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ABSTRACT

Abstract

The study is an update on the physico-chemical properties of Taal Lake for local and government officials and non-government

organizations. A total of nine (9) water quality parameters were monitored and analyzed. The study shows that Taal Lake’s

surface temperature, pH, total dissolved solids, total suspended solids, color, and dissolved oxygen content conform to the

standards set by the DENR while phosphate, chlorine, and 5-Day 20°C BOD are below the standard. T-test result shows that

there is no significant difference in the overall average of the two sites at Taal Lake (P > 0.05). Based on the data, the lake is safe

for primary contact recreation such as bathing, swimming, and skin diving and can be used for aqua culture purposes.

1. INTRODUCTION
The health condition of every human being depends on the
environment where they live. With the unabated urbanization
of localities due to increasing population, human and
industrial activities and more so the extreme climatic
condition, the supply of substantially healthy and fresh food
in the market is affected. Sources of fish like lakes, seas, and
rivers have been abused by man in exchange to industrial and
domestic consumption. Non-conformance of businessmen
particularly those who rely on the supply of natural food such
as fish pen and cage operators from water sources to
government imposed regulations make our body of waters
more vulnerable to pollution.

The Philippines has a typical humid tropical climate.
Average rainfall is approximately 2,026 millimeters per
annum, which falls during rainy season, from June to
October. Its surface area covers about 234 square kilometers
with an average depth of about 63 meters. The normal range
of annual water level fluctuation of the lake is 2 meters
(Lakenet 2003).

Despite governments’ declaration as protected

area, illegal fish cages continue to increase rapidly in the lake.
Approximately, there are 12,000 fish cages that contribute to

its degradation. Some native fishes disappeared and the

scenic view of the lake is blocked and its nature reserve put
at risk.

Before, the fish cages in Taal Lake were regulated by the
Department of Environment and Natural Resources (DENR)
under secretary Lito Atienza in coordination with Batangas
Governor, Vilma Santos Recto. The two government
servants tried to limit the number of fish cages. However,
problems arose during the phase one of program
implementation. This is because thousands of people benefit

from this business and provide aquatic food products for

CALABARZON and Metro Manila

2. METHOD
Water Sampling Method

Water sampling was done in situ to determine the
quality of water of Taal Lake at Talisay, Batangas. Samples
were collected at two sampling sites according to depth
namely; Site 1 (with fish cages) and Site 2 (without fish
cages) in Talisay, Batangas. Each site was divided into two
layers, the surface layer (layer 1) and the layer where the light
is no longer visible (layer 2, 10.5 feet). Depth level of layer 2
was measured using Secchi disk. Collection of sample was
conducted quarterly for one year. Sampling was done in two

sampling intervals namely early morning and late afternoon
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to determine if there are differences in the results done in
different times of the day.

In chemical and physical analysis, approximately
1000 mL of water sample per sampling site were collected.
The samples collected were placed in ice cooler and

transported promptly to the laboratory for analysis.

Physico-chemical Analysis

Water temperature was measured in sifu, using
handheld thermometer. Other factor like chloride and
phosphate were tested at JEFCOR laboratory.

In biochemical oxygen demand (BOD) test, a
standard 300-mL glass BOD bottles was used. Two DO
measurements were involve in the 5-day, 20°C BOD of the
water samples, an initial measurement when the test begins at
t=0 and a second measurement when t = 5. It was done after
the sample has been incubated in the dark for five days at
20°C. The BOD is the difference among the two
measurements. To determine the BOD of the water sample
Dilution Technique was used.

To determine the dissolved oxygen (DO)
concentration a membrane electrode meter was used after
careful water sampling. The electrode probe senses small
electric currents that are relative to the dissolved oxygen in
the water.

Gravimetric method was used to determine the total
suspended solids (TSS). A 100mL water sample was
evaporated into dryness using pre — weighed 100mL beaker.
The beakers were placed in desiccators before weighing after
evaporation.

set by DENR-EMB.
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Total dissolved solids (TDS) were also determined
using Gravimetric method. The water sample was filtered and
100 mL of the filtrate was evaporated in a pre-weighed
evaporating dish on a stove. The residue left after evaporation
was dried to constant weight in an oven. The increase in mass
over that of the empty evaporating dish represents the TDS in

mg/L.

Analysis of Data

The gathered data were clustered according to
layer, site, and into three seasonal variations namely; rainy
(June to November), cool dry (December to February), and
hot dry season (March to May) after determining the physical
and chemical characteristics of water samples. T — test was
used to test if there is a significant difference in the
characteristics of water of Taal Lake based on the selected
sampling sites. The average mean for the whole year were
calculated since there is no significant difference in the values
per site, layer, and season. It was compared with the standard
set by Department of Environment and Natural Resources —

Environmental Management Bureau (DENR-EMB).

3. RESULTS

Physical and chemical characteristics of Taal Lake were
monitored and analyzed for twelve months. The results
were compared with the standard set by DENR-EMB. Table
1 shows the total mean of physical and chemical

characteristics of Taal Lake for the whole year as compared

to the standards
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Table 1. Results of physical and chemical characteristics of Taal Lake at Talisay, Batangas for the whole year. Values shown are

total mean and standard limits set by DENR-EMB for surface waters

Parameters Unit Total Standard Set by Interpretation
Mean/Observation DENR-EMB
Water temperature
°C rise 26.14 3% Within the standard
No abnormal No abnormal
Color discoloration from discoloration Within the standard
pH 8.31 6.5-8.5 Within the standard
Total Dissolved Solids (TDS) | mg/L 912.96 1000 mg/L Within the standard
Total Suspended Solids (TSS) | mg/L 5.17 Not more than Within the standard
Chloride as Cl mg/L 576.36 250 mg/L Exceed the standard
Phosphate as Phosphorus mg/L 0.21 0.2 Exceed the standard
5-Day 20°C BOD mg/L 3.25 5 (minimum) Below the standard
Dissolved Oxygen (DO) mg/L 7.79 S(minimum) Within the standard

* The allowable temperature increase over the ambient temperature is 3°C

4. DISCUSSION

Stable water temperature was observed at Taal Lake

study of Heejun Chang in Han River also shows no
considerable increase in temperature for the entire period of

the research while Odemis and Evrendilek study of National

during the 12-month period of monitoring with an average of
26.2°C. The increase during hot dry season is very minimal
and conforms to the standard set by DENR-EMB. Increase of
water temperature results to greater natural activity while its
decrease results to increase of dissolved oxygen (Johnson,
2000). If the water gets warm, water and nutrients mixed
uniformly right through the water and oxygen is restored.
This oxygen is being used by microorganisms in Taal Lake
that results to the reduction of the amount of dissolved
oxygen. In general, the increase of temperature of Taal Lake
for the whole year did not affect its situation since no
irregularities have been monitored like degrading of

environment and decline of photosynthetic movement. The

Watersheds in Turkey shows increasing trend in river water
temperature, at a mean annual rate of about 0.2°C.

Average pH level is extremely significant to the
health of marine life. Low pH level may cause death to many
fishes in rivers and lakes because some aquatic organisms are
susceptible to changes in pH and a few of them may not be
able to endure the changes. Low pH can also raise the quantity
of heavy metals such as aluminum and mercury (Lusch,
1997). For example, a pH of 4 or less of water cannot be
tolerated by a fish in the river. In Taal Lake, a negligible
change in pH was monitored with an average value of 8.31
pH units. This value conforms to the standard set by DENR-
EMB.
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The lake has a total mean of 912.96 mg/L and 5.17
mg/L of total dissolved solids (TDS) and total suspended
solids respectively for the whole year. The value of TDS is
very close to the standard set by DENR-EMB which is
1000mg/L but still conforms to the standard. TSS also
conforms to the standard set because more than 30% of this
amount was not monitored. The amounts of these parameters
are possibly because of the accumulated lava from the
volcano or maybe from the feeds given to fishes and other
activities such as bathing and fishing. The rising water
temperature is directly correlated to total dissolved or
suspended solids (TSS and TDS). An increase of amount of
TDS and TSS can increase the temperature of water since
floating materials absorbs heat from sunlight. These two
parameters can also reduce the color of the water and can
influence photosynthesis. (IWR-MSU 1997).

An average of 576.36 mg/L Chloride was monitored
during the entire period of the study. This value did not
conform to the standard set by DENR-EMB which is
250mg/L. High amount of chloride is perhaps because of the
thirty-seven (37) tributaries that drain into the lake for years.
This is quite alarming because high chlorine content can
cause poisoning of aquatic organisms. This could be one of
the possible reason why fish kills happened at Taal Lake for
many times (ADB 2003). Chloride is also damaging and
killing some parts of the body each time one bathes, or swims
in the river (Bordin, 2007). This result is the same with the
findings of Moskovchenko, Babushkin and Artamonova in
their study of Vatinsky Egan River catchment in  West
Siberia which shows wide and high concentration range of
chloride.

Phosphorus has an average value of 0.21 mg/L.
Based on the data, the study shows that Taal Lake has a little
bit higher phosphate content as compared to the DENR-EMB
standard of 0.2 mg/L. This condition is anticipated since
heavy rainfall increases the downpour of top soils carrying
naturally occurring phosphorus from the neighboring
highlands (Helmer and Hespanhal, 1997).

Higher phosphate content in the lake can be

dangerous to marine organisms. It can cause tremendous
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development of plants that may lessen the quantity of light in
the water and decrease the amount of dissolved oxygen. It can
also cause algae growth, thus fish will be deprived of

sufficient oxygen (Bodzin, 2004).

Biochemical oxygen demand (BOD) is a measure of
how a huge quantity of oxygen is used by marine life in the
aerobic oxidation, or subsides of natural substances in the
lake. BOD presence in the lake can be attributed to the
increase of discharges into the lakes such as polluted topsoils
and other household wastes from the nearby resident
transported by heavy precipitation. In the case of Taal Lake,
below the minimum standards set by DENR-EMB were
monitored with a value of 3.25 mg/L.

Dissolved Oxygen (DO) in Taal Lake has a value of
7.79 mg/L for the whole year. This value conforms to the
standard set by DENR-EMB. DO is necessary for the survival
of most marine organisms. Low DO readings show high
oxygen requirement from microorganisms, and can result to
severe pollution.

Color was also monitored but no abnormal
discoloration (changes color of water to light brown or more
intense light brown) from unnatural causes was observed
meaning it conforms to the standard set by DENR-EMB.

T — test was used to test if there is a significant
difference in the characteristics of water of Taal Lake based
on the selected sampling sites. The result shows that there is
no significant difference in the overall average of the two sites
at Taal Lake since the t-value of 0.006 has a p-value (0.996)
greater than 0.05.

To preserve the quality of water in Taal Lake, safety,
security and environmental management plan should be
implemented by concerned local government units (LGU), so
that the present best beneficial use of the lake is likely to last.
Information campaign on the protection and preservation of
the lake has to be advocated in nearby residents and
mountaineers to atone the quantity of contaminants in the

vicinity.



CONCLUSION

Based on the overall results of the study, Taal Lake water can
still be classified as Class B (DENR-EMB 2005),
Recreational Water Class I. The classification is the same with
Pagsanjan river of Laguna, the Bolbok river of Batangas, and
Palicpican and Mamba River at Mts Palaypalay. In general,
the lake can be beneficially used for primary contact
recreation such as bathing, swimming, and skin diving. Taal
Lake is still suitable for aqua culture purposes, for fish

propagation and growth.
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ABSTRACT

Niger Inner Delta (NID) is a wetland that was selected as International Important Wetland under the Ramsar
Convention (on February 1Ist, 2004) still can be considered as a hotspot of biodiversity in the Sahel. The Niger River as

main source of water for the NID is also used for urban life and irrigation. Therefore, the sustainable use of water to ensure
the environmental flow in the NID is under discussion. In this paper, we evaluate the performance of our model established
with Water Balance Method (WBM) and make a comparison with different others approaches for the NID water-level

forecasting. The result show that our WBM model present a good result very close to the Levenberg Marquardt Artificial
Neural Network which is the best and much better than Multilinear Regression and Gaussian Process Regression models.

1. INTRODUCTION

For many decades, water shortage has been a dire
problem for millions of people living along the southern
fringe of the Sahara Desert [1]

The Niger river take its source on the Fouta Djallon
Mountains in the South of Guinea (West Africa), it flows
Northeast through the Upper Niger basin and enters the
Niger Inland Delta (NID) in Mali with a large floodplain
ranging from 30,000 to 40,000 km2 along the Niger River
in Mali [2] (See Fig 1).The annual flooding of large
alluvial plains is a vital resource for many ecosystem
services, including agriculture, livestock, groundwater
recharge, and biodiversity(see Fig 2). The rapid expansion
of irrigation upstream, by the diversion dams on Niger
river and its subsidiary (Bani), have a significant impact
on the Water-Level (WL) in the DIN downstream [3].

The main objective of this study is to develop
stochastic and deterministic statistical models for the
Niger Inner Delta Water Level forecasting and make a
comparison between these different Models. The

Figure 1: The Niger Inner Delta in Mali
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evaluation and forecasting of Water-Level Fluctuation
(WLF) is increasingly important for the NID owing to its
close relation to human living & production, and socio-
economic & environmental sustainable development.

2. STUDY AREA AND DATA SOURCE

Beyond the town of Ségou, the Niger River forms a
vast inland delta (41,800 km?); it joins with its main
tributary, the Bani, at Mopti and then forms several lakes.
The watershed area of this Inner Delta covers 130,000 km?
[15]. The NID is extremely flat and contains many lakes
and streams of varying morphology. The altitude of the
river bed decreases only by approximately 10 m over the
350 km between the entry and exit of the delta [5]. For the
purpose of this study the data are from different sources:
The Niger river flow at Mopti and the Water Level at Akk
are from the Malian Government Hydraulic Service, the
meteorological data are from Mali-Meteo & Atmospheric
Science Data Center (NASA)

Figure 2: NID during dry season(Source Google)



3. METHODS

The most common methods for river flow and WL
forecasting is the application of physical, conceptual
and/or statistical rainfall-rainoff methods [4], [5], [6]. In
recent years the Artificial Intelligence (Al) as a modern
approach for data series analysis have received a great
attention for hydrology modeling like Artificial Neural
Network (ANN), Adaptive Neuro-Fuzzy Inference System
(ANFIS) [4], [7], [8], [9], [10], [11], [12], [13],.

3.1. Water Balance Model (WBM)
The water depth in the NID may be obtained as follow:

D
Hi,q1 = Max(H; + (Qiy1 — Qout)z + (Riy1 —

(A1+42)

. V) GD

ET0i+1D)

The outflow Q,y; 1S Qour = BMax(H;,0)* (3.2)
The wet soil area is given as A, = §,/A4; (3.3)

Time, monthly maximum inflow from Mopti station
upstream (Q;), monthly rainfall (R) the daily potential
Evapotranspiration (ET), the number of month day (D),
pond water surface (4,) data was fed into the spreadsheet.
To estimate the maximum Water Level (H;) at various time
steps using the equation 3.1 based on the parameters «, f3,
y and 6.

3.2. Multiple Linear Regression (MLR)

As opposed to simple linear regression models, which
describe the linear functional relationship between a single
explanatory variable X (inflow, Rainfall, ET,) and the
response variable Y (NID Water-Level), multiple linear
regression models comprise the use of a collection of
explanatory variables for describing the behavior of Y
[15]. In formal terms y = Bo + Xj_y B xy;  (3.4)

Parameter estimation in multiple linear regression is
based on the least squares methods.

3.3. Artificial Neural Network (ANN)

An artificial neural network (ANN) is a non-linear
black box statistical approach [11], its main objective is to
find the optimum architecture of an ANN that can model
the relationship between input and output variables. The
most commonly used ANN structure is the feed-forward
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multilayer perceptron (MLP). It is a network formed by
called perceptron. The perceptron
computes a single output from multiple real-valued inputs

simple neurons

by forming combinations of linear relationships according
to input weights and even nonlinear transfer functions [4].

Mathematically, the MLP can be express as:
y=f(Xizawipi + b) (3.5)

The previous studies indicated that the Lavenberg-
Marquardt algorithm produces reasonable results for most
ANN application [17], [4]. For the present study we
considered the three algorithms available in Matlab:
Lavenberg-Marquardt (LM), Bayesian Regularization
(BR) and Scaled Conjugate Gradient (SCG) algorithms.

3.4. Gaussian Process Regression (GPR) Model with

Matlab Regression Learner

Gaussian process regression (GPR) models are
kermel-based probabilistic models [16].

A linear regression model is of the form:
y=xTB+¢e (3.6)

Where e~N(0,02). The error variance o2 and the
coefficient f are estimated from the data. A GPR model
explains the response by introducing latent variable,
f(x;), i =1,2,...n, from a Gaussian Process (GP), and
explicit basis functions, h

4. RESULTS

The results of the different models develop in this study.
use the data from 1960 to 2010 (the inflows from the NID
inlet station at Mopti, the Water-Level of NID in the
middle station located at Akka and the meteorological data
from Mopti station (Fig.3). To evaluate the models,
Correlation Coefficient (CC), squared R (R2) and Root
mean squared Error (RMSE) were used (Table 2). The
monthly data from 2011 to 2015 were used to evaluate
each of the models; the result is shown in table3. The plot
of the monthly maximum WL (Hmax) variation for
different models is shown in figure 2.

Appendix: About discussion conclusion and reference, we
would like to show them at the presentation place.

1237



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

(a) Water Balance Model (b) Hmax_MLR (¢) Hmax LM
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Figure 3: Scatter plots of observed versus modelled Water Level. (a) Water Balance Model (WBM), (b) Multilinear
Regression model.  Stochastic models: (c) Levenberd Marquardt ANN, (d) Bayesian Regularization ANN (e) Scaled
Conjugated ANN, , (f) Gaussian Process Regression,

Table 1: Models validation statistics (1960-2010) Table 2: Models test statistics (2011-2015)
N Model cc R’ | RMSE(cm) Model cc R’ RMSE(cm)
a | Hmax WBM 095 | 91% 60.00 Hmax WBM 0.96 93% 39.88
b | Hmax MLR(exce | 0.93 87% 65.02 Hmax_ MLR(exce 0.96 92% 46.68
¢ | Hmax LM 0.97 | 94% 41.47 Hmax LM 0.97 95% 38.36
d | Hmax BR 097 | 89% 59.00 Hmax BR 0.97 95% 38.20
e | Hmax SCG 096 | 92% 52.05 Hmax SCG 0.96 92% 46.99
f | Hmax Mat GPR 0.85 | 93% 46.88 Hmax Mat GPR 0.87 75% 83.76

Hmax (cm)

Months (2011-2015)
Hmax-Obs seeese Hmax GRG Hmax_Reg(execl) Hmax LM
sseeee Hmax BR seeeee Hmax SCG seeese Hmax Mat GPR

Figure 4: Monthly Maximum Water Level Fluctuation for different models
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Assessment of Harmful Cyanobacteria Growth Potential

based on Hydrodynamic Modelling
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ABSTRACT

This study was conducted to assess harmful cyanobacteria growth potential based on hydrodynamic
modelling with EFDC (Environmental Fluid Dynamics Code) in Bukhan river (Korea) through culture
experiments using streambed sediment. Akinetes of cyanobacteria have settled down on the streambed
sediment in areas of low water velocity. We monitored the five sites where particles are likely to deposit
due to slow flow rate from result driven by hydrodynamic analysis. Akinetes or resting cells are estimated
to be germinated or recruited from streambed sediment in April/May when environmental conditions such
as flow rate and residence time are appropriate, and it is considered that they are deposited into streambed
sediments after September when water temperature decrease.

1. INTRODUCTION

Cyanobacteria have ecological characteristics such as
forming resting cell or akinete when they are not in
favorable environmental conditions, which sink to the
lake bottom!'!. Sedimentation of particles is related to
hydraulic characteristics such as flow rate of water body,
and is likely to be deposited at a slower flow rate. The
Ministry of Environment has operated the harmful algae
alert system by designating the cyanobacteria belonging
to four genera of Anabaena, Microcystis, Aphanizomenon,
and Oscillatoria as harmful cyanobacteria and makes a
lot of efforts to prevent the algal blooms. The main
objective of this study is the assessment of potential
harmful cyanobacterial blooms in Bukhan river (South
Korea), based on hydrodynamic modelling through

culture experiments designed using riverbed sediment.

2. METHOD
2.1 EFDC-based hydrodynamic modelling

Numerical model constructed in the study conducted by
the National Institute of Environmental Research in 2016
was used to analyze the hydrodynamics of the Lake
Paldang™. The numerical model was developed based on

the EFDC(Environmental Fluid Dynamics Code) model,

which was originally developed at the Virginia Institute of
Marine Science and is continuously managed and
developed under the support of US EPA and Tetra Tech.
Inc. EFDC is applicable to various water systems including

. . .3
the river, lake, wetlands, estuaries and reservoirs”..

A hydrodynamics was analyzed for about 23 km from
Cheongpyeong Dam to the Lake Paldang. Analytical lines
and points are selected as shown in Fig. 1 considering the

followings.

- the water level gauge or water quality monitoring
station is located.

- hydraulic dead zone is expected caused by wetlands,
hydraulic structure and etc.

- mainstream impacts(discharge, velocity, water quality
and so on) from tributary inflows are expected.
From numerical simulations of 2014 and 2015, hourly

hydraulic data of selected analytical lines was extracted.

2.2 Harmful cyanobacteria growth potential

From April to November of 2017, riverbed sediments were
sampled once a month using core sampler, and 30L of the surface
waters of the site were filtered with a phytoplankton net(mesh
size 20pm). Species identification was carried out using an

optical microscope with a Lugol’s iodine preservative solution.
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Fig. 1 a) EFDC grid, b) Location of each section

The sediment was cut into top to 5 cm, and after mixing
equally, 75 g of sediment was mixed with 150 mL of
BGI11 cyanobacterial medium, and the mixture was
treated with ultrasonic grinder for 30 seconds twice and
then cultured for 7 days at a temperature 25 C, a
luminous intensity of 40 pmol/m>'S and light period
16(L):8(D) as shown Fig. 2.

Fig. 2 Harmful cyanobacteria growth potential test for sediment

3. RESULTS
3.1 EFDC-based hydrodynamic modelling

In line #12 and line #11, the average annual flow rate of
about 10~27 cm/s appears due to discharge of the
Cheongpyeong Dam. The influence of discharge of the

Cheongpyeong Dam gradually decreased as shown in Fig.
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3, average annual flow rates from line #10-2 to line 1
below about 5 cm/s were calculated. The deviation of the
velocity between left bank and right bank occurred
significantly in four sections (line #12, line #7, line #2,
line #1) except for the other sections. The average
monthly flow rate was about 5 cm/s except during flood

season, June to August.
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Fig. 3 Sectional mean velocity for each point

Based on the results of the hydraulic analysis described
above, five sites after confluence of Mukhyun stream
were selected as the monitoring sites with high possibility
of harmful cyanobacterial blooms as shown in Fig. 4. The
monitoring sites are MS(confluence of Mukhyun stream),
SB(Sambong), SS(confluence of Sambong stream),
SC(Songchon sewage treatment plant discharge point),

and P4(Lake Paldang confluence area).

Gwangju-si

Fig. 4 Monitoring sites of sediment and phytoplankton



3.2 Harmful cyanobacteria growth potential

Experiment of potential growth of harmful cyanobacteria
by riverbed sediment cultivation showed that 8 species of
harmful cyanobacteria such as Anabaena, Microcystis,
Aphanizomenon and Oscillatoria were geminated. The
abundance of harmful cyanobacteria that occurred from
sediment cultivation at each site ranged from 106 to
3,913 cells/mL in April, the highest in P4, and in May
from 37 to 547 cells/mL. The average abundance in May
at all monitoring sites decreased to 12.9 % from April.
From June to August, abundance of harmful
cyanobacteria was low at around 200 cells/mL at all sites,
and was significantly increased at SC and P4 sites from
September, reaching 21,024 cells/mL at SC in November
(Fig 5). The pelagic harmful cyanobacteria rarely
appeared below 10 cells/mL at all sites in April, started to
increase from May and was highest abundance at MS.
The potential for growth of harmful cyanobacteria in

riverbed sediment was highest at SC.

25,000

22,500 (a)

Apr. May Jun Juty Aug. Sep. Ot Now.

mMS uSB #SS aSC n P4

PT-HC(cell¥ml)

£

2MS uSB «SS uSC P4

Fig. 5 Standing crop of harmful cyanobacteria in Lake
Paldang (SD-HC: Sediment Harmful Cyanobacteria;
PT-HC: Planktonic Harmful Cyanobacteria)

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

4. DISCUSSION

The harmful cyanobacteria are
germinated from streambed sediment in April/May when

estimated to be

environmental conditions such as flow rate and residence
time are appropriate, and it is considered that they are
deposited into streambed sediments after September
when water temperature decrease.

5. CONCLUSION

From this study, it is possible to predict the site where the
possibility of blooming of cyanobacteria is high and to
manage preliminary harmful cyanobacteria through
riverbed sediment management.
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ABSTRACT

Continuous monitoring of water bodies for multiple use such as drinking, fisheries, Horticulture,
Agriculture, wildlife and Recreational activities are essential for the sustained quality of life.. Changing land use
pattern in both urban and rural settlements in India are at the cost of water bodies and open spaces. Biological
monitoring of water bodies using desmids, chlorococcales, diatoms and euglenoids are established methodologies
which are cost effective, reliable and indicates ecological succession of water bodies. In this paper
Chikkarasinakere in Maddur Taluk, Mandya district of Karnataka state, India has been monitored for four months
in 2015 using phytoplanktons along with physicochemical parameters. The water quality has been assessed using
Pearson’s correlation matrix for physicochemical parameters and CCME WAQI for biological monitoring of the water
quality. Seasonal variations in the physicochemical and plankton diversity were observed. The abundance of
diatom Navicula cryptocephala indicates organic pollution while Synedra ulna and S. acus are indicators of
anthropogenic pollution. The water quality of the lake has been classified as poor for overall purpose such as
drinking, aquatic and recreation and marginal for irrigation and livestock use. It is suggested that ecological

succession of water bodies can be rapidly assessed by using micro biological parameters.

1. INTRODUCTION fluctuations of water quality parameters are useful in
Changing land use pattern in both urban and rural developing and evaluating significant water resources

settlements in India are at the cost of water bodies for multiple uses. (Roy and Chattopadhyay, 2007)

and open space. Continuous monitoring of water Biological monitoring of water bodies using

bodies for multiple use such as drinking, fisheries, desmids, chlorococcales, diatoms and euglenoids are

Horticulture, Agriculture, wildlife and Recreational established methodologies which are cost effective,
activities are essential for the sustained quality of life reliable and indicates ecological succession of water
to meet its functional needs. Phytoplanktons have bodies. In this paper Chikkarasinakere in Maddur Taluk,
long been used as indicators of water quality. Because Mandya district of Karnataka state, India has been
of their short life span and quick responses to monitored for four months in 2015 using
changing environmental changes their species phytoplanktons  along  with physio--chemical
composition indicate the quality of water in which parameters. The lake has a catchment area of 105
they are found. Clean water supports a great diversity hectares with maximum depth of 10 meters when full.
of organisms whereas very few organisms survive in The Cauvery river feeds the lake through a channel.
polluted water with one or two dominant forms. As The lake water is used for irrigation and villagers use it

species composition of phytoplankton communities for domestic purpose and cattle rearing.

change in response to environmental variations, long
2. METHOD
term studies of plankton component in relation to

. The water quality has been monitored for physio-
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months in 2015
(1985). Correlation of

chemical parameters for four
following the method of APHA
various paramenters were done using Pearson’s
correlation matrix. To analyze the phytoplanktons
water samples were collected form surface water at
various places and preserved by the method described
by Welch (1948) .The water quality Index of the lake

has been done using CCME WQl

3. RESULTS

Seasonal variations in the physic-chemical and
plankton diversity were observed. During the month
of February, color positively correlates with sulphate,
while in March Color positively correlates with
fluoride and negatively correlates with DO and
fluoride negatively correlates with sulphate. In April,
sulphate positively correlates with DO. During May,
pH positively correlates with color and temperature
while iron shows negative correlation. Similarly
colour negatively correlated with iron, phosphate
and alkalinity negatively correlates with COD. .Among
the phytoplanktons, the diatoms were the most
predominant forms in all the four months. The
abundance of diatom Navicula cryptocephala indicates
organic pollution while Synedra ulna and S. acus are
indicators of anthropogenic pollution. The water
quality of the lake has been classified as poor for
overall purpose such as drinking, aquatic and
recreation and marginal for irrigation and livestock

use.
4. DISCUSSION

There are eight core parameters such, as
Temperature, pH and eighteen general parameters
such as chemical species in physio-chemical analysis of
lake water. It is inferred that biological monitoring
using indicator species gives a definite indication on
the health status of the water body. Further, a policy
frame work for continuous monitoring of water bodies

using biological parameters is found essential.

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018
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Tatporn Kunpradid? and Chitchol Phalaraksh'-

! Environment Science Program, Faculty of science, Chiang Mai University
2 Department of Biology, Faculty of science, Chiang Mai Rajabhat University
3 Department of Biology, Faculty of Science, Chiang Mai University

Keywords: river continuum concept, aquatic insects, Ecological health assessment and Loei River

ABSTRACT

The study is aimed to investigate the environmental factors that influenced the living organisms
based on functional feeding groups from the upstream to downstream in Loei River. The study sites were
selected to 10 sites based on the impact of human activities along the river. The sampling were collected
from February to June 2017 to represent all three seasons. A total of 27,702 individuals, belonging to 112
Families in 9 orders of macroinvertebrates were found. The most number of individual was mayfly in order
Ephemeroptera, family Baetidae. The River Continuum Concept analysis of Functional Feeding Groups
(Collector, Grazer, Predator and Shredder) based on principle of The River Continuum Concept indicated
that the proportion of Functional Feeding Groups from separation the study sites including 1 to 3 (Upstream,
4 to 8 (Midstream)and 9 to 10 (Downstream). Therefore, the Ecological Health of Loei River is moderate to
good level. In addition, there are also correlations in the statistical analysis based on changes in biological,

physical and chemical in each month.

1. INTRODUCTION

At present this has rising of the population and
economic in the world. Accordingly, the passion to demand
the water resource has increased all sectors. As a result,
there is the risk to the crisis be highly probable of the water
resource in the world. In addition, global warming and
climate change. The average temperature of the earth's
surface that increases and the global average sea level that
rising . These the cause above has an effect on the
freshwater resource in the world to decrease.

Loei River at Loei province, Thailand. This is main the
tributaries of Khong River. Consequently, Loei province
has many human activity such as industries, agricultures,
communities and usable area. As Loei River had interested
to research about the water quality measurement by The
River Continuum Concepts or RCC.

The River Continuum Concept or RCC is a conceptual
model that predicts biological community responses to
physical changes along the lengths of rivers.?’ As a river
changes from headstream to the downstream, there will be
a change in the relationship between the production and
consumption. This one organism that interested in the river
is benthic macroinvertebrates by functional feeding groups
(FFGs). ¥ Benthic macroinvertebrates are often utilized in
studying the biological responses of the system because
they clearly reflect changes in food resource availability in

relation to stream size.™
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In this study, we describe longitudinal variation in
benthic macroinvertebrates community structure of Loei
River. Because there has length river is 231 km™ that this
is appropriate for study along river. And Loei riverside
areas has many human activity as a results to this has effect
to change the community of benthic macroinvertebrates or
not? The results it is the benefit for populations to
development the RCC to base data for water quality
measurement or knowledge for youth. These things will
make to cause awareness them water resource and
environmental for used in the future not endless.

2. METHOD

a. study areas

Benthic macroinvertebrates, chemical parameters and
Physical parameters was collected at 10 study sites (Figure
1) along Loei River between 231 km by divided the river
into 3 parts (1-3 study sites was Upstream, 4-8 study sites
was Midstream, 9-10 study sites was Downstream)?.

b. sampling

Sampling took place on March May and July 2017.
Macroinvertebrates were collected by D-frame net (weight
30 cm cross size, 500 um mesh size), Surber sampler and
Sampler. Sampling duration was 1 min/point. D-frame net
and Surber sampler was repeated the collect to 3 times/
bank deft and right) by Kick-sampling (the D-frame was



used on high water level and this area had cover by the
water plant around riverside. Surber sampler was used on
low water level until saw the substrate). Current pH,
velocity, total dissolve solid, conductivity, dissolve oxygen,
temperatures (water and air) were measured in field. In
addition, water sample were collected to measure
biochemical oxygen demand, nitrate-nitrogen, ammonia-
nitrogen, orthophosphate, identified macroinvertebrates in
laboratory.

c. statics

Analyzed of River Continuum Concept: RCC ? by
Functional Feeding Groups: FFG ¥
midstream (site 4-8) and downstream (site 9-10) from
amount of benthic macroinvertebrates samples. According,
Pearson’s correlation was calculated between chemical-

on upstream (site 1-3),

physical parameters with parts of stream and benthic
macro-invertebrates. The significant of this relationship
between chemical-physical parameters with each month of
sampling the samples.

"F'-'Ibu'L w1 ne I;Hll. o :\I. =Tl " :-"F'l

E k
10 k
- ey v -
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Figure 1: The coordinates of 10 study sites

3. RESULTS

In March was used represent to be dry season and
May, July this both months represent to be wet seasons
because those it was heavy flooding and flash flood
between the sampling samples. As a result to important
point this was used changing the value about chemical-
physical parameters together with the macroinvertebrates
community.

The individuals results of benthic macroinvertebrates
part. The highest of the number is 21,939 ( Family
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Chironomidae). This had 4,929 individuals. On May the
highest of the number is 842 individuals ( Family
Tubificidae). And July the highest of the number is 489
individuals (Family Baetidae). Diversity of each month on
March at upstream this had the highest, downstream and
downstream respectively. Whole along river this was the
highest of percentile is 61% in collector, grazer 22%,
predator 14+ and shredder 3% respectively. The upstream
in March, May and July. The result of Functional Feeding
Groups (FFGs) this was the highest is collector 48%, grazer
36%, predator 11% and shredder 5%. Range of midstream
was found collector 60%, grazer 20%, predator 18% and
shredder 2%. Downstream was found collector 79% ,
predator14%, grazer 6% and shredder 1% respectively.

The relationship between months of sampling (March,
May, and July 2017) with ranges of stream (upstream 1-3,
midstream 4-8 and downstream 9-10) was calculated by
Pearson’s correlation. That months was used on intensity,
BOD, NH3-N and orthophosphate parameters as not have
relationship. According, another parameters are water
temperature, velocity, conductivity, TDS and Turbidity
was separated as 2 groups are May, July (1) and March (2).
The relationship result between macro-invertebrates with
parameters as not relationship. Results of ANOVAs of
environmental factors (intensity, water temperature,
velocity, conductivity, TDS and turbidity) of different
ranges river (May, July (1) and March (2)) are significant
difference (p <0.5).

Shredder

E Collector B Grazer Predator

100% < [ £
80% -
60% <

40% <

20% -

0% =

Upstream Midstream  Downstream

Figure 2: The proportion of FFGs
4. DISCUSSION

Shredders are an important ecological guild in
headwater streams, playing a vital role in the process of
leaf litter decomposition [©. Che Salmah et al. (2013)
documented a higher proportion of shredders (18.22% of
total macroinvertebrates) in Malaysian forest headwater
streams 7). Shade conditions and substrate are important
factors for shredder habitat. Our results were found the
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proportion of shredder and grazer to decreasing from
upstream to downstream. This conform to the study of Lan
Fu et al. (2016) that Shredders decreased and collector-
filterers increased significantly, as predicted by the RCC
(81, According to the RCC, relative collector abundances
should stay around 50% in the sampled portions of
Quebrada Maquina 21,

Many collector-gatherers are tolerant to disturbance
and organic pollution, such as Tubifex spp., Limnodrilus
spp., Branchiura sp., and Chironomidae and abundant in
polluted rivers 1. However, predator populations only
depend on the relative abundances of the other functional
Therefore, no matter how the grazers, shredders
and collectors respond to resource availability, the relative

groups.

predator population should stay the same 2!, So the results
of this study show on midstream to downstream where
have human activity to increase followed by land use. The
number of Family Chironomidae this increased that
according to above reasons and FPOM that have increase
decomposition from upstream.

However, May and July this both months was
flooding from heavy rain during sampling the samples.
This factor is effect to changing chemical-physical
parameters and drift the macroinvertebrates. So the result
this shown to clearly separate into 2 groups are represent
for dry season and wet season. But those factors did not
relationship community of macroinvertebrates for
Ecological Health Assessment of Loei River and

Tributaries.
5. CONCLUSION

The river continuum concept (RCC) at Loei River
and Tributaries accord with our results by increasing of the
benthic-macroinvertebrates proportion. So this show to
The Assess the Ecological Health of the Loei River under
the River Continuum Concept (RCC) on March 2017. This
the valuation to abundance river condition. The flooding is
the most importance factors for inconstant to chemical,
physical and biological determinants on May and July
2017.
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ABSTRACT

Increase in sediment yield and nutrient-rich water in Kushiro Mire has intensified the vegetation in the
area. Because of this, the wetland is becoming arid. It is therefore necessary to understand the preservation
of wetland. As flood is relevant on the wetness condition of the wetland, preliminary investigation using
satellite remote sensing data was conducted to spatially investigate the response of surface conditions to
flood. Landsat 8 OLI TIRS and MODIS data utilized bands to acquire information on its conditions using
the reflection and absorption to sunlight on the surface. This study aims to evaluate the response before and
after extreme flood event. The variation of the surface condition response was quantified using spectral
indices. The results show that there is a significant difference of response of the vegetation between non-
flood and flood periods spatially. The results can provide helpful preliminary assessment for planning the

restoration of Kushiro wetland.

1. INTRODUCTION

Wetlands play a significant role in the hydrological cycle,
influencing groundwater, evaporation, water retention and
flood control and protection. ['l Wetland ecosystem has
been habitat for an enormous diversity of plants and
animal species. In Kushiro wetland, it has been the home
to the red-crowned crane, a special natural monument, and,
the Japanese huchen, which is Japan’s largest freshwater
fish, and other rare organisms.

The Kushiro Mire is the largest wetland area in Japan with
18,290 ha in area. ! It was discussed at the Ramsar
Convention the importance of preserving the biodiversity
of the Kushiro Mire wetlands. ¥/ The wetland mostly
consists of fen covered with reeds and sedge grasses, and
portions of the wetland are areas with sphagnum moss. It
is covered with alder woodlands in the northern part of the
wetland. 4]

The increase in sediment yield and nutrient-rich water in
the wetland from the upper reach is due to development in
the surrounding land,
deforestation. With this, the number and density of alder
trees have increased because the sedimentation and

riverbed degradation and

accumulation of soil favor its growth. B

Present issues raise in the wetland becoming arid, thus it is
important to understand the preservation of the wetness of
the wetland.

In August 21, 2016, flood event happened that inundated
the Kushiro wetland. This flood event contributed
relevantly on the wet condition of the wetland. As
vegetation has largely influence in determining the

wetland increase of land area, it is important to investigate
also on how vegetation responded to flood events and
determine the impact on the restoration of the wetland.

In-situ observations of the surface conditions is very
relevant for wetland assessment, however, it is tedious to
have field evaluation to assess a large area with various
land cover types. Thus, wetland assessment using remote
sensing data have been used for rapid evaluation.

Several case studies proposed application of remote
sensing data in spatial assessment and classification of the
alder tree and other vegetation in Kushiro Mire. 3671 These
studies have proposed different methods of vegetation
classification on the wetland. It was determined in these
studies that there is a dramatically increased in vegetation
over time. However, there has been no studies on the
spatial evaluation of the surface conditions and flood
impacts on the vegetation of Kushiro wetland using remote
sensing.

Thus, this study aims to evaluate the response of the
wetland vegetation before and after flood events which is
significant for planning of restoration of the wetland.

2. DATA AND METHODOLOGY

Remotely sensed data was utilized to have preliminary
assessment of the land surface condition of the wetland.
This study applied two remote sensing data. Landsat 8 data
at 30-meter spatial resolution consist of sensors, the
Operational Land Imager (OLI) and the Thermal Infrared
Sensor (TIRS) which collect nine spectral bands and two

thermal bands and Moderate Resolution Imaging
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Spectroradiometer (MODIS) provides bands 1 (620—670
nm), 2 (841-876 nm) at 250-meter resolution in an §-day
gridded level-3 product in the sinusoidal projection.
Remote sensing provides information in the reflection and
absorption to sunlight on the surface which also acquires
information on its conditions.

Table 1 Equations used for evaluating surface conditions

Index Equation Definition
Normalized e ;.;.: : :::: NDVI
Difference quantifies
Vegetation vegetation.
Index (NDVI)

Normalized SWIR = NIR | NDSI examines
. . NSt = SR+ NIR )
Difference Soil the soil
Index (NDSI) conditions
menahzed et r;:z : ;f:: ND\?VI.
Difference maximizes the
Water Index reflectance
(NDWI) properties of
water.

These indexes provide information to determine the
change of surface conditions of the wetland before and
after flood.

3. RESULTS AND DISCUSSION

The impact of flood inundation on vegetation was
determined on the peak date of the significant flood of
Kushiro river as basis for the selection of remotely sensed
images. On September 16, 2013 with peak discharge of
318.19 m3/s and August 21, 2016 with peak discharge of
469.10 m3/s were selected.

It is an important information to know wetland surface
condition, to know the area of the concentration of the
wetness condition of the wetland.

Fig. 1 shows the spatial distribution of the moisture of the
ground after and before flood event based on NDSI. Dark
brown relates with greater soil reflectance. Furthermore, in
Fig. 2 shows the spatial distribution of water content in the
surface of the wetland based on NDWI. Cooler color
represents higher water content. It is shown in this visual
information that in the central wetland shows the
concentration of changes in soil and water conditions.

In the flood event, it is expected that flood inundation
would bring significant influence on the growth of the
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vegetation. The variation of the vegetation response was
quantified using NDVI. In order to investigate the impact
of flood inundation on vegetation, non-flood period and
flood period was compared.

”
-

SRpooNN

(c) (d)
Fig. 1 NDSI spatial distribution (a) before 2013 flood
(08/02/2013) (b) after 2013 flood (10/12/2013) (c) before
2016 flood (06/07/2016) (d) after 2016 flood (10/02/2016)

(c) (d)
Fig. 2 NDWI spatial distribution (a) before 2013 flood
(08/02/2013) (b) after 2013 flood (10/12/2013) (c) before
2016 flood (06/07/2016) (d) after 2016 flood (10/02/2016)

Based on the flow data, the non-flood period is selected.
NDVI during non-flood period shows a variating trend on
the vegetation as shown Fig 3. However, the NDVI index
values are maintained in the positive values between 0.3 to
1, much it implies the dense vegetation canopy during non-
flood period.



(d) (e) )
Fig. 3 NDVI spatial distribution on non-flood period for
2013 (a) 06/26/2013 (b) 07/04/2013 (c) 07/28/2013 and for
2016 (d) 06/25/2016 (e) 07/03/2016 (f) 08/04/2016

- ; ) ;

ssasoon

(d) (e) &)
Fig. 4 NDVI spatial distribution after flood event for 2013
(a) 09/14/2013 (b) 09/22/2013 (c) 10/08/2013 and for 2016
(d) 09/21/2016 (e) 09/29/2016 (f) 10/07/2016

Aonusl MOV Trond
(213-T014)

Fig. S Annual NDVI Trend from 2013 - 2016

Analyzing the effects of flood inundation on vegetation,
NDVI after 8-day and 16-day interval was calculated as
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shown in Fig. 4. The results show decrease trend on
vegetation based on NDVI both in 2013 and 2016 flood
event unlike on the NDVI values of the non-flood period.

It is shown also in Fig 5 the annual NDVI trend of the
vegetation in the wetland. It can be seen that from 2013 to
2015, the changes in the NDVI from the mean state
follows almost the same trend, whereas in 2016, there is a
drastic change in the trend around August 2016 where the
flood event occurred.

The results show that there is a significant difference of
response of the vegetation between non-flood and flood
periods. The spatio-temporal evaluation on the wetland
can provide preliminary information for planning in the
wetland.

4. CONCLUSION

This study spatially evaluated the impacts of flood on the
vegetation of the Kushiro wetland utilizing remote sensing
data. The land surface conditions on the influence of flood
was preliminary investigated using remote sensing.
Further investigation is necessary. However, the spatio-
temporal evaluation on the wetland can provide
preliminary investigation that can be utilized for initial
assessment on the wetland.
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ABSTRACT

The Satellite-based Lake and Reservoir Temperature Database in Japan (SatLARTD-J), released in July
2012, provides water surface temperatures around 10:30 am (JST) measured by thermal infrared bands of
the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) onboard NASA’s Terra
satellite, for 1,005 inland water bodies such as lakes and reservoirs in Japan
(http://tonolab.cis.ibaraki.ac.jp/SatLARTD/). Because the mean frequency of successful measurements by
ASTER for each water body is two or three times per year at most, SatLARTD-J also provides water surface
temperatures regressively estimated with ground air temperatures from the Automated Meteorological Data
Acquisition System (AMeDAS) in a five-day interval, using a regression equation obtained for each water
body between the ASTER’s water surface temperature and the AMeDAS ground air temperature corrected
in spatial, temporal, and elevational. The version 2 of SatLARTD-J, released in July 2014, provided water
surface temperatures only for a limited period from March 2000 to December 2013, but the latest version
3, released in January 2018, has a new function of near real-time updating, and the recent water surface
temperatures for each water body are automatically added to the database. Water temperature is a key
environmental factor for ecosystems in an inland water body, and the SatLARTD-J is expected to give some
contributions to various fields including biodiversity conservation. As a next step, we are currently
developing the world version of SatLARTD for future release.

1. INTRODUCTION temperatures only for a limited period from March 2000 to

Many inland water bodies such as lakes, marshes and December 2013, but the version 3, released in January

reservoirs are inhabited by many lives. For these lives, 2018, has a new function of near real-time updating, and

water temperature is an important environmental factor, the recent water surface temperatures for each water body

because water temperature influences and regulates many are automatically added to the database. In the present

chemical, physical and biological processes!!!. In addition, paper, the overview of the SatLARTD-J version 3 is

water temperature is also important in the aspect of global introduced.
warming monitoring®? . Thus, water temperature
measurements of inland water bodies are important, but in 2. SatLARTD-J VERSION 3

J , th insufficient t fi 1 lakes. . . .
apan, they afe msufticient except fot some farge fakes In the SatLARTD-J version 3, 1,005 inland water bodies

Also, temperature measurements with contact-type . . .
such as natural lakes and reservoirs are registered (see Fig.

thermometers are not realistic for monitoring many water ) j .
1). Since water surface temperatures are estimated using

ASTER/TIR images with a spatial resolution of 90 m, most
of water bodies have an area of 270 m square or larger for

bodies, because such water bodies are scatteredly located,
and managed or owned by various people or organizations.
Therefore, thermal infrared (TIR) remote sensing which

. . . getting one or more pure pixels.
can simultaneously observe surface temperature in a wide

area is useful for these purposes. Under such background, In the version 2, ASTER Data B products'® provided by

our group developed the Satellite-based Lake and the National Institute of Advanced Industrial Science and
Reservoir Temperature Database in Japan (SatLARTD-J) Technology (AIST) were used for estimating water surface
using TIR images (90 m resolution) observed by the temperatures. But it is difficult to implement the function
Advanced Spaceborne Thermal Emission and Reflection of near real-time updating using these products, because

Radiometer (ASTER) onboard NASA’s Terra satellite, they are not regularly produced. Thus in the version 3,
and released it in July 201231 ¥ 151 The version 2 of ASTER-VA products provided from the METI AIST Data

SatLARTD-J, released in July 2014, provided water Archive System (MADAS)!" have been used in water
temperature estimation for observation dates after January
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2014. The updating module of SatLARTD-J checks and
new ASTER on MADAS
automatically every day, and then estimates water surface

downloads a image

temperatures for water bodies included in that image.

Water temperature estimation with ASTER/TIR images is
performed by recalibration® | straylight correction®! ,
atmospheric correction by the water vapor scaling (WVS)
method!'? 1] ASTER standard temperature and
emissivity separation (TES)!'?), and screening. The details
can be found in [3] [4] [5] . On the other hand, the mean
frequency of ASTER observations is once per 48 days, and
that of successful observations available for water
temperature estimation is two or three times per year.
Therefore, SatLARTD-J also provides water surface
temperatures regressively estimated with ground air
temperature from the Automated Meteorological Data
Acquisition System (AMeDAS)!3!
using a regression equation obtained for each water body
between the ASTER’s water surface temperature and the
AMeDAS ground air temperature corrected in spatial,

in a five-day interval,

temporal, and elevational.

3. USAGE

Fig. 2 displays the top page of the SatLARTD-J version 3.
In the left half, the locations of the registered water bodies
are shown as markers on the Google map. The upper part
of the left half has a function for searching a water body
with its name and prefecture.

Fig. 3 shows an example of viewing plots and values of
water temperatures for Lake Kasumigaura (lake center) in
Ibaraki Prefecture (two points in one lake are selectable for
only Lake Kasumigaura). The pop-up window on the left
map gives the name, the latitude and longitude, and the
elevation of the selected water body. The upper part of the
right half shows the plots of water temperatures, where
red points indicate ASTER estimates, and a blue polygonal
line indicates regression estimates. The plot part of interest
can be enlarged by clicking and dragging, as shown in Fig.
4. Enlarged plots can be returned to the original plots by
double clicking.

The lower part of the right half displays all ASTER
estimates and their corresponding regression estimates as
values. The frequency of ASTER successful observations
at Lake Kasumigaura is about 7 or 8 times per year which
is higher than other water bodies, because the surrounding
area of Lake Kasumigaura has been focused in ASTER
scheduling.

4. CONCLUSION

The SatLARTD-J which provides water surface

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

temperatures for 1,005 inland water bodies in Japan has
been updated to the version 3 with the function of near
updating. Water
environmental factor for ecosystems in an inland water
body, and the SatLARTD-J is expected to give some
contributions to various fields including biodiversity
conservation. As a next step, we are currently developing
the world version of SatLARTD for future release.

real-time temperature is a key
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ABSTRACT

The Tonle Sap Lake in Cambodia is the largest fresh water lake in Southeast Asia. The diverse ecosystems of the Lake provides huge amount
of fresh water and foods to humanbeing, animal and plants. However, hydrological and hydraulic conditions of the lake are changing by climate
change and hydropower production in the upstream of the Mekong River. Hydrological and hydraulic models are powerful tools to understand
these situations. Due to poor measuring density of gauge-based precipitation in Cambodia, the satellite-based precipitation GPCP is used in
this paper with an objective to improve the reproduction accuracy of hydrological and hydraulic model of The Tonle Sap Lake basin in
Cambodia. Since original GPCP tend to be larger value than gauge-based precipitation, bias adustment was carried out and then inputted to
hydrological and hydraulic model. Nash-Sutcliffe efficiency (NSE) was used for the accuracy evaluation. Evaluation factors are precipitation,
runoff discharge from each watershed to the lake and water level at Kg.Luong, which is a representative water level station of the lake. The
findings are as follows. 1) NSE of GPCP before and after adustment against gauge based rainfall was improved from 0.043 to 0.748. 2) By
replacing gauge-based pricipitation to adjusted GPCP, the NSE value of runoff discharge from the Chinit River watershed was improved from
0.694 to 0.817. 3) NSE of water level at Kg. Luong was improved from 0.971 to 0.986 by replacing gauge-based precipitation to adjusted
GPCP.

1 Introduction Lo : 0t L L

The Tonle Sap Lake basin in Cambodia is one of the
major catchment of the Mekong River (Figure 1). It is the
largest fresh water lake in Southeast Asia. The Lake has Nempld Bovey, S bkl
unique hydrological characteristics, where water area and At ‘ \
storage volume changes greatly between wet and dry a '{ T ) |'3. .
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season every year. This is because water flows into the
Lake from the Mekong via Tonle Sap River when water
level of the Mekong is higher than that of the Lake in rainy
season. The Lake plays important roles of rich biodiversity e s e
of aquatic ecosystems, in addition, it supplies highly 103" ¢ 047 E e ToE
Figure 1 Map of the Tonle Sap Lake basin

productive aquatic animals with humankind ['. Since it is

driven by unique flood pulse, maintenance and hydraulic model.

understanding of hydrological and hydraulic conditions
are necessary to sustain current ecological environment.

Recently, impact of climate change and development in
Mekong is being assessed ?l. Current hydrological and
hydraulic conditions of the Lake is predicted to change in
the future.

Hydrological and hydraulic models support to grasp these
current and future conditions. They need a lot of current
meteorological data. However, in Cambodia, it is difficult
to obtain enough number of gage-based meteorological
data such as precipitation and evaporation. Without
precipitation data, it is difficult to evaluate and assess the
current hydrological situation by hydrological and

On the other hand, satellite-based precipitation data
estimated by satellite have been developed in recent years.
Applying satellite-based precipitation data is an advantage
in an area where gauge-based observations are poor such
as Cambodia 1%,

The objective of this study is to improve reproduction
accuracy of hydrological and hydraulic model by replacing
gauge-based precipitation to satellite-based precipitation
(GPCP).

2 Study area and period

Study area of the Tonle Sap Lake basin is shown in
Figure 1. The minimum lake area is about 2,500km? in dry
season, and it expands about six times larger to about
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16,000km? in rainy season. The Lake has inflow from 12
tributaries and total catchment area is about 83,000km?
(Table 1).

Study period for calibration is 1998-2002 and validation
period is 2010-2015.

Table.1 Catchment area of 12 tributaries

Name Area[km?] Name Area[km?]

1,Chinit 8,240 7,Sisophone 4,310
2,Sen 16,360 8§ M.K.Borey 10,570
3,Staung 4,360 9,Sangker 6,050
4,Chikreng 2,710 10,Dauntri 3,700
5,Siem Reap 3,620 11,Pursat 5,970
6,Sreng 9,990 12 Baribo 7,150

Total 83,010

3 Methods

3.1 Hydrological and hydraulic model

In this study MIKE11 and MIKE-NAM, developed by
DHI — Water & Environment, Denmark, are used as an 1-
dimensional hydraulic and hydrological model 1.

3.2 GPCP

GPCP (Global Precipitation Climatology Project) one-
degree daily Pl is selected as a satellite precipitation. It is
based on satellite observation and its spatial and temporal
resolutions are 1°x1° latitude/longitude and daily,
respectively.

Since provided GPCP compared with gauge based
precipitation tend to be larger than gauge based
precipitation, it is adjusted and inputted to the hydrological
and hydraulic model.

3.3 GPCP adjustment
Method of GPCP adjustment is as following equations.

1
-2 Robs;;
015 RGRCP; M

Where

number of latitudinal direction, C: adjustment factor, t:

number of analyzed years, n: number of data existing years,

Robs: accumulative gauge based precipitation in rainy

season interpolated by Kriging method, RGPCP:
NSE

i: cell number of longitudinal direction, j: cell

accumulative original GPCP in rainy season, AGPCP:
adjusted daily GPCP, OGPCP: original daily GPCP.

3.4 Evaluation function
Nash-Sutcliffe efficiency (NSE) [0 is applied as
evaluation function. It is defined by the following equation.

2(Xobs'Xcal)2

NSE: 1 ) z:(Xobs')_(obs)z ’

~0<NSE<I1 3)

Where
Xeal: calculated value.

X,ps: observed value, Xp: mean of all values,

3.5 Evaluation factor

Evaluation factors are as follows: 1. Precipitation at five
stations (Kg.Thom, Siem Reap, Kg.Chhnang, Pursat,
Battambang), 2.Runoff discharge from six watersheds
(Chinit, Sen, Staung, Chikreng, Pursat, Boribo) to the lake,
six watersheds which doesn’t have enough gauge based
water level are excluded, and 3.Water level at Kg.Luong,
which is a representative water level station of the lake.
4  Result and Discussion

4.1 Precipitation

Monthly precipitation of Original GPCP and adjusted
GPCP are compared against gauge-based precipitation at
Kg.Thom in calibration period (Figure 2). NSEs of
original and adjusted GPCP were 0.043 and 0.748
respectively. Mean NSE of GPCP at five stations are
shown in Table 2. The NSEs of adjusted GPCP were better
than those of original GPCP at almost stations.

Table 2 Mean NSE of GPCP at five stations.

Calibration Validation
Original GPCP 0.296 0.337
Adjusted GPCP 0.717 0.675

4.2 Runoff discharge

Table 3 shows the meaning of term Obs, Cal-A and Cal-
B. NSEs were calculated between Obs and Cal-A, and also
between Obs and Cal-B. Figure 3 shows comparison of
runoff discharge in Chinit River basin in calibration period.
NSEs of Cal-A and Cal-B were 0.694 and 0.817,
respectively. Table 4 shows mean NSE of runoff discharge
in six watersheds. Mean NSE of Cal-B is better than that
of Cal-A. In other words, hydrological model using

600
= Orignal GPCP  0.043 ---m--- initial GPCP — # - adjusted GPCP —e— obs
é 500" | Adjusted GPCP  0.748
|
& 400 =
E I'| ’\ ,".’ o /\ I il
? 300 ,'\ / l\ /F\il “\ l,-.‘ ll "l '.‘-\‘ /’I \ ‘ll WA A
o ' J/ \ \ ¢ \ ' \ ] » \ 0\
= K A \ . A » ! p—k \ R \ )
£ 200 i\ 2 s N ,'" / ". WY «\ \ \
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Figure 2 Comparison of three kind of monthly precipitation at Kg.Thom in calibration period
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adjusted GPCP was improved the reproduction accuracy.
This is because GPCP is able to supplement the
precipitation in the upper part of the basin where has no
gauge-based observation data. Runoff of Cal-B shows
better NSE (mean NSE was 0.472 in both calibration and
validation) than Cal-A, even though it doesn’t show
satisfactory accuracy. This may be due to the limitation of
lumped model in large catchment areas.

Table 4 Mean NSEs of runoff from six basins
and NSEs of water level at Kg. Luong.

Calibration Validation
Runoff Waterlevel Runoff Water Level
Cal-A 0.420 0.971
Cal-B 0.472 0.986 0.472 0.976

* Cal-A calculate only calibration period.
4.3 Water level in the lake

Table 4 also shows NSEs of water level at Kg. Luong.
The NSE of Cal-A and Cal-B were 0.971 and 0.986
respectively in calibration periods. Figure 4 shows the
comparison of water level among observed, Cal-A and
Cal-B at Kg.Luong in calibration period. The result of
hydrological and hydraulic model using adjusted GPCP
also has shown good accuracy both in calibration and
validation. Cal-B was slightly better than Cal-A.

5 Conclusion

In this study through replacing gauge-based rainfall to
adjusted GPCP, the reproduction accuracy of the
hydrologic and hydraulic models were improved both

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

runoff discharge from watershed and water level at Kg.
Luong.
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Cal-B Calculated value by hydrological and hydraulic model using adjusted GPCP.
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Figure 4 Comparison among observed, Cal-A and Cal-B of water level at Kg.Luong in calibration period.
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ABSTRACT

Lake Malawi is one of the most important lakes in Africa, due to its biodiversity and usefulness to the adjacent
populations. However, some anthropogenic activities can threaten its water quality and ecosystem services. Lack of a
systematic regular monitoring of chlorophyll-a (Chl-a) concentration, and understanding of its spatial and temporal
variation are some of the drawbacks. In this study we propose the use of MERIS Level 1B data to monitor the lake’s
Chl-a concentration, and its spatial and temporal distribution. Using the NASA’s standard OC4E_v6 algorithm for clear
water, Chl-a concentration was retrieved, during the 2003-2011 period. The highest mean concentration (> 1 mg m™ ) for
the entire lake was found in 2003. Since then the values dropped to a mean value below 1 mg m™. Nevertheless, the
results showed a slight increase along the years although in small concentration. The Western and Southern part of the
lake proved to be the most affected, having a mean Chl-a concentration around 5 mg m™ , probably influenced by the
anthropogenic activities in these areas, as the population pressure is high. The seasonal effects have also shown to have
an influence in the Chl-a concentration, the highest concentrations were found in the first two seasons (November to
April; May to August). It was also found that Chl-a concentration may differ depending on the location and season.

2. METHOD

We propose the use of MERIS Level 1B data downloaded
from ' to monitor Lake Malawi’s Chl-a concentration,
and its spatiotemporal distribution. The outputs from the
atmospheric correction Neural Network (NN) of Case 2

1. INTRODUCTION

Freshwater accounts for around 2.5% of total global
water from which surface fresh water is about 1.2% and
lakes 20.9% of the surface freshwater!'). As the numbers
above show, lake water is part of a very small percentage

of fresh water available for direct use on earth. Lake
Malawi is one of the most important lakes in Africa along
with Tanganyika and Victoria. It is the source of fresh
water, fishery products, and a variety of benefits to the
bordering countries of the lake basin. It is located
between (09°30° -14°40° S, 33° 50° - 33°36” E, 472 m
amsl) and also known as Niassa in Mozambique and
Nyasa in Tanzania, but internationally and scientifically
known as Lake Malawi. This lake is the 3™ largest lake in
Africa after Victoria and Tanganyika and the 9™ largest in
the world™”. Due to its location, Lake Malawi experiences
three different seasonal variations in temperature, wind,
and precipitation, here after from November to April
Season one (S1), Season two (S2) May to August, and
Season three (S3) from September to October.
Chlorophyll-a (Chl-a) is tested in lakes to determine how
much algae is in the lake, and algae is important in lakes
because it adds oxygen to the water as a by-product of
photosynthesis. On the other hand, if there is too much
algae in a lake it can [E)roduce a foul odor which can be
harmful to the people!. Therefore, understanding Chl-a
concentration, its spatial and temporal variation in Lake
Malawi is of paramount importance.
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Regional (C2R) processor, water-leaving reflectance were
used as input for the calculation of Chl-a concentration.
The C2R processor underwent a validation process for
atmospherically corrected water-leaving reflectance’™.
Due to the known characteristics of Lake Malawi (clear
water), NASA’s standard MERIS OC4E_version 6 ' was
found to be the ideal model to retrieve Chl-a. This is a blue
and green band ratio algorithm aimed at clear waters. The

algorithm is expressed as follows:

Chlagcapys = 10(0.3255-2.7677b+2.4409b ~1.1288b> —0.4990b*)
Vv

where b is the log; of the maximum band ratio of the three
bands at the Rrs443, Rrs490, Rrs510 to

Rrs560 and the coefficients were derived using version 2
of the NASA bio-Optical Marine Algorithm Data set
(NOMAD) ',

3. RESULTS

In this study, periods of peak of Chl-a were detected as
well as their seasonal variability, which was
complemented with the long-term change variation. Chl-a
mean value-based maps were produced for yearly data.
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Fig 1. Monthly mean distribution of chla peaks for the
period from 2003 to 2011.

As shown in Fig 1, no peaks were found in May,
September, and October for the entire study period.
However, March and December showed peak availability
less than 10%. Contrary to previous months, November
shows the highest peak frequency more than 14%
followed by January, February, April, June, and August.
These results go along with ! regarding the peak found
in April 2012 in their study and shows other peak seasons
that were not detected by in situ measurements. The
fraction of peak distribution throughout the months
shows that S1 is the most active in terms photosynthesis
in Lake Malawi. Fig 2 illustrates the Chl-a concentration
range based on the annual mean value.

30
P

ED 5§ pEpd b0

ao

Chi-aimg

F003 004 Z00% 1007 00N 2009 FOIO 2011
Years

Fig 2. Temporal Variability of Chl-a.
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Fig 3. Spatial Variability of Chl-a

Figure 3, shows Chl-a spatial distribution during the 9
years of study. The first year of the study revealed to be the
most spatially dynamic compared to other years. Generally,
the mean Chl-a value in fig. 2 are (< 1 mg m®),
represented by the green triangle.

4. DISCUSSION

After the abnormality in Chl-a spatial distribution in 2003,
the yearly variation stabilized to a smooth but noticeable
increase from 2004 to 2008 and an oscillation between
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2009 and 2011. Throughout the 9 years of study, it was
found that the highest values of Chl-a are found in the
northern region of Lake Malawi, and in the central region
with distinct attention to the West coast of the central and
southern part of the lake. This is partlcularl true and goes
along with formerly published papers "* indicating the
influence of anthropogenic activities. Chl-a detected in
this corresponding area varies from 1.16 to 7.74 (mg m’).

5. CONCLUSION

During the 9 years of study using remote sensing data, S1
showed to be the most influential. The seasonal effects
have also shown to have an influence in the Chl-a
concentration, the highest concentrations were found in
the first two seasons (November to April; May to August).
It was also found that Chl-a concentration may differ
depending on the location and season. Although 2003
presented high Chl-a values the rest of the years show
low Chl-a concentration values, therefore the lake can
still be considered as clear (oligotrophic). However, this
trend tends to change, suggesting an increase in Chl-a
concentration in the Lake.
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ABSTRACT

Baoshan Reservoir supplies water to the Hsinchu Science Park in Taiwan, because the high-tech wafer
process requires a lot of pure water. Therefore, how to ensure the water quality and stability of Baoshan
Resevoir is particularly important. Due to that Baoshan Resevoir is an off channel reservoir, it can select
the water source from Shig-Ping Weir to avoid Inferior quality water flows into Baoshan reservoir. There
are many pollution sources because of prevalence of agriculture and a lot of residential buildings around
Baoshan Reservoir. Monitoring the water quality of Baoshan Reservoir by unmanned vehicles, and
establish the pollution hotspots to provide a scientific evidence to the reservoir management, and further
set up appropriate pollution reduction facilities. At present, specific sites monitoring or manual sampling
detection are the most common method in Taiwan. However, manual sampling is time-consuming and can
not be monitored over a long period of time. Specific sites monitoring can not be adjusted according to the
level of water level monitoring points. As the specific sites monitoring can not represent the whole area of
water quality, and there may be aquatic organisms and plant attached, the cost of setting up number of
specific sites monitoring point will be too high. It can be effectively lower the cost by using unmanned
vehicles equipped with direct reading instrumentation MAX-RS485 multiparameter water quality detector,
the data can through the Internet of things (IOT) back to the server, then remote control and give instruction
to confirm the reservoir water quality changes and the source of nutrients.

1. INTRODUCTION contaminated hot zone of the whole area.

Unmanned vehicle on water quality monitoring is mainly
divided into two parts: water quality testing and unmanned 2. METHOD

the body of boat. This unmanned monitor utilize a MAX-RS485 multiparameter water quality detector is a
commercial water quality detector to monitor the water circular cylindrical monitor that can be fitted with a variety
quality on the route through the preset task route. By of water quality parameter monitors, including
measuring the water quality data every 15 seconds via the pressure(SMRO1), pH(SMR04), conductivity(SMR07),
underwater direct reading perceptron, the coordinates and dissolved oxygen(SMR09), turbidity(SMR10),

data are transmitted to the database for analysis by the chlorophyll A(SMR35), potassium ion(SMR39).
mobile communication network after the return to the

surface buoy. Through the hull of t built-in GPS ,
unmanned vehicle can fix a double motor output power
and adjustt direction back to set the task route, once the
offset Angle is above 40 degrees electricity And while the
battery is low, it will automatically go back to the setting
point to charge it. In this study, seven main monitoring
points were established after understand the geographical
information of baoshan reservoir and further site
investigation through GIS. These 7 main monitoring
points are respectively: 1. the more domain the water outlet
2. drawbridge 3. densely populated residential areas 4.
tourist restaurant 5. farmland 6. camp site 7. orchard. The
7 points are covered in the whole baoshan reservoir, and
the data was collected through the unmanned water quality
monitoring vehicle, which can be analyzed the

The concept of this unmanned vehicles applies the internet
of things, can be divided into three classes: Device,
Connect, and Manage. In the Device section, there are six
sensors and hulls, the sensed water quality data, GPS and
hull walking routes and related hull data, will use the
mobile network to transfer to the manager’s server for
calculation through the Connect section. In the Manage
section, there are water quality monitoring management
system and hull management system, water quality
monitoring and management system will have been
calculated in the server information, and presented in the
monitoring program with immediate coordinates, pH,
conductivity, dissolved oxygen, turbidity, chlorophyll A
and potassium ions. Hull management system can plan the
walking routes in advance, and get the direction of travel,
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location and speed data immediately. When the hull
management system found that the hull is in the direction
of deviation, it will send a modified order to the hull, to
amend the direction of the direction.

* pollution monitoring system
*Channel setting system

Manage

Mobile communication network

Connect [

direct reading instrumentation
unmanned vehicles

Device B

This study used the interpolation method of Topo To
Raster embedded in ARCGIS, The data was measured by
the unmanned vehicles equipped with direct reading
instrumentation, after calculating by interpolation,
analysis the depth and pollution distribution of the
Reservoir, then display by 2D plane space, so that the value
of the parameters of the reservoir is very clear.

3. RESULTS AND DISCUSSION

At present, we utilize MAX-RS485 techniche to conduct
the water quality monitoring, the monitored parameters
includes pH, conductivity, DO, turbidity, chlorophyll-a,
and potassium ion. The related results are shown as
follows.

(M pH

The PH value measured by MAX RS485 is between 9.1
and 9.7. In Fig. 1, The water quality in the reservoir is
alkaline and a case of eutrophication as a result of intense
photosynthesis. And the pH valua is increasing suddenly
at5, 6and 7 point, bacause the water flow rate is not high
and the distance is far from the inlet and outlet.

%7t

96 |-
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Fig.1 pH concentration distribution
2) Conductivity

The conductivity measured by MAX RS485 is 190~205
pus/cm. As shown in Fig.2, the conductivity is much higher
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at 1, 2 and 3 point, because these points are located at the
inlet and outlet path and have high concentration of
pollutants. The 3 point is close to the residential areas,
leading to a highest conductivity.

204 - ; " s Conductivity
202 -
200 +

g 198}

3

= 196 -
194 +

192 + -

190 4 . 4 . 4 - . . 1 . . . :

Point
Fig.2 Conductivity concentration distribution

3) DO

The DO value measured by MAX RS485 is 9~12 mg/L. In
Fig.3, DO value is increasing orderly. Due to the slow flow
and huge ammount of algae, direct solar radiation can
cause the supersaturated state on water quality, it would be
accompanied by high PH and the phenomenon of algal
blooms. Turbidity

1 2 3 4 5 ] 7
Point

Fig.3 DO concentration distribution
4) Turbidity
The turbidity measured by MAX RS485 is 5~7 NTU. In

Fig.4, the overall turbidity value keep a good condition due
to the sunny day and slow water flow.
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Fig.4 Turbidity concentration distribution
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5) Chlorophyll-a [2].

The chlorophyll-a measured by MAX RS485 is 0~3 ppb.
As shown in Fig.5 and Fig.6, If the status of the water
quality status is only determined by Chlorophyll-a, the
degree of the eutrophication is the ordinary level.

4
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Fig.5 Chlorophyll-a concentration distribution
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Fig.6 Chlorophyll-a concentration distribution by GIS

4. CONCLUSION

The tested resulted show that the temperature of water, pH,
dissolved oxygen no obvious fluctuation. Conductivity is
up to 204.31us/cm at densely populated residential areas;
Turbidity in orchard is up to the highest at 6.46NTU;
Potassium ions at the more domain the water outlet were
the highest at 0.29 ppm. Due to utilizing the public
information supplied by government, we know that
Baoshan Reservoir is at the edge of the eutrophication.
Unmanned water quality vehicle can further help us
research the source of pollution, analyze the proportion of
pollution sources, real-time monitor of water quality for a
long time monitoring.
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One of the project activities supported by Japan International Cooperation Agency(JICA) under the Anzali Wetland
Ecological Management Project - Phase II in Gilan Province, Iran, is to strengthen management capability for conservation
of the wetland. Since many waterfowls such as wild geese and ducks come flying into the Anzali Wetland in winter, citizens
are permitted to hunt them for food and recreation as an ecological service of the wetland. The hunting is permitted outside
the protected areas of the wetland under limited license which is issued by Department of Environment of Iran. However,
in practice, due to the large 193 km? area of the wetland and lack of human resource, capability, equipment, and budget for
the rangers, illegal hunting activities are occurring both outside and inside of the protected areas. We will report on
utilization of drones as conservation management tools for detection and monitoring of the illegal hunting and hunting nets
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LC-MS/MS DETERMINATION OF ANTIBIOTICS AND
HORMONES AND ITS APPLICATION IN LAKE WATER
MONITORING

Maria Pythias Espino, Jonalyn Madriaga
Institute of Chemistry, College of Science, University of the Philippines, Quezon City, Philippines
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ABSTRACT

Many water contaminants are relatively stable and are not completely removed during wastewater treatment
and post-discharge processes. In this study, a fast and sensitive LC-MS/MS method was optimized for the
direct analysis of trace antibiotics and hormones in water. Water samples taken from Laguna Lake
(Philippines) were filtered and analyzed without enrichment. The chromatographic separation was done
using a C18 column and gradient elution of water-methanol with 0.10 % formic acid or 0.10 % ammonium
hydroxide. Detection and quantitation were done using multiple reaction monitoring. The detection limits
were 0.01-0.42 ug/L for the antibiotics and 0.01-0.07 ug/L for the hormones. Correlation of determination
was >0.98 for each analyte in 0 to 100 ug/L concentration range. This method is suitable for routine
monitoring of water contamination considering detection capability, sensitivity and specificity. Preliminary
analysis of lake water samples from nine sampling sites in Laguna Lake shows that these antibiotics and
hormones are not detected. Determination of the occurrence of these emerging contaminants is important
particularly in the use of the lake for aquaculture and potable water production. Monitoring potentially
harmful water contaminants in lakes is important especially in areas where the implementation of

environmental policies is still a challenge.

INTRODUCTION

Many lakes especially in Asia are a source of livelihood
for the surrounding communities. Human activities,
however, may cause deterioration of the quality of water
in these lakes. Lakes can be threatened with contamination
due to anthropogenic chemicals including the emerging
environmental contaminants. Such impact may
compromise the productivity of lakes and the benefits that
lake systems provide. Among the emerging contaminants
now being studied in the environment are antibiotics and
hormones. These contaminants may affect the health of the
lake ecosystem as well as human health. Antibiotic
resistance, for example, is now a major global concern.
Pharmaceuticals such as antibiotics, natural hormones and
estrogen-based contraceptives are now seen as
environmental contaminants contributing to the pool of

endocrine disrupting compounds in water systems [-2],

Laguna Lake is the largest and one of the economically
important lakes in the Philippines. It has many uses such
as in fish cultivation, source of water for industrial and
agricultural purposes, raw water source for water treatment
plants, in transport and recreation, floodwater reservoir

and as a final sink for effluents from the domestic,
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industrial and agricultural activities around the lake.
Similar to other lakes in the world, Laguna Lake is also
affected by continuous urban development and population
growth. The west part of the lake is polluted mainly by
effluents from industries and the urban sprawl, while the
east part which is less populated takes in mostly
agricultural discharges Bl Together with the local
government units, this lake is managed by the government
through the Laguna Lake Development Authority. The
conditions of the lake water are monitored by this
government authority. The water quality parameters that
are currently monitored do not include yet other potentially
harmful emerging contaminants such as antibiotics and
hormones.

In our project on “Endocrine Disruptors, Antibiotics and
Heavy Metals in Laguna Lake Water: Impacts on Food and
Water Security” funded by the Philippine Department of
Science and Technology, we aim to optimize and validate
analytical methods to be able to determine the occurrence
and concentrations of emerging water contaminants. In
this study, we explored the use of an optimized LC-
MS/MS method without pre-concentration to determine
the possible occurrence of antibiotics and hormones in



Laguna Lake water.

METHOD

Surface water samples were taken in January 2018 from
the nine sampling sites in Laguna Lake that are regularly
monitored by the Laguna Lake Development Authority
(Figure 1). The water samples were stored in amber glass
bottles and transported to the laboratory in ice chests. The
samples were filtered and 1.5 mL of each sample was
transferred into an autosample vial where the internal
standards (ciprofloxacin-d8 and B-estradiol-d2) were
added. The samples were directly analyzed using a LC-
TSQ triple quadrupole mass spectrometer (ThermoFisher
Scientific). Calibration solutions were prepared in
concentrations of 0-100 ug/L for the antibiotics
(amoxicillin, cephalexin, cloxacillin, ciprofloxacin,
penicillin G) and hormones (ethynylestradiol, 3-estradiol,
estrone, progesterone, testosterone) in 10% methanol in
water. Twenty microliters of each of the samples and the
calibration solutions were injected into the column. The
analytical separation was done on a BetaSil phenylhexyl
column (50 mm x 2.1 mm x 3 um) using gradient elution
of 10 to 90% methanol-water containing 0.1 % formic acid
for antibiotics analysis and 0.1 % ammonium hydroxide
for the hormones analysis. The total run time is 8 min.
The ionization was ESI-positive and ESI-negative for
antibiotics and hormones, respectively. Using the optimum
instrumental parameters, the analytes were determined by
multiple reaction monitoring.

RESULTS

Table 1 summarizes the MRM transitions used in the mass
spectrometric determination of the antibiotics and
hormones in water. Using a specific quantitation mass for
each analyte, the detection limits were 0.01-0.42 ug/L for
the antibiotics and 0.01-0.07 ug/L for the hormones.
Correlation coefficients for the analytes were >0.98 in the
0.1 to 100 ug/L range. The analytical measurements were
reproducible in the 5-100 ug/L concentration range with %
RSD of <10.5% except for ciprofloxacin. The recoveries

of 50 ug/L of the antibiotics or hormones spiked in lake

water, tap water and bottled water are also summarized in 5.

Table 1. Analysis of the lake water samples from the nine
sampling sites did not result in the detection of any of the
antibiotics or hormones studied.
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Fig. 1 Sampling sites (encircled) in Laguna Lake

Table 1 Analytical determination of antibiotics and

hormones in water

Compounds MRM Transitions Percent
Precursor>Productc | Recoveries
Hormones®:
Ethynylestradiol | 295.2>145.4,266.9 | 107-115
B-Estradiol 270.9>183.0,147.2 | 107-108
Estrone 269>145, 143 98-117
Progesterone 315.1>108.9, 97 87-88
Testosterone 289>109, 106.9 88-92
Antibiotics®:
Amoxicillin 366.2>160.41, -
114.11, 208
Cefalexin 348.3>158.5,174.3 | 141-149
Cloxacillin 436.9>277.7,160.1 | 79-109
Penicillin G 335.1>160.1,176.1 | 82-88
Ciprofloxacin 332>314,231,288 | -

aRecoveries calculated using internal calibration; "Recoveries

calculated using external calibration; “Quantitation mass in

italics; 450 ug/L spiked in lake, tap and bottled waters

4. DISCUSSION

The analytical method presented for the determination of

antibiotics and hormones in water without pre-
concentration and using LC-MS/MS can be used in
assessing contamination in lake water in terms of
Since there is no pre-

concentration involved, the method detection limits allow

antibiotics and hormones.
only for the measurements of the compounds above 0.01

ug/L or 10 ng/L. Below this concentration, the
antibiotics and hormones cannot be quantified. Results of
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this initial study suggest that the surface water in Laguna
Lake does not contain the antibiotics and hormones in
concentrations <10 ng/L. There is limited information on
lake water contamination due to these compounds. For
similar antibiotics, these compounds have been found in a
lake in Turkey and in a lake China in concentrations below
4 ng/L (e.g., amoxicillin) and 2 ng/L (e.g., penicillin G),
respectively!*®]. For the hormones, a study in a lake in
China showed concentrations between 0.03 and 0.28 ng/L
for ethynylestradiol, B-estradiol, estrone, progesterone,
and testosteronel®l. The studies on these lakes show that
antibiotics and hormones are found in low ng/L
concentrations in the lake water. In the study on a lake in
Turkey ), the hormones were detected in between below
detection limits and 11 ng/L. To date, these antibiotics and
hormones are not yet detected above 10 ng/L in surface
water samples from Laguna Lake. Extraction and pre-
concentration using solid-phase extraction, for example,
should be done to be able to determine the possible
occurrence of these compounds in Laguna Lake water in
concentrations below 10 ng/L. While antibiotics and
hormones are not yet included in the regular monitoring of
water contaminants in Laguna Lake, the method presented
in this study can be used to quickly assess potential water
contamination in the lake especially from water coming
from the tributary rivers that run along urban, industrial
and agricultural areas surrounding the lake.

5. CONCLUSION

Currently, emerging contaminants such as antibiotics

(amoxicillin, cephalexin, cloxacillin, ciprofloxacin,

penicillin G) and hormones (ethynylestradiol, B-estradiol,
estrone, progesterone, testosterone) are not yet detected
above 10 ng/L in the surface waters of Laguna Lake.
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