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Assessment of heavy metals contamination of bottom sediment in
Tonle Sap Lake, Cambodia

Ty Boreborey', Kuok Fidero', Phat Chanvorleak', Winarto Kurniawan?, Eden Mariquit®, Hirofumi Hinode’

nstitute of Technology of Cambodia, *Tokyo Institute of Technology

Keywords: heavy metals, bottom sediment, geo-accumulation index, pollution index.

ABSTRACT

Thirty-nines bottom sediments samples were collected from Tonle Sap Lake for heavy metals analysis.
Concentration of selected heavy meals including Cd, Cr, Cu, Fe, Mn, Pb, and Zn were analyzed using atomic adsorption

spectrophotometer (AAS-7000). The mean concentrations of heavy metals were as follow: of Cr, Cu, Fe, Mn, Pb and Zn
in the sediment samples were: 0.018 pg/g for Cd, 0.83 pg/g for Cr, 1.41 ng/g for Cu, 35334.87 pg/g for Fe, 212.49 ng/g
for Mn , 43.86 pg/g for Pb, and 6.61 ug/g for Zn. Sediment quality guideline was applied to assess the quality of sediment.

The mean concentration of Pb was twice of the geochemical background (ASV). The mean concentration of all selected
heavy metals were under the severe effect level (SEL) values, whereas Pb were exceeded toxicity reference values (TRV).
The pollution load index (PLI) value indicated that all 39 sampling sites unpolluted by heavy metals. Base on geo-

accumulation index Pb, Mn, Cu, Cd, Fe, Zn and Cr had I-geo values were between 0 to 1, it indicated that heavy metals
contaminated in Tonle Sap Lake was in the class of non-polluted to moderately polluted.

1. INTRODUCTION

Heavy metals occurred naturally in soils, deriving from the
parent material in the bedrock. When they are found in nature
that mostly resulted from agricultural activities industrial
waste, waste disposal, leaking landfills and mining [1].
Heavy metals discharging into a lake from both natural and
anthropogenic sources were distributed between bed
sediments and aqueous phases. Lake sediments were
normally the final pathway of both natural and anthropogenic
components produced or derived to the environment.
Sediment quality was a good indicator of pollution in water
column, where it tended to concentrate the heavy metals and
other organic pollutants. Polluted sediments, in turn, can act
as sources of heavy metals, imparting them into the water
and debasing water quality [2]. Many researchers have
conducted extensive surveys of heavy contamination in
sediment [7,8]. Limitation surveys have been undertaken to
access of heavy metal in Tonle Sap Lake sediments. The aim
of this work was to access concentration of selected heavy
metals and degree of contamination of Tonle Sap Lake.

2. METHOD

The study area was at Tonle Sap Lake, which is
surrounded by six provinces such as Kampong Thum, Siem
Reab, Banteay Mean Chey, Battambang, Pousat, and
Kampong Chhnang. Tonle Sap Lake, or the Great Lake,
located in the middle-western part of Cambodia is the largest
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freshwater lake in Asia.
Thirty-nine samples of bottom sediments were collected
along Tonle Sap Lake in December 2016 (Fig.1). PVC tube

Sampling Sses
Main River

" - Tonle Sap Lake | 7_.'(
«

L > 4 K
Province Boundary | Sem mmmm—ms"————m—" . oo

Fig. 1 Sampling locations, Tole Sap Lake, Cambodia

was used for sediment sampling. The samples were placed in
polyethylene bags and transported to laboratory under frozen
condition (around 4°C). The samples were air-dried for a
week, then ground to a fine powder and sieved through 2mm
stainless steel mesh wire. This size fraction was widely used
to eliminate the effect of particle size and to obtain a more
homogeneous grain distribution. Following EPA-3050b
method for heavy metals extraction from the sediment, 1g of
sediment was digested with 20 ml of HNO3, 20ml of HCl and
10 ml of H,0,, and heated at 95°C with the hot plate [4]. The
digested solution was cooled and filtered through 45pm
syringe filter. The filtered sample was then diluted to 50 ml
with distilled water and stored in special container. Finally,
diluted samples were analyzed for selected heavy metals by
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using atomic adsorption spectrophotometer instrument
(AAS-7000).

Pollution Load Index (PLI) and Geo-accumulation Index
(I-geo) were used to evaluate the degree of contamination in
the sediments. The Pollution Load Index (PLI) was obtained
as Concentration Factors (CF). This CF was the quotient
obtained by dividing the concentration of each metals. The
PLI of the place were calculated by obtaining the n-root from
the nCFs that were obtained for all the metals. With the PLI
obtained from each place. The PLI > 1 indicated polluting,
whereas PLI < 1 indicated no pollution .General pollution
load index (PLI) [3], which was as follows:

CF = C _metal / C_background value (Eq. 1)
PLI = (CF; x CF; x CF3 X+ xCF,)" (Eq. 2)
Where, CF = contamination factor; n = number of metals;

C metal = metal concentration in polluted sediment;
C Background value = background value of that metal

Table 1 Geochemical background value in world surface
rock average concentration [6]

Heavy metals World surface rock average

(ng/®)

Cu 32

Mn 750

Pb 16

Cr 71

Fe 35,900

Zn 127

The geo-accumulation index (I-geo) values was
calculated by using Eq. 3 [5]

Ioeo = log> [Cn/(1.5%Bn) | (Eq. 3)
Where, Cn was the measured concentration of element n in
the sediment; Bn was the geochemical background for the
element n which is taken from the literature (average world
surface rock average) [6]. Based on I-geo, sediments could

be categorized into seven classes [5].

Table 2 Muller’s Classification of sediments with regard

t0 Igeo [5]
Class | I-geo Pollution Level
0 <0 Unpolluted
1 0~1 Unpolluted to moderately polluted
2 1~2 Moderately polluted
3 2~3 Moderately polluted to strongly
polluted
3~4 Strongly polluted
5 4~5 Strongly polluted to extremely

polluted

6 5~6 Extremely polluted

3. RESULTS

The concentration of heavy metas in bottom sediment
samples of Tonle Sap Lack are reported in Fig. 2.

45000

40000

5000 -

2 2
= =

Concentration (pg'g)
e ot
Z

0.83 141 21249 43 86 6.61

Cr Cu Fe Mn Ph n
Heavy metals

Fig. 2 Heavy metals concertation in bottom sediment

of Tonle Sap Lake

The PLI provides simple but comparative means for
assessing a site quality, where a value of PLI < 1 denotes
perfection; PLI = 1 presents that only baseline levels of
pollutants are presented and PLI > 1 would indicate
deterioration of site quality [3]. The PLI values for heavy
metals in Tonle Sap Lake sediments are listed in Table 3.
The geo-accumulation index (Igeo) was used to determine
the pollution level of sediments. The calculated I-geo values,
based on the world surface rock average, are presented in
Table 1 and the variations are shown in Table 4.

Table 3: Pollution load indices of Tonle Sap sediments

Sampling sites PLI Sampling sites PLI
CS0-1 0.10 CS4-4 0.12
CS0-2 0.08 CS4-5 0.09
CS1-1 0.03 CS4-6 016
CS1-2 0.03 CS4-7 0.04
CS1-3 0.11 CS4-8 0.13
CS2-1 0.16 CSs5-1 0.08
CS2-2 0.23 CS5-2 0.14
CS2-3 0.18 CS5-3 0.04
CS2-4 0.21 CS5-4 0.13
CS2-5 0.10 CS5-5 0.06
CS3-1 0.15 CSe6-1 0.09
CS3-2 0.07 CS6-2 0.13
CS3-3 0.11 CS6-3 0.06
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CS3-4 0.14 CS6-4 0.09
CS3-5 0.14 CSe6-5 0.12
CS3-6 0.12 CS7-1 0.02
CS3-7 0.04 CS7-2 0.02
CS4-1 0.09 CS7-3 0.02
CS4-2 0.07 Cs7-4 0.03
CS4-3 0.12

Table 4 Geo-accumulation indices of Tonle Sap Sediments

Sites I-geo Cu | I-geo Fe | I-geo Cr | I-geoZn | I-geoMn | I-geo Pb | I-geo Cd
Cso-1 -6.77 -3.70 -6.78 -4.34 -3.15 0.24 -3.28
CS0-2 -6.14 -4.10 -7.52 -4.62 -4.37 0.21 ND
Cs1-1 -5.38 -4.17 ND -5.24 -4.82 0.25 ND
CS1-2 -5.93 -4.07 ND -4.96 -3.90 0.26 ND
CS1-3 -4.87 -3.66 -7.34 -4.42 -3.60 -0.23 ND
CS2-1 -4.81 -3.31 -6.23 -3.71 -2.90 0.29 -3.38
CS2-2 -5.09 -1.29 -6.38 -3.74 -1.29 0.40 ND
Cs2-3 -4.62 -3.12 -7.26 -3.75 -1.37 0.59 ND
CS2-4 -4.26 -3.01 -5.95 -3.61 -2.17 0.51 -2.95
CS2-5 -6.12 -2.66 -9.79 -4.55 -2.22 0.68 ND
CS3-1 -5.61 -3.03 -8.40 -3.78 -1.04 0.64 ND
CS3-2 -6.83 -5.15 -7.99 -4.83 -3.43 0.62 -3.66
CS3-3 -5.93 -4.34 -7.32 -4.54 -2.63 0.50 -2.72
CS3-4 -5.47 -3.38 -6.12 -4.23 -3.14 0.49 -6.75
CS3-5 -8.72 -1.66 -6.37 -5.80 -1.49 2.41 ND
CS3-6 -4.00 -4.99 -7.78 -3.70 -4.90 221 ND
Cs3-7 -5.33 -3.50 ND -4.32 -1.91 0.41 ND
CS4-1 -6.33 -4.66 -7.20 -4.74 -3.21 0.02 -3.15
Cs4-2 -6.58 -5.57 -7.92 -4.89 -3.75 0.34 -3.74
CS4-3 -5.30 -4.14 -7.27 -4.48 -2.62 0.47 ND
Cs4-4 -5.49 -4.05 -7.48 -4.41 -2.10 0.37 ND
CS4-5 -5.96 -4.25 -8.96 -4.39 -2.18 0.47 ND
CS4-6 -5.58 -3.49 -7.02 -4.00 -1.13 0.48 ND
CS4-7 -5.77 -3.89 ND -4.17 -1.73 0.44 ND
Cs4-8 -5.45 -4.02 -7.34 -4.12 -1.69 0.33 ND
CS5-1 -6.66 -5.44 -7.74 -4.50 -2.67 0.42 -3.87
CS5-2 -5.43 -4.00 -6.08 -4.13 -2.43 0.13 -5.42
CS5-3 -6.22 -6.07 -6.86 -4.71 -8.40 -0.10 -4.67
CS5-4 -5.28 -4.29 -6.00 -4.11 -2.99 0.06 -3.50
CS5-5 -6.01 -6.85 -8.39 -5.15 -3.69 0.43 -2.54
CS6-1 -5.25 -4.75 -7.93 -3.86 -3.58 -0.39 ND
CS6-2 -5.37 -3.44 -6.45 -4.24 -3.64 0.44 -2.88
CS6-3 -5.95 -5.68 -6.72 -5.79 -4.76 0.08 -2.50
Cs6-4 -5.46 -5.50 -6.81 -4.66 -3.76 0.44 -2.86
CS6-5 -5.21 -4.38 -6.86 -4.38 -3.22 0.61 ND
Cs7-1 -8.93 -4.06 ND -5.57 -3.06 0.68 ND
CS7-2 -6.43 -5.36 ND -5.29 -3.45 0.30 ND
CS7-3 -9.00 -5.47 ND -5.88 -2.94 -0.28 ND
Cs7-4 -5.85 -4.90 ND -6.46 -2.88 0.43 ND

4. DISCUSSION

The relative abundance of metals in sediment samples in the
observation period that respected to the mean concentration
follows the order: Fe > Mn > Pb> Zn > Cu > Cr > Cd. The
concentration of Pb varied from 22.85 to 159.85 pg/g, and
mean value was 43.86 pg/g. It was more than the world
surface rock average as a background level. In comparison
with sediment quality guideline, the mean value did not
exceed the limits, and this result shows that Tonle Sap
sediments are not polluted by Pb.

The pollution load index (PLI) values of sediments varied
from site to site. PLI value were found to generally low (<1)
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at all stations.

The I-geo level varied from metal to metal and site to site.
The I-geo Mn, Fe, Cr, Cd, Zn, Cu, and Pb were in the range
of 0-1 meant that the classification of sediment was
unpolluted to moderately polluted in all stations suggesting
that the study area sediments were in background value with
respect to these selected metals. The I-geo of Pb was a bit
greater (positive value) if compare to other heavy metals
(mostly negative value). This due to the mean concentration
of Pb in sediment was higher than the geochemical
background value of Pb.

5. CONCLUSION

To investigate the status of metal contamination in Tonle
Sap Lake sediments, Pb, Cd, Zn, Cu, Fe, Mn and Cr
concentrations were estimated in thirty-nine sampling
sites. The order of the mean concentrations of tested heavy
metals: Fe > Mn > Pb> Zn > Cu > Cr > Cd. According
to PLI, all sites suggest perfection or no overall pollution of
site quality. In general, I-geo indices for most heavy metals
were negative; this implies that mean concentration of heavy
metals Tonle Sap Lake sediments are lower than world
surface rock average.
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Formation and decomposition of polymeric silicate in pore water
Jayeong Park' and Masahito Sugiyama!

!Graduate School of Human and Environmental Studies, Kyoto University
Keywords: polymeric silicate, pore water, ferric hydroxide, sodium chloride, freshwater lake

ABSTRACT

Dissolved silicate is easily adsorbed onto ferric hydroxides and then is semi-permanently buried in sediment.
In some lakes, the dissolved silicates seasonally increase with hydrogen sulfide, as the silicate is eluted
from ferric hydroxide by its reductive dissolution. In this geochemical process, we found that polymeric
silicate (PSi) was detected in freshwater lakes, but was not in brackish lakes. Accordingly, we assume that
the main source of PSi in the pore water is ferric hydroxide adsorbing silicates. Another major factor
controlling PSi content is NaCl concentration, as this salt is the most abundant component of brackish lake
water. We examined polymerization mechanism of silicate and the effect of NaCl on PSi decomposition.
After leaving a test solution (0.6 mM monomeric silicate (MSi), 0.3 mM Fe*", 0 M NaCl and pH 7) for 1
month, precipitate and filtrate 1 (F1) were obtained and then the precipitate was made to react with a NaxS
solution (pH 7). After 1 day, we collected Filtrate 2 (F2) and measured the MSi and PSi of F1 and F2. PSi
was only detected in F2 and its concentration was 0.2 mM. Thus, NaCl was added to natural pore water,
which was found to contain PSi. Most of the PSi was decomposed to MSi after 8 days. From these results,
it can be concluded that PSi is formed only at freshwater lakes but is not at brackish lakes. Because its
formation is inhibited by the presence of large amounts of NaCl.

1. INTRODUCTION entire lake water by vertical mixing, and then the dissolved
silicates are re-used as a nutrient source (Tallberg 2000)

Silicon is second most abundant element in earth crust, and - ) ) .
and re-precipitate in the bottom sediments. In this

normally exists as silica (SiO;) and silicate minerals. In
natural water, soluble form of silica is generally geochemical process, we found polymeric silicates (PSi)
formulated as monomeric silicate (HsSiO4). Most Si (mM) Si (mM)
dissolved silicates consist of monomeric form, it is soluble 0 05 1 15 2 0 05 1 15 2
and stable in aquatic solution at 25 °C for long periods of 0 , : 0
time if the concentration is less than about 1.6 mM (Iler
1979). Usually the concentration of dissolved silicate
ranges from 0.1 to 0.6 mM in natural water (Gottlieb et al.
2012). Dissolved silicates inflow into a lake through the
rivers, and then this used to one of essential nutrients for

aquatic organism, to form skeleton of a phytoplankton
such as diatom (Lacombe et al. 2007). However, dissolved
silicates are easily adsorbed onto ferric hydroxides
(Hallmark et al. 1982) in suspended particulate matter and
sediments at the bottom of lakes (Fischer et al. 2009). Most
of these particles are semi-permanently buried in the deep

Sediment depth(cm)

12 F 12

L. Suigetsu

sediment layer. However, in some lakes where anoxic

L. Kawaguchi

hypolimnion occurs in the summer, the dissolved silicates
seasonally increase with hydrogen sulfide, as the silicates
are eluted from ferric hydroxide by its reductive
dissolution (Testa et al. 2013). Generally, the origin of
eluted silicate was considered to be biomaterials, mainly
diatomaceous debris (Van der Weijden 2007). However, in
an anoxic reducing environment, it has been reported that

Sediment depth (cm)

eluted silicates are derived from inorganic oxides, such as
metal oxides, rather than biogenic silica (Lehtimaki et al.
2016). The eluted silicates diffuse and supplied into the Fig. 1 MSi(A) and TSi(O) in pore water of each lake
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in the pore water of some lakes. Therefore, in this study,
the PSi distribution in various lakes was investigated along
with the formation and decomposition mechanisms of PSi
in pore water.

2. ANALYSIS

Monomeric silicate and total silicate dissolved in pore
water were measured using molybdenum blue method and
inductively coupled plasma atomic emission spectroscopy
(ICP-AES) technique to identify silicate species. When
using the molybdenum blue method, silicate can be
measured from monomer to pentamer (these silicates are
hereafter referred as MSi) in reaction time (O’Connor
1961), ICP-AES technique can measure total silicate (TSi;
Tallberg 2000). The concentration of the dissolved PSi was
calculated by determining the concentration difference
between TSi and MSi. In Fig. 1, no PSi was detected in
brackish lakes (Lakes Suga and Suigetsu, Japan), but both
PSi and MSi were found to be dissolved in freshwater
lakes (Lakes Biwa and Kawaguchi, Japan).

3. LABORATORY EXPERIMENTS

In anoxic sediments, silicates are preferably released from
minerals rather than biogenic silica (BSi) sources such as
diatoms (Lehtimiki et al. 2016). Therefore, we assume that
the main source of PSi in the pore water of freshwater lakes
is ferric hydroxide, which adsorbs silicates, and that major
factor controlling PSi content is NaCl concentration, as
this salt is the most abundant component of brackish lake
water.

First, to examine the formation of PSi, precipitates are
collected by filtration of a test solution (0.7 mM MSi, 0.1
mM Fe3" and pH 7). And, the precipitate reacted with 0.02
mM of HNO; for 1 day. Analyses of MSi, PSi and TSi
concentration were carried out for 120 days. As a result
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. MSi in precipitate
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[[[I PSi in precipitate
Fig. 2 Formation of PSi over time
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(Fig. 2), PSi began to be formed 3 days after the adsorption
reaction and increased sharply until 40 days. The PSi at
120 days accounted for about 40% of TSi. Most
importantly, PSi was detected only in the precipitate.

Secondly, to confirm the stability of PSi eluted from ferric
hydroxide according to oxic or anoxic conditions, the
precipitate same as the first experiment was reacted with
HNO3 (under oxic (or anoxic) condition, pH 2.3) or Na,S
solution (oxic (or anoxic) condition, pH 7.2). After the
reaction with the solution, H,S + HS-, MSi, PSi and TSi
concentrations were measured periodically (Figs. 3 and 4).
In Fig. 4, the results for DO of NaS under anoxic
condition, DO of HNOs under oxic and anoxic conditions
and DO of HNO3 under anoxic condition are not shown
because their results showed 0 mM of H»S + HS- or 0 mg/L
of DO throughout the experimental period. The
experiment was carried out for 2 weeks. Within 2 days,
dramatical decrease in PSi was observed in HNO;3 under
oxic condition (Fig. 3). In HNOs under anoxic condition,
PSi concentation gradually decreased from 0.45 mM to
0.31 mM (Fig. 3) and DO was maintained to 0 mg/L. In
NasS solution, PSi concentration under both oxic and
anoxic conditions was maintained to be constant from
the beginning to the end of the experiment. Therefore, in
freshwater lakes, PSi eluted from ferric hydroxide is
considered to be stable for long time.
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Fig. 3 PSi according to oxic and anoxic conditions
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Thirdly, the effect of NaCl on the polymerization of
silicate was examined. The NaCl concentration of a test
solution (0.6 mmol/L MSi, 0 (or 0.3) mmol/L Fe** and pH
7) was adjusted to 0 or 0.6 M. After standing for 1 month,
the test solution was filtered to obtain filtrate 1 (F1) and
precipitates. The precipitates were made to react with a
NaxS solution (pH 7) for 1 day, and filtrate 2 (F2) was
subsequently obtained by filtration. The MSi and PSi
concentrations were measured in their respective filtrates.
PSi was not detected in F2 from the 0.6 M NaCl solution
but was found in F2 from the 0 M NaCl solution (Fig. 5).

1.00

0.80

0.60

Si (mM)

0.40

0.20

0.00
0.6 M NaCl

0 M NaCl

[ odayovsiy [ 5 dayomsiy [ 8 dayousi)

B sorsh
Fig. 5 Effect of NaCl on the decomposition of PSi

Finally, to investigate the effect of NaCl on the
decomposition of PSi, NaCl was added to the pore water
of Lake Biwa, which was found to contain PSi. Most of
the PSi was decomposed to MSi after 8 days from NaCl
addition (Fig. 6).
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Fig. 6 Effect of NaCl on the polymerization of silicate
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4. CONCLUSION

From the above experimental results, it can be concluded
that polymerization of silicate occurs on the surface of
ferric hydroxide after adsorption reaction, and this PSi
formed is detected only in the pore water of freshwater
lakes with anoxic sediment. PSi is not found in brackish
lakes because its formation is inhibited by the presence of
large amounts of NaCl. Therefore, if PSi is supplied to the
brackish lake from rivers or other sources, it will be easily
decomposed to MSi.
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ASSESING THE HEAVY METAL CONTENT OF GOLDEN APPLE SNAIL

(Pomacea canaliculata), WATER AND SEDIMENTS AFTER FISH KILLS

INDICIDENT IN LAKE MAINIT, NORTHEASTERN MINDANAO ISLAND,
PHILIPPINES
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ABSTRACT

Heavy metals specifically Lead (Pb), Copper (Cu), Manganese (Mn), and Cadmium (Cd) is
one of the major toxicant affecting freshwater organisms particularly the Golden Apple Snail, P.
canaliculata which is an invasive organism. However, few studies had been conducted on the heavy
metals content on the tissues of Pomacea canaliculata in Lake Mainit, Northern Mindanao,
Philippines. This study assessed the heavy metal content of Golden Apple Snail, P. canaliculata
(Gastropoda:Ampullariidae) water and sediments in surrounding areas of Lake Mainit. Collection of
freshwater snail particularly the Golden Apple Snail, P. canaliculata was collected using Opportunistic
approach and hand picking and all samples were subjected for acid digestion and Atomic Absorption
Spectrophotometer (AAS) analysis. Results showed that Manganese (6.099+0.436 ppm) followed by
Copper (3.325+£1.884 ppm), Lead (0.995+0.332 ppm) and Cadmium (0.068+0.012 ppm) respectively
is beyond the threshold level and exceeded the recommended safe limits set by the authorized
agencies. Sediments in Manganese had a mean concentration 5.61+0.206 ppm which is beyond the
Recommended Safe Limits set by the standard of Food and Agriculture Office (FAO) which is <100
ppm. Among the four heavy metals Manganese had the highest mean concentration 0.583+0.217
ppm in waters. Accumulation of heavy metals in aquatic organism particularly P. canaliculata was
species dependent. Thus, strict monitoring of heavy metals particularly the Lead (Pb), Copper (Cu),
Manganese (Mn), and Cadmium (Cd) by Local Government Unit (LGU) is highly encouraged to
efficiently study the hazard and effect of this four heavy metals on the aquatic environs of said lake
and general public welfare.

1. INTRODUCTION distributed in Lake Mainit, Surigao del Norte,
Philippines. Results of the study will serve as
baseline information for the conservation and

protection of aquatic faunal biodiversity in the

In the last few decades increasing
attention has been paid to the relationship

between the conformation of heavy metals and
their impact on aquatic organisms. Metals
such as arsenic (As), mercury (Hg), cadmium
(Cd), copper (Cu), chromium (Cr), lead (Pb),
iron (Fe), manganese (Mn), zinc (Zn) etc. do
not degrade in general; therefore, they
accumulate throughout the trophic chain.
Accumulation in living organisms leads to
concentrations several orders of magnitude
higher than those of the surrounding water
(Casas et al, 2008). Last December 2015 a
Fish kills incident happened in Lake Mainit due
to low dissolved oxygen in the water. The
incidents of fish kill in Lake Mainit have been
traced to low dissolved oxygen in the country’s
fourth largest lake, initial findings of the Bureau
of Fisheries and Aquatic Resources-(BFAR)
Caraga.

Thus, aquatic molluscs used as the
subject for this study as they are widely

said freshwater ecosystem.
2. METHOD

Collection of molluscs, sediments and
water. Following the methods of Su et al,
(2009) with little modification, local residents
caught the macroinvertebrates assessed for
heavy metals during the months of August to
September 2016 using a trawl net in Lake
Mainit, Surigao del Norte. Local residents
extensively searched for live freshwater
mollusks (bivalves and univalves) using
handpick in the area equivalent to a two-hour
sampling efforts (de Chavez and de Lara
2011). The collection of samples using the
bottom trawl fishing method started from the
north end of the lake going to the south and
then back to the starting point again which is
the north end. Macroinvertebrates collected
were immediately processed. All



macroinvertebrates were identified through the
www.fishbase.org.

Digestion of mollusk tissue, water and
sediments. Digestion process was adopted
from the Analytical Methods for Atomic
Absorption  Spectroscopy  (®PerkinElmer
Incorporated). Samples of homogenized
mollusk tissue, water and sediments were
dried in the laboratory oven at 100 OC for
about 3 hours. The dried mollusk tissue
samples were each ground with laboratory
ceramic mortar and pestle into powder form.
The samples were placed in ziplocks and
coded labeled with the area where it was
collected with the number of replicates. A
mixture of concentrated 5 ml Nitric acid
(HNO3) and 5 ml Sulfuric acid (H2SO4) were
added to the 1 g of homogenized dried fish
samples. 10 ml of concentrated Nitric acid
(HNO3) was added. After the samples become
brown, it was added with 5 ml concentrated
Hydrogen Peroxide (H202) continuously until
the samples become clear or pale yellow. The
resulting mollusks tissue digested samples
were then filtered using Wattman filter paper
No.80 and diluted to 50ml with distilled
deionized water. Sample containers were pre-

0

3. RESULTS
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Figure 1. Graphical presentation of heavy
metals concentration in the tissue of
Golden Apple Snail (Pomacea canaliculata).
(A) Station 4, (B) Station 5, and (C) Station
6

treated with 90% distilled- deionized water and
10% Nitric Acid.

Determination of levels of Cd, Cu Pb, and
Mn in mollusks. The analysis for levels of
cadmium, lead, manganese and copper was
done at Chemistry Laboratory, College of Arts
and Sciences, Caraga State University,
Ampayon, Butuan City, Mindanao, Philippines.
The analysis was done using Analytical
Methods for Atomic Absorption Spectroscopy
by (®PerkinElmer Incorporated) with a
detection limit of 0 ppm in all the heavy metals
(Cd, Pb, Ni and Hg). Sodium Borohydride
(NaBH4) was used as reducing agent for
samples. The Cu concentration was
determined by flame atomic absorption
spectrophotometry  Perkin  Elmer  Atomic
Analyst 200 with a detection limit of 0.012
ppm. The preparations of solutions of copper
were as follows: About 200 — 250 mL of 1% v/v
HNO3 used as a blank solutions and about
200 — 250 mL each of the three standards in
1% viv HNO3. The suggested standards of
copper are 0.5 ppm (Standard 1), 1 ppm
(Standard 2), 1.5 ppm (Standard 3) and 1 ppm
(Reslope) following the official methods of
AOAC International. The same procedures
were applied to water and sediments.
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Figure 2. Graphical presentation of heavy
metals concentration in the tissue of
Golden Apple Snail (Pomacea canaliculata).
(A) Station 7, (B) Station 8, and (C) Station
9.
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4. DISCUSSION

Station 4 highest Manganese
concentration was detected in first sampling
1549.300 mg/Kg and 1642.541 mg/Kg in
second sampling followed by Zinc 560.211
mg/Kg first sampling while 44.794 mg/Kg
second sampling and Copper 374.439 mg/Kg
while 174.762 mg/Kg. The concentration of
heavy metals along station 4, 5 and 6 within
the first sampling period P-value 0.0007 is
highly significant (P<0.05).

Sediments were collected in the three
sampling stations of Lake Mainit, Northern
Mindanao, Philippines (Table 3) and the heavy
metals were Mn>Cu>Pb>Cd. Among the four
heavy metals Manganese had the highest

mean  concentration  5.61£0.206  ppm.
Sediments in Manganese had a mean
concentration 5.61£0.206 ppm which is

beyond the Recommended Safe Limits set by
the standard of Food and Agriculture Office
(FAO) which is <100 ppm. While, Lead mean
concentration 1.572+0.482 ppm which is
beyond the threshold level set by the standard
of Food and Agriculture Office (FAO).
Moreover, Copper mean concentration
1.4961+0.256 ppm and the highest Copper
concentration in sediments was in Station 6
1.953+0.141 ppm and Cadmium mean
concentration 0.017+0.004 ppm respectively.

Water were collected in the three sampling
stations of Lake Mainit, Northern Mindanao,
Philippines (Table 4) and the heavy metals
were Mn>Cu>Pb>Cd. Among the four heavy
metals Manganese had the highest mean
concentration 0.583+0.217 ppm.Manganese
had a mean concentration of 0.583+0.217
ppm. Highest concentration of Manganese in
water was detected in Station 6 0.855+0.023
ppm and beyond the threshold level set by the
US Environmental Protection Agency which is
<100. Copper mean concentration of
0.028+0.002 ppm, highest detection level was
in Station 5 0.032+0.011 ppm. Further, Lead
mean concentration 0.138+0.012 ppm in water
and the highest Lead concentration was
recorded in Station 5 0.160+0.009 ppm.

Cadmium mean concentration of 0.006+0.003
ppm respectively.

5. CONCLUSION

Based from the results of the study, Lake
Mainit is contaminated with Lead (Pb) ,
Cadmium (Cd), Manganese (Mn), and Copper
(Cu) respectively. Lead (Pb), Cadmium (Cd),
Manganese (Mn), and Copper (Cu)
accumulated particularly in the tissues of
Golden Apple Snail, P. canaliculata. The
contamination of Lead (Pb), Cadmium (Cd),
Manganese (Mn), and Copper (Cu) maybe
brought by the present anthropogenic activities
in the area such as presence of mining
industries, forest degradation, illegal logging,
urbanization and increasing population in the
area. Results of this study will serve as
baseline information on bio monitoring of the
aquatic mollusks in the lake.
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ABSTRACT

Tonle Sap lake in Cambodia is the biggest lake in Southeast Asia. It is estimated that this lake accounts
for ca. 60% of domestic protein needs and more than 1 million people stay at the floating villages on the
lake. However, they use the lake water directly without sufficient treatments. Therefore, they are under
threat of unsanitary water environment. In this study, we investigated the microbial consortia in the lake
water and sediment by using gene analyses. Based on the results of 16S rRNA gene quantitative PCR,
bacterial concentrations of the sediment were approximate 10® copies'mL' throughout the year. This
concentration was about 10-100 times higher than that of water samples. The concentration of water
sample in the dry season and rainy season were ca. 10°107 copiessmL' and 10°-10° copies-mL,
respectively.  According to the result of next generation sequence (NGS) analysis, it was clarified that
the microbial consortia in the sediment samples were totally different from those in the water samples of
every season. By statistical analyses, it was revealed that in the rainy season (August) the diversity of
microbial consortia was lower than that in other seasons. Moreover, by the cultivation method using
specific culture method, Escherichia coli and coliform were detected from the lake water samples taken

from the place near the floating village, but not from the place far from it.

It is thought that only the lake

water near the floating village might be contaminated by human activities.

1. INTRODUCTION

Tonle Sap lake in Cambodia is the biggest lake in
Southeast Asia.
season and 2,500 km? in dray season (Fig.1).

The area becomes 13,000 km? in rainy
In this
fresh-water lake, there are various kinds of fishery
products and the lake accounts for ca. 60% of domestic
protein need in Cambodial'l. Moreover, many floating
villages are located on this lake and it is estimated that

more than 1 million residents stay there.

In Cambodia, the child mortality rate is reported to be
25 (cf. 2 in Japan) per 1000 live births reported by World
Health Organization in 2015. The main reasons of this
mortality seem to be caused by waterborne infectious
disease or diarrhea, which can be preventable by vaccines.
The people living on the Tonle Sap lake use the lake water
as their dairy life water and directly dispose the waste
A part of them uses the lake water
without sufficient treatment, such as disinfection and/or
removal of microbes by precipitation or filtration.
Therefore, they are possibly surrounded by an unsanitary

water into the lake.

water environment, because some of them are pathogenic
bacteria or produce toxic compounds.
antibiotic-resistant pathogens appear, it is highly possible
that the residents are infected by them through the

Moreover, if the

contaminated lake water. Therefore, it is very important

to clarify the microbial population in the lake.

In this study, we investigated the microbial consortia in
the lake water and sediment by using gene analyses based
on 16S rRNA gene sequences to evaluate the water quality.

* 9m 2m
13,000 km? + 2,500 km?
« 7x10"m?3 10x10' m?
Water depth
Area
Water

Jun
Fig.1 Seasonal change of Tonle Sap

Moreover, as a hygiene indicator of environmental water,
the concentrations of Escherichia coli, which is an index
of sanitary in the several water samples were also
measured by culture method using specific media.

2. METHOD
Water and sediment samples in Tonle Sap lake

Field surveys were conducted about every three month.
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The seasonal changes of characteristics in Tonle Sap Lake
are shown in Fig.1. Sampling points were not only near
the floating village but also in the middle of lake far from
the floating village. The sampling points are depicted in
Fig.2 At the sampling points, water samples from the
surface (0 m), the middle (1-3 m depth from the surface)
and sediments were taken. For preparation of DNA
extraction, 10-30 mL of water samples were filtrated by
membrane filter (pore size: 0.45 um) after sampling. The
filtrated water samples on the membrane filter or sediment

samples were soaked into the ethanol solution.

]

-

Fig.2 Sampling points of Tonle Sap lake

DNA extraction

Withdrawn samples from dialysis
centrifuged at 6,300 g for 10 min and the pellet was

device were

resuspended in PBS.
used for DNA extraction. Glass beads (0.1 mm diameter)
were used to break the cells for 45 s at 6 m's™!, twice, using
a BeadBeater (FastPrep24, MP Biomedicals). The
supernatant was collected after centrifugation at 1800 g for

The resuspended samples were

5 min.
previously reported!?).

The further DNA extraction process was

Analysis of microbial community by next-generation
sequencing (NGS)

The 16S rRNA gene sample was prepared by following

the [llumina Miseq sequencing protocol
(https://support.illumina.com/documents/documentation/c
hemistry documentation/16s/16s-metagenomic-library-

prep-guide-15044223-b.pdf). DNA templates were
subjected to amplification by two rounds of PCR.

Miseql6S 341F (5’-TCGTCGGCAGCGTCAGATGTGT

ATAAGAGACAGCCTACGGGNGGCWGCAG-3’) and
Miseql6S 805R (5°- GTCTCGTGGGCTCGGAGATGT

GTATAAGAGACAGGACTACHVGGGTATCTAATCC-
3”) were used to amplify the V3 to V4 region of the 16S
rRNA gene. The program for the first round of PCR
amplification were as follows: 95°C for 5 min, 25
amplification cycles (95°C for 30 s, 55°C for 30 s, and
72°C for 60 s), and 72°C for 5 min. DNA concentration in

1166

PCR products was estimated using a Nanodrop (Thermo
Fisher Scientific) after purification, and subsequently
diluted to 2.5 ng-uL ! using TE buffer. The index primers
(Nextera XT Index Kit v2 SetD, Illumina) were used in the
second round of PCR.  The amplification program was as
follows: 95°C for 5 min, eight amplification cycles (95°C
for 30 s, 55°C for 30 s, and 72°C for 60 s), and 72°C for 5
min. PCR products were purified by QIAQuick PCR
Purification Kit (Qiagen, Hilden, Germany).  All samples
were gathered and sent to Hokkaido System Science Co.,
Ltd for sequencing. The data was analyzed by QIIME
ver.1.9.1 pipeline®®).  Less than 4% of the microbial
community’s relative abundance was classified into others.

DNA templates from influent and activated sludge were
used to quantify the total number of 16S rRNA gene by
real time quantitative PCR (qPCR). 341 F (5°’-
CCTACGGGAGGCAGCAG-3’) and 534 R (5-
ATTACCGCGGCTGCTGG-3’) primers were used to
amplify a target DNA size of 194 bp.  After primers were
combined with all qPCR reagents including SYBR green,
the mixture was monitored by using StepOne Real-Time
PCR System (Applied Biosystems) with the template DNA
standard.

E.coli and coliform detection by culture method

The concentrations of FE.coli and coliform were
measured by using the Chromocult® Coliform Agar
(Merck KGaA, Damstads, Germany) plates.
the colony color of E.coli and coliform become purple and
pink, respectively.

3. RESULTS

Microbial concentration

Based on the results of 16S rRNA gene qPCR, the
bacterial concentrations of sediment were ca. 10°
copiessmL! throughout the year. On the other hand,
those of water sample in the dry season and rainy season

In this plate,

were ca. 10%-107 copiesmL"' and 10°-10° copiesmL"',
In June, bacterial concentration of water
samples in the southeast part, where is the junction of

respectively.

Tonle Sap lake and Tonle Sap river, the concentration was
relatively lower than those of other sampling points.
Microbial consortia

According to the result of NGS analysis, it was clarified
that the microbial consortia in the sediment samples were
totally different from those in the water samples of every
season. Firmicutes and Chloroflexi phyla were relatively
high in the sediment samples, although Proteobacteria and
Actinobacteria phyla were dominant in the water samples.
Moreover, in the water samples on the surface (0 m), the
frequency of Cyanobacteria phylum was higher than in the

water in the middle and in the sediment. Moreover, in



August and December, the frequency of Cyanobacteria in
the southeast part were relatively higher than other
sampling places.

To evaluate the difference or similarity of microbial
consortia of different sample, the principal coordinates
analysis (PCoA) was carried out. From these results, it
clarified that the microbial consortia in the sediment are

totally different from each other every season.
E.coli and coliform detection

We took several samples (2 samples: close to floating
village, 3 samples: far from floating village) for culture
method. The results are shown in Table 1. E.coli was
detected only from the samples taken from near floating
village (in boldface).

in these 2 samples were also higher than that others.
Table 1

Moreover, coliform concentration

Concentrations of E.coli and coliform

Sample®  E.coli Coliform Others
[CFUmL'] [CFU-mL'] [CFU-mL"]
2-1(0) - 43 20
2-1(S) - 732 400
KL(0) 26 446 TMTC™
7-2(0) - 43 316
CT(0) 26 216 320

* (0): water sample at 0 m, (S):sediment,
The sample taken from near floating village is in boldface.
** TMTC: too much to count

4. DISCUSSION
Microbial concentration

Most significant difference of microbial concentration
was between water samples and sediment samples. That
is, microbes seem to attach the surface of solid particles in
the sediment to form the biofilm. On the other hand, the
bacterial concentration of water samples taken near the
village and that of water samples taken far from the village
was not so significantly different, although some dynamic
water flow affected the microbial concentration to certain
extent. It means that total bacterial concentration is not

an index of contamination derived from human activities.
Microbial consortia

Based on 16S rRNA gene analysis, the microbial
consortia in the sediment samples were significantly

different that in the water samples.
thought that the physicochemical conditions, such as

This reason is

dissolved oxygen (DO) concentration, light intensity,
nutrient composition, various ion concentrations, and so
on are different from each other. In the sediment, most of

the bacteria belong to a facultative anaerobic bacteria or an

obligatory anaerobic bacteria due to low DO concentration.

On the other hand, in the water samples, especially at 0 m,

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

frequency of Cyanobacteria phylum was higher than that
in the sediment.
photosynthesis can grow under the light irradiation.
Some of Cyanobacteria are well known as a toxin

That is, the species which can conduct

producer.  Therefore, in the further study, the water
sample that contain Cyanobacteria should be also
investigated from the view of cyanobacterial toxin

production.

Moreover, to evaluate the diversity of each microbial
consortia, statistical analyses were applied. According to
the results, both of Chaol and Shannon index were lowest
in rainy season (August) for all samples (0 m, 1-3 m,
sediment). It is thought that the reason why is the change
of nutrient condition by much amount of water flowed into
Tonle Sap lake from the Tonle Sap river. However, more
profound investigation is necessary to clarify which

factors affect significantly.
E.coli and coliform detection

From the results based on cultivation on the specific
culture medium, E. coli was not detected from the samples
taken from the location far from floating village. On the
other hand, in the sample taken from near the village,
detected.
concentrations were also higher in these samples.

coliform
These
results show that the water environment surrounding the

E.coli was Moreover, the

floating village might be contaminated by some kinds of
However, their
effects seem to be possibly low in the place far from the

bacteria derived from human activities.

floating village, even though the bacterial concentration is
not so different from that in the sample taken from near the
village.

5. CONCLUSION

We analyzed microbial consortia in water and sediment
samples of Tonle Sap lake to investigated the seasonal and
spatial changes and detected E.coli and coliform. From
these results, the difference and diversity of microbial
consortia were clarified.
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L (n=3) #5%!F, ZOVHExE e, &ML
72H _EAKZE)NT 500mL HK L7z, 72388, 1EAK LW
R0 HHEEL, EBRITT N CHESEEMTITo72, 0 H
H&E 10 HEIZ 10mL 82K L7, 0.45um D7 /L4 —
T W L2 AKZREBERBB HFFEE
(SYNCA:BLTEC #H#) |2 T7 o E=T 285 (NHy-
N), HifgEEREZE F (NO,-N), fEefiEZE F (NOs-N), VU
VFRREY Y (PO4-P) ZIE LTz, 2ROV H EIXIAFE
MR AEZE 3% (DIN (NHg-N, NO,-N, NO3-N DO F1)), U
> OV IR REIEREREY o (DIP (PO4-P) ) OfE TR
L7z, 723, IHEIT1 B EHO R TRL TV,
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(1) & mHE
HL R, VES7 3, 5REVEE, TOC, TN, TP, #ifk
WIEKERDI E RS CITE MRS, ZKIEEDR MR T
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8
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28 15 I

FER EVMER Th o7, FHTHEIE—FOHLE T
R E A ED LD T,

ZOREREVKALET (2010 4E 9 H) OfE R LR LIZ
EZA, KBRS R CHENL, TN (34t
TR LT (K 2), ZAUSKLC, i &, 185
B, TP IZIXBE 22T b oT,
(2) FRIEVE H

ZERITKIE, ¥y, DO TIRHEIZEN LN, KR
I% 28°C, #5313 15psu, DO 3SR CIaAH B O
KWASNTZ (K 3), 7271, IFREMETIE 8CLE~
28°CCIAHEMAL (X 3), HE3IZHBWTH Opsu &
15psu CIXHMRZRZNFRO LT (¥ 3), Fiz,
FEIEICY TV 7 LT R O R H &1L, B
ZEIT AL T2 (K 3),

VARSI TO R, LD RIEHBEOB KA RS
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U, RS CIEKIR -2 b TIREE LR
2otz (K 3) , BERSGMTIE 8°CLY 28°C TR &M
JIL, #E5 CIEHBERZITRO BN -7= (K 3),
4. BE
(1) BB EDEEDE(L

R Z ISHRAE S D HEIN GRS B 7= S 1T H 2
\ZHE O B DS R S LD LR (B8 Teda ki 3~4m LA
) E—E LT (K 2), WA KIZ A~ iAo A
LB I, NS LT R A A 13 oy e T
JE DBER S T CRiERIE ST E 2 E OB LR ILS
M, Wik a LR T 5, ZOZENBRALS O EEINITIR
HACIZEEDHEAK TR A DB T DHDEE 2 BN,

TN TR L, EAKERTIZE B
Anabaena BB RKEFRALCQNZR, KB 1T z=EEEFE
AT DHIERFNHILTND, FRAMERTIEARE IR H
DERETIANTZRIIEET DI LTI EE ~FHY
BOBZ VSN TOEATREMEIZH 57N, AR
HIZARHTHL, LU LI O0, HAK{E% T
AT 3~5 Nmg/g HEKREL TEZLEAINTND,
(2) SREBIEVA H R ME

EHEIZHOWTIE, 28°C, 15psu, HEKAREEN LS
HOEOHFCROEHENPHE KT H5M84:72-72 (K 3),
AIRO BRI, KE OGO fEIMEES
NHu-N OVEHESE KT HENHESNTNDE, F
72, WAy OIS T OV ERE NHy-N O _FK~
DYEBAARES LI ERHMESNLTNDH, ZhbHDZ
Lix, AEIORERELL BT D,

F72, RS TIE 8°CLY 28C o EN A LT

kB (2015 4210 H)

HRAERT (2010 429 A)

12.
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e,
Ml | &
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0
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3 BRMEHIO R

W= (K 3), TH5D (1986) DHEBETIX, HFREMFOR
HEBRIZIBUV T NHa-N O &Y 5CED 25°C T
LIHE, AEELNTRERE BT IR EEZL TEY,
Z® DIN OVHEDJRNZhH b I o8 0 &%
LZLTCWD, BHEMICEATIEE TIE, E E/AD DO 23
B EIAET D56, eRIE DI KB K EIEh
PN O BGH JR BT O 72 B S SR PR A D 52 B 0, A ke
MZE DM OERE= ITHEES b TnAL, E7izE
IR OB R T, EKIRIEE BTG R
BN, LTeho T, IFREMFITENT 8 CHORLD
28 CTMLE DR EELE KELZITT=72% DIN 2N L7
LEZ LD,

VAZDONWTIE DO IZRDEN LR Th o7 (K
3)o VATAFR G CldkiE ke (M) I2WAESh, 1%
EAEEHLIRNZEN LI TNDE, £z, KIRIZD
WTH EAKIRIFFIZIE R 28 & 23506, 4 RIOFE L
HIL—ET 5, HOCEAL T, VooEticitigiA
ERBR B2 Ip W LIRS,

5. fKEEm

WL o B IR AL R e R L 3 E 2
U720 TN 1ZRD LI-b 0D IRE L THIEY), 2235,
VAZE NN RE ThHoTo,

EBEORHEEL, ZRICHOWTIEKIR, B,
BERSRME TR EN KL, Vi oW TR S
HECOREHBEORKANRD LN, FEKIETAEHEN
b)) I RN/ VANV d Wit

ZOZENBIE IR R TR EKDOEEFE
DSREHIR H B OB ESE L2 EAVRIB S LT,
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H &4 DB D18 6 TGS BR4E E OB A LAl 2 A

RS R TN AR O S, @t thm BIRY, T seA
VIRSZATEOE NOK G IREERE, * PR EORE, * RBE R R

FU— R0, KEEER, BRI, B, 71— R R

BERRLIEBRILE I, & LW OTRIE OBRUL LIRS OB (7 A4 =270 L) IR A I 52 B R B IR 2
THY, () KEERED DR, RBIRKTETITEHS T3 E A 2009 £ R L THELILLD THD,
LR, BARDIEN KR DM, ERNSAOEE DL LT 10 FANEH SN TS, AWFIETIE, YikdEEzE
L7558 OTRIE DBSALIHIZ RIS HONWT, B &S L OS], 5UBIF R P 25t R & LTl AR A 2016 0
F @A AR ATz, ZTTIIFRIC, HEOEMABAGS NZE% 3 A O KERBUIAE B L, BT HICRES
MIAEE DI BT DA IRE (DO) R EE DOSRELIET I 2341 DRFSRIIZE b2 D DO RHE W TEHIILTZ, £
DR, DO JREDRFRINELEHSINTTHLLBIT KEEDOTRIFFEROREILL T, AU B4 5T0
B (Ffig) ozhaR s FZ (A RJEAET) EL T HIARE LT 20~ 10%DIEE/R2 5T LAfERR L IO THE T2,

1. IC¥iz

AR KPR SR 2L 181X, TR Ot R b L8 D
YRR A 5% B 7K ER2EEEL T )l
AR, ERNAOBEEOF L THEASN TS, AHF
Ze TR, YigEE A E A LS A OB oL
HZh RN DNT, B A L U Akt G LT A
FEER%E 2016 FEDOFIAToT-, T TIETHRC, TEE DE
RMBRAESNIZ BRI B U, AT EE R IR EE O iE B
T 53 A DIRERFNEAC A FH I LT, 2 ORGSR, 2B OB
JEVERORE 1A MR L . BB AR D 2345 L~D
BhERAASINCLT-D THET D,
2. BEFLLBEAAIBRRIEERERE OBE

BETIR LI EE PR ESNTWDHH EX LK
A FTTER R AR AT B ST 2 LA 1997 A7)
DRI (BT IT) 211w, WodbmE (Ko kE
BV ISERIER S 2O (GLEITRT) 215 OHF
AT G B2 E S BRI LTI - C 275m BT
BRESIVTW D, OMEKIEAEIL 95ha (0.95km?) | ¥
Jr7K 1% 6,600 5 m® (A 2hiT/K 25,800 J7 m®) | ¥T4E
DOEHEE (KD ANEEDY[EIE) 1% 4.8 B/ ThH
Do

B OGERIERZEE L, VRE OB b &g D
MR AEE IR T 5% B 072 K E R T WD
T oA =7 —MCARPITERE S FFES N TS, 1
FH21R T RO 2HE OMFERS 2m) TREDS 16m
T, NE DO TENALRIEEME L | K8 O #EKIK
HAWNEICEVIAZ, ERURBRLRR T 5, RR%ED
FERIREE DORWEER KT, WELHNVE LD ZERE T %

LTHOREICED (TRIFIRR) o RIS 22 RITEE
EEST R RICE RS, NI ABTS TR
(RS2 GRIEVEER) . E2ITHERE DD D225
HIZHAR RS ND,

1 AEZ L (KER) OREAHEDOAKX

 Radius: ~max120m

__Rope Bank
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Flow o> ,ﬂ |Flow ) '_
) . (Shallgw Layer RS hallow bayer =]
Circulation !\Wlm |
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.
- i Float S
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. E Do
T ok Dhepith : Wal
Aeration 16en Flovwas | ,{.-Il-luw surface = Boatom
(Deep layer) 1 Moas, Arca |
I { Aprpros. max i 20 % 40m)
..................... - m.w.w.vm....E.,“:*:.L:'?..i,,,,,,,,,,,,,,i
kL : 1 "

! Air flow rate: | -
i 1.2Nm*min |

,,,,,,,,,,,,,,,,,,,,,
M 2 BETRKIERIEEL DO REDFHAHIE
3. BFEESR (DO) B EDRSRFIFHAID HE
H 54 L CIRFI4, Y agdiE 2 2l E e Rl ()
R IZIEM T 25, 22T, ZEE OB KRB E 1T
B 5E I BIAAE # 003 B 2720 KN OELF
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W% (DO) 43 A G HAIL 7o, GHANCIE, JREE DS b

BRI D DO G L7z, K214 891Z,

TAZEE LA FRIEEIC DO FHEfRE L., B E
(No.2) DI (5 5) 122> T, 5~10m RHIFEIZa%E
L7 rHE T E FBEISEZ, 20X lE1 A
2~3[a], WrkeAIIZA TV, DO R EEDRER I LA TR A
L7z, 7283, 1 Wik O FHANETK 30~45 0T T35,
4. BEERE (DO) B E ORI R

FHEAE R o fl & LT, 2 iE o E B b 4

(4/28/12:30) DOERTEH) 3 3 L O 23 % D DO
TR DA £ 72132 & K 3 1SR d, Irkiho kg
X, BROEEE SRS NDETT, 3 HIMOMA &k
MEITFNEFNAFEHTE2.5 L 72.2 5 b (it
KEDOK) 1%) &, WiHZE LIREBICH o 7o, %
& OER 2RI 1.2V (Jvev) m’/min TH 5, B
B2 bR 3R T, K31k oic, (BRERED
B fEEREORE H L O KLY RE T, D0 Ok
BIRDBA SN L —T7, EEE R CIREREIEERIC
KV EBABLIVE X B 53, 02 DO 2ME T LT
Do o2 L, K23 BRI 5 &, M4 12 RT X
N, BBRRDONEDRFHHIIRN D Z &b n D,
5. BRREESNICET AR

FHIETHE 0 DO R E DOZEALO SR E 2 B L Rt
Wi CHEEE U7, WRABHAA 3 e & CI3E k8o
Sl Z AT X0 —HFCID T B 03, Z D%
iz U, IR 2 H TR0, Img/1 THoTz, =
G, DO R IFEEE A PO RS AT D SR
E L, KN DO e (hE) 2R L, &5
2, ZNEMGIBER TR LI-mBEBRE (/) %)
RaRd, KMAITR LT, TORER, B LT-ME
&% 2 H T 100kg M2, BEZ&RIT—HOT —
R L 20~10%DfE & 72 o7, ZAUTYEIEE D
EK » R 0G5 B 072 DO I8 s & B R o 7- {2

(B/K DO JEEEAS 8. 0mg/1 D & & 20%) & —d
Do
6. FHEm

AR TIE, EERRKIEREE 2 EH LGS
DIEE DOBEACIHEIN TN HONT, BEZ LE RS
& L& R Z 2016 K0 3 HHEIZhz > TIT
VN, DO IR EE OER BT 43 AT & R HICRAIL 7=, &
DOFER., BRFRBEN ORI - 220072040 2 B 522
L. BRiE RIS 288 (BR) OENES

CLUTHPHBE LT 20~10%& 725 = & &Rkl LT,

51 A SCHR
(11 - ak - o EETRKIE R E O MK IEER I
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[2] Y. Iwamatsu, A. Nakata, et al., Experimental Performance
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Dam, Proc. of 6th IWA-ASPIRE Conference &
Exhibition(Beijing), 2015-9.
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EEMICRB I AR ZE N E EOE S N EIEORKREE

s FL AR EME, &E SN e IR, AR B A mek
ESZERBEIATIERT, * R R EEE IR R A e —

F—U—I SRR R, W, IR, (R

ek

AW TIL, WBIZB T O REAYEE H LD K BIE R R O LB LB IR T DIEE O R IHE &
(SOD) D 5 & % AW CEEMALIN LMV T SOD ZHIEL-, AT, REBHEEEZIRSTZERD
SOD JIENAIRE, BEFFIEIC A~/ NAr— LTI LM AT REZR 728, THTBIC BT 52 s> SOD OIlE (2 i
DRSS, RFEZHVT, 2017 47, 2018 FICEEEH LMD SOD OFHIZ B 2O LT, EEEN I
BWTITBRBEHEYE S 2 #1500 SOD DI E ATV HLE R DZEZBASANI Uz, AT, 85 Ml E %L BEAF SOD Il E
FIETHLREEIEaT (MR 1lem X 25em LLE) 2z SOD OfEED LLEAETTV, [l TE TR O Z B E
MEONTZZ LR LT, LLEOFENS, MIEOZ SO SOD &Rl 5 L CARMIE FIENG R Tkl D

R TED,

1. IC®IT

JEJEDIRTF IR IHE & (Sediment oxygen demand,
SOD) &, Hric/e g AL L T8 AN R E SR
JE A RS (DO) DR TR KERERO—D>Th
HUL 210 F7- SOD I, JEEMNSOBER NSRBI E O
WHNC O BT 22800, HARBREFMIZE
WTHEETHLIEEZHRLTWDLE, LnL7enin,
#ik4253912, BEAFD SOD HIEFEIIAS LITE W
#E, WA T SOD (23§ DM RAFEAHE I TWOLEED
KERWGT L7 TND,

EIZ31F 5 SOD DRIEEE, HlEHTF v S—
Zfli U7 BRSO ISR o 7 26 L7 2B R kD!
WREMTHD, ERENTIEIRI T 2552 LT SOD
ZRET DA, RBELER= 7 Off AN FRsh
TWDI0, UL, RBELEJRT O%AI1XE EKEE
WEAE 10em YL E, BE 50cm fEE S RKEL, JRIECHE
KRR E DR AR X DERICIT S ORI 2 3
T D, TDT=8, ZHET SOD OF —XEHiET 57
DIZIE, SOD ZHE G IHIE TELFIEDRFE N LEL
EZHND, AHFFETIE, SOD O BhiflE e AV,
FEEWICBIT5 SOD OMIEA FEhiLT-,

2. EBHE

2.1 BB

2017 L 2018 FiZ, FEEFEWMALW, R OBREEFEE
FICBWTERIEER T o7, EBEIMALIHTIX 2017 4 5,
8, 10 H, 2018 4F 2 HITA - (35° 237 417 N,

136° 07’ 577 E), 2017 A= 11 AT b B pprp o (350
11’ 07" N, 135° 58° 24" E) L7229 (35° 18’
217 N, 136° 08" 41”7 E) 2B\ T, AHEELHRERJE
R (EEAAD) Z VT, 727U (N 1lem X
50cm) (27 (NS 1lem & 25em DL 1) ZERE L
7o FEEWIRE W T, 2018 4 3 H ISR (350
02'47" N, 135°53'46" E)EHTAZ1TH# (35° 04' 60" N,
135°56' 12" BE) (123 W\ CIEIea 7 28R B L7, EEE
W CITTRKAE A O B % D 528 AR ELERIE 2R O i ]
DRI ST212D, X AN ZHSTT I RAT (N
£& 1lem R & 50cm) A EAZ IR I LA EIE =27 (N
£ 1lem £& 25ecm LLE) OFE AT 72,

2.2 SOD #lE

SOD OHTEIZDOWTIE, FEED (2017) Mo FyEIC
Cle FEEZH W, BTk O LBV THS, KJeaT
75 SOD H|EH ASAT7 /L (NEE12.8mm, £ 125mm)
(R T 28R, FLR 0.2um DAV T LT 4V H
—TABLIZEJRE EAKRENZ, 7 F V= L8 T
L72( 1), SOD AT 7T, B OHEE
FAKIRTHEFTICE W THERZ LT (KA T E),
DO DRI ZE ki, SOD #IE H /A7 /L NIZ DO
oY —F 7 (PreSens) ZiEV AT (X 1), w9
F&t 9 — Fibox 4 (PreSens)% HWCTHIEL 7=,

INAT LD Ll R R BR L LT, EEE W R 0 0 JE
Je& W CEREEA O IR E R AEBIZHEL 72 SOD #IE
BT, AMEELEIE= T ERIFFICHELNDE FRKEE
KL, R F-ARERE 0.7um T AHEARRTAIBL, =
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DA% SOD H DAk ELT=, SOD HIE K2 T %
AR T2, RIRT ke T Btz L=, BhK
BT —7" (3M 1) TEpe 2 & ML 7=, 2 SOD
EMEJEa T T NDE FKRE~ T XTI AR —
T — TR AT LRI DS THEE LT
(EEJEZT 1), DO IR EE DRI T AT VLR,
TN F 2—THNIZ DO 'Y —F 7 (PreSens) &
WA, d RS2 — Fibox 4 (PreSens)%
WCHIEL T,

B3 EEEWALMI I 5 B, EEWREMITIE 3
AR T-7,

SAT AL, B 7 IEEBICLL F oA W TEA
HHLZ,

SOD (g m?2d"') = (A[DOs]/dt - A[DOc]/dt) X (JE
KERVER EFE) X 24/1000

A[DOs)/dt: 552 R[] t (h)IZ351F% SOD /317 /L4
7 VEIE SOD KR T 7 Lo DO R (mg
LYZAL SR DT #R O Z(mg L' b, A
[DOc)/dt: B85 ¢ (WiTRITFDHa ha— 7L
® DO (mg LHYZELD DR - Bl h RO X,
JEEJE K i FE : SOD IEH AT VIEHRFEEZ X SOD
VR 7 JEEAE (m?), B _EKE X2 B
(L), 24/1000 : BN Ha R AR %L

SOD DR FEMTEIE, L F ORIV EEREIHALIIX
7°C, FEEMRHIL 11 COEITHIELZ,

SODT = SODr/1.047¢-T

SODT: ¥ T (28155 SOD (#fi IEfE), SODr: B
DIE /KR r 12351725 SOD (FEHIME) , 1.047 IR 1E
I,

1 SOD /AT IVA~DELR (FE), AT EIZED
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HE 7 (F)
3. R

PRAT AER RO CEER AL 3 s, EEE IR
2 Hi5T SOD ZlE LT, £ D Ra s 117,

FEEWHLH], 4o SOD 1£.0.043 ¢ m? d!
(2017 4F- 8 )75 0.072 gm?2d ' (2018 452 ) THY,
BRI, AR R EI2o72, 20174511 H Okt
R de 222 [y deo SOD 1, 312 0.059 g m™
d EEE T RSN o7,

2018 4 3 A D/ASAT /ARIZ K HEEEE RGN, R
L ST I HEM O SOD 1, £ Z 1, 0.051, 0.068 g
m? d RIS SETAZ TR D SOD A3 E
Sle — 05, RIBRATIE T, FEIR s 3 A2 Tk
o SOD 1%, £4E410.25, 0.39 ¢ m? d!72-72, JiE
Tea 7 2 LD SOD 133 A 7 /B H A~ IRy G
5.0 %, FIZILIEMT 5.8 (5 ThoTe,

# 1 AT IAEIZEORE LT TN J A D SOD

4. BE

ARFFECIX, EEEWIALH, 45T SoD il
EL, [ CIEE ZRZ SOD MEL, AZ12SOD 23
KIpBEVIHZEEA BN ROz, ZOZEE M X, (L
A5 (2018) WIAHE L 72, KA DO ARHEELEIE= T % H
W EE BT AL, 4 dEvh R o> 2013-2015 D
SOD DOEEEEE—E L T e, ZOHEIL, AHFZET
HAW=FiETH SOD OFHIZEN A2 2 FA A[HRET
HHZEERL TS,

AAFFETHVZ SOD OFERIL, #EL ThERZ1T)
728, E_E/KOFHEA SOD (252 588 A Nk L2
ERERD, BEWEMICBT2 KM a7 2 A
SOD DOH|FEMED LLE NG, JEIRE _EKO#E#HIX
SOD [T RESHBEL QNDZEDVRENTZ, 2018 4£3 A
(R I i o g &AL T s I R B L 72 IR =2 7 %
WCHE_EAKEBRLZ2NBE# L= SOD OfEIZENE
310.25, 039 g m?2 d' 727, —, E_EKEREL
WSAT VEE W TREL VR O SOD 1% 0.051,
0.068 g m? d' &, MiE D SOD (21 5.0~5.8 {FDFEN



AU, BEERFZE KO E{T o255, SOD 28
WRTHZENFERSN WAL F7- | KRS E Fk
DB S O PR EBE g DO JE SN KR IC L - TE
b3 %729, B EAKROEHRIZEY SOD 3N D W
WZHDHD, JEIEAEECIAEMTE I > THEMOFI&
BRI BZLNBHSNEZR > TNBIL ZnHDFE)ND,
AR GRS - 22 RIS TR E _E KB Lok
\CEDEEINFHE NN TNWDEEZBND, ZDT=h
LRI T REZ 2 AT LD FIEERENL L, B K
DOEHRIC LD BTG L ELEZHND,

ISAT IAETIE, WK HSROIRAED KR E DER
B E PERRUT- A SR D SOD D RLHET — 2 35
BN TWAHEHEZRSND, 2D Lo —ERMETHIES N
7oA O SOD DZEZ T HZ 81, Bk RBREEN
TA=H AR LB B A R L 7= SOD % 3K 8> T\ <
BB ERER D EE 2 DILD,

5. fEam

AWFFEClE, FREELETR= T LRBEO R B &2 R
STERPRZ /IR ARAT Z AN TER T2 SOD 5
HEFIEERGELTZ, o 7 VB OBEIMNE S Tho
ZEMD, WO EHED SOD DORLET —Z DEREIC
RELERTHIENHIFFSND, AT, HAZ
RFEFT DM THHEEMITIVT SOD ZHIEL, HEE
WD SOD DOFEHIZ BV Z LN LIz, 7o, HE
BRI IBW T, NATIELERITIET 2 #is
® SOD D LLHELAATVY, HIAS[H D SOD 773 i il & 1
TR Z R T 22 R LT, BL EOFNLAR
22T SOD DOffi 5 llliE FiEIL, B DL HLA
® SOD ZaHili 2 L THERFIELRHZ LN HIFFS
N5,
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ABSTRACT

Arsenic (As) has the detrimental effect on phytoplankton in numerous aquatic ecosystem. Extensive
studies have been performed so far to understand the biotransformation and uptake mechanism of macro
and micro level algal species. The influence of cellular growth stages of phytoplankton related to
biotransformation of As species is insufficient. In this study, we observed the As uptake mechanism and
biotransformation process by several phytoplankton species at different growth stages. It was observed
that arsenic converted to inorganic arsenic and methylated forms mainly during the exponential growth
stages of phytoplankton, while the methylation process became reduced at the stationary growth stage in

the culture medium.

1. INTRODUCTION

Arsenic (As) is a detrimental metalloid widely distributed
in aquatic environment [1]. It has four oxidation states
-arsenate (As(V)), arsenite (As(III)), arsenic (As(0)), and

arsine  (As(-III)). Among them, As(V) is
thermodynamically more stable form [2] in aerobic water
whereas As(Ill) is prevalent in reduced redox

environment. However, As(IIl) recognize as more toxic
than As(V) in animals and marine phytoplankton but the
fact is just freshwater
phytoplankton [3]. Particularly, IAs are predominant

than organoarsenicals in freshwater [1]. In the aquatic

opposite in case for

environment,  prevalent IAs  associated  with
microorganisms such as phytoplankton and in turn
transformed into methylarsenicals and/or arsenosugars. In
this regard, phytoplankton plays a crucial role in the
freshwater aquatic ecosystem through bioaccumulation
and biotransformation of IAs. The fluctuation in
transformability largely depends on the several factors
such as types of species, uptake/exclusion pathways,
detoxification mechanism (biotic factors) as well as
arsenic species, phosphate concentration, pH and time of
exposure (abiotic factors) [4].

In addition, studies suggested that phytoplankton has the
high ability to As bioaccumulation from enclosed water
and different algal species have different uptake
mechanism for I[As. As uptake also varying during
different growth stages influenced by the presence of As
processes in different transformation steps [5].

Most of the studies focused on the As biotransformation in

the marine environment using marine species while little
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attention paid to the role of phytoplankton on As bio
transformation in freshwater systems. It is essential to
understand the As species accumulation and their bio
transformation process in the freshwater ecosystem and
the specific role of phytoplankton in this occasion. Further,
it is also necessary to assess the relative attributes with
respect to environmental risk to other organisms and
humans.

This study conducted to explore the As biotransformation
process by using freshwater phytoplankton in As
containing media. It provides valuable information in
regards of As uptake and biotransformation processes and
also reveals the possible risk of As-contaminated
freshwater.

2. METHOD

Six species of freshwater phytoplankton were used for the
observation of biotransformation process such as
Achnanthidium minutissimum, Botryococcus braunii,
Scenedesmus actus, Staurastrum paradoxum, Pediastrum
duplex and Closterium aciculare. For the maintenance of
this phytoplankton, CSi medium (Table 1) was used as
culture medium. Cultivation was carried out in an
incubator at room temperature of 25°C, light intensity of
180 umol E m 2 s !, and light / dark cycle of 12 -12 h
photoperiod. For the growth experiment, the phosphate
concentrations of CSi medium were adjusted to 1.0
umolL! or 50 umolL!, whereas arsenic solution was
adjusted to 1 pmL-! (As rich) or 20 nmL"! (As poor). At
the initial stage, the cell concentration of phytoplankton
than 4.6x103 cells mL-'in the

was less culture



medium. During the incubation period of day three, four
As species such as arsenate, arsenite, dimethylarsinate,
and arsenobetaine were added and extended the
incubation three
spectrophotometer (U-2000 Spectrophotometer, Hitachi)
was used for the determination of freshwater
phytoplankton at 540 nm.

period for at least weeks. A

For the determination of arsenic species infiltrate samples
and cells, cold trap hydride generation atomic absorption
spectroscopy (CT-HG-AAS) was used. Inorganic arsenic
(V+II), monomethylarsonate (MMAA(V)), dimethyl
arsinate (DMAA(V)) was analyzed by adding 5.0 mL of
0.20 molL"! EDTA"4Na and 5.0 molL"! hydrochloric acid
to 40 mL of the sample solution. And for As(III), 5.0 mL
of 0.20 molL"!' EDTA4Na and 0.5 molL-' potassium
hydrogen phthalate was added to 40 mL of sample
solution. Arsenic species was recorded as chromatogram
and concentration was determined regarding the height of
the peak. The total concentration of arsenic in the
freshwater microalgae was determined by inductively
coupled plasma mass spectrometer (ICP-MS, SPQ 9000,
SEIKO). The operational condition of ICP-MS was:
high-frequency output of 1.2 kW, the plasma gas flow
rate of 16 Lmin’!, the auxiliary gas flow rate of 1.0
Lmin’!, the nebulizer gas flow rate of 1.0 Lmin! and
sample replacement time of 10 s.

Table 1 Composition of CSi media

Component Concentration
Ca(NOs),-4H0 635 mmolL™!
KNO:; 989 mmolL!
KH>PO4 213 mmolL™!
MgSO,7H,0 162 mmolL™!
Vitamin 1.0 x10°® mg-mL"!
MnCl,-4H,O 0.546 mmolL"!
ZnS047H,0O 0.23 mmolL!
CoCly'6H,O 0.05 mmolL"!
NaxMoO42H,0 2.73 mmolL!
FeCl; 1.31 mmolL!
Na;EDTA-2H,0O 8.06 mM
Na»SiO3-9H,0 10 mg mL™!
4-(2-hydroxyethyle)-1- 50 mg mL!

piperazineethanesulfonic acid
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3. RESULTS

The growth of phytoplankton was observed under the
high and low concentration of As and phosphate
condition. As the day extended, the cell concentration of
phytoplankton showed higher growth trend. However,
later the growth of phytoplankton was restrained by the
high concentration of As(V). In contrast, As(Ill) has
lesser inhibition effect on the growth of phytoplankton
compared to As(V). The toxic effect of As(Ill) reduced
growth rates of C. aciculare, S. paradoxum, B. braunii,
and A. minutissimum was ranged between 66% and 80%
at As(IIl) concentrations of 10° nmolL!. The freshwater
phytoplankton B. actus and P. duplex were quite resistant
to As(IlI) toxicity even at high concentrations (Fig. 1).
Organoarsenicals, DMAA(V) and arsenobetaine (AB),
showed little growth inhibition effects on the freshwater
phytoplankton. In general, at high [As]o treatment (1.0
umolL1), As(V) was the predominant species in the
growth medium followed by As(IIl) at both the
exponential and stationary growth stages.

4. DISCUSSION
The results indicate that As(V)and As(III) have different
levels of toxic effects different
phytoplankton. It was suggesting that the growth
inhibition of the phytoplankton by arsenic species
depends on phytoplankton strain, which is consistent with
other studies. The biotransformation of As(V) to As(III)
and subsequent biomethylation to methylarsenicals
(meth-As; e.g. DMAA and MMAA) and more complex
organoarsenicals (org-As; e.g. AB) by phytoplankton are
correlated with the growth rate of the phytoplankton and
to the phosphorus nutrient status. At slow growth rates
phosphate-depleted  conditions,
phytoplankton take up greater amounts of As(V) than
phosphate, reduce it to As(II) and then excrete As(Ill)
Some of the As(Ill) is further
biotransformed to meth-As and more complex org-As
species, which are then excreted out of the cells. The
results of the present study are also in agreement with the
studies.
microalgae, used in the study were varied, suggesting that

to

and  under

out of their cells.

previous Besides, arsenic uptake rate by
the consumption or sequestration of arsenic species
depend on the structural and biochemical properties of
microalgae belonging to several species or class. It is
likely to be related to the physiological activities of the
phytoplankton such as bioaccumulation, detoxification
(transformation of toxic iAs species to less toxic methyl-
and organo-arsenic species), excretion of As out of the
cells.
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Fig. 1 Growth of freshwater phytoplankton in growth media: (a) phosphate-deficient (1.0 pmol L), arsenate-low (20
nmoL'); (b) phosphate-deficient (1.0 pmol L), arsenate-high (1.0 pmol L); (¢) phosphate-replete (50 pmol L),
arsenate-low (20 nmoL'); (d) phosphate-replete (50 pmol L), arsenate-high (1.0 pmol L)

5. CONCLUSION

This study investigates the biotransformation of As
species and their the
phytoplankton exist in the freshwater environment which
likely contributes to the better understanding of As
biogeochemistry in such aquatic ecosystems. Inorganic
arsenate taken up by the phytoplankton,
biotransformed inside their cells, and then released into
the culture medium as arsenite during the exponential
growth phase.

influence on growth of

was
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ABSTRACT

Shimen Reservoir in Taoyuan, northern Taiwan, is the major water supply source for Taoyuan and partial
New Taipei city area. However, its water quality has encountered eutrophication problem. In the past 20
years, 40% of observed water quality was in eutrophic state. While erosion was controlled and the
sediment problem was mitigate, nutrient concentrations, especially the total phosphorous (TP), was still
higher than standard concentration. The Taiwan Environmental Protection Administration (Taiwan EPA)
in Taiwan has sought a complete watershed management plan to control TP from point and nonpoint
pollution sources. In this watershed plan, Total maximum daily loads (TMDL) is the core concept to
manage pollution sources. This study is to demonstrate the whole process of establishing the TMDL of TP
for Shimen Reservoir, including onsite water quality monitoring, simulation modeling, pollution sources
survey, and control cost analysis. A TMDL control boundary and the pollution reduction strategy for both
point and nonpoint sources were suggested. The predict performance was also presented with verified
models. In order to understand the nonpoint pollution sources concentration of agriculture, a complete
storm water sampling plan was carried out in this study. The result of sampling shows that the export
coefficient of total phosphorous of dragon fruit and bamboo is 18.52 mg/L and 28.84 mg/L, respectively.
Moreover, the export coefficient of total nitrogen of dragon fruit and bamboo is 2.06 mg/L and 7.63 mg/L,
respectively.

1. INTRODUCTION government of reservoirs, and the experts discussed the
In 2015-2017, the Taiwan Environmantal Protection water quality improvement strategies and watershed
management of the Shimen reservoir during the study.
The total phosphorus TMDL and a loading reduction

strategy were developed for the Shimen Reservoir.

Administration (Taiwan EPA) carried out the sustainable
reservoir management program under the Science and
Technology Master Plan 2017-2020 regarding the water
environmental investigation and survey for improving the
water quality of reservoirs in Taiwan. In order to achieve 2. METHOD
the goal, the tasks of this project include: (1) analyzing
the data of the water quality and flow collected from the
Shimen reservoir watershed, (2) intigating climate change

In Taiwan, pollution control and management is mature in
technology and legislation. The TMDL is beyond the

regular requirements and is to expose a higher standard to

adaptation in the water quality management and disasters . . . .
p water quaiity & receiving waterbody which needs special protection, such

mitigation strategies, (3) establishing nutrients reduction . . .
& gies, (3) & as a eutrophic reservoir. Therefore, the selection of a

technologies and developing the action plans of nutrients TMDL candidate is important. The operation process is

reduction implementation, (4) applying decision-making shown as Fig. 1. Following the process, Shimen
Reservoir is listed as a TMDL candidate and needs a
TMDL plan to control its TP concentration to remove
from eutrophic state.

In order to confirm the pollution hot spots or area,

model for water quality management and economic
incentive for reducing nonpoint source (NPS) water
pollution, and (5) holding several consultation meetings
involved. Literature on NPS control practices (Best
management practices, BMPS) from USA and Japan was

. . o pollution source survey, onsite water quality monitoring,
reviewed. The water quality of the eutrophication

and a watershed model were required. Storm Water

potential reservoir, Shimen Reservoir, was investigated Management Model (SWMM) was applicd in this study.

and evaluated based on the monitoring data in 2017, and
the water quality improvement strategies of the reservoir
were presented in this project. The Taiwan EPA, the local
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Fig. 1 The operation flow of deciding TMDL list and TMDL area.

3. RESULTS

Point pollution sources in Shimen Reservoir include
domestic and tourist sewage. The TP loads from domestic
sewage were calculated from the citizen numbers, water
usage quantity, and the effluent TP concentration. Tourist
sewage was divided to stay and non-stay (one day trip)
situation. The TP emitted from domestic sewage was
4,504 kg/yr and which of tourist sewage was 487 kg/yr;
therefore, the total TP from point pollution source was
4,900 kg/yr.

TP from nonpoint pollution sources was obtained from
SWMM model. After model calibration and verification,
the total TP from nonpoint pollution sources was 27,044
kg/yr, which was from forest and agricultural lands. In
SWMM model, 25 subwatershed was delineated as Fig. 2.
The subwatershed S1 has relatively high percentage of
agricultural and urban lands and produced the highest
nonpoint pollution loads, which is 4,089 kg/yr. This

subwatershed was suggested as the priority control area
because of its high TP loads and near to reservoir

waterbody.
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Fig. 2 The subwatershed of Shimen Reservoir.
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4. DISCUSSION

There are four streams inflowing to the Shimen Reservoir,
which are DaHan, SanMing, NanZiGo, and GaoLouPing.
Among the four streams, SanMing and NanZiGo stream
present high TP concentration, which is at least 0.05 mg/L
and the standard concentration is 0.02 mg/L. The TP
loads of the four streams in S1 subwatershed were
calculated. They were 2245, 2183, 1069, and 571 kg/yr of
DanHan, SanMing, NanZiGo,
respectively. The details of TP loads of the four streams
were summarized in Table 1. SanMing and NanZiGo
steams contribute high TP loads and results in high unit
pollution. Therefore, the priority control area was reduced
from S1 to the two streams area (Fig. 3).

and GaoLouPing,

Table 1 Recommended sizes of fonts

Point | Nonpoint Pollution
pollution | pollution | Total | loads per
Stream
sources | sources | (kg/yr) area
(kg/yr) | (kg/yr) (kg/ha)
SanMing 714 1,468 2,183 1.50
NanZiGo 397 672 1,069 1.14
DanHan 813 1,431 2,245 0.63
GaoLouPing 202 369 571 0.45
others 147 273 420 0.61
Total 2,274 4,213 6,487

SanMing stream
NanZiGo stream

-

GaolouPing
stream

DanHan stream

Fig. 3 The suggested TMDL area for controlling TP

pollution of Shimen Reservoir.

5. CONCLUSION

This study presented the process of deciding a TP TMDL
plan for Shimen Reservoir to mitigate its eutrophic state.
The whole operation process, the technology of onsite
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monitoring, and the model application could be replicated
to other cases. The TMDL plan was established in 2017
and the following implementations were started in 2018.
Its performance will be checked and will feedback to
actions design.

REFERENCES

[1] Borin, M., Politeo, M., & De Stefani, G., Performance of a
hybrid constructed wetland treating piggery wastewater.
Ecological Engineering, Vol. 51, pp. 229-236, 2013.

[2] Granquist V., Petry C., Smith B. and Sexton L., Developing a
Reservoir Alage-Control Plan for Taste & Odor Prevention.
Florida Water Resources Journal, Nov. 2010, pp. 4-11, 2010.

[3] Hwang, S., Lee, S., and Yoo, B., Ecological conservation and
the restoration of freshwater environments in korea. Paddy
and Water Environment, Vol. 12, No. 1, pp. 1-5, 2014.

[4] Jancula, D. and Marsalek B., Critical review of actually

available chemical compounds for prevention and
management of cyanobacterial blooms. Chemosphere, Vo. 85,

pp. 1415-1422, 2011.

[5] Sahoo, G.B., Schladow, S.G., Reuter, J.E., Coats, R.,
Dettinger, M., Riverson, J., Wolfe, B. and Costa, M., The
response of Lake Tahoe to climate change. Climate change.
Vol. 116, No. 1, pp. 71-95, 2013.

[6] Toor G.S., Han L. and Stanley C.D., Temporal variability in
water quality parameters- a case study of drinking water
reservoir in Florida, USA. Environmental Monitoring and
Assessment, Vol. 185, pp. 4305-4320, 2013.

[7] USEPA Region 9, Frequently asked questions and resources
for harmful algal blooms and cyanobacterial toxin. Version 1,
2015.





