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ABSTRACT

Lake sediments could record the sedimentary environment and invert environmental changes, especially
in shallow lake. Environmental *'°Pb dating techniques were applied to determine recent sedimentation
rates in a shallow lake named Honghu in the middle reaches area of Yangtze River, China. The results
showed the recent sedimentation rate was 0.407~0.467g/(cm?.a) by the *'°Pb intensity and CRS model.
Base on the 2'°Pb intensity and CRS model, time-depth correlation was established. It showed that four
periods with sedimentation rate during more than one hundred years. (1) A lower average sedimentation
rate was about Natural deposits before 1900 year. And (2) The rate was slowly increasing from 1900 to
the 1949 with the increasing population slightly. (3) During the times from 1949 to the 1980, the
sedimentation rate was about increasing rapidly with the people’s cofferdam activities. Because the
improved medical technology leads to an increase in local population after new China established whose
need more foods. The higher average sedimentation rate indicated that the impact of human activities
increased significantly. (4)After the1980, the variations of sedimentation rate change gently, which were
in connection with natural changes, as well as the intensity of human activities on the catchment whose

awareness of environmental protection have increased.

1. INTRODUCTION The results of the research (experiment) will follow the

Lake sediment could record the environmental change
and learn the impact from human activities '\ The paper
evaluated the sediment rate using the radionuclide tracing
technology and analyzed the relationship between the
sediment characteristics and natural environmental
changes and human activities.

2. METHOD

The sediment cores were collected from Honghu Lake in
2012 July, which is a Shallow Lake in the middle reaches
of Yangtze River. Apply (1) High purity germanium
gamma spectrometer to detect the radionuclide *'°Pb
intensity’®; (2) *'°Pb dating techniques to calculate the
sediment rates through the CRS model.

3. RESULTS

method.
3.1 The distribution of *'°Pb activity with the depth

change

The *'Pb activity was rising with fluctuation from the

bottom to up.

3.2 The changes of grain size in every sediment layer

The sediment composition of the lake is mainly fine silt
occupied from 35.5% to 49.5% in two cores.

3.3 the sediment rate

The sedimentation rate of the sediment was
0.407~0.467g/(cm”.a) by the *'°Pb intensity and CRS

model, and others get the similar studying result in the

middle and lower reaches in Yangtze River'™.

4. DISCUSSION
The lake sediment are affected by natural factors and
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human activities in studying area. There are four stages
according to the sediments characteristic.
(1) A lower average sedimentation rate was about Natural

deposits before 1900 year.

(2) The rate was slowly increasing from 1900 to the 1949
with the increasing population slightly.

(3) During the times from 1949 to the 1980, the
sedimentation rate was about increasing rapidly with the
people’s cofferdam activities.

(4)After thel980, the variations of sedimentation rate
change gently.

5. CONCLUSION

With the development of society, intensity of human
activities play a more important role in lake sediment
deposit and lake environmental changes.
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ABSTRACT

To assess sources of terrestrial organic matter in lacustrine sediments in China, three sediment cores were collected from

an area of several square meters in a small catchment. Results show 126 years of sediment deposition, from year 1885 to
2011. The accumulation rates ranged from 2.69 to 8.46 mm a’'. All sediment samples were dominated by odd numbered
n-alkanes (n-Cis~n-Cs3), especially n-Cy7, n-Cy9 and n-Cs; as the most abundant homologues. Aliphatic hydrocarbon
fractions are mainly composed of terrestrial higher plant-derived long-chain n-Cy9 and n-Cs; alkanes. The most abundant
compounds have been described as typical constituents of trees and shrubs (Cs plants). The indicators indicate enhanced
eutrophication resulted from increased anthropogenic activities in the Taihu watershed.

1. INTRODUCTION

The sedimentary organic matter (OM) is a heterogeneous
and a complex mixture of organic compounds with
different
autochthonous primary production and allochthonous
terrestrial materials (Wang et al., 2015 and references
therein). However, autochthonous and allochthonous

chemical characteristics, originating from

contributions in the complex environments of the
watershed with excursions to larger carbon stable
isotopes (6'3C) values make it difficult to determine
accurately the OM sources by n-alkanes distribution. The
principal aims of this study were: to identify sedimentary
OM sources and assess quantitatively the Cs plants
contribution to sedimentary OM.

2. METHOD

In present study, three sediment cores were collected
from an area of several square meters in a small
catchment. The core was sectioned at 1 cm intervals. The
sub-samples were crushed to a fine powder (particle size
< 0.15 mm). The activities of ?*Ra and 2!°Pb were
determined using a high-resolution HPGe y-spectrometry
system with 62% relative detection efficiency
(GWL-120-15, USA). A constant CRS model was applied
to date the sediment core. The alkane compositions were
analyzed by gas chromatograph (GC, HP 6890 II, Agilent,
USA) with a split/splitless injector and a flame ionization
detector (FID).

3. RESULTS

The 2'%Pbex activities in the sub-samples ranged from 16

to 102 Bq kg™'. A constant CRS model gave 126 years of
sediment deposition, from year 1885 to 2011. The
accumulation rates ranged from 2.69 to 8.46 mm a“'.

All sediment samples were dominated by odd numbered
n-alkanes (n-Cis~n-Cs3), especially n-Ci7, n-Ca9 and
n-Cs; as the most abundant homologues. In this study,
aliphatic hydrocarbon fractions are mainly composed of
terrestrial higher plant-derived long-chain #n-Cy and
n-Cs; alkanes. The values of bulk 6'*C for organic matter
(0"3Csoc) (by IRMS, USA) varied from -24%o to -21%o.
The values of carbon isotopic compositions of long-chain
n-alkanes (0'3Ca7, 6'*Cy9 and 6'*Cs) exhibited a range of
-33%0 to -25%o, -35%0 to -28%0 and -31%o0 to -26%o,
respectively.

4. DISCUSSION

The n-alkanes distribution observed in this study agrees
with earlier observations in the Shuanglong catchment of
the Dianchi watershed (Wang et al., 2015). The terrestrial
higher plants may be the main sedimentary OM origin.
The most abundant compounds have been described as
typical constituents of trees and shrubs (C; plants).

5. CONCLUSION

1) The contribution of terrestrial Cs plants ranged from
41% to 95%.

2) The sedimentary OM was mainly derived from
terrestrial higher plants with C3 metabolism.

3) Increased human activities enhanced the OM inputs
and deposition in the watershed, resulting in much
worse ecosystem in the past decades.
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ABSTRACT

Lake Ogawarako is a brackish lake located in a rural area of the east part of Aomori Prefecture, the north-
ernmost part of the main island of Japan. There, eutrophication, which leads to the dominance of cyano-
bacteria, has become a big problem as is the case with other brackish lakes. To cope with this problem, we
surveyed recent changes in the total amounts of total nitrogen (TN) and total phosphorous (TP) in the whole
lake water (hereafter refer to XTN and TP, respectively) and its vertical distribution from Oct. 2010 to
Aug. 2017. XTN and TP were 1092+179 t and 109+29 t, respectively. About 22-63% of ZTN and 38-79%
of XTP were distributed in the high-salinity layer of 15-21m, which composed only 13% of the lake water
volume. TN and TP amounts in this layer largely varied temporally, suggesting that they were contributing
significantly to the TN and TP amounts in the low-salinity layer. ZTN decreased from 2015, and at the same
time, halocline also deepened from ca. 15 m to 17 m. Therefore, it is considered that TN in the high-salinity
layer were advected and diffused into the low-salinity layer, and outflowed from the lake. XTP tended to
increase during the survey period. However, after typhoon events in Aug-Sep 2016, it dropped sharply,
probably due to the flush out of massive amounts of water from the watershed and possibly due to adsorp-
tion of phosphate onto Andisol transported from the watershed.

1. INTRODUCTION Most of river water flows into the lake from the southwest
and flow out to the north. Sea water sometimes runs back
from Pacific Ocean, especially in summer and winter. In
recent years, high-salinity water with no oxygen is stag-

Lake Ogawarako is a brackish lake with the fifth largest
surface area in Japan, where catches are among the highest
for inland fishery in Japan. Recently, it has become in-
creasingly eutrophic, and water quality degraded as is seen nated, forming halocline at around 16-18m.
by the blooming of cyanobacteria and production of unu-
sual odor. To cope with these problems, it is necessary to
unveil the dynamics of nitrogen and phosphorous in the

lake water. Therefore, we investigated the vertical distri-

bution of total nitrogen (TN) and total phosphorous (TP) N
in the lake water from Oct. 2010 to Aug. 2017, and dis- o b7
cussed the influential factors including typhoon. ot
ST
e T

2. STUDY AREA

Lake Ogawarako is a brackish lake located in the north-
eastern part of the main island of Japan. The area is a tem-
perate rainy climate (Cfa), with annual average tempera-
ture of 12.4°C (max 25.1°C; min -0.5°C) and annual pre-
cipitation of 861 mm. It is a rural area and the main land-
use of the watershed is forest and arable land. Surface area
and max and average depths of the lake are 62 km?, 26m
(deepest among brackish lakes in Japan), and 11 m, respec-
tively. Residence time of the lake water is about 1 year. Fig. 1 Map of Lake Ogawarako
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3. METHODS

Vertical water samples were collected using a Van Dorn
water sampler every 2 m at the center of the lake every
month from Apr. 2015 to Aug. 2017. Analysis of total ni-
trogen (TN) and total phosphorus (TP) was conducted by
continuous flow analysis with an auto-analyzer (SWAAT,
BL-TEC). TN and TP data from Oct. 2010 to Mar. 2015
was cited from long term monitoring data collected by
Ministry of Land, Infrastructure, Transport, and Tourism,
and is publicly available in Water Information System
(http://www1.river.go.jp/). The volume of the lake water
was calculated based on a digital bathymetric map of Ge-
ospatial Information Authority of Japan
(http://www.gsi.go.jp/kankyochiri/lakedatalist. html) by
using SAGA GIS (ver. 2.3.2). TN and TP amounts were
calculated by multiplying TN or TP concentrations and
water volume of each depth section.

4. RESULTS

4.1. Total nitrogen

Total amount of TN in the whole lake water body
(XTN) ranged from 642 t to 1554 t, with an average
of 1092 t from Oct. 2010 to Aug. 2017. It increased
during Jan. to Apr., showing by 9% higher values
than other months (Fig. 2). XTN increased from
800-1100 t in 2011 to 1100-1500 t in 2014, then
turned to decrease and was 800-1000 t in 2017.
When looking at vertical distribution, 43% on ave
(min 22%, max 63%; Fig.3) of ZTN was distributed
in 15-21 m depth section. When looking at intra-
annual variation, the TN amount remarkably in-
creased in the <10m section from Jan. to Apr. For
interannual variation, TN amount tended to de-
crease at < 10 m from 2015, and the TN amount in
15-21 m section decreased sharply from Aug. 2016,
after unusual disturbance by typhoons.

4.2. Total phosphorous

Total amount of TP in whole lake water body (XTP)
ranged from 61 t to 192 t with an average of 109 t from
Oct 2010 to Aug. 2017 (Fig. 2). While no appreciable sea-
sonal trend was observed, it increased from 60-130 t in
2011 to 100-190 t in 2014, and kept the value until Aug.
2016. The ZTP showed a sharp decrease to 70-120 t from
Sep. 2016, after extensive disturbance caused by a series
of typhoons.

A large amount of TP was distributed between 15-
21 m section, which composed of ave 66% (min 38%, max
79%) of XTP (Fig.3). The amount remarkably increased
from Jan. to Apr. as was the case with TN. TP in 15-21m

section sharply decreased while TP <10 m increased in Feb.
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and Aug. 2016.
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Fig. 2 Total amount of TN and TP in the whole
water body of Lake Ogawarako from Oct.
2010 to Aug. 2017. Bars with * were obtained
mathematically by spline interpolation.
0
5 TN (/0.1m)
= ]
10 -
— 1
| N
.
15 >
1%
20
0
5
TP (#0.1m)
10 -
| B
| __RE
AL

0

20

date

Fig. 3 Vertical distribution of the amount of
TN and TP in Lake Ogawarako from Oct. 2010
to Aug. 2017.



5. DISCUSSION

Lake Ogawarako has halocline at around 15-18 m all
through the year. Since the mixing of lake water beyond
halocline is restricted, and in addition, TP and TN are
loaded from the bottom sediment under anoxic condition,
TN and TP concentrations in high-salinity water were ave
10 and 37 times higher than surface water, respectively.
Reflecting these, 22%-63% of XTN and 38%-79% of
2 TP were distributed in 15-21 m section, where only 13%
of total water volume existed. Interestingly, the total
amount of TN and TP in 15-21 m zones changed signifi-
cantly over time. Therefore, TN and TP in this section is
considered to be the important source of those in the upper
section.

We found that TN and TP concentrations below
halocline zone changed dramatically when sea water in-
flowed from Pacific Ocean. Since the density of back-flow
sea water was much heavier than that of lake high-salinity
water, it went under the lake water, lifting it up. This prob-
ably caused advection diffusion of high salinity water and
followed diffusion into the low-salinity layer with vertical
mixing. This phenomenon was usually observed from Oct.
to Apr. unless the surface got frozen.

The XTN tended to be larger by 9% from Jan.-Apr.
than other months. This is probably because the relative
contribution of internal loading became larger during this
period with the decrease in the river water inflow, leading
to the prolonged retention time of the lake water. XTN
(1092 t) and ZTP (192 t) corresponded to 1.0 and 4.5 times
of their annual loading from the watershed!!! (TN: 1059 t,
TP: 24 t), respectively. This suggested that the amount of
N in the lake was more prone to be influenced by inflowing
water.

2 TN turned to decrease after 2015, which change
was in accordance with when the depth of halocline layer
dropped from ca. 15m to 17m. As such, changes in the vol-
ume of high-salinity layer, which accumulates a large
amount of TN, probably causes changes in XTN in the
lake. XTP turned to decrease after Sep 2016, and one
month before that, TP amount from low-salinity water sec-
tion increased sharply. As such, the changes can be at-
tributed to three typhoons landed/passed by in series. Es-
pecially, typhoon No. 10 (aka. Lionrock) landed Tohoku
district on Aug. 30, 2016 for the first time after 1951 mixed
the lake water severely, made P in the high-salinity layer
move up to low-salinity layer. Followed with that, a por-
tion of TP in low-salinity layer was flushed out from the
lake with massive amount of inflowing water from water-
shed. It is notable that the decrease was only observed for
TP. This could be due to the difference in the degree of

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

contribution of internal loading and could also due to the
adsorption of phosphate onto Andisol, which was trans-
ported from the watershed into the lake as suspended solid.

6. CONCLUSION

We investigated the actual status of N and P in the water
body of Lake Ogawara, a brackish lake in temperate region,
and their recent changes. Further, we discussed the possi-
ble influential factors. Total amounts of N and P in the
whole water body of the lake is estimated to be 1092+179
t and 109+29 t, respectively. On average, 43% of TN and
66% of TP were distributed in 15-21 m section, where only
13% of total water volume existed. The amount of N and
P in this section significantly changed intra-annually and
inter-annually, and serving as the important nutrient source
of the upper section. Total amount of N tended to decrease
since 2015 in association with the deepening of halocline.
Thus, changes in the vertical circulation is considered to
influence largely on the water quality in the surface water.
Total amount of P tended to increase since 2011, but it de-
creased sharply after typhoon events in Aug-Sep. 2016.
This result suggested that P dynamics in the lake water is
influenced strongly by extreme weather events. Conclud-
ing this research, water quality in Lake Ogawarako was
shown to be strongly affected by hydrology characteristics
of the lake. Further long-term monitoring and experi-
mental verification are necessary to reveal the mechanisms
of the changes in nutrient cycling caused by global warm-
ing, which changes lake/watershed hydrology and in-
creases the number and extent of extreme weather events.
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ABSTRACT

In Northeast Thailand, the ratio of irrigated agricultural land is only 8% and others are rain-fed so that
climate change makes agricultural production more unstable and also makes crucial damage to the societies
and economics in local area. To mitigate these issues, it is desirable to develop and disseminate enhanced
adaptation systems. In this study, water and nitrogen-load estimation model was developed and applied to
Northeast Thailand. Both calculated river discharge and nitrogen load were good agreement with observed
data. By using the proposed model, spatial distribution of available water and annual nitrogen load were
estimated, and histograms of nitrogen load from each land use was evaluated.

1. INTRODUCTION

Meteorological Uncertainty caused by Global Climate
Change would have significant impact on agricultural
sector, because agricultural systems are strongly related
with local climate condition. Especially in Northeast
Thailand(Fig.1), the ratio of irrigated agricultural land is
only 8% and others are rain-fed so that climate change
makes agricultural production more unstable and also
makes crucial damage to the societies and economics in
local area. To mitigate these issues, it is desirable to
develop and disseminate enhanced adaptation systems. In
this study, water and nitrogen-load estimation model was
developed to assess the spatial distribution of available
water resources and nitrogen runoff, and applied to
Northeast Thailand.
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2. METHOD
2.1 TOPMODEL

To evaluate nitrogen transportation according to the river
water flow, a distributed water-cycling model was
developed and applied to analyze the water balance in the
basin [¢. TOPMODEL was employed for the rainfall-
runoff analysis. This distributed model can include the
spatial distributions of topography, land use, and soil
characteristics. Therefore, TOPMODEL is used widely for
hydrological characteristic analysis, water management,
water quality analysis, and future forecasting. Firstly,
TOPMODEL was proposed by Beven and Kirkby (1979)
based on the contributing area concept in hillslope
hydrology.

Because TOPMODEL requires only three parameters (i.e.,
m, To, and Srzmax), the model is easy to link with GIS
datari). In addition, a dam operation model was combined
with TOPMODEL to calculate water storage in the
reservoirs [31.

2.2 Nitrogen balance model

For a nitrogen dynamics analysis in soil, Suga (2005)
mentioned that three type of nitrogen such as organic,
ammonium, nitrate should be considered. In this study, a
conceptual nitrogen balance model was developed by
considering three pools in soil, organic N, ammonium N,
and nitrate N, as shown in Fig. 2. In this study, organic N
here is assumed as nitrogen contained in relatively firstly
decomposed organic matter which can be obtained by
autoclave-extractable nitrogen test. The soil N, present
mainly in organic form, is almost unavailable for plants.
The vegetation uses mostly inorganic forms of N, which
are made available by decomposition of organic matter.
Soil microorganisms convert the N contained in the



organic matter through the process of mineralization.
Nitrates dissolve quickly in pore solution, which is taken
up by plants. On the other hand, this means that nitrate is
easily leached to groundwater. Ammonium N is less
mobile because it is strongly adsorbed on clay minerals
because of its positive charge.

3. RESULTS AND DISCUSSION

By using the proposed model, water and nitrogen balances
in Northeast Thailand were calculated at a resolution of 1
km % 1 km. The calculated river discharge was in good
agreement with the amounts observed at Yasothon station
from 1987 to 2003 (Fig. 3). The first 5 years of data were
used for parameter calibration, and the latter 12 years of
data were used for validation. At the Yasothon station,
Nash-Sutcliff efficiency (NSE) were 081 in the calibration
and validation periods. Model performance can be
evaluated as “good”, if NSE > 0.75 4],

- :nitrogen pool
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The observed and calculated daily nitrogen load at the
Yasothon station is shown in Fig. 4. Estimated correlation
coefficients R were 0.69. The data of total nitrogen
concentration in the Mun-Chi River Basin were measured
only once per month; therefore, there is a possibility that
peak nitrogen load might not be observed in such data. The
current monitoring system of water quality data is manual,
so if the frequency of monitoring were to be improved by
using an automatic monitoring system, the model
parameters also could be calibrated through better fitting.

To make clear the characteristics of nitrogen load from
different land use, the histograms of nitrogen load from
each land use were evaluated (shown in Fig. 5). In urban
grid cell, nitrogen load ranged very widely compare to
other land use, however average nitrogen load was 15.6
kg/ha/year, and it was larger than other land use. On the
other hand, nitrogen load in forest was relatively small
(0.84 kg/ha/year).
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4. CONCLUSION

In this study, conceptual nitrogen balance model combined
with TOPMODEL was developed and applied to Northeast
Thailand as the quantitative evaluation tool of the spatial
distribution of nitrogen loading from different land use.
Nash-Sutcliffe efficiency of river discharge at observed
station were more than 0.75 which model performance can
be evaluated as “good”. The correlation coefficients of
estimated average annual nitrogen-load at Yasothon station
were 0.69. By using the proposed model, spatial
distribution of annual nitrogen load was estimated and
histograms of nitrogen load from each land use was
evaluated. As a result, nitrogen load from large cities was
large.

To improve the model accuracy, further research is needed
both in field observation and model development. In
Northeast Thailand, long-term observed water quality data
is not available after 2004, however even in short-term
observation, basin wide monitoring data in tributary level
may be helpful for more accurate parameter calibration. In
this study, we employed many assumptions to simplify the
nitrogen balance model. For example, we neglected N
uptake in forest, assuming that most of forest are mature
with no net accumulation of biomass. This would be
changed for well-managed, semi-natural or disturbed
natural forest where uptake of N occurs. Because of
sparsity of data, we ignored the spatial and temporal
heterogeneity in fertilizer management within the basin
(e.g. difference of N application rate and timing of
application). These problems may cause errors in the
calculation of N transformation processes. Despite all the
uncertainties, our results provide a first insight in the
magnitude and spatial distribution of nitrogen loading in
Northeast Thailand, and this kind of model can be used in
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the impact assessment of different management strategies
for sanitation systems or farming practices.

In the future, climate change will accelerate the
water cycle and severe droughts often occur in
Northeast Thailand. Especially in dry season,
nutrient concentration in large cities will increase
due to the shortage of available water resource
which dilute the nutrient concentration in
drainage canal. And water environment in city will
be degraded. Therefore, suitable sanitation system
should be introduced to the city which have
relatively large population density.
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Biochemical Potential of Freshwater, Brackish, and Sea Sediments for
Removing Antimony from Water Environment
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ABSTRACT

Biochemical potential of sediment samples for removing antimony from water phase was evaluated. The
sediment samples collected from Lake Biwa North and South Basins, Asoumi Sea (a brackish inland sea),
and Wakasa Bay were suspended in 20 mL solution containing 100 mg-Sb/L as K[Sb(OH)s] under
anaerobic condition at 28°C for 3 weeks. The sediment samples of Lake Biwa showed biochemical
potentials for removing Sb from water phase by formation of orange precipitation (Sb2S3) although the Sb
removal was low (10-30%). The sediment samples of Asoumi Sea and Wakasa Bay showed high
biochemical potentials of Sb removal (80-90%) by formation of white precipitation (Sb2(OH)3). Bacterial
colonies with antimonate-reducing and SbzS;-accumulating abilities were obtained from the sediment
samples of Lake Biwa and Asoumi Sea. Bacteria with the biochemical potential for soluble Sb removal
would be ubiquitously distributed in lakes and seas in Japan.

1. INTRODUCTION

Various natural, agricultural, and industrial processes can
cause antimony contamination of surface waters. In Japan,
the effluent standard for antimony has not been established
yet in the Water Pollution Control Law, but antimony has
been selected as a monitoring-required water quality
parameter of Environmental Quality Standards for Water
Pollution. Actually, there have been reported that the Sb
concentration in river downstream of some factories
exceeds the guideline value (>= 0.02 mg/L).

However, removal processes for antimony from water
phase have not been fully established. An alternative for
cost effective antimony removal might be biological
treatment using antimonate-reducing bacteria. Figure 1
shows a hypothetical mechanism of the Sb removal from
water phase. Bacterial reduction of antimonate into
antimonite, resulting in formation of diantimony trioxide
(Sb203) and stibnite (Sb»S3), is known to play an important
role in detoxification of soluble antimony in the natural
environment!'=3], SboOs (Sb2(OH)3) and Sb,Ss are easily
removed from the aqueous phase because of its insoluble
characteristics.

However, little is known about antimony-removing
bacteria in water environment in Japan. In this study, the
biochemical potential of lake and sea sediments for
removing antimony was evaluated.

2. METHODS
2.1 Sediment samples

Characteristics of sediment samples used in this study are
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shown in Table 1. The sediment samples were collected
from Lake Biwa North Basin near Chikubushima island,
South Basin off the coast of Ogoto, Asoumi Sea which is
a brackish inland sea, and Wakasa Bay in 2017.

2.2 The antimony removing test

A Dbasal salt medium containing 100 mg-Sb/L
K[Sb(OH)s], 2mM lactate as the sole carbon source,
20mM HEPES, 0.1 g/L KH2POy4, 0.1g/L KoHPO4, 0.48g/L
NH4CI, 0.2g/L NaCl, 1.2mg/L H3BOs3, 0.34mg/L CoCl, *
6H-0, 0.18mg/L CuCl; * 2H-0, 0.2mg/L MnCl * 4H:0,
0.44mg/L ZnCls, 0.4g/L CaCl, and 0.48 g/L (HS-BSM) or
0.048 g/L MgSOs + 7H.O (LS-BSM) was used for the
antimony removing test (pH 7.2). For brackish and sea
sediment, 26 g/L NaCl was added to the media (pH 7.6).

Portions of the sediment sample (4mg wet weight) were
inoculated into 20 mL of HS-BSM or LS-BSM in 50-mL
serum bottles. Headspace of the bottles were replaced with
N> gas for creating anaerobic condition. The bottles were
sealed with rubber stoppers and capped with aluminum
crimp seals and incubated on a rotary shaker (100rpm) at
28°C. After 4weeks 1 mL of each culture was transferred
to the fresh medium.

2.3 Analytical procedures

Water samples (1 mL) were periodically collected from the
bottles and centrifuged (21,900xg, 10 min) for removing
the cells and precipitates. The Sb concentration in the
water samples was determined by inductively coupled
plasma optical emission spectrometry (ICP-OES Agilent
700 Series, Agilent Technologies, Inc.).

Bacteria were enumerated by the poured plate method
with the LS-BSM and the HS-BSM with 15 g/L agar. The



17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

Electron donor

Organic - Sh(V)
matter )C
CoO, reducers Sh(II)
Growth Precipitation

1

Sb203, Sb(OH)3l szs3l -

White

s

!

Electron acceptor

SO,*> Organic matter

Sulfate C
reducers

HS to,

Orange

Fig.1 A hypothetical mechanism of biochemical removal of antimony from water phase.

Table 1. Sediment samples used in the antimony removing test

Sampling Air /Water temp. | Depth Note
place date
Lake Biwa North Basin (near 2017/10/1 | 19°C/8°C 70m ORP -270mV, grey, silty
Chikubu island, Shiga Pref.)
Lake Biwa South Basin (off the 2017/10/1 | 19°C/24°C 4m ORP -156mV, dark green,
coast of Ogoto, Otsu, Shiga Pref.) silty, sandy, rotten-egg smell
Asoumi Sea (Miyazu, Kyoto 2017/9/19 | 20°C/22°C 10.5m ORP -420mV, black, rotten-
Pref.) egg smell
Wakasa Bay (Matsubara beach, 2017/9/7 25°C/25°C 0.5m Sandy, aerobic
Fukui Pref.)
(A) (B)
1 3 ¥ ¥
3 )
2 £
z 2
3 3
0 T T T T T T T r r ) 0 T T T T T T T T T )
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Time (day) Time (day)

Fig.2 Time courses of soluble antimony concentrations in the microbial cultures derived from sediment samples.
Cultures were enriched HS-BSM (A) and LS-BSM(B). Sediment samples were collected from Lake Biwa North Basin (open
diamonds), South Basin (closed squares), Asoumi Sea (closed triangles), and Wakasa Bay (open circles). Arrows indicate the

transfer of the culture into new medium.

plates were incubated in an anaerobic box (anaeropack
kenki, Sugiyama-gen, Co. Ltd.) at 25°C for 2weeks.

3. RESULTS AND DISCUSSION
3.1 Biochemical removal of Sb by sediment samples

Time courses of removal of soluble antimony by the
sediment samples are shown in Fig. 2. The sediment
sample of Lake Biwa South Basin removed 20% antimony

from the HS-BSM within 1 week in the first test. Although
the Sb removal was low, the sediment samples of Lake
Biwa North Basin in the HS-BSM and of South Basin in
the LS-BSM and the HS-BSM formed specific orange
precipitation, indicating Sb,S;, as shown in Fig. 1.
Although the Sb removal did not increased, similar results
were obtained in the second and third tests.
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Table 2. Summary of the biochemical potential of the sediment samples for antimony removal

Sediment sample Lake Biwa Lake Biwa Asoumi Sea Asoumi Sea Wakasa Bay
Medium North Basin South Basin HS-BSM LS-BSM HS-BSM
HS-BSM HS-BSM
Precipitates’ color Orange Orange White Orange White
Sb removal Ist: 0% Ist: 20% Ist: 90% Ist: 90% Ist: 90%
2nd: 50% 2nd: 10% 2nd: 85% 2nd: 80% 2nd: 90%
3rd: 30% 3rd: 30% 3rd: 85% 3rd: 80% 3rd: 85%
Viable counts after 1.1x10* 1.1x103 1.8x103 3.7x103 <1.0x10!
the 3" removal test CFU/mL CFU/mL CFU/mL CFU/mL CFU/mL
Colonies on the Yellowish Yellow colonies | White colonies | Yellow on whole -
agar plates orange colonies agar

3.2 Bacteria in the cultures derived from sediment

samples

The sediment samples of Asoumi Sea and Wakasa Bay
showed high antimony removals of 80-90% from the LS-
BSM and the HS-BSM in the tests. The sediment samples
of Asoumi Sea formed orange precipitation in the LS-BSM.
However, the other sea sediment samples showed white
precipitation, indicating Sb2(OH)s, as shown in Fig. 1. The
sediment sample of Wakasa Bay in the HS-BSM formed
orange precipitate
precipitation in the third test, suggesting co-existence of
Sb»S; forming bacteria and Sb2(OH) 3 forming bacteria.

in the second test and white

3.3 Bacteria related to Sb removal

Figures 3 shows colonies obtained from the bacterial
cultures. Yellowish-orange colonies of 10°-10* CFU/mL

were formed on the HS-BSM from the bacterial cultures

derived from the sediment samples of Lake Biwa.
Yellowish-orange colonies and white colonies were
respectively formed on the LS-BSM and the HS-BSM
from the bacterial culture derived from the sediment
sample of Asoumi Sea. Those bacterial colonies did not
show yellowish-orange under aerobic condition or on the
BSM excluding Sb under anaerobic condition. These
results suggests that bacteria forming yellowish-orange
antimonate-reducing and  Sb»Ss3-

colonies  have

accumulating abilities.

4. CONCLUSION

The biochemical potential of the sediment samples for
antimony is summarized in Table 2. The freshwater
sediments of Lake Biwa showed biochemical potentials
for removing soluble antimony by formation of orange
precipitation (Sb2S3). The brackish sediment sample of
Asoumi Sea and the sea sediment sample of Wakasa Bay
showed high biochemical potentials for removing soluble
antimony by formation of white precipitation (Sba(OH)3).
Bacteria with the biochemical potential for the Sb removal
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10?

Dilution 109 101 100

Fig.3 Colonies in the microbial cultures derived from
sediment samples. Cultures were enriched from Lake
Biwa North Basin in HS-BSM (A), Lake Biwa South Basin
in HS-BSM (B), Asoumi Sea in LS-BSM (C), Asoumi Sea
in HS-BSM (D), and Wakasa Bay in HS-BSM (E).

would be widely distributed in lakes and seas in Japan.
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fER%, BEEEFERSICHEELT, HRARERICHKER
WARELZ BT, AT, BE - mILEERNICLDR
RO BEE 2T - LA RE R IZB T DR B 1 A I
HLRHETHIEENELT, WRTICRIT HIR /K Hik
T EBEDAL T 53 AT 36 IO - A oA B A 1 D iR AT &
1To72,

2. Hik

2016 A 11 HIZTHirEE O sk N O Z2 iz 3R +
B (J2/KL7z D1, D2 BXONRAK U7 i@t di)
FBLONRIKKIBS DHEARI (d2) D B3 fEg 138 (0~5cm)

WHHTHENIZNT T, BAREERS (ul) BIONRAK LT
K SRR O 138 (U1 ~US) L= (1K 1), £
BU7=+303 pHHL0), EKRBIOERE 2EH
GRENTELE, £, WEBET A A7 Z2ERKL, =%
JL— SRS Y X AR OTFE AT I E I Y e E R D
PE BT R T ol

AR IHTIZHONTE, ME RS R 57
D, FFCEARIEIZ LD A E S O FH A 3 L O - BEH
BEEREE D T-RELP AT 21247 7=,

B erlis (A2 RBALE T
e S A

B 1 R EH R R L ONR K E i

akied
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3. BRBIUEBE

T /K 5 Fr At i TERER L 7= 8 (UL, U2, ul) idE kK
B, RRFEBIOEEREME, BEEFERIE AR
2, oA O G A 'ENIEFEITDe, EO L
HEMRGAR LT,

AEMMEBIL EE R oKy BEEBIBERICHHESIL
TWBM, & KRBEO T T 7 D3DIEE KEIME
WEX, AERESBNED 3 B R bz, AT
WNHEB, 37205, J/ASWILENICE &ITFELTWY
HEZEZBND, 13 pH 3HitEA /R LT UL, U2, Bk
O ul 1, FrElCHERE L7 S T CRE Rk S Qa7
O, FMEBEME ST S HEERSND,

T-RFLP 7107 7 A/ S5 22— (K 2) />
5, i=/K 148 (U4, D1, D2, D3) L3RRk 15 (d1, d2)
ORI THEBMERE I -T228, 3 UL, U2, U3, US, ul
CVTHALINE I AR o 7o, M BEE T 17 7 A /L ICH-5<
LIS RIRATIED CCA fpT (X 3) TIL, MR HEED &=
13, FIZEKFELBIOD pH 22T AHLDOTH
HZENIREN, F, FAREIB IO pH B3 EF I
WAL RIELTEY, IO IR L -+
e spiEat S ST - A g VA E S BNY/AVIN 2V g el

C?_

=
E g
o ©°
o _
T

(\!_

o

D2D2 D1 D1d1 d1 .

X 2 T-RFLP 707 7 AV 3 BE @ 7T A2 —IRAT

1222

Sul

CCAZ

CCAl

3 T-RFLP 707 7 AU 7 E S EHE IR

4. FEim

2015 4F 9 H OZE I K F R i CIE RN DRSO
—ERDMIE LR IR KL, KED LAY KA E L Hidik oD 1158
ARERITIRAIA AT, BAKD %52 T 1= LA RE
DALFMEIS FOVEMEIC BT 2 BRBEIE WA IR L 7=
R, LRSIV B HERE T A2 TALS BB
PEDZEALL R, HEMAEDE~LEENBLIAT
WHZEDRIBS T, HEARERICED DR A E
WAELEL QLI ET, BB EEZZ T B
REREICE § DI e/ Z LIRSS,

51 F 3CHR

(1] REJT: TR 274 9 HBIR - RUESEM ROV 27 426
JB 18 51T & D KR, KER HRB R EE, 2015 5
15, 2015.

[2] VEIEERHE - MAIRRF— - & E - ORHTEAT, AR
Wi (T-RFs) 717 7 A WUIEHIC K-S < LRt
SEREERRAT, 1 &R, 64, 33-40,2010.

[3] Matsumoto D, Sawai Y, Yamada M, Namegaya Y et al.:
Erosion and sedimentation during the September 2015
flooding of the Kinu River, central Japan., Scientific Reports,
6, 1-10, 2016.

[4] OB - R - VERRIE - HREHIZD: LoME

¥, 1978
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) |- R BRI B 1 A7 HAEF ICE b A AE I OR R L
R~

WA, SR B K SRR TEIREEE | SRR T R !
IR R, 2 U B

F—U—R BRI, R, AR RIE, e, TR

i

By IEIRR T, 2000 &0 7 FHEBIORER 35F D TEI2S, —H U CITAER 3N B CHAERIRICE > TV
VY, AAFFETIE, 7 RIS K OBHERBI A E 957 F O A FEARAL, AT RECEDOIMERERES
DUVNIWAERBHERIKL, 7 T HES A~ OB LU Z B e 7c, 7 T M bR RBIM T HNT TR A X %
RELTEEa7YBIOT 7 EAEZRRL, HREERMZHELLLIS, EIRT v 7B LOHBZEREIT,
7T IRED BRI ST TR DRI o7, IRIZ, 7T EAERIMBLORIBAN AL R 2 A L TRk 2
AT, 7T HEBHCERR L TR Z B 2o T, A%, AR TERIE LI WRIC IO B ONE Lk TS
EEBIT, [RIWTEZ 2 EERE N TORRRBRBITV, WRE-WAER-15 ZRE O LR Z LI TV,

1. XC®IT

50 L 5 U A B R R T 8 SO R 0 58 S A
WAL E L TRY, Btk o BB’ IC I b7 T
WZEEESE D720, 2000 4F10 7 HEMb o 233
HOTEMN ST 1%, — 5 Cl B 4T
REBEZRETHWALOD, AFNR R CHEARIEIC
BoTWRWGFTHL RO DILD, AL TIE, 7 D4
BICB W CEEREEZHINEFEREICERE LT
F ZIRMRB L OB A E 57 T oA FEEA
AL, 7T OALF AT OREICE DI FARE
HOVIINAEFEEE KL, 7T~ B LW
FERTRBR A B e o7,
2. Hik

2016 = 8 AT T AR HEAZR B U ZHMNT TR 10 m,
FEX30 m OFfFEREZZRELZ (X 1), #5320y fE
ZERL, FNEN 10 mX 10 m D7 FHREK, BERIX
JOBHER IR L T3 LTz,

)

B 1 Bk R RO BEL-RERX

A KNSR D FFEH X, BEFRXIB I OT TR D5
a7 BIOT FHEAEZREL-, TEaTIZONT
X, a7 NICEENDEBR T 7 AL, EFEhd
BRI DE| SR T=. 7 FEAEIZHOWTUL, ZVyR
T MNEICKVERE R SR A RD T, TEREBIBNC I k3
R, TEREAI LSO AR B R A & D5
ME L7, £ D%, Cetyltrimethylammonium
bromide (CTAB) IEIC LV EAR T~ 776 DNA ZHfiHiL,
ERIE R EED R E & T -7,

Wi, 7T EZAERITICB O OB RBEE N B O EZIT
RV REFY 2 SL U8 R I L7 AR B L OFE AR (Gt
156 J7) ZHWWT, teiEB L OEmAFEEZITV, B
WA D BEE T o7, (HDAVI I BEE RO R R H %
725 DNA ZHHH L, EEZ R E L7, L EORE RN,
IR HE I T LR BRI D L HE S S D
B 2 MA R CGRIRETEZ 220, fiE 30~50
cm FREDT T HEB OREIZHFEL, BRI HIIZ I
THERRRERZ 2707, ARBRITILAE R 2 FEEK D 3
K&, | KEHZD 12 K, ZhEih 3 K1E (G 108
) CHER X 258 E LT,

3. BRBLVUEELE

a7 BIOTFHEAELD, ZNETIZ 66 FMFHOHE
R R A EER S VT, SR X NIZH TS LT N
DR T v 7 I B L OB RREIENX, 7 T KX
DEHZRBIHLCNT TR 3 o mcdh o7z, 7 FEA
DFEARIZECFES RO 2R Uz, RIS ITS
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SMVEFE R AL OREIE, 7R BERXIZE
TFREOT )V —T LEH R %7%%&0)7
= TRV BRI TIT 7 T AN L1357
HEP THLIENT T OEEOPIFIZI>TNDD
EME Z Bz,

FEART > 7 DI L2 DNA (ZX0 ERF K E RO
[ EZAT ST A R, FMVEBEARE O TR, 1REN
LA Lo RERE CdHD Helotiales H HFADTRDHIL
el EMD, 7T EAOAFIL, AERBELLTHME
AR 721 TN AR BB B L T DL Zens
ABNT, ZTT, 7 FAREBIORE N LR 97 Btk

SYBEL, o5 83 Wikka sy FRIELIZ, BEL7Z 65
rH, 33 EHEDS Helotiales H A THY, ZDOHT 21
BERED Leptodontidium J&H Coho7c, ZHHLOEFEITE
IZ7 TR BLOERXKIZRD LI, FEROEERIC
AT IS (4 2) , X CTHIRJE D L.
TSI T2 En G, HEXIZEBWT,
Leptodontidium JEE L7 T DEEF LBEHICERLTH
HTEMHERSNT, Fo, AMERERELL THREDHD
Cenococcum geophilum % ARG 2 IR BES T,
PLEXY, BIHIT 51T 2 BAZR B M~ O R RS R L2
DEEREERE LT, ARENAETE Leptodontidium sp. 33 &
UYMERIRE C. geophilum %1 L7T-,

orchidicola 7373

Typeld Typell.
Russula sp. Tomentella bryophila

%] 2 Leptodontidium J&HE D> BES N - BB RERL

1224

BRI, 1.5% Malt Extract AR HITREEL,
SR IREIK (1.0 X 100X B8 A /mL) A ERk L7z, Bl
IZBWVWT 4mX5m OEBXE 9 > (HFELIX,
Leptodontidium sp.[X 3L C. geophilum X% 3 Xi8)
REL, ZNENDOXIT 12 KO7FHEk%, Im LIk
DEMEZEZE T CRERL7= (X1 3) . Leptodontidium sp. X 33
KN C. geophilum XIZTOWTIE, BHRERE IR ZTLHIC
AL, ROE =— VIR T FHEMB OARER &4 fih
SHLIETHEMUI-%, B2z,
NOEDOHERIZ DN TIL, ERREREOERF G REICK
STHEEFMEIT> T,

3 HMHEBRBROKT

4. FhEam

BIRDAEF I AFEO RGN LR K THY,
B 1k i JU 7‘6 NWETOMBHEEI T, U5 H %
FIRT 2728, TERDIBRMEBEIZF ATV AZ D%
BERMSINTWDE, 51%, ABFE TR L EEICK

DRBOWMEZ MW T HEEHIT, RIFEME H 25
FENTOLERRBRBATY, FEARE-NA -8 FAEY O
FABIRE OGN T,

51 FSCHR
(1] Bk er A 7 R AR B B R A7 75 S
2, 2004,

[2] OUEET - DAY BulbBIgRHIC B 2 7 gl &
OFEM & BEIZEET 5 BRI IE, BRI R AT 5 2R
2, pp. 111-111, 2004.





