Last year, the APN
Workshop 2013 on Sulphur Dynamics in East Asian Forests was held in Selangor,
Malaysia, to share the progress of the project. This year, the APN Workshop 2014 is

held in cooperation with Royal Forest Department (RFD) in Bangkok, Thailand, to

share the outcomes from the project and discuss current environmental issues and future

research topics in the region.

2. Schedule
17 December: Arrival in Bangkok

18 December: APN Workshop in Bangkok

19 December: Workshop fieldtrip to the forest park in Samutprakarn Province

(Some of the project members will visit Sakaerat site in Nakhon Ratchasima

Province on 15-16 December.)

3. Venue
H. Slade Meeting Room, Department of National Park, wildlife and Plant, Bangkok,
Thailand
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4. Timetable

Moderator: Mr. Bopit Kietvuttinon / Mrs.Suwanna Umphauk
Chairs: Dr. Hiroyuki Sase, Prof. Nik Muhamad Majid

Time

Speaker

Possible topics

9:00

Mr. Thiti Visaratana,
Acting Director of Forest
Research and Development
Bureau, Royal Forest

Department (RFD)

Opening remarks

9:15

Dr. Hiroyuki Sase, ACAP

Introduction of the APN Project

Session 1: Utilization of stable S isotope analysis for atmospheric and
biogeochemical sciences in Japan (Chaired by Prof. Nik)

9:30 Dr. Tsuyoshi Ohizumi, Utilization of stable S isotope analysis
ACAP for atmospheric science
9:50 Dr. Yayoi Inomata, ACAP | Seasonal variation of sulfur isotopic
ratio in precipitation in coastal region
of Sea of Japan
10:10 Mr. Tatsuyoshi Saito, Seasonal variation of sulphur isotopic
ACAP ratio in a small catchment of a Japanese
cedar forest in Kajikawa, Niigata
prefecture, Japan
10:30-11:00 Coffee break

Session 2: Atmospheric depositions of sulfur in Japanese forests
(Chaired by Dr. Sase)

Meisei University

11:00 Dr. Kazuhide Matsuda, Sulfur dry deposition on forests in East
Tokyo University of Asia
Agriculture and
Technology

11:20 Mr. Tatsuya Yamazaki, Vertical profiles of sulfate and nitrate

aerosols in a forest canopy

in suburban Tokyo
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11:40-13:00

Lunch break

Session 3: Soil and stream water chemistry in Sarawak, Malaysia
(Chaired by Dr. Sase)

13:00 Dr. Ahmed Osumanu Sulphur storage in soil of a rehabilitated
Haruna, Universiti Putra forest at Bintulu, Sarawak
Malaysia (UPM)

13:20 Dr. Seca Gandaseca, UPM | Stream water chemistry in the

rehabilitated forest in Bintulu, Sarawak,

Malaysia

Session 4: Atmospheric depositions of sulfur and its dynamics in Thai
forests (Chaired by Prof. Nik)

13:40 Dr. Hathairatana Garivait, Precipitation chemistry in Sakaerat
Environmental Research forest, Nakhon Ratchasima Province
and Training Centre
(ERTC), Department of
Environmental Quality
Promotion (DEQP)

14:00 Dr. Naoyuki Yamashita, Vertical distribution of sulfur isotopic
ACAP ratio in rainfall, throughfall, soil and

streamwater in Thai and Malaysian
tropical forest

14:20 Dr. Hiroyuki Sase, ACAP | Alkalinization and acidification of

stream water in Sakaerat forest
14:40-15:15 Coffee break

Session 5: Panel discussion

15:15 Panel discussion Dr. Sase (Moderator), Prof. Nik, Mr.
Bopit, Dr. Hathairatana, etc.
16:30 Mr. Thiti Visaratana, RFD | Closing remarks
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Deposition level of sulphur is still high and a cumulative load of sulphur is quite large in East
Asia. 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). Effect of sulphur deposition on terrestrial ecosystems is one of the
important issues to be investigated in the region. Consequently, scientists from the community
of Acid Deposition Monitoring Network in East Asia (EANET) have been conducting a
research project since 2012 with financial support of the Asia Pacific Network for Global
Change Research (APN). In the project, dynamics of sulphur derived from atmospheric
deposition are investigated in forest catchments in Niigata, Japan, Nakhon Ratchasima,
Thailand, and Sabah and Sarawak, Malaysia (Table 1).

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
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Rainwater has been acidified by sulfuric acid and sulfate has been main component of PM2.5 in
Northeastern Asian countries including Japan. Original sulfur of those sulfuric acid and sulfate
has been emitted from various sources to the atmosphere as many kinds of chemical species
such as sulfur dioxide, hydrogen sulfide, dimethyl sulfide, sulfate, etc. However, since those
sulfur compounds are oxidized to sulfuric acid and sulfate in the atmosphere, it is impossible to
identify the sulfur sources from the chemical species in rainwater and particulate matter. Sulfur
isotopic composition which is usually utilized as the ratio of second maximum (**S) to the
maximum member of sulfur (**S) has provided useful information for identification of sulfur
sources in rainwater collected in various regions of the world. In the case of Japanese rainwater
collected in the area along the Sea of Japan, sulfur isotopic ratio (**S/**S) has varied with season
and has increased in winter in which large amount of sulfate wet deposition is observed. In the
area, sulfur sources characterized by light (oil) and heavy (coal) sulfur have been identified as
constant and variable sources, respectively. We have started sulfur isotopic analysis for PM2.5
in the area since 2013 to identify the sources of sulfate in PM2.5 (Fig. 1). Different from
rainwater sulfuric acid, seasonal variation of fine particulate sulfate concentration in the area is
generally characterized by high in summer and low in winter. However, seasonal variation of
sulfur isotopic composition comparable with rainwater can be seen from the analytical results of
PM2.5 collected in Niigata-Maki station.
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Fig.1 Sulfur isotopic compositions and particle formation rates of PM2.5 collected in
Niigata-Maki station, Japan, in 2013
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[ Introduction] Although SO, emissions in East Asia are decreased recently, sulfate ions are
one of the major species in the precipitation. It is well recognized that sulfur isotopic ratios
(8*'S) are useful to identify the sources because the 8°*S have source specific values. The
purpose of this study is to investigate the spatial and temporal variation of anthropogenic sulfur
deposition and evaluation of effect of transboundary transport.

[Methodologies] We collected precipitation samples at 13 sites by using EANET sampling
network. The sampling interval was from 2 weeks to seasonal depending on the sampling
scahedule at each site. After samples were evaporated and filtered, sulfate ions were precipitated
as BaSO,. The BaSO, samples were analyzed by stable isotope mass spectrometer (NCS2500,
Conflo II, Delta-Plus; Thermo Co. Ltd.). Canyon Diablo Troilite (CDT) is used as the reference
materials. In this presentation, we focus on the results at the coastal site of Sea of Japan.

[Results and discussion] Figure 1 shows the temporal variation of §*S, at the coastal
monitoring sites in Sea of Japan. There is found a seasonal variation with high in autumn-spring
and low in summer. This seasonal variation is associated with the contribution of transboundary
transport from the Asian Continent. The detail as well as the results with the other region will

show in the presentation.
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Figure 1. Temporal variation of 'S, in sulfate in precipitation at the coastal sites in Japan

Sea.
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This study is conducted to clarify the dynamics of sulphur derived from atmospheric deposition,
by sulphur isotopic analysis. The study plot was selected in a small catchment of a Japanese
cedar forest in Kajikawa, Niigata prefecture, Japan (Fig.1), which suffered large amount of
deposition from transboundary air pollution (Kamisako et al. 2008). Rainfall, stream water and
soil solution were collected from the study site at least once a month. In addition, throughfall
and stemflow were also collected. Sulphur isotopic ratio(5**S) and also water chemicals in these
samples were determined. Seasonal variation of 8°*S from Aug. 2012 to Aug. 2013 is shown in
Fig. 2. Clear variation is shown in rainfall, but *'S in stream water is stable at 9%o. It suggests
that sulphur in rainfall does not directly reach to stream. Sulphur deposition may be retained

once in ecosystem and 8°*S changed by some processes, for example soil adsorption. We’ll

discuss about the data include throughfall, stemflow and soil solutions in presentation.
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Fig. 1. Kajikawa study site Fig. 2. Seasonal variation of sulphur isotopic ratio
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Sulfur dry deposition on forests in East Asia
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Sulfur oxides are extremely important species in the atmospheric environment in Asia.
Transboundary air pollution of sulfur and the impact of sulfur deposition on the forest
ecosystem are of concern. In order to evaluate the impact, accurate estimations of deposition
rate are required. Wet deposition and air concentration monitoring are carried out in EANET.
We estimate sulfur dry deposition on forest surface base on the inferential method by using
EANET and World Meteorological data set, and show the distribution of sulfur deposition in
East Asia.

A resistance model to calculate deposition velocity of sulfur dioxide and sulfate was updated
based on several field studies by direct measurements of dry deposition flux in Japan and
Thailand. The model included the effect of enhancement of dry deposition due to high humidity
indicated by Matsuda et al. (2006) for SO, and Matsuda et al. (2010) for sulfate. Deposition

velocities were calculated from wind speed,

temperature and relative humidity in 27 Mondy

EANET sites from 2003 to 2008. o
The estimations indicated that both SO,

and sulfate deposition velocities (V4) on

forest surface were higher around Japan and

®Ogasawara

lower around tropical area. The distribution .
. eposition
“Mt.sto.Tomas  (mmol m2 year)

Metro Manila
D,

Il Dry SO,
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of V4 was similar to that of wind speed. Dry
deposition of sulfate occupied about 30% of
total sulfur dry deposition in average. Ratios
of total dry deposition to wet deposition
were high in high latitude and low in low
latitude because of low wind speed and

large precipitation amount in low latitude Fig. 1 Distribution of annual mean wet and dry

(Fig. 1, Fujimura et al., 2011). deposition of sulfur on forest surface from 2003

References to 2008.

Fujimura et al. 2011. Dry deposition estimation of sulfur oxides on forests in East Asia -Examination of a
simplified methodology on deposition velocity estimation-, Earozoru Kenkyu 26, 286-295 (2011)

Matsuda et al. 2006. Deposition velocity of O; and SO, in the dry and wet season above a tropical forest
in northern Thailand. Atmospheric Environment 40, 7557-7564.

Matsuda et al. 2010. Deposition velocity of PM2.5 sulfate in the summer above a deciduous forest in

central Japan. Atmospheric Environment 44, 4582-4587.



APN Project Workshop 2014 on Sulfur Dynamics in East Asian Forests
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To elucidate differences of dry deposition process in PM, s components, vertical profiles of
inorganic components were measured in a forest in suburban Tokyo (FM Tama site) during one
year from December 2012 to November 2013. Sampling was carried out every week at 4

heights (2 heights above canopy, 2 heights below canopy) of a tower contracted in the forest.

Major inorganic aerosols were NH,NO; and (NH4),SO;, at the 4 heights through the year. Fig.1

shows vertical profiles of NO;3™ and SO.% in PM,s. Significant differences between SO,* and
NO;™ profiles were appeared. NO; relatively decreased compared with SO,* toward the forest
floor through the year. Decreasing rates were high in summer and low in winter in both
components. In winter and spring, temperature increased toward the forest floor. On the other
hand, in summer and autumn, it was almost no difference above the canopy and decreased
below the canopy. The profiles of concentration and temperature indicated that volatilization of
NH4NO; by higher temperature on the floor caused the rapid decrease of particulate NO;™ in
winter and spring, and the volatilization by absent HNO; gas due to its significant removal to
leaves caused the rapid decrease in summer and autumn. It indicated the removal of ammonium

nitrate to forests was more efficient than that of ammonium sulfate, because of the volatilization

process.
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Sulphur storage in soil of a rehabilitated forest at Bintulu, Sarawak
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?Agriculture and Environment, Borneo Eco-Science Research Centre, Universiti Putra Malaysia Bintulu
Sarawak Campus, 97008Bintulu, Sarawak, Malaysia.
’INTROP, Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia.
*Ecological Impact Research Department, Asia Center for Air Pollution Research (ACAP),
Japan Environmental Sanitation Center (JESC), 1182 Sowa, Nishi-ku, Niigata 950-2144, Japan

Environmental pollution being it air, water, or soil has become a global concern. Among the
chemical compounds which are likely to pollute the environment if not properly managed are
sulphur oxides. Sulphur oxides pollution could be notable in highly industrialized areas and this
is a cause for concern because sulphur compounds including sulphur oxides and sulphate once
that are emitted into the atmosphere could be deposited in forest soils. Considering the fragile
nature of rehabilitated forests in particular, the damaging effects of sulphur oxides and sulphate
on this ecosystem could be significant. Therefore, there is a need for studies on sulphur
dynamics of degraded and rehabilitated forest soils. Based on this rationale, a study was carried
out in a rehabilitated forest of Universiti Putra Malaysia Bintulu Campus Sarawak, Malaysia to
determine the soil sulphate storage of the rehabilitated forest and to also determine if the storage
is related to pH, EC, acidity, and exchangeable AP, H', K', Na", Ca*" and Mgﬂ. Soil samples
were taken along the gradient (upper slope, middle slope, and lower slope) of the rehabilitated
forest. Standard procedures were used to determine variables evaluated in this study. As for
sulphate, NaHCO; extractable fraction was measured according to the EANET technical manual.
Soil SO,* storage was calculated based on the procedure of Ellert et al. (2000). The content of
sulphate and storage increased with increasing soil depth suggesting trapping of SO,> in deeper
soil layers. However, the SO4” storage decreased down the gradient of the rehabilitated forest
indicating trapping of SO,*vertically than horizontally. This is an interesting finding that should
be investigated further as one would have expected more horizontal flow of SO4* than vertical.
Although sulphur dynamics could affect the soil fertility of this rehabilitated forests due to
sulphur interaction with soil organic matter and aluminium, there was no consistent relationship
between storage of SO,* and pH, EC, acidity, and exchangeable AP, H', K', Na', Ca*", and
Mg®". This aspect needs to be further studied.
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Stream Water Chemistry in Rehabilitated Forest of Bintulu Sarawak
Malaysia
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Emission of pollutant gases mainly sulphur oxides causing air pollution and acid deposition
particularly in highly industrialized areas. With rapid development taken place at the study area,
a research was conducted to investigate the effects of the development particularly on chemical
characteristics of stream water and its deposition rate. The variations in selected
physico-chemical analysis were investigated to determine the water and sulphur content on
water-catchment of rehabilitated forest in UPM Bintulu Sarawak Malaysia. The water chemistry
was studied based on water quality variables and major ion chemistry. While, the measurement
of the sulfur isotope ratios analyze and used as a tracer to identify the sources of sulphur. All
analyses performed according to Standard Methods for the Examination of Water and
Wastewater APHA. Twelve sampling stations were selected from upstream, middle stream and
downstream of river to assess its chemical properties. Results for each physico-chemical
variables are summarized as follows; pH (6.08), dissolved oxygen (7.14 mg/L), electrical
conductivity (1.49 uS cm'), total dissolved solids (0.03 mg/L), ammonia nitrogen (0.07 mg/L),
biochemical oxygen demand (0.65 mg/L), chemical oxygen demand (2.67 mg/L), total
suspended solids (20.17 mg/L), turbidity (53.01 mg/L) and alkalinity (0.82 mg/L). The major
jon NH," (0.05 mg/L), Na* (1.99 mg/L), K" (0.5 mg/L), Ca*" (0.95 mg/L), Mg*'(1.27 mg/L),
SO,* (3.27 mg/L), NO5 (1.05 mg/L), chloride (2.95 mg/L) and heavy metals; Mn (0.0003 mg/L),
Fe (0.0024 mg/L), Cu (0.004 mg/L) and Zn (0.007 mg/L) respectively. The measurements of
the sulphur isotope ratio (8°*S) results indicate sulphur source originated from atmosphere
deposition in wetter season because the 8°*S in atmospheric deposition was similar to that in
stream water in the season. Analysis results suggest most of the variables include the sulphate
content in all samples collected across the seasons except for turbidity were not exceeded the
permissible limit by the World Health Organization (WHO) water quality guidelines. Therefore,
further research on continuous monitoring need to be carried out in order to validate the finding

in this study and as a precautionary measure.
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Precipitation chemistry of the Sakaerat forest catchment in the
Northeastern part of Thailand.

Garivait, H.', Sase, H.2, Morknoy, D.!,Chanatorn, D.', Tangsuwan, c., Mueanyat, T.!,
Makmai, A.', and Kietvuttinon, B.?
'Environmental Research and Training Centre, Thailand, Asia Center for Air Pollution Research, J apan,
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Acid deposition has become one of the most important issues in this region due to its
trans-boundary nature and the impact to ecological acidification. The impact to ecology would
be the most important for catchment areas where water resources availability was defined. Wet
deposition of well known acidifying compounds such as nitrogen and sulfur deposition found in
the catchment area through the integrated monitoring method such as rainfall (RF), throughfall
(TF) and Stemflow (SF), during 2008-2014 monitoring were approximately 288, 661
mg/m?/year for nitrogen and 186, 490 mg/m?*/year for sulfur, respectively. The volume weighted
average pH of the precipitation, througfall and stemflow were 5.2, 6.1 and 6.3, respectively. The
previous study on soil characteristics of the tropical forested catchment indicated high potential
to soil acidification. Long term monitoring on the precipitation chemistry in the catchment is
necessary to quantify the acidic pollutants deposition and their potential effects on long-term

soil acidification at a tropical forested catchment area in Thailand.
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In South East Asia an increase in emissions of sulfur (S) into the atmosphere may
introduce new risks for the plant, soil and inland-water through acidification.
However, the effect of the atmospheric S deposition on acidification by an increase
in SO42 is poorly understood in tropical forests with pedogenic and lithological S
sources in the internal cycles. Sulfur isotopic ratio (634S) could be a good indicator to
identify the source of SO4% in soil and inland-water. Our objective is to clarify the
contribution of atmospheric S deposition to S dynamics in the tropical forests by
determining 834S (%o) distribution from rainfall to streamwater.

Study catchments are lowland dipterocarp forest in Danum valley, Sabah (DNV),
rehabilitation forest in Bintulu, Sarawak (BTL) and dry evergreen forest in
Sakaerat, Nakhon Ratchasima (SKT). Anion-exchange-resin columns were installed
in each site through a year (ca. 6-months x 2) to collect and concentrate SO42 in the
field. SO42 retained in the resin was extracted by NaCl and precipitated as BaSOa.
We determined 34S / 328 of the BaSO4 by mass spectrometer and calculated §34S (%)
using the reference material (Canyon Diablo Troilite). Annual weighted-mean &3¢S was
calculated from SO42 fluxes (kg ha! 6-month’!) and &34S in each period.

Annual weighted-mean 634S in rainfall were 10.1, 7.9 and 4.1%. in DNV, BTL and
SKT respectively, whereas S depositions were 2.6, 6.1 and 6.4 kg ha! year!. The
634S vertically decreased from rainfall to subsoil in DNV although &34S increased in
subsoil in BTL. In DNV and BTL arithmetic mean 634S in streamwater were lower
than that in rainfall, which implied the existence of pedogenic or lithological S
source. Those internal-S sources should be considered to examine the effect of

atmospheric deposition on soil and inland-water ecosystems in this area.
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Stream water chemistry has not been enough investigated in tropical Asia, although emission
level of air pollutants were still high in the region. Field surveys on atmospheric deposition and
stream water chemistry have been carried out since 2005 in a small catchment plot, which was
established in a dry-evergreen forest in the Sakaerat Silvicultural Research Station, Nakhon
Ratchasima Province, Thailand. Stream water at the outlet of the catchment was collected at the
same interval and the discharge was continuously monitored. Precipitation samples including
throughfall (TF), stemflow (SF), and rainfall outside the forest canopy were collected twice a
month. Ion constituents were determined using ion chromatograph for the water samples. Soil
chemical properties and ion fluxes in soil layers were also determined intensively. Stream water
chemistry showed a distinct seasonality. The pH and EC increased simultaneously with
alkalinity and base cations in the early wet season. After the alkalinization above, the pH and
alkalinity suddenly decreased with flushing of SO, in the middle or late wet season. High
mineralization rate (Yamashita et al., 2010) and high deposition amount (Sase et al. 2012) in the
beginning of wet season may cause alkalinization and acidification of the stream water,
respectively. Moreover, the trends on stream water chemistry during the observation period (6

water years) will be discussed in the presentation.
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Introduction of the APN Project, “Dynamics
of sulphur derived from atmospheric
deposition and its possible impacts on the
East Asian forests”
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Kietvuttinon, B., Garivait, H., and Majid, N.M.

e

What is APN?

The Asia-Pacific Network for Global Change Research (APN) is a
network of 22 member country governments that promotes global
change research in the region, increases developing country
involvement in that research, and strengthens interactions between

the

science community and policy-makers.

» The APN’s Science Agenda (2010-2015)
— Climate Change and Climate Variability;
— Ecosystems, Biodiversity and Land Use;
— Changes in the Atmospheric, Terrestrial and Marine Domains; and
— Resources Utilisation and Pathways

* Our project applied to the Annual Regional Call for Research
Proposal (ARCP) was adopted at the 17" Intergovernmental
Meeting of APN in March 2012,

A

Outline of the project for the APN grant

* Project Title

Dynamics of sulphur derived from atmospheric deposition
and its possible impacts on the East Asian forests

Project Leader

Hiroyuki Sase, Head of Ecological Impact Research
Department, ACAP

Duration
Two fiscal years 2012/2013 and 2013/2014
(Started on 7 August 2012)

The second year contract will continue until 17 February

2015,

/A
o

Project members

 Applicants for the research proposal
— Tsuyoshi Ohizumi and Naoyuki Yamashita, ACAP, Japan
— Thiti Visaratana and Bopit Kietvuttinon, RFD, Thailand
— Hathairatana Garivait, ERTC, Thailand
— Nik Muhamad Majid, UPM, Malaysia

» Cooperative members
— Yayoi Inomata and Tatsuyoshi Saito, ACAP, Japan
— Duriya Staporn, RFD, Thailand
— Ahmed Osumanu Haruna and Seca Gandaseca, UPM, Malaysia

— Toh Ying Ying, Leong Kok Peng, and Maznorizan Mohamad,
MMD, Malaysia

“7= Nick Chappell, Lancaster University, UK
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Why sulfur is important?

* Atmospheric deposition of sulfur compounds may gradually
decrease according to the recent emission inventories in East
Asia (e.g. Lu et al. 2010).

* However, the deposition level is still high in the region.

o Sulfur may be accumulated in soil, while nitrogen is cycled in
soil-plant system more dynamically.

* Sulfur may be retained/released with change of the soil
condition.

* The recent literatures (Mitchell et al., 2011; Mitchell & Likens,
2011) showed that the output of sulfur exceeded the input,
suggesting mobilization of the sulfur accumulated in the past.
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Emission trends in East Asia
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Objectives

+ To clarify sulfur dynamics (flux, retention time,
speciation of accumulated sulfur compounds,
etc.) in ecosystems of the East Asian forests

+ To discuss combined effects of sulfur and

nitrogen on acidification and eutrophication of
the East Asian forests

El = 'Z§“ Trends on inland water in
: = the EANET sites

Declining trends

Tiwor River 20 f2 s | o fow

Increasing trends

: The pH declining trend was
accompanied by SO,
leaching.

(EANET, 2011. PRSAD2)
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Sulfur isotopic ratio of rainwater and stream water

Isotopic ratio (*S/*2S) of sulfur compounds may be changed
by biological process (isotope fractionation), mainly by
sulfate reduction process.

Isotopic ratios of atmospheric sulfur may show source
specific information to identify sulfur sources, such as coal.
Measurement of sulfur isotopic ratio of rainwater and stream
water may be informative to discriminate origin of sulfur
(atmospheric, biological or geological) and to discuss
retention time of sulfur in the ecosystems.

638 (%) = {(8/28) e/ (#SF28) ooy = 1} % 1000
where, (“828),,,,,,,, and (*8/%28) ., are isotopic ratio of the
sample and standard substance (Canyon Diablo troilite)

Study sites

* Existing catchment study sites:
— Kajikawa site, Niigata Prefecture, Japan: Japanese
cedar forest
— Sakaerat site, Nakhon Ratchasima Province,
Thailand: Dry evergreen forest
— Danum Valley site, Tawau Division, Malaysia:
Tropical rainforest
* New site for the project:

— Bintulu site, Sarawak, Malaysia: Rehabilitated
forests

o B
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Collection of sulfate from rainwater using

ion-exchange resin in the field
802 80,
S0.x Resin column: lon-exchange SO,

resin packed in PVC pipe SO
Install the resin Extraction
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ks
Add BaCl,
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In the field In Laboratory |

Installation of the samplers in Sakaerat

Sakaerat RF 302
for sulfur
isototpe

Sakaerat TF: 5
On the upper slope

Sakaerat TF blank

A Sakaerat RF: 4

Study outline

1. Flux determination of sulfur and nitrogen

2. Analysis of sulfur isotopic ratio of rainwater and
stream water

3. Speciation of sulfur compounds in soil layer

4, Trial application of biogeochemical simulation model
P
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Collection of sulfate from stream water using
ion-exchange resin
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Installation of the samplers in Bintulu
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Possible publication plans in near future
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Introduction

In Southeast Asia an increase in emissions of sulfur (S) into the atmosphere may introduce new
risks for the plant, soil and inland-water through acidification. However, the effect of the
atmospheric S deposition on acidification by an increase in SO, is poorly understood in tropical
forests with possible S sources and processes in the internal cycle. S isotopic ratio (834S) could
be a good indicator to identify the source of SO, in soil and inland-water because only bacterial
dissimilatory sulfur reduction (BDSR) results in a large fractionation of S isotope. Our objectives
are to clarify the spatial and temporal variability of 3**S in rainfall, throughfall, soil and stream
water within the catchment and discuss the effect of the atmospheric S input on the stream in
tropical dry forest.

Seasonal variability of 63*S in wet deposition and streamwater

SO,*
4
Late wet Early wet Mid wet  Late wet
" 20 o 0 205 Stream §%4S
increased in late
15 50 wet - dry season
2e-5
Stream 100 Stream §%4S
10 £ P
g £ »  reduced to same
= = 1e-5 . .
» 1805 r1**E jevel as rainfall in
% T o .
© 5 & early — middle wet
el season
— F
Soil water min ! Rainfall S lses .
0 ¢
250
Stream %S
5 - 300 o increased with
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan water discharge in
2012 2013 2014 late wet season

Fig. 1 Seasonal variation in wet deposition 5**S, streamwater 5*S, rainfall and
discharge in SERS
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Fig. 2 8*S vs. SO, concentration
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Fig. 3 Stream water 3**S and
instantaneous water discharge
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Summary

 Large seasonal and temporal variation in SO,>-8**S was observed within the tropical dry
forest catchment in Thailand.

* BDSR may play the important role for S cycle in study catchment because 1) streamwater
&*S increased 4% in late wet season (likely to led to a reducing condition), 2) 8**S in soil
and soil water were higher in riparian zone and down stream area and 3) mass balance model
suggested the large S sink in this system.

¢ Our estimation showed that the contribution of atmospheric S source to streamwater was
more than 90% in early to middle wet season whereas the residues of BDSR and soil SO,*
were main source for the streamwater SO,2 on an annual bases.

Inter-catchment variability of 634S in soil water SO,> and
exchangeable soil SO, >

8 8
b
7 b 7 ab
¢ Tl o 0 oy B
£ g
A = | ;1o
i i =
4 4
3 3 X
Soil water Soil
2 2
Dry Wet Dry Wet Slope  Riparian ~ Slope  Riparian
Headwater area Surface soil Sub soil

Fig. 5 Distribution of soil exchangeable SO,
3%*S within study catchment

Fig. 4 Distribution of soil water SO,-8*S
within study catchment

Soil water 3°S in downstream was
significantly higher than in
headstream area

Sub-soil 8**S in riparian area was
significantly higher than surface
soil on the slope.

|

Enhancement of BDSR in riparian
area of down stream?

S:Slope plot
R:Riparian plot
P P 500 m

Estimation of the sulfur budget

Contribution of different sulfur

sources to stream water SO >

(kgha'year)  Fy+ Fp = Fy + Fyge + Fope (Eq. 1) s s s s
5.1 kg ‘ Fin (Fin 6%, = Fper6%4S,007) fin0**Sin + f oo 84S sou + dsr rd desr_ ra = 6%'S5u (Eq. 4)
4.1 %o T TELy 0 B9 fa Suout T =1 and 0Sf<1 (Ee5)
in bdsr.
s = §3s e Eq.3) S pasr ra = 0%*Ssoit + Epasr (EG-6)
bdsr — soil — ©bdsr -

f indicates the fraction of each contributor to stream SO,>. Subscripts “in”,
“soil” and “bdsr.rd” stand for the atmospheric input, the SO, retained in
the soil and the SO, residues of BDSR.

F;,: Bulk deposition, F, : Mineralization rate, F,: Plant
uptake, Fy: Bacterial dissimilarly sulfur reduction,
F,,: Discharge to the stream,

Fig. 6 Plausible range of
ino Froit a0d figgra for

annual, early wet and late

fsoit

BDSR might be needed to meet the simple mass
balance model and high streamwater §34S.

) 4.8kg™

Selpeol _, . Atmospheric source could be the main source of P v wet - dry periods estimated

. ! 3.9 %o /% by eq. 4,5 and 6

14.2 %0 & -J oo N s e / o7 by eq. 4, 5 and 6.

' ' streamwater in early wet season. 30-60% / -

1150 kg! I e

1 5.8 %o & = Foasr

e ' H 1.8 %o Fig. 5 Estimation of annual S budget in study oo p? y

F 0.3kg catchment. BDSR flux (*1) was estimated by 90'95% .
out 6.3 %o Eq.1. Isotope fractionation ration by BDSR f o,

(*2) was estimated by Eq. 2 and Eq. 3. F,, bsr. TTW; e sms “’ PP )
and F are assumed to be equal. Late wet— Dry Annual Early wet

Materials and methods

[Site information] ) F
+  Study site: Sakaerat environmental research station (SERS) 4
located in North eastern Thailand, 350 km far from Bangkok
« Area size and altitude: 35 ha and 250-650m
+ Annual precipitation and Climate: 1200 mm and Tropical savanna (Aw)
« Forest type: Tropical dry evergreen forest (DEF),
+  Soil and Rock type: Acrisols (FAO) and Tertiary sand stone /

[Sampling and analysis]

+  Anion-exchange-resin columns were installed for rainfall (N=3 X 2 periods),
throughfall (N=15 x 2 periods), soil-water (10 plots X 2 depth X 2 periods,
N=40) and stream-water (N=2 x 13 periods) through a year to collect and
concentrate SO, in the field (see right box).

+  Monthly bulk deposition was collected from March to October 2013.

«  Soils were taken from 10 plots x 2 depth (same as soil-water) to measure the exchangeable SO, .

« The SO, retained in the resin and soils was extracted by NaCl and CaHPO4, respectively, and precipitated as BaSO,.
Bulk precipitation was directly pr BaSO,.

+  345/%28 of the BaSO, was determined by mass spectrometer (IR-MS) and &3¢S was calculated by the reference (Canyon
Diablo Troilite).

[Calculation]

«  Annual or periodic weighted mean &S was calculated for rainfall and stream water by hydrological monitoring data
(Sase et al., submitted)

« Significant differences for soil and soil-water 53S within the cacthmet were checked by Two-way ANOVA.

* We estimated BDSR flux and isotope fractionation ratio of BDSR (g,,) by simple mass balance equation (see above).

+  We estimated the relative contribution of different sulfur sources to stream water SO, using sulfur isotope mixture model
(see above, e.g. Novak et al., 2013).

Rainfall and throughfall

Comparison with other tropical site

Sakaerat *! Danum valley?  Bintulu?

(This study) (Sabah, Borneo) (Sarawak, Borneo)
Vegetation Tropical dry forest Tropical rainforest ~ Tropical rainforest

(Rehabilitation forest)

Type Rural Remote Rural/urban
Annual precipitation 1488 mm 2700 mm 3500 mm
Sinput (kgS ha'!) 5.1 26 6.1
S output 03 6.5 NA
Output — input -48 +39 NA
Input 3*S 4.1%o 10.1%o 7.9%o
Soil water 5*S 2.0-9.3 %0 6.5-9.6 %o 4.4 -11.7 %o
Output 5% 2.6—10.4 %o 2.6—8.2 %0 -4.1 - 14.3 %0
Output 5*S — Input 2.2 %o -7.4%o -3.9%o
84S
Possible source/sink  BDSR Rock weathering ~ Rock weathering
*1: Input/output data were cited from Sase et al., d. *2: hita et al.,

Collecting / concentrating SO,* by anion exchange resin

Soil water Stream water

Anion
2 cm T 2 cm e
resin
(DOWEX Cl type
50-100 mesh. ‘il cm
10 cm

Nylon mesh bag
containing AER

We thank people in Sakaerat environmental station for their kind support in the field. The project is supported by the grant from APN (ARCP2012-18NMY-Sase: ARCP 2013 -13 CMY -Sase).
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Estimation of sulfur dynamics in a small forest catchment
by isotopic ratio analysis
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I% C&IZ Introduction
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It is known that isotopic ratio of sulfur p d is changed by biological
processes, and so on. These changes are useful to discuss about S origin and their retention time.
This study is conducted to clarify the dynamics of S derived from atmospheric deposition by
isotopic ratio analysis. We’ll discuss about the results determined in a small catchment located
in northern part of Niigata Prefecture, Japan which suffered from many of S deposition from
transboundary air pollution.

in ecosy

F & & Summary
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S isotopic ratio of rainfall showed clear seasonal variation, whereas streamwater was stable at
around 9 %o. In addition to this, mean §*S of rainfall was 8.8 %o, whereas streamwater was
9.3%o. There was not significant difference. These suggested that S deposited from the
atmosphere not reach into stream directly, after once retained by slope soil or plant systems,
and averaged, finally reach into stream.

5% Method

fFAZEHh Study site

TF (2), SF 2)
TF (2), SF @)

BrfEdt : BrRIRSSE M i InTR) (| h X
MILARILE 18 ARE#
SEKIRTERE : 3.84ha Rl : 2EEZXXHM
HH : fERPRCE 18 BARAL
Location: Kajikwa, Shibata city, Niigata Pref.
Catchment area: 3.84ha
Vegetation: 42-year old Japanese cedar forest
Geology: Granodiorite Soil: Brown forest soil

Stream at the
outlet of the
catchment, SW

N R AURE SN N [ A = 23 3 i
TAZTHAR © 20124F8 A ~ HHEE : A1EZRV L2EFRE
| a g JUE:pH. EC. 7/ UEE,
! ITEAAY (fFvrm~<)l) | R WEE,»LHH) |
iR (RKEEZRE. 1055HF |
MERERNEL (84S, StdiXCanyon Diablo troilite % { /)

Q 1

Thr f:

p Stemflow, Soil solution,
Streamwater
Period: Aug. 2012 Frequency: Once or twice a month
Measurement: pH, EC, alkalinity, major ions (by ion

aphy), Precipitation amount (calculated from the
collection amount), Discharge (measured on the weir, per 10-
minute), Sulfur isotopic ratio (8*S, use Canyon Diablo troilite for
standard)

20 cm depth,
20

Soil solutions
on upper slope

60 cm depth, U60
solution on middle

chr

Soil solutions

34 = §(34 24 34 24 _
on lower slope 5YS (%0) = {(HSP2S) i/ (*SPS)cpp — 1} X 1000

MERCFLEDEE) FHFEINZ & DB Comparison with S budget
Variation of S isotopic ratio o s "
14 2
40 P
12 & 1000 "
% 2
10 £ £ -~
< : 1500 £ § i
g8 2 g %o
s b £ \
Z . 2000 £
4 . . . 2
0 T Discharge 07 Retentionratio | pong —e—Rainfall  —— Streamwater
z 2 g g 2z 82 3 0
—o—Rainfall —®—Throughfall —&—Stemflow - % g 5 % § % S 8 8 8 § 23333738333 3F 3337
I EEEEEEEEEEE EE::5:55:5::::5¢ ¢ 8 EEEE 23 EEE 25 E 84
% % $ 2 & £ B % 0§03 EE OB OEOG
Fes At E s s 8 mean I IHASRIC YA LRI, T CU%REN T L5 ThB, REL, R
- Z e . 24% v 2 o TeTEL . [Ffu
AN, HNHRUEEE, ©TROEFDPLARIC ) TE Rainfall 8.83 HBMEORRIT LY , HATICE LN BREITE D ERITH LTV 51 THz< |
Sl CORTEHT 50D MARRL I, LML, HATR Throughfall  9.83 EERATI b OMBT—LFLSNE, TilH LTS &0\ D FIRE S,
Uﬁﬁ?ﬁﬁslgnf?ﬁ?‘éﬁf@i\ MARE~ORE, LI Stemflow 9.15 S deposition in Kajikawa catchment were retained 24% on average. However, results of S
BEICL2REOTMHBERE X b, - isotopic ratio analysis suggested that S in rainfall did not directly reach to stream, it reached after
S isotopic ratio of rainfall, throughfall and stemflow increased from Streamwater 9.28

summer to winter, and after that they decreased until summer. After

winter season throughfall and stemflow decreased later than rainfall.
It may caused by the adsorption of the tree surface or holding by the
Snow.

Aug. 2012 - Jan. 2015

#BIEDHE Seasalt contribution

once averaged by some processes in the ecosystem.

TIEE& Soil solution

o o oo

~®—Streamwater =@ Soil Solution average

= 2

T3
E 8

zZ
WIVE OFER R L OZBITIT,
(6¥8=20.3) NKREHELTND ZERTHRENT,
It suggested that the variation of S isotopic ratio of rainfall is
strongly affected by sea salt S (§%S = 20.3).
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DFE, BEHEHhTHHEDTHS,

In contrast to rainfall, S isotopic ratio of streamwater did not show
clear seasonality, it was stable at around 9 %o. S isotopic ratio of soil
solutions were also stable. These were almost all lower than
streamwater. Variation of S isotopic ratio of rainfall was almost all
buffered at the time passing through the slope soil.

2

<]

o] T
Q P )
O it DEEAV."d

N/ T~
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U2 o U0 —o-Streumwter]

Contribution rate (%)

Apr. 2014 - Jan. 2015

Z 9
WHERROFER TERB OB FAALIT, ME T, DEEmEy, 2
FRARITEVVME & 72> TV,

S isotope ratio of soil solutions, in lower slope or in deeper soil,
became more close to streamwater.

S#OEE Future work
FEONIREEREY b B, LERCRMRORERMALNE S FEL TS,

To clarify the internal S circulation processes, we’ll determine S isotopic ratio of soil and plants.
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In the field
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