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Dams and weirs are constructed to secure water 

resource and to prevent floods, landslides, droughts and 

other natural disasters. In case of Korea 'Four Major 

Rivers Restoration ProjectÕ has progressed from 2008 

until 2012, and 16 weirs have been constructed in the 

mainstream of Han River, Yongsan River, Nakdong 

River and Geum River. On the other hand, the 

construction of weir provides lentic environment to its 

up-stream area, of which biota is quite different from 

lotic ecosystem. Thus, such discontinuation of river 

ecosystems can cause various changes to the flowing 

water ecosystems, both up-stream and down-stream of 

weir section. In the Nakdong River system, 8 weirs 

were constructed, and among the weirs, Gumi weir is 

located at the upper part of the river (220.5 km from 

estuary). Gumi weir is a huge weir that consists of 103.5 

m long movable weir and 270.8 m long fixed weir. It is 

also designed to control the flow rate of the main 

channel and especially control the discharge during the 

event of flood (Fig 1A).  

The Nakdong River is the second largest river system 

in South Korea (drainage area covering 23,817 km2 and 

525.8 km in length). However, algal bloom occurs due 

to water body stagnancy and it is also known that 

plankton community of the Nakdong River is 

characterized as that of lake especially during the dry 

season.  

The construction of Gumi weir can have various 

effects on the plankton community not only by the 

modification of river flow but also by the depth change 

of the river which deepens to about 10 m by dredge 

during the construction. Furthermore, it can be expected 

that the weir construction differently affects the river 

ecosystem depending on seasons (rainy and dry 

seasons).  

To study the changes of water quality and the biota in 

the main channel of river induced by the weir 

construction, we selected 3 up-stream sites and 2 down-

stream sites of the weir for the water quality and 

plankton community monitoring (Fig 1B). We analyzed 

the temporal and spatial distribution pattern of 

zooplankton and phytoplankton in the weir section in 

relation with water quality changes. We also analyzed 

fish community structure to estimate the ecosystem 

response to the weir construction in the upper part of the 

Nakdong River. 
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+�9�x�z�Y�8�x�z 5 �Æ�S�‡�p

�ÿ�<�`�z 2013�å 6 �D 29�Ô�t�x 30�Æ�‡�p 	Í	¢�`�h �{
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�M�o 10 mm/day�Ž	Í�w�Í�U�ñ�l�h�Ô�x 18 �s�K�l

�h�{ 2013�å 6 �D 15 �Ô�T�’ 6 �D 28 �Ô�t�T�Z�o�ù

�-�p�ÿ 300 mm�w�ñ
+�U�K�“�z���M�q�V�x�°�Ô�K
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2012�å 10�D 27�Ô�T�’ 12�D 27�Ô�x 50�d  150 ��

g/L �p�K�l�h�{�f�w�™�z 2 �D 14 �Ô�t 300 �� g/L �‡

�p�ñ�S�U	Í	¢�`�z 3 �D 22 �Ô�‡�p 250 �� g/L ���S�p

�K�l�h�{ 3 �D 28 �Ô�T�’ 6 �D 29 �Ô�‡�p �x�ñ�S�U �ÿ
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�ˆ���S�x	Í	¢�` 4.5 mgC/L/day�q�s�“ �z 5 �D 1 �Ô

�T�’ 6 �D 13 �Ô�t�T�Z�o �x�‹�U�†���`�o 3.0 

mgC/L/day���S�p�K�l�h�{�`�T�`�z 6 �D 22 �T�’ 6

�D 29 �Ô�t�T�Z�o 0.8 mgC/L/day�‡�p�ÿ�<�`�h�{  
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2013 �å 3 �D 1 �Ô�T�’ 5 �D 29 �Ô�t�T�Z�o�x 2.5 

mgC/L/day�q
z�±�$�ô�X�s�l�h�{ �`�T�`�z 6 �D 13

�Ô�T�’ 6 �D 29�Ô�p 1.0 mgC/L/day���S�t�ÿ�<�`�h�{  
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\�ˆ���S�x �ÿ�<�`�z
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�
�}  Introduction  

In streams and rivers, many artificial structures 
such as dams or weirs have been constructed to use 
water resources effectively. In this process, various 
types of fishway developed and applied depending 
on the certain situation of streams and rivers to 
secure fish migration. Among them nature-like 
fishway has not only the purpose of its original 
function, pass way but function of habitat. In this 
study, we evaluated the efficiency of nature-like 
fishway (length: 700m, slope: 1/100) installed in 
Sangju Weir using PIT (passive integrated 
transponder) telemetry. Also the optimal ecological 
flowrate considering habitat of two dominant 
species, Zacco platypus and Opsariichthys 
uncirostric amurensis, was estimated. 

��
��
���}  Materials and Methods 

��  PIT tag was inserted into fish cavity collected in 
the lower part of Sangju weir. When fish passes 
through antennas (total 4 lines) installed in fishway, 
it detects fish and the data transfers to data logger.  
Using these data, fish attraction rate, passing rate 
and passing time were estimated. The optimal 
ecological flowrate was simulated using PHABSIM 
(Physical Habitat Simulation System) model for 
two dominantly collected in fishway. 

��

���}  Results 

A total of 1539 individuals classified into 23 
species were PIT tagged, and 318 individuals 
classified into 18 species were detected in the 
fishway (20.6% of detection rate). Of these, 53 
individuals successfully passed through the fishway 
and showed the 16.6% of passing rate. Fish that 
successfully passed fishway commonly spent more 
than 10 days for passing, and mean passing time 

was 277.27 hours (shortest time: 3.07 hours, longest 
time: 2134.98 hours). The optimal ecological 
flowrate of Z. platypus and O. u. amurensis were 
1.6 CMS and 1.7 CMS, respectively. 
��
���}  Discussion 

The calculated ecological flowrate was matched 
with hypothetical flowrate of Sangju weir (1.6 
CMS) when managed water level, 47m (altitude), 
maintained. Therefore, sustaining managed water 
level increases fishway capacity of role of habitat 
for Z. platypus and O. u. amurensis which are 
dominant species in Sangju weir. Although fishway 
is required for fish migration, actual operation is 
conducted by human. So, for effective management, 
accumulation of variety of sources data is needed; 
therefore results derived from this study will be 
helpful for operating nature-like fishway in Sangju 
Weir. 
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Tracing sources and cycling of phosphorus in a watershed using phosphate 
isotopes of oxygen 

 
*Abigail P. Cid (Ctr Ecol Res, Kyoto Univ)>*Uhram Song (Ctr Ecol Res, Kyoto Univ)>* Ichiro Tayasu (Ctr Ecol Res, 
Kyoto Univ)>* Jun-ichi Okano (Ctr Ecol Res, Kyoto Univ)>* Hiroyuki Togashi (Field Sci Educ Res Ctr, Kyoto Univ), 
Naoto F. Ishikawa (JAMSTEC), Aya Murakami (Ctr Ecol Res, Kyoto Univ)>*Takuya Hayashi (Dept Ecol Syst 
Engineer, Univ Yamanashi) ,  Tomoya Iwata (Dept Ecol Syst Engineer, Univ Yamanashi) , Ken-ichi Osaka (Univ Shiga 
Pref) , Shin-ichi Nakano (Ctr Ecol Res, Kyoto Univ)>* Noboru Okuda(Ctr Ecol Res, Kyoto Univ)>'  

 
 

1. Introduction 
�� Phosphorus (P), which is an essential element for all 
forms of life on earth, often limits the productivity of 
aquatic ecosystems. Recently, a new isotopic technique 
has been developed to measure oxygen isotope ratio of 
dissolved inorganic phosphate (! 18OP), which 
distinguishes different phosphate sources and also 
reflects the degree of phosphate turnover by organisms.   
Here we apply the phosphate oxygen isotope analysis to 

a synoptic survey to identify natural and anthropogenic P 
sources and evaluate its relative importance to biological 
P recycling in the Yasu River, the largest tributary river 
of the Lake BiwaWatershed. 
 
2>, Materials & Methods 
�� We collected river waters in October 2012 from 36 
sites across the mainstream of the Yasu River and its 
branches. We also analyzed samples from potential point 
sources of anthropogenic and natural P source. 
Samples were treated with magnesium-induced 
coprecipitation method for phosphate extraction and then 
converted to silver phosphate after purification through 
sequence of resin separation and precipitation.  

We determined ! 18OP for each of these silver 
phosphate samples using a TCEA-IRMS via a helium 
stream. The delta value was calculated as 
 

! 18OP  = (Rsample /RVSMOW - 1)! 1000 
 
where Rsample is the ratio of 18O /16O in our sample and 
RVSMOW is the ratio of 18O/16O in the isotopic standard 
for oxygen, Vienna standard mean ocean water 
(VSMOW).  

The phosphate oxygen exchange with cellular water 
oxygen resulting in isotopic equilibrium with 
surrounding water at the temperature of reaction was 
calculated using the empirically derived fractionation 
equation between phosphate and water by Longinelli and 
Nuti (1973). 

 
T(ûC) = 111.4 Ð 4.3 (! 18OP   !!  ! 18Ow) 
 

where T is river water temperature, and ! 18OP  and ! 18Ow 

are the oxygen isotopic ratios of dissolved inorganic 
phosphate (PO4) and of river water (H2O), respectively.   
 
3>, Results 
The phosphate concentration of river waters showed a 
tendency to increase in agricultural and residential areas, 
suggesting external P loadings from chemical fertilizers 

and domestic wastes, respectively. However, the river 
water ! 18OP  did not vary as a function of its phosphate 
concentration. The ! 18OP  of agricultural and livestock 
waste waters were similar to that of a manufacturing 
phosphate fertilizer which is distributed extensively to 
this watershed area, suggesting that agricultural P 
loading can be identified by the ! 18OP  isotope analysis 
(Fig. 1). Toothpaste phosphate as a candidate of 
domestic wastes had a considerably depleted ! 18OP  value. 
Sewage plant waste waters showed two markedly 
different patterns, possibly due to different processes of 
sewage treatment.��

��
Fig. 1. ! 18OP as a tool to identify external P loadings 
��
The river water ! 18OP  greatly varied among catchment 

areas and deviated from the isotopic exchange 
equilibrium, especially in agricultural and forest areas, 
while residential areas showed relatively small variation 
in the ! 18OP  values which were more depleted than the 
equilibrium (Fig. 1).  In the agricultural and residential 
areas, the great isotopic variation in river water  ! 18OP  
may be partly due to the difference in isotopic signatures 
of soil-derived inorganic phosphate among the catchment 
areas though some mother rock samples have not yet 
been measured. 

 
4>, Conclusion 
We demonstrated the possibility to identify sources of 
external P loading in the watershed ecosystems, using a 
new isotopic technique, ! 18OP  analysis. To evaluate the 
relative importance of biological P recycling to external 
loadings, we need to construct an elaborated isotope 
mixing model, considering the spatial pattern of 
geological rock distribution and their isotopic signatures. 
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Outbreaks of massive algal biomass in water body are 

a main problem in water quality management, and many 

efforts have been made to suppress the increase of algal 

biomass caused by eutrophication. In small size 

agricultural reservoirs, to suppress algal growth and 

remove algal biomass from the surface water, 

coagulation using inorganic and organic flocculants has 

been applied to water quality management. However, 

instead of chemical treatment possibly having side-

effects on non-target organisms, biomanipulation which 

is a way to manage algal biomass using proliferation of 

herbivorous zooplankton can be an eco-friendly water 

quality management method for eutrophic reservoirs.  

Biomanipulation is the method that decreases algal 

biomass using grazing activity of herbivorous 

zooplankton in the water body. Among zooplankton, 

genus Daphnia has high control ability for algal biomass 

control because of their superior feeding ability. For the 

successful increase of zooplankton, biomass control of 

zooplanktivorous fish often has been carried out since 

Daphnia is favorable food for many fish species. 

On the other hand, in many eutrophic lakes and 

reservoirs where Daphnia has been absent, it is necessary 

to introduce Daphnia, the efficient grazer, for the 

establishment of grazer community in the system. 

Artificial repetitive introduction of efficient grazers with 

high abundance to the eutrophic water body can be 

biological control to prevent massive algal growth.  

 This study was carried out as a part of development 

project of applicable eco-friendly algal controlling 

method which uses natural grazers of algal species to 

maintain proper water quality in reservoirs. To provide 

Daphnia, main grazer of algae, to the reservoir in 

efficient way, the facilities for massive culture of 

Daphnia were designed and set up at the eutrophic 

reservoirs (Fig. 1).  

The increasing characteristics of Daphnia in the 

facility and optimal cultivation conditions for its 

successful supply were estimated using various types of 

massive Daphnia culture systems. The results have 

suggested that the initial density of Daphnia and 

biological condition (the presence of invertebrate 

predators) and the physical condition (water circulation 

with low turbulence) are important factors for increasing 

and maintaining high population density in the facility. 

At the same time, seasonal fluctuation of Daphnia 

density according to field condition (food quality 

changes and weather) and successful survival of 

introduced Daphnia in the reservoir are the main 

problems to be solved for the application of culture 

facility as biological water quality management tool in 

the eutrophicated reservoirs.   

 

 
Fig. 1 Various types of culture facility for herbivorous 
zooplankton introduction to eutrophicated reservoirs 
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Fig. 1. Evaluation of ecological integrity in Lakes 
Wangsong and Chuncheon. 
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1. Introduction 

The health assessment tools for lotic ecosystems are 

developed in last few years ago and now apply to entire 

river systems to collect data. Unlike lotic systems, no 

assessment tools were developed in the lentic ecosystem 

like lakes and artificial reservoirs due to difficulties of 

the study. 

To assess ecological health condition for lenthic 

ecosystems, the Ministry of Environment (MOE) in 

Korea has been recently developed integrated ecological 

health index applying for lakes and reservoirs in Korea. 

The index consists of four main parameters; water 

quality, phytoplankton, fish and aquatic plant.  

The main purpose of this study is to develop 

ecological health assessment tools applying to lentic 

ecosystems. 

 

2. Materials and Methods 

To evaluate lake health condition, both biotic and 

abiotic surveys for 30 reservoirs selected by type 

classification have been conducted for last five years. To 

classify reservoir type, several factors affecting 

ecological health condition were considered; surface area, 

eutrophication, shoreline slope, water level fluctuation, 

and aquatic vegetation. In large lake, at least 3 samples 

were collected with consideration of physical zonations 

of the lake; riverline, transition, and lacustrine zones. 

Only one sample in the center of the lake was collected 

in small scale. 

 

3. Results and Discussions 

As an ecological health assessment items, we used 

water quality (COD, TP, Chl.a, Cyanobactera), fish 

(Diversity, Tolerant sp. %, Omnivore %, Insectivore %, 

Number of sensitive sp., Bass proportion %, DELT %), 

macrophytes (No. of sp., No. of FACW, No. of OBW, 

No. of NP, No. of Sen. Wet. sp., No. Endangered sp., No. 

of Endemic sp., % of Sen. Wet. sp., % of Specific 

Plant, % of Sub. Plant, % of Emergent P (<50%)). 

All data collected by field study were normalized by 

log transformation and standardized by fitting of logistic 

model. Cumulative distribution function (CDF) of each 

parameter ranged from 0 to 100 in which five grade 

systems from excellent to very poor are adopted. 

Minimum and maximum concentrations were determined 

by percentile ranges from 5th% and 95th %. Unlike 

log-linear model, this model has great advantages in 

extreme values. We was evaluated the ecological 

integrity in Lakes Wangsong and Chunchen among the 

30 Lakes in Korea, as a sample.  
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�D�T�’ 12 �D�w
•
��„
+�¤�t�S�Z�” Fe(�˜ )�: �1
µ��

�;
��•� �h�.�w	Ú�E�†���S��
:�S�‘�|�h�=�0�”�›

�{�Š�h�A�L �| 
¶�o�w�¼
+�t�S�Z�” Fe(�˜ )�: �1
µ���;


��•� �h�.�w	Ú�E�†���S��
: (KÕFeL)�x 1012�™1013 �p

�K�“ �| �1
µ���;
��•� �ñ�S�x 1.9�™3.5! 10-8 molL-1 �p

�K�l�h �} �\�w�A�L�T�’ �| 
¶�o�w�¼
+�t�S�M�o Fe(�˜ )

�q�h
\
R�`�•�b�M���;
��•� �w���O�U�¬�Ý�p�V�h �}

�\�\�p �| �>
Ý�$�t
¶�9�� Fe(�˜ )�ñ�S�› 5! 10-9 molL-1

�q
ƒ���` �| �{�Š�’�•�h�B
…�S�‘�|
��S�t���O�b�”�1


µ���;
��•� �U�r�•�X�’�M Fe(�˜ )�q�h
\
R�`�•�b�M


��•� �p�K�”�T�U	Â�`�h �} �f�w�A�L�›
¯ 1 �t�Ô�b �}

�\�w�A�L�T�’ �| 
¶�o�w�B
…�S�‘�|
��S�t�S�M�o �| ��

�O�`�o�M�”�„�…
¶�o�w�9���6 Fe(�˜ )�x�|�1
µ���;
�

�•� �q�h�.�›��
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�f�•�’�›�;�M�o�‰	Z� �̀h�¤�=�¶	��ñ�S

K'Fe�˜
L [L total] [FeL]' [L]' [Fe(�˜ )]'

5�D
¯
Ú 12.1 25.0 4.98 20.0 0.02

5�D
�
Ú 12.8 21.0 5.00 16.0 5.0�º 10-5

8�D
¯
Ú 12.1 35.7 5.00 30.7 5.0�º 10-5

8�D
�
Ú 12.6 29.6 4.98 24.6 0.02
11�D
¯
Ú 12.7 20.7 4.99 15.7 0.01

11�D
�
Ú 12.9 25.3 4.98 20.3 0.02

12�D
¯
Ú 13.0 19.0 5.00 14.0 5.0�º 10-5

12�D
�
Ú 12.8 21.0 5.00 16.0 5.0�º 10-5

�¼
+
�ñ�S (nmolL
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�9�����;
ú �¢ Dissolved Organic Matter, DOM�£�x 0.2~1 

µm �w�Ñ�Ÿ�ç�»�”�›�è�a�b�”�\�q�w�p�V�”���;
ú �p

�K�“ �z
+���¥�¤�t�¿�X���O�̀ �o�M�”�{
ú�í	e���•
\

�6�%�º �t�S�M�o�z�°�Í
\�ˆ�w�§
��z �Ì�«�Â�æ �ž�w 	�

�A�s �ë�F�o�z���w �=�¶ 
ú�í�q �w
ì�“�^�; �s�r�w 	O�A

�s�þ�Â�› �r�l�o �M�”�{�`�T�` �z DOM �x 
:
•	��›�Ò

�Q�” ���7�s �=�ù
ú�w���ù
ú�p�K �”�h�Š �z
ü� �è�Õ�ç

�p�w 
Ê
R�•�I�o �w�ú�r �x �É�` �M�{ �í�”
ü
s�s�›�;�M

�h �1
µ
+�¤ DOM �w
ü� �è�Õ�ç �p �w
ü
s�w
²	r�g�q

�`�o�z �{
ì�¨	Z�O�U 
Z�;�^�•�o�M�” �{ �f�‘�x�\�•�‡

�p�t �z�ÿ�Ã
Q�w���;
ú�›��
Œ�$�t�u�£�b�”�q�^�•�”

C18�{
ì�¨	Z�O�q DAX �{
ì�¨	Z�O�w 2 �O�p�¨	Z�`�h


•
��„ DOM �›
z�± �` �z 	_�™�F�B�w�¼�‰�t�S�Z�” �¤

� { 
 ì � • �w �u �£ �p �x C18 �O�p 26~49%, DAX �O�p

23~43%�›�Ô�`�z	3�™�Y�B�p �x DAX �O�t�S�M�o C18

�O�‘�“ �u�£�p�U�ô �M�¢ C18:21~39%, DAX:38~46%�£

�\�q�›�Ì�’�T�t�`�h �{�‡�h�z �F�B�w�u�£�h
ü (�u�£

�p�x C18:37%, DAX:39%)�t�m�M�o 13C-NMR 
ü
s�›

�æ�l�h�A�L �z C18 �O�p�x �Ú�/	Ý�w�·�q���x
É�• �v�¨

�›�z DAX �O�p�x�æ�¬�Ç�ï���R�w 
×	è
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+ �±�ï�Ó�ç�x�z 2013 �å 2 �D 7 �Ô�z�Î�l�]
•
��„�w

�z�„ �z N4 �•�: �¢�z �¢ 35.38¡�z �f�& 136.09¡�•
+
� 92 

m)�t�o �>	��`�h �{ �u�£�î�g�t�x�z �>
+
��S 15 m �w

�¼�‰�›�;�M�h �{�¼�‰�x 450 �Æ�p 2 �Ì�� 	®	r�g�`�h

�¸�� 0.7 µm �w GF/F�Ñ�Ÿ�ç�»�”�p�–�a�`�z�‰	t�p�-

���`�h�{ �Æ
Q�ž�ç�Û�Æ�›�;�M�h �u�£�î�g �x�z 2 M �w

���Ž�z 0.5 M �w
+�Ž�=�Æ�Ä�æ�¢�Ü �›�;�M�o pH �› 2

�™12 �t�Ð
T�`�h �–�a�¼�‰�¢ DOC �ñ�S :0.94 mgC/L �£

40 mL �t�z �Æ
Q�ž�ç�Û�Æ �w���¤ 50 mg �› �C�Q�z 2

�Ì��	ü�q�O�`�h�{ �ž�ç �Û�Æ�x�'�Š 450 �Æ�p 2 �Ì��

	®	r�g�›�` �h�‹ �w�›�–�;�`�h�{ 	ü�q�O�™�z ��	ú
ü�m

�t�‘�“�ž�ç�Û�Æ�›
ü�m�`�z	Í
E�ˆ�÷ �w�9�����;�x
É

�¢ DOC�£�ñ�S�����›�æ�l�h�{ DOC �u�£�p�x�z �u�£


²�w �¼�‰�wDOC �ñ�S�T�’	Í
E�ˆ�÷�w DOC �ñ�S�›

�)�`�¾ �M�h�‹�w�u�£
² DOC �t�0�b�”�Â�ù (%)�T�’

�‰	Z�`�h �{  
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$ 1 �x 
•
��„ DOC �w�z�ž�ç�Û�Æ�t �0�b�” pH-�u�£

�p�Â
¢�p�K�” �{ DOC �w�u�£�p �x �ž�ç�Û�Æ�w�s�?�:

(pH=9)�Ž�<�w pH�z�m�‡�“ 
¯�Ø�?�Y�U
Y�t�Y�?�b�”

�–�¬�p�ô �p�› �Ô�` �z pH5 
Ç�Ù�p�7�G�‹ � › �Ô�` �h

�¢ 61.2%�£�{ �¤
Q�™�ž�ç�§ �æ
Q�–�¬�p�x DOC �u�£�p

�x �ÿ�<�`�h (23.7~28.5%)�{  
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1.2mg/L �q�s �l�h�{ �‰�Ì�8�t �z�„�H�°�„�•�º�w�„��
�Ú	Í 1m �w 7 �•�:�t�S�M�o �‹ DO �U�ÿ�<�`�o�S�“�z
DO �U 2mg/L �›�<�s�” �ÿ�Ž
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�µ�́ �¤�Ï�x 0.21�œ0.09 mg/L�¢n=24�£�p�®�b �̀ �h �¢
$ 1�£�{
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 �º6ë�¹�’�Í�[�c 4#
�º�Ø�j�s �_�p�°�K�S �� >–>¹>¹>ª>†>·-a�
 SS�
 TP �v�*�W�K
4#�º�Ø�j�s�[�N&ã�K�S�� �›8o% �b5„%$�(�x�b�N&ã�?
�}�
 Staurasturum �b �ÿ7F�_�|�~/²�™�?�}�›�B�(�b�¨

�C�@7V�d�I�€�S �v�b�\ �N�9�I �€�S ��  
�!  �[�c 8 �v�v COD �@4.3mg/L�\  1*��6ä�� �è7F

� b � q 9 × � Í 4.0mg/L � † 2 x � < � • � Í � \ � ^ � ~ � 
 9 � v � v
4.2mg/L �\4#�º�Ø�¹�’�Í�b 3.6mg/L �|�~9×�8�Í�\�^
�W�S�� �Q�b�‹�V7c�K�S�Ž8¼ 17 �•�b�s8j�†�w�E�
 10
�v�è7F�b�È2A�c4#�º�Ø�¹�’�Í�j�s�[�N&ã�K�S�@�
 7
�v�?�} 9 �v�b COD �V�¼�_�|�~�!  COD �b�º6ë�¹
�’�Í�@ �•1*��6ä���è7F�b �q9×�Í�_�^�W�S ��  

�G�b0[�I�†�è0¦�M�•�S�u�
� �ì�‡�b�!  �_�>�E
�• �È2A�
 �¼1ß�
 �È1ß�
�Ü"@�É�Û�å�¡�º�å�b�¹�î�±
� † � š 3 Q � K � S � �� Ü " @ � É � Û � å � ¡ � º � å � c � 
7 � v � _
Staurasturum�@�±�Q�j �K�S �‹�
 8 �v �_2e5��­ 4�[�±
0d�•�^�”�œ�¥ �b$Î#Õ�@0b�}�€ �
 9 �v�6�u�_�c�!  �b
�í4Š�†7V�C�È�æ�[ �”�œ�¥'��b Microcystis �“ �@
ƒ�(
�K�S�� �¼1ß�b "g�# �\�K�Z �c �
 8 �v �b �¹�’�¼ ��@0°6�
$×�_9×�C�
�a7µ�[�N&ã�K�
 �¥!·�ì6ë�v�[�º�|�~ �x
�x 6×�?�W�S�� �r�S�
 �È1ß�_�X�8�Z�c�
   �È ��@ 9×�C�

�!   �? �}�b�v�� 5��c �a�^�C�
   �È�b k$��ì6ë �v 6×�8
"g�#�@)F�8�S �� �$8ô�7 �_�X�8�Z �c �
 Staurasturum�b
�(0Ž �_�|�W�Z �G�• �K�S �v�b�_�•�<�Z�
  ð�Ø�@�*�8 �í
  �È �b�v
°5��@ �a�^ �C�|5�"á�@�[�º�|�~�*�?�W�S �G
� \ �? � } � 
  ð �Ø�@9×�8"g �Â �@)E)F �K �S � ��G �€ � } �@
Microcystis�“�b�Q�j�_�$�Z�K�S�v�b�\*ƒ�<�}�€�S��
�M�‰�
%ê4ß�Â'E(ò�c�‡6ë�†3û�L�Z�ä�ì�K�Z�>�~�
(•
�Ê�Â�b CN �š �v3û�–�\�  &ì�Ø�b 6 �è�W�[�6�W�S �G�\
�?�}�
�•�d$×�^7F7µ�x�Ï2A '¼'E(ò�b �j)%  ;�_�X�8�Z
�•�q�M�•�\�\�v�_�
)��º�š�·�_�X�8�Z�c �È,¡�b )¾,q
"g�# �b�š�ì�\�b6õ4� �†*ƒ�Ö �K�^�E�€�d�^�}�^�8 �v�b
�\*ƒ�<�}�€�• ��  

 
��
���g*ƒ�e"©�� ��
>/ >' �{�j�Ú	%�’ �• �H ���� �s 
+���¥�¶ �q �å�q�è��	B �
�Q�������
����������
��1p3¡�� �•1*�� �†
¹� �[���‹�K�Z�8�• 3Æ$%�…�‰�Z
��•#G#H  ��
�]�¦�»�d�\ >&"‚>'�È2( ;�µ�S #G#H  6ä$Î)r�œ'ö#.�d �?�} �¹�î�±
�f�j�x0Ž�Ò�_�X�8�Z�H � �Š�8�S�T�A�r�K�S��1p�–�†/²�K�r�M �� ��

�W>0>,#G#H  �_�>�E�• �&�2�'�b�v�š�·�b)��º�š3Q ��

�W��>, #G#H  �È2A1*���…!l ��

�!
  ��

�í
  ��

0°
�• �…!l�¡

1*�����‹
�µ6õ

�Ô #”�C�ö =!l  `2!%4

�Õ NP#”�C�ö =!l  `2!%4

�Ñ 1*���…!l �\�u�º3û%,

�¹ 1*���…!l �È2( ;�µ�S

�3������



�±70�Ó
Æ�b 3°��#Ý �S�u�å �_�>�E�• �È2A�b#'"g ��
%&�Ê���…�í%®�¿,>�M>&�…"‚�í�±70�Ó'g#”3°�È%Ê>'�
 �í���ô*> >&�±70�Ó'g3°���±�Û�/ >' ��

 

�����c�L�u�_ ��

�±70�Ó�_�c �
 #'�~�v 11,000�•�d �_�>�|�j �¨�C�b�S

�u�å�@�6�~�
3°��#Ý�È�\�K�Z�T�E�[�^�C�
1Ï�?�^3°

'56ë �_�>�E�•��0{�b�p���x#Õ�Â(Ô�b�–
²�^�]0v�È'5

6ë�\�K�Z5�0[�^�z�m �†�Ý�S�K�Z�8�•���K�?�K�^�@�}�


�8�C�X�?�b�å�[�c �å�È�@ î �•�G�\�x �
�O+¯ �†�:�X�G

�\ �^�] �_�|�~ 3Æ7„�+�¸�b,^�_�b�P1ß�\�^�•�G�\�v �6

�• ���r�S�
�±5��b�w�µ"@�b�v
°�x4ß(ò ð�Ø�b�*�W �c �


�È'��b #Õ*ñ�_7€���†�l�p�M�S�u�
3°��#Ý�È�\�K�Z�v

�ò�r�K�C�^�8 ��  

�Q�G�[�•%Ê'2�[�c�
�±70�Ó
Æ�b 3°��#Ý �S�u�å�†�P

1ß�_�
 3°��#Ý�È�\�K�Z�b8o% �\�å�È�b��0{�_�?�?�ƒ

�•8o% �_�X�8�Z �È2A1*���† /œ�8�
�Q �b #'"g�•�q �† 0è

�s�S ��  

�����¦�q�\�‰�2 ��

�¹�B 24 �º 2 �v>|�¹�B 25 �º 1 �v�_�?�E�Z�±70�Ó
Æ

�_�>�E�•�b�m 99 �•�d�b�õ�–�b�S�u�å�†�P1ß�_�È2A

1*���†/œ�W�S�� �G�È�c�
�å�b�Ê�?�}�ö�¨�6�•�8�c�Â

�£�¶�†#Ý�8�Z /œ�W�S�� #'�…�_�>�8�Z �
 �å�È�b% 0i�_

�|�•�ë î�b�æ�†�\�K�Z3ñ0i�Ø �† ����K �
 �I�}�_ pH�


DO �† ����K�S���r�S�
�å�È�c3ÿ�x�?�_��9‚�
�_�â

�U�•�~�
�Ü"@�É�Û�å�¡�º�å�b�æ�†�\�K�Z�¡�ß�ß�Ç�•

�Ý a>&Chl.a>'�†  ����K �
 �I�}�_ 
²'E(ò >&TN>'�
 
²�Ü

�å >&TP>'�
�>�|�g �ì�Û$×4ß(ò0[�Ó5�>& COD>' �†  ���

�K�S��  

����)��Ý�\*ƒ�9 ��

3ñ0i�Ø�c�
 7cm>| >50cm �b(
�V 
Æ�[�6�~ �
 ����†

/œ�W�S�b�m99 �è�d�p 30cm �è�V�b3ñ0i�Ø�†&g�K�S

�å�c 52 �•�d�
 50cm �è�V�†&g�K�S�å�c 29 �•�d�[�6

�W�S�� �r�S�
3ñ0i�Ø�_�c�Ø(��š�ì�b
4�¥�c0b�}�€�^

�?�W�S>&�W1>'��  

Chl.a �c�
�è���W7H�Í�b <0.1! g/L>| 1120! g/L �b(
�V

�[�è���I�€�S���å�È�p�b3ñ0i�Ø�c�
 Chl.a �@9×�r�•

�_�X�€�Z�*�C�^�•
4�¥�@0b�}�€�S >&�W2>'��3ñ0i�Ø

50cm �è�V�†&g�K�S�å�È�c�
0£'ì�V�b �X�Í �\�K�Z

55cm � \ �M� • � \ �
 3ñ0 i �Ø� \ Chl.a �b %&6õ�€ �X�c

 

 
R>0=0.2317 �\'ì���I�€ �
3ñ0i�Ø�b�*�W�_�c�
�Ü"@�É

�Û�å�¡�º�å�b�Q�j�@�s8j�K�Z�8�•�G�\�@&g�@�I�€�S �� 

pH �@ 6.0>| 7.5>&3°��#Ý�È�ö = >' �b(
�V
Æ�_�6�W

�S�å �c�
 10 �•�d�\�a�^�C�
�¨�C�b�å�[ 7.5 �†2x�<�S

�Í�†&g�K�S�� COD �[ �c �
 6mg/L �è�W>&3°��#Ý�È�ö

 =>'�† 6�S�K�S�å�c �b�m 99 �è�d�p �[ 6 �è�d �\�a�^

�?�W�S���M�‰�[ �
 DO �[�c�
 5mg/L �è�V >&3°��#Ý�È

�ö =>'�† 6�S�K�S�å�c �b�m 99 �è�d�p 96 �è�d�[ �
 �o

�\�‡�]�b�S�u�å �@�ö =�Í�† 6�S�K�Z�8�S�� �G�€�}�b

�G�\�?�}�
�¨�C�b�S�u�å�[�c�È�p�_�Ü"@�É�Û�å�¡�º

�å�@)¾,q�K�
�Q�b�s8j�[ pH �
 COD�
 DO �@9×�r�•

�G�\�@�N�9�I�€�S��  

�r�S�
�¨�C�b�å�[ TN �6�•�8�c TP �@9× ð�Ø�[ �6

�~ �
�$8ô�7�b�¥4Š�?�}�b�v
°�x
Æ4Š2�,´�_�|�~�å�b

�p�[�Ü"@�É�Û�å�¡�º�å�@�Q�j�K�S�G�\�@�N�9�I�€�S��

 

�W�����±70�Ó�æ�b�S�u�å�b3ñ0i�Ø�b�Ø(��š�ì ��
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�� 7Ø�è�†  �È�>�| �g�Ï �>6ë7}�È�_�>�E�• P�Ñ�w�µ"@�b ��
�( �Ê�§�–�¬�(�x ��

�
�,.(2��… >*�Ò�­'v7• >*�`�Ç�M�/ >*9×�`�e�Ç >*(��N7o�M4{ >*��

à�¸
¾�Ê >*�U�†%?�Ã>&�\#”%Ê>'��

��
1. �c �L�u�_  
��  P�Ñ�w�µ"@>&DOM>'�b�(�Ê�§�–�¬�(�x�c>* �Q�b
#Õ�(0Ž�ö�x �Ñ�S�ò�· �†0Ž�Ò�M�•�S�u �_�\�Z�v 5�0[�^
�æ�†�[�6�• �� �§�–�¬�<7V�¡�ß�Ð�º�¢�Û�Ç�•�î�c�š3Q
$×(F�}�^�(�Ê5��b ����‰�2�\�K�Z�È�C #Ý�8�}�€�Z�A
�S�@>*�‘�¶�b �è�� �‰�2�[�c>*(ø�¥4Š �b
œ�¾�p�†�â�S
�^�8(¾8®�x�*�(�Ê�w�µ4ß8® �c�è���[�A�^�8�S�u>*�Q
�€�}�† 7V�¥�K�S�g�[�b &��Ø�b�*�8 �(�Ê5��(�x�@ ���Ì
�I �€�Z�A�S��  ‡*…�} �@�d�“�M�•%Ê'2�
�[ �c>*
²�w�µ
�/!c(ò>& TOC>'�è���§�–�¬�<7V�¡�ß�Ð�º�¢�Û�Ç�•�î
�©�«�¸�Ò >&TOC-SEC>' �†6ä$Î �K>*�Q�b�e8Ÿ�†0Ž�ô
�K�S���•$Î/²�[�c>* 7Ø�è�†  �È�>�|�g�Ï�>6ë7}�È �_
�•�(�Ò�2�† 4:#Ý�K�Z DOM �b�(�Ê5��(�x�†0ò(ý�_3ã
2§�K�S�b�[>* �Q�b)��Ý�†���Ì�M�•��  
 
2. 0è�q�>� | �g�‰�2  

7Ø�è�†>&0Y�†>'�b  �°>&St. 9>'�_�>�8�Z>* 2005
�º 1 �v>| 2007�º 12 �v�b�›�v�_ 2m �b�”�¡�Ü�Ý0�
Ç
'Ä�•�Û�Ò�G�È�þ�†#Ý�8�Z  �È�†�G�v�K�S�� �I�}�_>*
� �…!l�?�} �Ý�I 15cm �b�Ï�>�¥�”�†�G�v�K>*'E(ò�ž
�«7º�V�¼�W�[�Ý�I 1>| 2cm �–�_ 7 �™�_�) �~�(�E>*42
�°�(7³�†/œ�W�Z�Ï�>6ë7}�È�†�G�v�K�S���G�v�K�S�È
0è�q�c>* 450�¥ �[ 4 �ì6ë�•!Õ��#.�K�S�ž�Û�«)Ä)T�•
(ì>&Whatman GF/F�Ç�•�Ý�±�î>8
¶&à�Í�„ =0.7µm>'
�†#Ý�8�Z�•4#�†/œ�8>* DOM #ì�(�†�G�v�K�S�� DOM
�b�(�Ê�§�–�¬�(�x�c>*�å�`0��8�d0� HPLC �©�«�¸
�Ò>&UV �è���þ  254nm; .¯
œ�è���þ  Ex: 340nm, EM: 
430nm, �Ç�Ý�Î4ß�]�Æ�î�¡�_�P�Â>' �_+¬�8�b TOC �è
���þ�†4�)��K�S TOC-SEC �©�«�¸�Ò �[ ����K�S�� P
7³ �® �c �Ü �å4ß Na )† / ª �®>&pH 6.8>* �– �œ�å � I �Ø
100mM>'>*�(�Ê5�3Q�G�_�c�Ï�Ü�«�³�Þ�å�«�Ý�Í�å
4ßNa �Ï�Ü�Ð�î�†�Q�€�R�€�Q#Ý�K�S��  
 
3. ) � �Ý�>� | �g*ƒ�9  
��   �È�>�|�g 6ë7}�È DOM �b TOC-SEC �(�Ò�b)��Ý
�?�}>* 1-2kDa �_�Æ�î�¡�†�â�X UV �¾�p�>�|�g.¯
œ
�†$Î�M�•#ì�(�b�Ú�_>* 35kDa�è�V�b UV �¾�p�v.¯
œ
�v�o�\�‡�]�â�S�^�89×�(�Ê#ì�( �b 2 �X�@�Ñ�~�M�• �G
�\ �@�Â�}�?�_�^�W�S>&�W 1>'�� �r�S>*  �È�>�|�g6ë
7}�È DOM �\�v�_�G�€�}�b�Æ�î�¡�)*(�c�o�\�‡�] �Ø
(� �š�ì�K�^�?�W�S�@>* 9×�(�Ê#ì�(�b�Ñ�~�m�œ �@0è�q
�G�v�v�x �Ï�>�b�Ý�Ø�_�k�Ñ�K�Z�š�ì�K�S �� "I�_ �Ï�>
6ë7}�È�[�c >*2005 �º&Å�?�} 2006 �º�6�Ÿ�b6ë �_9×�(
�Ê#ì�(�b�Ñ�~�m�œ�@--�K�C�Q�•�K�S >&�W2>' �� �G�b
�‡6ë�b�$8ô�78®�b�·�Â�_%T% �M�•�\>*�Ý�I 12.5cm 
(10-15cm)�b6ë7}�È �_�>�8�Z�v SO4

2- ð�Ø�@�V�¼�K>*
NH4

+ ð�Ø�c3ë�_�*�W�K�Z�8�S���X�r�~>* �G�b�‡6ë
�_ �c   �È�?�}�Ï�>
Æ4Š�l �|�~�¨�C�b P�Ñ 4ß(ò�@�j)%
�I�€�S �G�\ �†�–�á �M�•��)��Ý >* P�Ñ4ß(ò�_�|�W�Z �Ý

�™� Ï �> �b �w �µ"@�@�(0Ž� I �€>*9× � ( �Ê �† � ¨ �C �µ � t
DOM �@6ë7}�È�p�l�:���I�€�S�\ �N�9�I�€�S ��   �È
�> � | �g6ë7} �È DOM �b 9×� ( �Ê#ì � ( �b �µ �w "á�c>* 
DOM �b!c�È�ì"@�µ5�>& DCHOs-C/DOC>' �\�b6ë�_
9×�8�G�b%&6õ6õ�€�†&g�K�Z�>�~>*!c�È�ì"@�@�z�_�G
�b 9×�(�Ê #ì�(�_�Ñ�~�M�• �G�\ �@&g�@�I�€�S>&�W3>'��  
 

 
�W 1��   �È DOM �b�( �Ê5� �( �x �b
¾�º � [  

       (2007 �º 4 �v>*  �°�§�å�É�Ý ) 
 

 
�W 2�� 6ë7}�È DOM �_�>�E�• >35k Da #ì �( �m�œ�b5„%$

�( �x �É�ß�Ç�• � î �Ý  
 

 
�W 3�� 6ë7}�È DOM �_�>�E�• >35k Da#ì�( � \ !c �È�ì"@

�µ5� �b6õ�€  

�3������
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� � � � � �! ! ! ! ! ! �� ! ! �&����� �:���A�]���K�
���5�'�E�F�A���?�Z ��
��

�c �H�L�C�Q���#�V�,�b �d�L�� ���6�a�)�J�N�b �d���"�2�S�\�a�^�J�N�b �d�D�G�_�M�a�!�,�`�b ��

�$ ���0�(�a�!�Y�3�,�b �d�/�; ���4�a�1�>�,�b �d�W�B���8�a�������
�T�I�%�N�O���b �d�,���9�U�-���7�,�� ��

��

���� ��  �� �� �� �� ��

�� �z�W�“�!�Ï �z�W�“�!�Ï�O�•�½�…�¾���A�­

���,�•�„�‚�d� �Ä�`�“�����,���z�W�“� �‰
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