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SUMMARY

I. Topic

Development of management strategies and techniques
to control nuisant algal blooms in Korean agricultural

reservoirs

II. Purpose and Background of the Study

Eutrophication of reservoirs causes massive algal blooms preventing from
sound water use and ecosystem functioning. More than half of whole Korean
reservoirs are experiencing the water quality deterioration and thus it is easy

to find its adverse effects across the whole country.

Relatively small-scaled agricultural reservoirs are predominating the
Korean lentic ecosystem, and thus their role in the industry of agriculture
is tremendously important. Because of the perspective that not only does
the agricultural water quality standard in Korea not have the high priority
but also national water quality management focuses large dams and rivers,

many small reservoirs themselves have not been paid attention.

Eutrophication and deterioration of ecosystem health of a great number
of agricultural reservoirs distributed across the country do have very
important meanings as followings:

(1) Bad water quality affects the growth of rice and paddy environment,

(2) Reservoirs provide habitats of wildlife,

(3) Their providing wildlife habitats makes them to be very important

"network of biodiversity” in the country. This means that the water
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quality deterioration and ecosystem destruction of agricultural
reservoirs the loss lead to of core areas of biological treasure.

(4) They also provide important and aesthetic value.

Due to the increasing demand of water resources and ecosystem service
from the numerous agricultural reservoirs in near future, it is necessary to
turn the focus of national water quality management policy into them. The
purpose of this study is to develop the strategies and techniques to control
algal blooms in agricultural reservoirs, and include following objectives:

(1) The evaluation of the characteristics of eutrophication and algal
development by analyzing the trophic status and pollution sources of
agricultural reservoirs.

(2) The identification of type of management and establishment of their
application strategies by analyzing morphometry of reservoirs, water
quality parameters, and algal biomass.

(3) The supply of basic data for the water quality management and water
quality standard by evaluating the effects of algal bloom in the
reservoir water on the rice production and paddy environment.

(4) The development of various techniques to control algal bloom, which
produces the technical base of algal bloom control in the agricultural

reservoirs.

IM. Contents and Scope of the Study

This study consists of two parts, including basic research of the algal
bloom development and technique development to control it. Basic research
includes the diagnosis and prediction of eutrophication and algal bloom in
the agricultural reservoirs; the production of management methods by
classifying reservoir types; the evaluation of the effects of algal bloom on
the paddy and its environment. The technical research includes bloom

prevention method (phosphorus inactivation, dredging); treatment method
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(dissolved air floating and collection, biological control).

1. The research of algal bloom control

A. The diagnosis and prediction of eutrophication and algal

bloom development in agricultural reservoirs

- Diagnosis of trophic status of agricultural reservoirs

- Evaluation of algal development and prediction

- Basic research in the model reservoir including watershed characteristics,
water quality change, plankton dynamics, algal growth kinetics, nutrient

enrichment bioassay, nutrients loading form inflowing waters

B. Classification of reservoir types

- Grouping of reservoirs according to trophic status, morphometry,
dimension of reservoirs and watershed characteristics
- Analysis of specific types

- Production of management plan according to their types

C. The effects of algal bloom on the crop growth

- Investigation of quality of water change of the irrigation waterway, soil
and the growth of a crop in the reservoirs, where the algae bloom being

happened

2. Applied research of controlling techniques of algae bloom
A. Phosphorus inactivation using chemical cohesion

- Selection of cohesive powders and experimental comparison of their
capacity to collect algae
- In situ test of the effects of cohesive powders

- Production of application protocols
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B. Vacuum suction dredge system

Investigation of organic content in the reservoir sediments
Evaluation of the degree to which the sediment affect water quality
Investigation of submersible dredging method

Executing removal of reservoir sediment

The field test of vacuum suction system

Investigation of the water quality improvement by the sediment dredging
Economic review and technical research about the efficiency of the

vacuum suction system

C. Condensation and dissolved air floating (DAF) system

Technical review of DAF

Evaluation of sediment removal method using water current produced
by the DAF nozzle

Development of a device producing ultra air bubble

Selection and of chemical cohesive agents and test of their effects
Complementation of collection of algae and treatment system

Test of system technique in the field condition

Economic and technical review of efficiency of DAF system

D. Fish manipulation to control algae bloom

Investigation of fish fauna and plankton in agricultural reservoirs
Basic biological analyses

Evaluation of the feeding preference of fishes

Finding the water quality measurers using fish density manipulation and
fish species

Evaluation of feeding effects of selected fishes on cyanobacteria

Production of biological control measures on reservoir water quality
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IV. Results and suggestions

1. Results of the research

A. Management strategy of algae bloom in agricultural

reservoirs

1) Diagnosis and prediction of eutrophication and algae

bloom development
a) Water quality variation in the selected reservoir

The seasonal variation of water quality and the effect of pollutant loading
from watershed into a shallow eutrophic reservoir (Shingu reservoir) was
carried out from November 2002 to February 2004.

Stable thermocline which was greater than 1C per meter of the water
depth formed in May, and DO concentration of <2mgOs/ ¢ was observed in
hypolimnion from May to September, 2003. The ratio of euphotic depth to
mixing depth(Ze/Zm) ranged 0.2~1.1, and the depth of the mixed layer
exceed that of the photic layer during study period, except for May when
Zeu and Zm were 4 and 4.3m, respectively.

Most of total nitrogen, ranged 1.1~4.5 mg N/ ¢, accounted for inorganic
nitrogen (Avg, 58.7%), and sharp increase of NIL,-N and NOs;-N was evident
during the spring season. TP concentration in the water column ranged 43.
9~126.6 ug P/ ¢, and the most of TP in the water column accounted for
POP type (Avg. 80%). During study period, DIP concentration in the water
column was <10 pg P/ ¢ except for July and August when DIP concentration
in hypolimnion was 22.3 and 56.7 ug P/ ¢, respectively.

Increase of Chl.a concentration observed in July(99 ug/ ¢ ) and November
2003(109 pg/ ¢ ) when P loading through two inflows was high, and showed
closely relationship with TP concentration (r=0.55, P<0.008, n=22). Mean Chl.
a concentration ranged from 13.5 to 84.5 pg/ ¢ in the water column, and the

highest and lowest concentration was observed in February 2004(13.5+1.0
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rg/ ¢ ) and November 2003 (84.5+29.0 ug/ ¢ ), respectively.

TP concentration in inflow water increased with an increment of discharge
(r=0.69, P<0.001), 40.5% of annual total P loading introduced in 25 July when
there was heave rainfall. Annual total P loading from watershed was 159.0
kg P/yr, and that of DIP loading was 126.3 kg P/yr (77.7% of TP loading).
The loading of TN (5.0 ton/yr ) was 30 times higher than that of TP loading
(159.0 kg P/yr), and the 78% of TN was in the form of non-organic nitrogen,
3.9 ton/yr in mass. P loading in Shingu reservoir was 1.6 g m > yrfl, which
was exceeding the excessive critical loading of Vollenweider-OECD critical
loding model. The results of this study indicated that P loading from
watershed was the major factor to cause eutrophication and temporal
variation of water quality in the study reservoir. Decrease by 71% in TP
loading(159 kg/yr) is necessary for water quality improvement to
mesotrophic level of the Shingu reservoir. The management of sediment at
which the anaerobic period in summer was evident, thus the possibility of

P release that can be utilized by algae exist, is also required.

b) Classification of reservoir types based on Chl-a,
reservoir morphometry depth and limnological

parameters

The study was conducted to group the Korean reservoirs with Chl-a
concentration and morpho—physical parameters, and to evaluate water quality
characteristics of the classified types.

The collected data from 486 reservoirs were classified as four types, with
the Chl-a concentration (25 ug L'') and the ratio of water storage/surface
area (mean depth, 7.5m). According to OECD criteria and trophic status index
based on Chl-a concentration, 34.3 and 72.8% of selected reservoirs appeared
to be eutrophic, respectively.

Characteristics of TYPE II reservoirs generally showed high Chl-a
concentration, relatively old age, small DA/LA ratio, short hydraulic

residence time, large paddy field and field to watershed ratio, and high
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pollutant loading compared to other types of reservoirs.

The difference of TP concentration is greater than that of TN concentration
in reservoir water among classified four types. Based on TN/TP ratio (by
weight), phosphorus was limiting nutrient in both type and more closely
related with Chl-a concentration than nitrogen. Significant decrease of Chl-a
concentration as increasing of TN/TP ratio observed only in reservoirs with
Chl-a concentration of >25 pug L.

Although drainage area is believed to be a factor that is related to the
generation loads of pollutants in the watershed, it did not show any
significant relationship with water quality parameters. Morphometric
characteristics such as depth and age of reservoir as well as type of land
use patterns in the watershed was among important parameters for the

assessment of water quality characteristics in Korean reservoirs.

c¢) Analysis of algae bloom development in the selected

reservoir

The effects of limiting nutrients and the N:P ratios on the growth of
phytoplankton was carried out in a shallow hypertrophic reservoir between
November 2002 and December 2003.

Nutrient Enrichment Bioassays (NEBs) were conducted, along with
analyses of seasonal ambient nutrients and phytoplankton taxa, in the
reservoir. The average DIN:TDP and TN:TP mass ratios in the ambient
water were 90 (range: 17 -187) and 34 (13 60), respectively, during the
study period. The dissolved inorganic phosphorus showed seasonal variation,
but less than that of inorganic nitrogen. The TN:TP ratios ranged from 13
to 46 (mean: 27+6) during June to December when the cyanobacteria,
Microcystis, dominated the phytoplankton composition.

The NEBs showed that phytoplankton growth was mainly determined by
the phosphorus (all of total 17 cases) rather than the nitrogen content (8
of 17 cases). The rapid growth rate of phytoplankton was evident with
TN:TP ratios less than 30 and the TDP increased up to 50 ug Lfl, while
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slow growth occurred with decreases in the DIN:TDP ratio. According to
the results of the NEBs in various treatments, with different N concentrations
(0.07, 0.7 and 3.5 mg Lfl), but the same N:P ratios and when the nitrogen
content was highest, the phytoplankton growth reached a maximumat N:P
ratios < 1. The response of phytoplankton growth was a direct function of
added phosphorus in the NEBs, and was greater with increased N
concentrations.

The overall results suggest that cyanobacterial blooms were formed in
the system when the availability of dissolved nitrogen was increased under

P-limitation.

d) Phyto- and zooplankton dynamics

Seasonal dynamics of phyto— and zooplankton communities in shallow
eutrophic reservoir(Shingu reservoir) from November 2002 to February 2004.
Cyanophyceae, in phytoplankton community, dominated throughout the year,
except for spring (March~May) when Bacillariophyceae (Melosira varians)
and Chlorophyceae (Dictyosphaerium puchellum) were dominant. The
change of dominant species in Cyanophytes occurred in June and December
2003, and the increase of phytoplankton cell density in July and November
was observed during which the P loading through two inflows was high.
In May, Oscillatoria spp. and Aphanizomenon sp. were dominant, but
replaced by Microcystis spp. in the end of May. Dominant Microcystis spp.
sustained until December and shifted to Oscillatoria spp. and
Aphanizomenon sp. TN/TP ratio ranged from 46 to 13 (Avg. 27£6) from
June to December when cyanobacteria (Microcystis spp.) dominated.

Rotifers such as Keratella cochlearis, Keratella valga, Polyarthra spp.,
Conochilus unicornis, Pompholyx complanata dominated in average 67.8 %
of the zooplankton community. Abundance of zooplankton was the highest
in June 2003, when Pompholyx complanata (12,388 ind L) was dominant.
In May, the significant increase of Conochilus unicornis biomass(1,048+28

1g C LY was observed with clear improvement of transparency(Zey/Zm=1.1).
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These results suggest that the seasonal variation of phytoplankton
communities in shallow eutrophic reservoir are to be understood as results
of multi-interactive selective factors such as temperature, light condition and
nutrients, and small-sized rotifers as important predator of phytoplankton

biomass.

2) Management method of water quality according to type

grouping of agriculture reservoirs

Monitoring data from agricultural reservoirs throughout the country
were analyzed to classify agricultural reservoirs according to physical
characteristics and COD concentrations, and evaluate the relationships
between water quality items. The physical and chemical data of total
498 reservoirs were analyzed from 1990 to 2001.

Average COD, TP, TN, Chl-a, SS concentrations for the reservoirs
and pollutant loadings from their watersheds were used for the analysis.
It was possible that reservoirs were classified to 4 types using the
relationships between the ratios of storage per water surface(ST/WS
ratio) and COD concentrations. Type I was the reservoirs which were
below 8 mg L' COD conc. and below 5 m ST/WS ratio. Type II was
the reservoirs which were over 8 mg L' COD conc. and below 5 m
ST/WS ratio. Type Il was the reservoirs which were over 8 mg L!
COD conc. and over 5 m ST/WS ratio. Type IV was the reservoirs
which were below 8 mg L' COD conc. and over 5m ST/WS ratio.
Typel and II are a reservoir form to be weak at the eutophycation and
to improve the structure. The water quality of type II and II got
worse. therefore, there was necessary for improvement business of
water quality at this reservoir.

It is recommended that the improvement measures of polluted
reservoirs should be performed as following order: integrated
consolidation type (type II)—watershed consolidation type(type II). And
the depth(ST/WS ratio) of reservoir should be maintained over 5~6m
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for water quality improvement. Therefore, reservoir managers could

evaluate the trophic state of reservoirs by COD concentrations.

3) The effects of algal bloom on the paddy-rice growth

The results of water quality survey along to irrigation waterway of algal
bloom agricultural reservoirs were that 1) the values of pH, EC and COD
were not changed and 2) the values of T-P and SS were decreased because
of sedimentation and 3) the value of T-N was decreased that may be
considered on denitrification and volatilization.

The results of paddy rice cultivation experiment with irrigation water in
eutrophycation agricultural reservoirs and not in eutrophycation agricultural
reservoirs did not have significance statistically for shoot, root and the
number of tiller. But it may happen the opposite effect by nutrient-rich
irrigation at the growth stage. Total nitrogen amount in recommended
chemical fertilizer application was 10 - 15 kg/10a for paddy-rice cultivation
period. If the T-N concentration of irrigation water was 10 mg L', that
nitrogen amount in irrigation water can be substituted that of chemical
fertilizer. However, the T-N concentration of irrigation water at
eutrophycation agricultural reservoirs was generally less then 5 mg L. So
it is necessary to do the application focusing basal fertilization and decreasing

additional fertilization and a suitable management of irrigation water.

B. Research on the development to control algae bloom
1) Phosphorus inactivation

We have 18,000 reservoirs in Korea most of which are for agricultural
irrigation. The requirement for better water quality in reservoirs has been
increasing recently because of eutrophication problems. The use of
aluminum coagulant has been reported as a good method of water quality
improvement in many natural lakes in America and Europe. However, there

was not many research cases of application of the method to reservoirs.

_30_



The technique of using aluminum coagulant in reservoirs is new to Korea.
Most of reservoir managers in Korea are reluctant to using chemicals in
reservoir, worrying about the side effects.

In this study the possibility of using aluminum coagulant for improving
reservoir water quality was presented. The effectiveness was examined
through both in vitro experiments and the on-site applications in pilot scale.
The application of PAC in lakes and reservoirs resulted in varying
effectiveness with the method of application and dosages. In the experiments
comparing the application of the one-time optimum dose and the repeated
application of sub—optimum dose, it was found that sub-optimum dose was
not effective in suppressing algal growth, even though sufficient amount of
aluminum was applied compared with equivalence of phosphorus content in
lake water.

There was no evidence of toxicity to fish in the bioassay experiments.
The concentration of aluminum used in the lake water quality improvement
is usually 1/1000 of lethal dose, and the concentration of aluminum after the
application of PAC in reservoirs was not much higher than the natural
background concentration.

Some side effects were found in the application experiments in reservoirs.
One of the most remarkable phenomena was that phytoplankton community
changes with repeated application of aluminum coagulant. In the experiment
of repeated application of sub-optimum dose we had the change of
phytoplankton community into coagulant—tolerant species. Dinoflagellates
were found to be very vulnerable to coaggulant application, while green algae
were most tolerant to coagulation. If we adopt the repeated dose regime
after each significant input of nutrients, it may lead to a coagulant-tolerant
community and the coagulant is not effective any more.

Even though we found some flaws in the management of plankton
community, it can be concluded that the use of aluminum coagulation may
be a very effective and economical method of water quality management

In reservoirs.
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2) The Effect of sediment dredging using vacuum suction
system and treatment of the dredged material

Reduction rate of reservoir by sediment deposition is very high rapid
because unsteady soil erosion due to rainfall impact and mostly
artificially constructed facilities. Dredging is worked for the secure
purpose of reservoir capacity which is deduced after completion for a
long time by landslide and pollutants deposition. Recently environmental
interests is on the increase. Water quality and environmental access are
necessary in sediments dredging.

To investigate the water quality improvement by the sediment
dredging, Submersible dredging using Vacuum Suction System in Singu
reservoir was performed. Survey and analysis of water were made from
August 2003. The total quantity of the dredging was about 250m3, and
the depth of the dredging was about 0.8m. The removal rate of T-N,
T-P and chlorophyll-a in sediment were 40%, 10% and 60%. And an
improvement occurred in phosphorus and biomass reduction. The
submersible dredging will be one of restoration techniques though cost
and disposal of sediment are the main limitations

The texture of sediment was changed into SL and the nutrient
concentration was less by dredging. The nutrients of water were not
changed in the first stage. After two months since dredging, the
reducing effect was 10% in total phosphate, 40% in total nitrogen and
60% in Chlorophyll-a. Therefore immediate improvement of water
quality occurred in nutrient reduction. But investigate for the

long—-term change is necessary to confirm the dredging effect.

3) Condensation and dissolved air floating (DAF) system

Considered were cohesive agents, applying time, sludge recollection and
treatment as DAF techniques. Ultra—air bubble generating system was also

developed and the size of air bubble was measured. The size of air bubble
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ranged 20-40um. The efficiency of alum and PAC (Poly Aluminium Chloride)
was evaluated in terms of the removal of turbidity and Chl-a concentration.
PAC was appeared to be more efficient than alum as the cohesive capacity.

The efficiency of water quality improvement using the dissolved air
flotation (DAF) technique was tested in a shallow eutrophic reservoir. The
application of DAF was followed by the addition of a chemical coagulant
(poly aluminum chloride; PAC). The experiment was conducted in the
mesocosm scale (wide x length x depth: 6m x 6m x 3m). Suspended solids
(SS) and volatile SS (VSS) concentration decreased by 54~71% and 57~
79% of the initial concentration, respectively. Total phosphorus and Chl-a
concentration also decreased by 74~92% and 54~98%, respectively. BOD
decreased by >86% while COD decrease ranged 29~63%. Dissolved
inorganic P (DIP) and dissolved total P (DTP) concentration decreased by
34788% and 62788%, respectively.

After DAF application further onto the sediment, DIP-release rate from
the sediment decreased by 17% (0.82—0.68 mg m “day ') in the oxic condition
and 23% (2.27—1.76 mg m “day ') in the anoxic condition, compared to the
release rate from the untreated sediment. DTP-release rate from both the
oxic and anoxic sediments also decreased by 33%(5.62—3.78 mg m “day ')
and 20%(6.23—4.99 mg m “day '), respectively.

These results suggest that the DAF application both to the water column
and onto the sediment be effective to improve water quality by removing
particulate matters in the water column as well as reducing P-release from

the sediment.

4) Fish manipulation to control algae bloom

The highly focused challenges using filter feeding fish species for the
regulation of scum forming blue-green algae have been made since 1990s.
These biological approaches have some merits in cost and additional
problems. However, it is difficult to generalize the effect of biomanipulation.

Moreover, these planktivorous fishes are exotic species in Korea. We
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excavated a Korean endemic cyprinid Hemiculter eigenmanni and conducted
serial in situ mesocosm experiments for the effect on harmful cyanobacterial
bloom. The population of H. eigenmanni ingested the colonies of blue-green
algae (mainly Microcystis sp. and Anabaena sp.), diatoms (Synedra sp.) and
zooplanktons in natural habitat. The gut content of this species depends on
the composition of phytoplankton in water column and showed a slight
preference to the globular colonies (Microcystis sp.) than filamentous
colonies (Anabaena sp.). H. eigenmanni is a seasonal migratory species so
that the population in the upper stream did not feed during the spawning
season (May). And they showed feeding behaviors after the migration to
the reservoir (July). Therefore, this implies the most effective reduction of
the algal bloom by the H. eigenmanni feeding was initiated near the peak
season of algal bloom.

As well as H. eigenmanni, Carassius auratus also ingested algal colonies
in the enclosure. However, they showed a preference on zooplankton,
especially large rotifers. Therefore it suggested that deterioration of food
condition by a harmful algal bloom compels a alteration of food item to the

toxic algae.

2. Suggestions from the results of the study

- This research emphasizes the importance of agricultural reservoirs. They
are experiencing the water quality deterioration across the whole country.
The improvement water quality and ecosystem health of agricultural
reservoirs should have many values. They are water resources for the
irrigation, wildlife habitats, and the treasure of biological diversity. The
current status of the national policy of agricultural reservoir management
exposes serious problems, and thus without establishing the firm strategies
and plan, it is hard to expect the safe water quality for the irrigation and
the various ecosystem service.

- The grouping and classification of agricultural reservoirs provides the

direction and strategy of management. This study considered algae biomass
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(Chl-a) and COD for two representative targets in the management.
Currently, Korean water quality standard includes COD concentration, but
Chl-a is importance because it is expected to be included as a standard
parameter in near future. It is not necessary that both parameters is to be
matched. However, both methods of classification underlined the
morphometry of the reservoir, and also drainage area, reservoir surface area,
storage volume, and the age, and pollutant sources need to be considered

in the management parameters.

- In order to get the objective and justification of the results of reservoir
classification in the management strategy, it is necessary to test and collect
more data in many other reservoirs. This suggests the further

complementary research.

- It 1s hard to solve the water quality management and algae bloom control
with only one technique. Thus, each technique studied and developed in this
research should be considered to be a part or component of integrated
management tool, and thus combination and connections among techniques
should be considered. In addition, the application of techniques should be

considered under the perspective of watershed management.

- Most of Korean reservoirs are relatively small and aged (older than 30
years after construction), and experienced eutrophication. This condition
caused massive algae bloom during summer and fall season, and a great
deal of accumulation of organic matters, which is one of representative
characteristic of most agricultural reservoirs. Thus, vacuum suction dredging
technique is considered to be an appropriate way of controling algae bloom
and eutrophiocation. Sediment phosphorus inactivation and DAF technique

should also be considered as complementary methods.

- Biological control using fishes is very economic and environment-friendly
way to control algae bloom. However, the results of this study showed that

it is hard to effective in the reservoirs prevailing algae bloom with only
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application of fish manipulation. Thus, combination and complementary

application with other techniques are advised to be used.

- The results and suggestions delivered from this study should be
considered in the establishing the management strategy of agricultural
reservoirs. They also are suggested to apply in the reservoirs under the

current plan of water quality improvement projects.
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TSI (TP) =10 x [ 6 - (In (48 /TP ) /In 2]
TSI (TN) =10 x [ 6 = In ( 1.47 / TN) In 2]
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el BEIE FAEATA F
oA 2001 492712 o AA] F
MY mor AR, AYEE ¢

o BEHIn Yt oUW &
AASA ) 2001 2AFE B2 244 A7 R A 102 54528

G AR 2 F 20270 27 FRd g E o) 18970 A7t F g el ol 667 4

-G Fde 2 vetstth Carlson(1977)0] A G54 a %58 7IEo R

3 AF e 20019 % AEE /E0R F u)(F 6097 A8) F
=

Ej S|
k7159l 530] 4+ A3t A= 357 E 2 AY (BT 534%E ALY
3

[E 3.1.7] R&cILt2t COD, Vollenweider, Carson X0l ME& MK SES3
EENEEDIES Vollenweider' Carlson (1977)°
s2 |[Ald= % = |[Ald= % 2= | e %
| - 0 =4l 4 0.8 =4l 0 0
I 72 14.6 =S 21 4.3 |=208l-8l 2 0.3
I 236 48.0 = 189 38.4 Bl 21 3.4
\Y 99 20.1 =2 212 43.1 gl-= 60 9.8
vV 43 8.8 £ 66 13.4 = 109 17.9
V 0l&t| 42 8.5 =-F 92 15.1
£ 170 27.9
£ 121 19.9
i 34 5.6
(F) 1. 2001d S AIZ2 COD B2t 018, Vollenweider J|& B& Al MK, €45

AEO0l CHoHAI2H B Ot

2.2001E SHNEL Bzt 012 (Y24 a =5), SHFNEE JITE2E NS
el et 24X =3 AE £=(402014) 20 A2+t ES(0: fE52 IR 2
235 11t 22 Ao} 20 SFALES 10X SHFINEFE2 202 DHE)
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3 18, RSy & =22d AH - =018 H

100
2001
80 - °
° T hd
S 60 1 -
E
— T T %
N 40 °
. °
20 -
O T T T
Chl.a TP TN
Parameters
[0& 3.1.1] HLAENXKIZ(Carson, 1977)0 ME 2Lt SR

(2001)2 =&

U $AEAFA) RIYR 48 L 54 T
1) AFA) gy 5434 FFI

2 AT dAFAE R RV 2 eoE A RA, A A v
He FYUAE 7HA I Qo AFAITe] B 54 .

AP A FA ] 67%7F &% 2,0008 m o] ko], 10,000 m' ] <]
1573 7HAE AFAE 4% Sttt A5Ae 24 g4
71 9] 66%7F 40ha o] sko]™, 10%°l 3@ 3k= A5=A%Fo] 100ha ©]/¢-S
CEEA HE f9d A (DA/LA)] M= 1.3~4759] W9 (Ht

4
Xi?xl o] 80% AEi= 20 o ololth AFAFLS 12~3109 WAL

¥

N
32 A Ho L

ox S 2 ol
o,
[S—y
5 a
T 2 g

R
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OECD®} TSI(Chl-a) 715 A8 Al 77} 34.3%, 72.8%°l 1@ 38l #4417}
FgolAY B ez EFEACHTH 3.1.21. OECD7F AlA| g A 3t
Hd Q54 a T8 VFoE F M FPOE BRI, A FA
65 %7} A D=2 a w27t 2ug L'ol8HS] TYPE Aoﬂ, 1 9] 16770 A5A)
7} TYPE Bell 2Z3H=9lth

TYPE Aell :£39t¥= A%52 TYPE Bell 3 z%x] of vl&) FEHA
(LAY te f9d4(DA)Z A58 F(WS)e] v 7} & ¥k (P<0.02, t-test),
AFAIZH)e] o i oz 2 AI7I7F &2 AeAge] X3E AT
(P<0.002, t-test) [Z2¥ 3.1.71. DA/LA®] ¥ 7} Z31(r=0.22, P=0.04), 4]0
2S5 2 (=047, P<0.001) GE2 a TEE 748 AFS Bl b A 4xX
A 717 @2 ¥ QA r=0.32, P<0.001) A7 A 7Hr=0.22, P=0.001)°] 25

AE2 a FEE 718 A4S 2o

i

_4

o

Jfu
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[E 3.1.8] d7U& sYE Ma=X2 HEHSA, 22 -

X

N =M

o

o
Jin

A
T

Available Water

Reservoir surface

Drainage area

Age of reservoir

Hydraulic residence

Storage area (DA) (yean) time
(WS) (LA) (HRT)
10°m no. | % ha no.| % ha no.| % yr no. % day no %
< 500 15 | 3.1 <10 |42]| 8.6 < 100 2 |04 ]1<1930 |14 29 <30 |107] 22.0
~1,000 |114]23.5| ~20 |133| 27.4 ~500 [102|21.3| ~1940 | 12 | 2.4 ~50 91 | 18.8
~2,000 | 195 |40.1 ~30 97| 20.0 | ~1,000 |136]28.3| ~1950 | 69 | 14.2 ~60 78 | 16.1
~3,000 | 60 [12.4| ~40 491 10.1 | ~2,000 |140|29.2| ~1960 | 79 | 16.3 ~70 74 1 15.2
range ~4,000 | 32 | 6.6 ~50 40| 8.2 ~5,000 | 68 | 14.2| ~1970 | 82 | 16.9 ~80 43 | 8.9
~10,000 | 39 | 8.0 ~60 26| 5.3 | ~10,000 | 18 | 3.7 | ~1980 | 84 | 17.3 “100 | 46 | 9.5
~20,000 | 11 | 2.2 | ~100 |53| 10.9 | >10,000 | 14| 2.9 | ~1990 | 88 | 18.1 ~200 | 33 | 6.8
> 20,000 20 [ 4.1 ] > 100 |46| 95 >1990 | 58 | 11.9 >200 183 | 2.7
Total 486 | 100 486| 100 480| 100 490 | 100 485 | 100
Min 180 3.0 81 1922 12.2
Max | 82,892 2,732 48,800 1998 310.4
Avg. 3,247 85.9 2,057 1959 73.5
Median| 1,395 36 966 1958 65.4




250
Criteria by OECD 222(45.7)
200 A
5 150 1 130(26.7)
2
E
Z 100 4 93(19.2)
50 37(7.6)
4(0.8)
0 : . . . .
Ultraoligo- Oligo- Meso- Eu- Hyper-
400
Criteria by TSI
300 - 295(60.7)
ot
)
=
£ 200 A
= 113(23.3
3 (23.3)
100 ~
57(11.7)
Ultraoligo- Oligo- Meso- Eu- Hyper-

Trophic state
[O™ 3.1.2] ZAHY X2 PS4 a s£E JIELZ 8 OECDS
TSI 28t SSAENE L. ():%

_90_



g8 g

K

(Aep) dwir) QUIPISAI JNECIPAH

(1K) J10AIISII JO ATY

[ (=] (=] (=]
(=] " S S (=) (=] S S [
N — — v o = 3] =) <t N o
) Tﬁ%. ) T \A.
o _‘Evt ¢ —® -
Eo2
RS
MMﬂ ’ T—H%. * TE"
B
o — | et o e
(=] A,U ﬁ,v (=) (e (=] v (e ) (=)
S 2 = 2w « - =
VI/1d (W) VI/SAA

TYPEA TYPEB

TYPEA TYPEB

[0& 8.1.3] 88X a sk

<+
Rr
it
v}
0
ol

~J
160
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3 1E. PYAst L sZUM XCH. WSO8 g
~~
2200 100
E L] —— Median value =
@ e L. Mean value 80 >
g 150 ® 5/95 percentile ° :
= S
bt . . 60 =
g 100 | 2
a . 40 £
-5 S
= 50 b
= . 20 &
E ) o ° <
5 0 ‘ ‘ ‘ : : 0
Ezoo - 20

[ ]

150 | b 15@
< ° ° =
= 2
= 100 10 &
a . O e

. g
1 (]
50 % 5
') [ ]
0 L] ] ‘ ‘ ‘ ‘ ‘ ‘ 0
I i} m v I I m v
TYPE TYPE

[0& 3.1.5] R8Y H==X2o S4. DA 2 LAE S EHA(drainage
area)} X=Xl £=EH=(reservoir surface area)S 20|
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(V]

T 3.1.9] S8Y SEistE 42| - £28HA 01719 H|W. DA, LA, age 12|12 HRTE 22 KM A(drainage area), M4Xl$+E
M= (reservoir surface area), Z& AlJ|(age of reservoir) 22|10 £=2I&A HIFAl2Hhydraulic residence time)S 20|

TYPE I i v
Chi-a <25 > 25 > 25 <25
p < 7.5m < 7.5m > 7.5m > 7.5m

HRT Age DA LA DA/LA | HRT Age DA LA | DA/LA | HRT Age DA LA | DA/LA| HRT Age DA LA | DA/LA

Unit day year ha ha ratio day year ha ha ratio day year ha ha ratio day year ha ha ratio

Min 18.7 1923 156 7 1.3 12.2 | 1922 81 4 1.8 16.7 | 1944 | 255 3 24.2 19.3 | 1937 125 5 6.7

Max 374.9 | 1998 |336,447| 3,460 | 228.6 | 310.4 | 1998 |48,800| 2,732 | 475.0 | 68.8 | 1998 [21,880| 79 277.0 | 144.8 | 2000 |14,960| 780 | 216.7

Avg. 55.2 1963 | 1,006 25 65.4 68.1 1958 | 1,002 39 24.6 43.2 1974 664 14 54.3 45.6 1984 | 1,040 19 49.1

Median | 68.4 1966 | 4,523 98 44.4 76.9 | 1958 | 1,970 90 35.2 | 42.4 | 1971 | 1,966 16 84.2 | 50.2 | 1980 | 1,962 48 55.6
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3 1E. PYAst L sZUM XCH. WSO8 g
40 - 50
——— Medianvalue  ©®
20 ........ Meanvalue' o o 40
10 ® 5/95 percentile 30 ©
S
< [ ] N’
S <
é [} 20 e
A ° é
é | é : N
0 . . . Q * L . é 0
40 40
°
30 . 30 ~
3 ° $
~ [ ]
é 20 205E
= 1AL, |
, o L m
10 o ° 10=
=S N~ m]=
e [P TR
250 100
R %
200 1 . . p— - 80
° X
Tl e
= <
£ 100 | * ° =
° ° é
50 % % ° 20
0 . (] : ‘ ; ; ; 0
I I I v I I I v
TYPE TYPE

[O& 3.1.6] K8 EXI0I2 & Hlu. PFA, UFA, FOA, LA J2l11 DA =
2+2t = N (paddy field area), & = (upland field area), At
= (forest area), KE=XIE=EH=(reservoir surface area)

[==}

=
Jel] |YBE(drainage area)S 20|
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Gors U =EZLM KEH- S0 O

AEL a vE7F 52 3 AFAEANA §9 Ul A, vHded Yo 25 E
Aysk= BOD, TN 183 TP HAF s e =g 19 3.1.7] dod 9y

H oo o3 e &d waRst A= TYPE Ilo] £335 A5 oA
[e)

Loy
o
N
Q.
b
N
Hi
X2
SuA
=)
fﬂ,
=
Z
(=3
o

g4l W BOD, TN, TP #%+ 79 W feddd vl eddowiy 24y
3t BOD(r=0.52, P<0.001), TN(r=0.45, P<0.001) =22] i TP(r=0.50, P<0.001)
WA Bt w254 ket A4S UENA, v d Y B He
ddozRE BASE Y E e w2 RS BAoHE 31.72]. §9
Ul 2¥Ed BNt Eel A5 A W ek N we ARdS He
d TR dert 7 %" TYPE IHMolA #2H At

Point source Non-point source Point+Nonpoint source

5 . 0.30
Median value .
0.4

4 e Mean value ) 0.25
. @® 5/95 percentile 0.20 ___ °
L]
IEPY.
%
L]
L]
. ¢ 03 % é . 2.0 ¢
) L]
: o 02 % ¢ % 1(5) *
0.5 0.1 . % I
] =E= AT

S~ »

3 °

2. é o] BB 5B
1 e 0.05

g é =1 0.00

0.5

@
co = N oW

TP (kg day-1"'km?) TN (kg day-1"km?) BOD (kg day” km™)
=

0.0 0.0 0.0
03 0.05 04
L ]
0 . 0.04 . 03 .
’ 0.03 . .
° 0.2 e
02
0.1 0.0
% . 0.01 0.1 .
0.0 - -l o 0.00 . 0.0 - ==
I o m I I o m I I o I IV
TYPE TYPE TYPE

[0% 3.1.7] REE RAMAS BOD, TN 12l TP LML E Hiw
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[E 3.1.10] @Yol MeUTel N4aAlW =20 AAHEA P, NP, 2l N+NPE 22 B2H&(Point
source), HIE 22 (nonpoint source) A2l E+H|E 2 A (point+nonpoint source)S 20|, g
SEUC MK +E=sE2 eels 242t kg day 'kn 2@t mg L',

Source TYPE | TYPE I TYPE II TYPE IV
BOD | TN | TP | BOD | TN | TP | BOD | TN | TP | BOD | TN | TP
BOD | 0.22" 0.45" 0.25 0.34"
p ™ 017" 0.56" 0.62" 0.24"
TP 0.22" 0.54™ 0.28 0.17
BOD | -0.07 ~0.06 0.52" 0.20°
NP ™ 0.03 0.11 0.58" 0.17
TP -0.42 -0.02 -0.11 0.11
BOD | 0.07 0.50" 0.26 0.40"
P+NP ™ 0.15 0.56" 0.68" 0.27"
TP 0.11 0.54" 0.28 0.21"

*  P<0.05.
*x P<0.01.



P22 a 557 28 AFA oA Hlug RE FHFE] FEt =9kon,
879 TN § % Aol TP §%9] o)z} ZA velwta, TN/TPH| 7}
FHEFE GFa a vEIF =T [19 31381

Zt FE@olAe] TN $%=s 954 a $%7F 74 &8 TYPE 1o 23+
AEA oA Fit 20 mgN L' © & TYPE IVl vl &) 2u) A% =gkt who]
TP %% TYPE IIelM A+t 0.09 mgP L '(Median 0.122)2 TYPE IVel v]3)
4 A =2 TR FASAT F4ol 75 m oldtelr @54 a vk 25
pg L' 71Fo2 79 TYPE Dol 239 AFA0 4] TN/TPH| = 4~351

1o,
3
Ho
i
o‘fL

T 24 (Median 17)9)21}, TYPE Iol 3% AFA] o) 4= A h 3
N/TP ¥](6~1,657)7} ¥ 9kth. TYPE 119} fAFS of 4l ele] TYPE III
A Aol A= TN/TPRI= 3t 452 TYPE 1ol BlsfA = E9kony,
A TYPE IVell mlsiA = 2] A= vkt
BOD, COD, SS, TP F&=9 9=4 a ¥
YER o (£>0.70, P<0.001), TN/TP9H= &
0.001) [29 3.1.7] [& ?1. TN/TP8] 7} 57}ghe]
AEe Q=4 a FE7F =8 TYPE I8} 1Mol &
wtal, TYPE I3} IVel Al TN/TPH]ol] w2 ¢ 54 a 5 %=7F TN/TP H] 500]3}
A =E e gE] 20 olstel A =tk [17 3.1.2]. #3
=7} 25ug L'0] 491 TYPE 119} IMIel] 3 A 5= o] %
| =232, TYPE I3} Vel 238 A+A= CODE =
=okow, TNH U= TPe=ete] Aadel =4 vetwusE 3.1.71
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¥ 1A, BYAG L =M XCH. oSO8 Y
1000
® TYPEI o
0 TYPEI 00 o
v—n"q v Q)O
- 100 { A 1
B0 r=0.71
= <0.001
S
5 10 NI 1
e r=0.75
» BOD (mg02 L_l) P<0.001
1 . .
0.1 1 10 100 0.1
1000
- O% r=0.74
B 050 P00l
en 100 1
3
N’
3
= bk ]
O 10 " 1
AA
AvAA
1 s SS (mgLY)
0.1 1 10 100 10000.01 0.1 1 10 100
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=
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0.0001  0.001 0.01 0.1 1 1 10 100 1000 10000
Concentration Ratio (by weight)

[D& 3.1.9] 22A a %9 BOD, COD, SS, TN, TP =& 12l1

N 82AM
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TN/TP ratio®te| Az
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3 1E. PYAst L sZUM XCH. WSO8 g
40 30
TYPE 1 — Median value
""""" Mean value
~ 30 ®  5/95 percentile
- e O °
%.i 20 % ° l [ ] [ )
N’
3 L ! o]
= 10 L] . L] E
@) e * o
0 °
- 0 : : :
<10 <20 <30 <40 <50 <100 >100 0 100 200 300 400
400 500
TYPE 11
¢ 400 | ®
£~ 300
-
o0 300 ®o
= 200 . .
= o 200 { %p
= [ ) (J
O 100 I 8.7
- é 100 [
0 = M “ oo % ..
0 0
<10 <20 <30 <40 <50 <100 >100 0 20 40 60 80 100 120
100 100
TYPE III
90 H
~ %7 80
fn 60 70 1
= 60 - *
S 40 —
= 50
5 % = o ° .
®} 40 4 °
20 1 o’y
30 A ° = °
0 ; ; ; ; ; ; ; 20 ; ; ; ; ; ;
<10 <20 <30 <40 <50 <100 >100 0 10 20 30 40 50 60 70
30 30
TYPE IV
25 ° 25 ° .
— 0%
3 20 . 20 {®%
%‘i o © '. ()
= 15 15 1 °
= 10 L] ! £ [ 10 3‘:’1. ° ’ *
= |
© ainksiE e
5 59 ' [ ]
= T 3 ° .z L) S
<10 <20 <30 <40 <50 <100 >100 0 50 100 150 200 250 300 350
TN/TP ratio (by weight) TN/TP ratio (by weight)
[0 3.1.10] 8 =4 a =2 TN/TP ratio (by weight)2t2| 23|
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[H 3.1.11] 924 a s=2 EXOISEE, eist® S50 2| &
24 24 DA, LA, age, PFA, UFA, 12l FOAE 22 |4
MM (drainage area), X=Xl & (Reservoir surface area), =4
AJl(age of reservoir), =M= (paddy field area), ZHHH
(upland field area)elD &t H = (forest area)S 208, (
)= M=K %=
TYPE BOD COD SS TN TN/TP TP Chl-a
Chl-a | 0.28™] 0.46™| 0.23™| 0.25™ | 0.44™| -0.09
| Age 0.17" | 0.22"| 0.03 | -0.02 | -0.02 | 0.14 0.15"
DA/DL |-0.19"| 0.28™| -0.09 0.14 | 0.177]-0.19"| -0.05
U871 1-0.15"| 0.277[-0.20"| —0.09 | 0.08 [-0.30"|-0.16"
PFA/DA| 0.21™| 0.31™| 0.26™| 0.36™| —-0.07 | 0.40™| 0.27"
UFA/DA| 0.23™| 0.40™| 0.27| 0.12 | =0.14 | 0.32™| 0.18"
! FOA/DA|-0.33"|-0.47"|-0.29"|-0.20""| 0.14 |-0.44""| 0.31"
Chl-a | 0.60™| 0.62""| 0.61™ | 0.46™ | 0.69"™ | -0.11
(151)[ Age | 0.257 | 0.227]0.297 | 0.05 [-0.237| 0.22"] 0.32"
DA/DL | -0.17"| -0.15 | -0.11 0.06 0.10 | =0.06 | —0.03
P -0.38"| 0.33"|-0.28"|-0.27""| 0.10 [-0.28"|-0.28"
PFA/DA| 0.37" | 0.30| 0.24™ | 0.39™|-0.18"| 0.36™| 0.23"
I |UFA/DA| 0.17" | 0.13 | 0.26™ | 0.20"|-0.20"| 0.24™| 0.15
(16) [FOA/DA -0.28"|-0.23"|-0.26"[-0.31""| 0.23"|-0.35"|-0.24"
Chl-a | 0.75™ 64| 0.66™| 0.50" 0.56" | -0.26
Age 0.35 0.61"| 0.58" | 0.58" | -0.05| 0.50"| 0.51"
DA/DL | 0.06 0.39 0.20 0.09 | -0.18 0.04 | 0.26
P -0.07 | 0.22 0.11 -0.06 | -0.08 | -0.14 | 0.04
PFA/DA| 0.69™| 0.72™| 0.93™| 0.96™| -0.12 | 0.94™| 0.45
UFA/DA| 0.81™| 0.75™| 0.86™| 0.81™| -0.07 | 0.83™| 0.77"
FOA/DA|-0.79"|-0.78"|-0.94"|-0.92""| 0.10 |-0.92""|-0.67""
v Chl-a | 0.38™| 0.39™| 0.33" | 0.18 0.33™| -0.15
(132)| Age 0.20" | 0.16 | 0.30™ | 0.34™| -0.03| 0.30™| -0.07
DA/DL | =0.13 | =0.13 | =0.06 | -0.07 | -0.03| -0.08 | -0.02
P -0.02 | -0.11 | =0.14 | 0.04 -0.06| 0.01 0.02
PFA/DA| 0.15 0.23"| 0.28"| 0.33™| -0.11| 0.36™| 0.21"
UFA/DA| 0.26™| 0.32™| 0.27""| 0.28™| -0.15| 0.39" 23"
FOA/DA|-0.27"|-0.29"|-0.23"|-0.31""| 0.14|-0.34"|-0.22""
* P<0.05
*#*P<0.01
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ZHADI(age of reservoir), MFAlI2Khydraulic residence time), = SHA
(paddy field area), & H=E(upland field area), A= (forest area),
B2ER(point source), HIE 2B & (nonpoint source) 1l E+H|&
QL3(point+nonpoint source)= 20|18

TYPE
Characteristics Parameters
Il [ Y
Trophic state High Low
LA Large Small
DA Large Small
Age Old Young
Morphometric factors "
2 Shallow Deep
DA/LA Small Large
HRT Long Fast
PFA/DA Large Small
Type of land use in
UFA/DA Large Small
watershed
FOA/DA Small Large
Contribution on P High Low
generation loads per NP High Low
watershed area P+NP High Low
Chl-a High Low
Water Quality
TP/TN Low High

- 105 -



g AR B

o
T

o FAAARE R

IS LEEREERE

o

o

-

uj

E)
_ZT.E

ol
)

o))
|

Hlo
il

o
o]

o
o}

B

%/

o
i

RS S

3}
<1

%71, 3

T ERE R

el

D #9 &2 W3

7hH £33 W3

(1) F=2¥H

oh 239

el
Hlo

)

Ho

0
]
(-

o

of
o))
‘Eﬁ
A

~

__AL
1o

o
ol
Bl

o

o

-

—

o

o
jang
JJ

file)

s

=0

i

bol 931417 3

3|

ao

ol

&

Aot B A7 A T

of
ﬁo
ol
G

of
ﬁo
%)
7ol

N

o

N

N

Azt A A

o

- 106 -



=
o .

- T AEAE7IEd Heol 7t

i
o .

A77F 7F

5

!

5

= el A Eo] &

[
-T

i
vze)

X
o

)

() Ae39 +94

of
ma

uiel

N

o)
o

i
=

ol A o] HE}

<
T

]_

&2 A

Z

A

2

329,

}y o]

Gl
B
o

o 23 2

-
e

=0

H

ol 4] ©]
Fe7b 718t E ) T4 Y] Al FAIEe] dojX A L,

=
=
&

b

fi%e)

)6]—

|

- O

o

o

W
=
)

7
o

(=h) A& A

O Lake Washington, USA

94 27 A

o
oz 74

el
omn FAL AN A & FelA Ak EFERE

FrER e 19649 F-E 19679747 o] o]

2~
T

5

pud

3 11719

Washington &+ 9] 91X

3l

= =
e &

64ug Lol A frzw o] g2 d 1972l 21pg L'7HA 74 8e] A

7} 6ug L&

TEe

1)

aho} 77 3

SF nl ¥

E AN

FE7} 36ug LoIA 219

7HA] 3.1

TP% %7} 17ug L7,

p
L

Aoz 1970 o] §-o] T4l

T

- 107 -



O Lake Sammamish, USA

Sammamish &+ Washington& ol A 12kmg@ o] 2 3o $1x]8}aL glom it
F=4lo] 18mo] a AFA|ZF 055 yrol o} 1968 ZH-f-

Aol ANFE AL, FREH wWE QR3] 35%7F At wel F 9ol A 9]
TP %7} 33ug L7014 25pug L7744 243890 984 a 58 50%71HA
ZArdldr Eurs G2 Ee 1970d Y 2ubE o233 35mE 2

W37 gtk SammamishZ ol 9] 2w Aol o3 FANA
Sammamish® 9} g2 3Eo] (A=Y o= HAER
g0z pusleh 50 JEPust FA5E B TG AAS 23

X]}f:‘ 1-9)}74]1::]— A]Zoﬂ}d.q AR ﬁe%‘—% Q’?_]Q?iﬂ'

O Lake Norrviken, Sweden

= FEHAE A 100d Ft 7Hg stk AT F9)
A EE Q1o 879%7F 2 WA H AL, Oli‘ﬂﬂ
M) Ql Frt Ak FREHAE 2711 1969 F-E 19756 74 =

H

Norrviken

ol

T *°"
fols
i
o
o

_ﬂ]__,_o:] 0}:/\

Tl 4
T2 A Hit TPEE 7t 450ug Lol A 150pg L1744 74t o o A3
o k3l A Ej

2§28t h 1974 o] o= oEH TP ¥ %7 263ug L
A PELgTEE FEHZE A 100ug L 101/\1_01

dout §2W I o234 v} 193099l 36ug LA F3] skl
£ & 1000ug L el dell A = W73 F 100ug L '7HA 2+43H93

(vh) A4 A 2R

Al o gk AN

|
¥
frt
rlo
=
4z
rO
4z
o
N
)
x
rlo
2
o
N
2
>
ox
oH
St
4]
o

@10

AN FEA S B2 WolE F Y= F4E aelete] A Gtolof

o ooy
' HU

7

- 108 -



b A4 A A5A

SRt 7he

3

gk

A9 % 47} ofele 2o

off o

AEREE
Aol A4

o)

o A

g

1
.

S EL R

o ¥)

W=

__A—u

i

1

(

(1) E%A

71 943

i

) NNed 71e2x3

27120 AL (10~30mm day ).

ol
ToR
X

)

el

)

AA | A

- EgRt=e) A4

2l

WA 5] 9

=
=

a}).

5mg L' o]

(th 5 g A%

A2 7}

ICE B
SRy 2o F2 AATY SABAE A AAHA

QA 3

el

%

- 28 BEX WAool 2] oo

A
ok

3
=]

i
=

SRR

wol &

g A=wazh sivl

A

- 43

() 48 dd ATA

Aol 4 875,

L
=5t

& AR 7}

3t

Aol o

- 109 -



3t9)

o
B

(%

Wk

(2) E%A

i3
.

i of

°

1.
H

o

s
s

7h 2449
- AR A Az 0] A

- @A Y A

ol

—

<
K

Tor

"

H

B

of
w
o

o
il
A
ey
o)
el
<
JJ

o

off

() A&A 2#HAT

on

Wmo o] 7]

=
w

1 5}

] & 9]
7}

A
al

3

)

=]
.

B

S

HA A

5

=4

L

A Ao A g 7hs

1

ko]
Rl

7 77}

2

110 -

[e)

Bt 7hs

1

3]
=,

of whet s}

13
=

=

(7)) A& dd AFA
Jol g 24

- AFERIE=T}



(B) EFIF(EAAY)

oh 239

fi%e)

B

ojp

o

)

T 7] el A el

%0
o

]
=
™

on
G

&

)

A A ol

o]

&

() H A A

1

| EFAEAZE 53¢

IEE

=N
o

won
of
Sl

]
=

1] ALThARE- I} FA ol B A

oﬁ

R

0

o7
e

o

ﬁo
B

3
1.

o]

Z A7 H.

o]

() 48 dd A=A

AgAel 487,

ki3

B7t 7bs

1
5}

3

111



¥z 03

R

7h €24 03

(1) €4

71 943

TR

23!

;O.#
!

=K

wof glaL,

o]
A

Ho R

() By

on

R

it

jand

o))
~t

T
w|
=
,mﬂ
el
o
o
o}
o]

"

N
K

SAEAE A aefshA]

o

o] &o] g AHlMt Al&ge] 753

p=2
[e)

Ho

)

A
or

£ 71A13 =2 (the mechanical dredge), 52| &}

A 4 (the hydraulic dredge)

93 =4 (the special

]
=

purpose dredge)® T#4H.

(th) 48 &3

ol =4l A 714

%l

3

1=

E=F

E

ZHH
g

A 7F 7F

- 289 o

_50
"
W

=
[€)

o] &4

ERE

112 -



o

() Ae3e 94

3}
=

&l oF

SE T

A 2

]

=1
=

AR A

oﬁ

3

ol

rveel

T

el
Np

COEERE

O Lake Trumme, Sweden

—

A
f

Lake Trumme< <&

ki3

o 14

]

A
=

Nlo

¢l © 1 (Sjon Rtummen

0]
AR

o]

]

OH

o)
4
o
o
=0
il

ol
o

I Vaxjon, 1977), 193613
ATt 1943 <]l

A7
5141

Z5E e Hrt FdEdA A3 winter killo]

[e)
fredo

A = ek 1959

3|

= A
[

==
o

19661 ~ 19671 ol

3

Lund tgte] €]

I 19708 2 1971, 5+ Aellol 24 05 me] &4 o]

93]

<
A= o (Bjork, 1974), 359

Aol 1.1~1.75 m=z, il 54l

3

B

Al
=2

ZFe 30 x 10°m' e

do

=9

s
S

FHE ATt o] 7|3k

6“:}:

21~25 m=

Rid

olo] 90%<] 7+4~(600g L ol A

=
)

(Sjon Rtummen I Vaxjon, 1977), =<l A

70~100g L)

=
=

113 -



FAxe A% 80%63mg L' olA 1.3 mg LHe #as Hylon £y
Al 23emol A 75em®E Y HAh 1xAAAEE =47 196819691 <
370g C m“oll v} #4 F<l 1972 ~1973 o &= 225g C m° & 743kt
(Cronberg et al, 1975).

O Lake Lilly, WI, USA

Lake Lillys= 37hatti2e] S22 v= 9124 o AR5
AU AL 156ha® FEZF I RS 2A| s Q) B
Mo 3 Ha FAe] 1.8 m, Hyt F4°l 14 m
) S AEHAE] a4 sl 10meld FA

Wisconsin Department of Natural Resources)d] ZAFA 3 E A &9 AAEE
05 em yr ‘ol 28t tHDunst, 1981). o] 9} 2-& &9 2 A& winter kill
et on, WDNRS &9 of 7o) #Has

m 717 a7 18] 665 x 10° m'e] £4& AFs
A F9 HEAo A Hlou HAE] o] ZFako](specific gravity
equaled 1.02) A= W2 o] AR AV AR HAT 4492 19784
7~109, 19799 5~8€¥ell AA F & AAHAH £ A 79 TIN(Total
Inorganic Nitrogen)< 24 d-Aol] 7}749) 21}, TP(Total Phosphorus)®] %%
B 7~99 % 40ug Lol YERQIT) o2} & TP 7kl 259 oAl

A2 Ut A Fgkern o= a4 gl gF= g 8 AghE kY]

Ho

]

O

ut
D
Lo

a7} 213

—11::

@ o

o o
>
o2
’Ci }“N'
N
=2
rir
-y oz

g

N

A9 F BE 717 F¢F 6mg LS FA1% Ao el

= 19784 7FS 9] TIN # TP 2wl Aol o 2oz Azt
A7 T HASAAY dEYole §EFF TING F7td o] A

o1} (Dunst, 1981) A+ H == A4S Bt TP 4 9% TINZ n 53

Fds Hol Flow F4 7|7 Folle TP dsdAol Fudsvh 279

Waks gl wste] whEh Bt FFS Hol Folow 13 1976

o] 185mg C

14
o|
=)
2
=
4
v
i
M\
W

- 114 -



¥ o} TPe}

=

=

t= 4

1989 49 ~99 Afo]o
o

9] 129l 30~60ug L 'HT}

L

LFERH AT 1989 TP9F TINo] 5€ 3} 8¢ o

oA HF4 g A3}
'3} 12 Llg &+

BHlor o

=

R
71 A 2(TIN) 5 == 20ug L 1o

= Atk TP

=

59~32 m

=

ug L

L

1 235 & o Lilly

0.9~53ug Lo W3}
A3

]

[ex
R

e}k TP
O = Al

gl

doll =278 de] #

~
N

X
-

TR

2 e

gu], = A A

d

Kl

Aot (vt

o

o]

94

=
L

o el 3dof 7]
A I 2 Afol= AT 19949 -8 1997

o

Al E e, 1980 S 7]

<
o
_EH
Ho

—_

%

& 98 44

o 2 7hAd

hyA

AL

ol A o] Fol At

8

]

o

3.1.7].

D N
WH 0 = |al |70 | Wk
Kb = ol|S |5 |00
104 s}
e
S
X Y lolo|=I$S
x| 8 |88a%a
N
=
<
< Clo|<|,
Rr o|N|
aJ
m N
oy S| |m | m | o
— | S| !
™ o ||| |
15e) <
IS))
1D FI A AT A A
10 i50 |50 | 0 |50 | =0
B <|<|< RIl<
= ZJ MO | K| O | OfY
o |NO KO [KF| X
o 8| iof < |
<t = IR
N <J|IH |30
.AO — ._._.O __ _H__N_
== a N O._
5 Kr

115 -




() Ag W ASA

- 9ol wla) RN ekl o F fAetE} SelHs AFAR F4lo]
WA FRob Aov] EAGU Y Syko] §olstm FAFAE 4

@ 5 Qe FATGe] gt A%

A=

A1, pp. 379-404.

FRAEAL 1992 PRARRE B A oY A 29HA] AA] A7 BaLA.

dRRRAAGAATL 1998 54 L A SAH AR vhewel,

Dunst, R. 1980. "Sediment problems and lake restoration in Wisconsin,”
in Management of Bottom Sediments Containing Toxic Substances,
S. A. Peterson and K. K. Randolph, Eds. Proc. 5th U.S./Japan
Experts Meeting. EPA Ecol. Res. Ser. Rept. EPA-600/9-8-044.

Dunst, R. C. 1981. "Dredging activities in Wisconson's lake renewal
program,”’in Restoration of lake and Inland Water: International
Symposium on Inland Waters and Lake Restoration.
EPA-440/5-81-010.

Cronberg, G., Gelin, C., and Larsson, K. 1975. Lake Trummen
restoration project II. Bacteria, phytoplankton, and phytoplankton
productivity. Vech. Int. Verein. Limnol, 19: 1088.

Bjork, S. 1974. Europhian lake rehabilitation activities. Plenary Lecture
of the Conference on Lake Protection and Management. Madison,
WL

Sjon Trummen 1 Viaxjo Forstord, Restaurerad, Pianyttfodd. 1977.

Lanasstyrelsen 1 Kronobergs Lian, Viaxjo Kommun.

- 116 -



FE7]

2 A

oh 239

0
ZO
0

~X

—

0
Gt
o
I
—
file)

—_—

o
el

A
oo

—_

0

)

W

-

) 27149

<

<

-
<

Mechanical agitation®§ 7}

L
Ju

e o R ALSH

A3}s
[e]
e 9

'y

e

3} pure oxygen injection, L8] il

mt

A

FAshe el 7bg del Ags

=
=

]

N
o

Injection of air’}

on

%

(h) &34

A

- Qle] HAEENYYH Az &

- A= ANAZ By 5

9%

o

() H4&%

~
2]

o
Jo

olo

N

- g4fo] 12~15m o]l A

foF

Fod 243 aeratorE AHA

Axks

S &S

ol A]
= ©u“

RS

N
=

0
_Z_O .
=B R

ARk

air-flow rate®

i3

_?4

—~
o

il

n
"
—_

o]

No
2!

o]

on
oR

¢
i

el
0

Bo

B
o

Ho

17 -



() Ag W A5A

23
ﬂﬁo

_Z_O
4

sl
_ZO
<A
X
o

g
N

—_—

o X
A

¢+

d5 ™, W

=¥7]

3) AF

(7h €44

gl

o
e
el
ZO

Ton
=

or
o

Ny

—_—

0

=

o

TR

o
ol
_AO

puzel

o)

,ﬂo
2]
sl

<

-
4K
eE
M

(W) B3tz

s
EO

H

71d.

St
.

=

=

7}

3

43}

=

o

AL 914

S

L

L

A

2
118 -

il
71 AAE A

1) thakel AYUAE Baw
_—‘_—_'.i_

ko)

AR, <571
el <]

LT
94

°

ER
o 424

- A Eew

=
T

A
Eis

S

71 Al
() 383

L

JE

-
R

A



No

(vh) A &A= (5 W)

ol A

\:EPH

1995 F-B] 1997\ 7}bA] oF

4ol

wy, 7

sto] A A7

o d&F7F e 24

Ho

199799l 15~30 ug L 74

ke
T

7M1 A A

3z
=

L el A

08~20 mg L'& & w37t 9

A= A}

=H
fuy!

R

}\E

A7 =

s

(vh) A& By A5A

Ho

ZO
=H

(4) 34

(7h €44

;ot

o

119 -



(W) &34

—

—_
o

3}
.

sfofof

asfor o

o

w3

b e A4S AL

Cl

79l

2]

O
=

(th 845 A8 7

of

— O

el

.50
Bo

E

1=

)

sl o)

7 =2

Ko

-
b
™o

P =2l met w9

©

2

i}
=

() F849 97

W3 7h =

ol
O

o
ﬁo
)l

mon
of
il

) g0 gt

9]

_?4

25

A
1

Ton

o

o
b

|
o
A

el

}o

3

o] 2% ¢ Columbia

Bl <

1}

X
=
oz

E

=)
T

1 8]447F 359 Parker HomA| 9 0.2 9 5 ¢} 19324

3]

(v}) &AL
Parker HornA & ]9l Pelican Horn7}#]

O Lake Moses, WA, USA
B 258

T
(i

Ju

°f

o
)l

t}. Parker Horn A 9l

- 120 -



B 1 South Lake#| Sl A= atro] o= 237F YebubA] &ttt
e 1984 o] A qo® FH = s FRHUETOREA FHo| P
Atk 1977 58] 1988 7bA] ARg- 12 7ke] 8] A= F i ee 1694 < 106m
yr '] 93 Paker Horn# 9 9] 845 17% d'=

South Lakeol| Al A 2] x e vlal] 2o 50%4 % 7l d5 A5 A k42
9% Pelican Horne 27|l 2 a7 glgloy 39 492

olF AA FEH AU

}

ol

ox. ¥
S

(‘T
(ot

O Lake Green, WA, USA

AEE F Al Eoll S8k Qlom, S5 16knd ol = 47,0007 ©] 75
shar leh Aol o3k S=d o] 1960 d el Ak L ar, 1962 A3 = k.
1965 a6 19783 71#] F709] cascade mountain streamsE YFE =
Seattle domestic supply 258 AUY¥IF T=7F ¥ E&
it 31X Eo] 3u(0.88 yr ' — 24 yr ) Sk FH T £ A5 2

g ol AT F

=
B2 oa 5 EE 45ug LA 3.

1o
5
S
o
o
o

Aol 4= ek o g L1744 o 65%
Azt ol FBa TP 2% 65ug L'olA 20pg L' Zadtda 257

S HHSE AT Qe ool el X8k glofef s, SE Aol
BAZAZ Qe Aol 4§T & gout, Fhe /1§

A% 2o AeA ol F-Eet7] el A§o] ek

O

- 121 -



(5) AeH FF

oh 239

o)
A
R

‘50

e
o)
=
o)
BR
)
H

o
e

4
o}

1) A8

o
ﬁO
W
pozel
Bo
0

)| #O

=)
g
alil

’

- Alelexztelnt

=
o

o)
=
;O.w

o 2

3L

oo
of
Y
T
BH
o

1o
g

o
o
e

=
3},

[€)

(7h) H§ WF A5A

() Ae39 +94

ol 7

oﬁ

EERIEEIE

al

XA o] AR TE 74

N

L

fE

3

[

Fahel et
- 122 -

o
—a=

==
T=

3

3} 53

al

S
=t

]

A

]

o

[e]
IT



6) HAE Hu

oh 239

—

0
it

T
)

—~
file)

el

(W) A=A

2

= AR g

4

(h) #

o] 4

p=h
1

2

]

- AL pelAqE
- AAZ 7

-
o .

(7S

0

!
o
e
ﬁo

—_
o

X
X

3
_Z_O

N

—_—

!

o
=N

- Al

[SL R
5 ™ .

o] 87

B!

of esir

- HE Fol ABA £

H]
=

Fet A 7

- R

4r

T

oﬁ
o

o

oﬁ

27 o]

- AEa) A

o] W3}7} of7]

T
oy
B

- g A

- 123 -



() 48 dd A+A

- HAE wes Bastn A5Ael A8y

b 44

- FaolA B AR st £02 dAHom B o FE £33
Ak 4483 AARAAE Golshl s WHOR vFol} £
ofe ZHEelA dehba g HES FANRY 43S 2AsE WY
oz AgHI 9

(th) 2 &AL
O Louisiana Impoundments, LU, USA

nj= BXol FXovto] 9 X3k Lafourche A=A+ Ceratophyllum
demersum (coontail)©] A 4=A] WA 2] 0% E At AT}t Aol A4
T AE AAsEe], =Y A37F Ceratophyllum demersum 23 A 2 W 3}
W2 = A AN A 60%2] Ceratophyllum demersum?t A A& AL
= UERskH

F 2okl X% Anacoco A FA A= Potamogeton sp.2t Najas
quadalupesis7} A5A] A& 9] 40%S A 3FA T o] 3 A E o A F
= 2ds7] 9l ST E 108 TE7HA o 16m A= 95 AsHAZ
i, 2 g 29 Fwel &5 ohAl AR 1 A3 Potamogeton sp.2t
Najas quadalupesis®] A Fo] FA3] 74 3ste] A2 A9 5% x}X| s}

- 124 -



v 5295 dArh

Bussey A=A ol .= Potamogeton sp.2} Najas quadalupesis?} A 5=#] 280ha
of AA AAetaL stk ol & FAA =Y BAF HAE F8 10l ==
ASHAIA L ksl thA] ASiTh L A3 Fol YK o] o Fell o]
FTE] AAEA el 16ha® Haste] o 0% = FAsts Aoz eyt
Anacoco ¢} Bussey A FA|oA el Lo wWE AA e T Tae
Potamogeton sp.?} Najas quadalupesis?} <=9 A sloll R7aA WS-l =
o7] Wil AHoE o SHIUTh

O Ocklawaha #<4=#], FL, USA

F2tt FAFd A% Ocklawaha AFA|oIA e $HAEL F=2
Ceratophyllum demersum, Egeria densa, Hydrilla, Water hyacinth, Pistia
stratiotes (water lettuce)°]™, o] s FAAF 2] AAHFS AAA7]7] 93]
TE 15m HAAZAY =& oA AuE F oA AFTVIE E
Ceratophyllum-e 47%, Egeriai= 56%7} A A% At WA o Water hyacinth'=
3,300%, Hydrillax= 6,440% S7Fsk A 02 Uepton, o] F Fo] YA g4
o] Asfale Aol gle 233 A IMd 93] A a7t U
o w Ay A

Fox 3ol X<= Hydrilla®] =3k 7o) ol &so] e =, o= <la)
19799 1~44€, 1979\ 11€5-¥ 1980\ 4€ol AH F9& #AAZ T 243

o o -2

=
Hydrillat= €34 0.2 AAE Ao tAl cattaile] MA3F =t ©] = cattail
o] Ax3 EgoA] o] EE Foz o] AP o]Fo FUsA A&
A Eol 7] wiit o] Al

O Candlewood?%, USA

{0

ol

CandlewoodZ o A= d Aol &% Wast= M. spicatums A A 3H7)
95l 1983 H 1984 Agoll 912 2m AT ASA AL, 19840l A 1935
d ALl 27m = $98 AT A @ HAge] Azl
SAZ A8 M spicatume] AAHAT} 22l =39 S5 uiehe] 24 Eo|

ol Fob A= A G2 5ol M. spicatume] Ad74st3lal mEH ] A

- 125 -



st ot Fo]-go

S

Al
>

atef A

S

Najas minor®} N. felxilis7} %5

% 4xe A4 AEE AAAE 29t

1

.

A < ol A
O Oregon reservoir, OR, USA

=
=

F R, TR KK A = F o
Tl w T xR g® oo oo N
e e = = ol
WX = ) 5 oof AR e T =3 G
Mo 2@ "% o5 g R T % W
g o R oo A= g N s 7
&o??ﬁ%ﬂXMﬂuﬂl% (- w _nﬂ_ﬂuﬂ
" oo Sl i3 < o
SR i 4 g%
I T TN S R F o
—_ o
ER b p w28 5 = oo
t.\VLamvﬂo,_My!UwHiTcLl]Eo;oL _ ¥ dl;m.ﬂ
8 TR mr H o < ~ <3 AT
a5 o o ~ T ® g o sl M. o2
S (> S o T = 3
SEZcdfrw g d e 2 S
o I R A G o
LT A T B S - oMW
%M%W?ﬂ%gﬂweg e o) @1
T = o Mo o®om Lok F G =
U S U T T S I ®
w%tg%@ﬂﬁEWﬂ% A < G
¥ weoo T X ) = 3 wly
S LEmE g™ 2 4% S g
B~ S R S = ™ p g
ol ‘.:1_ N = = ‘;.._ — % G A—I Of il EE
ThaTtawitias m 75 T B @y
sAT s rsz oL O % 5 T @i
P ity T o 3 ~ g Bl
‘q — — —
Eeﬁamyﬂﬂwq,mﬂwNXATM__a 2 mt#oo»ﬂwﬂﬁ
A T . R = o g 2
S T N 4+ BT W
E._mWNMo”mmwx_ﬂb_éﬂ*}% [ I I
< o Mo o ® oM m =

3}
.

tel AlA
- 126 -

R

3

e

() AABSE

A AR Y <
O 24 £2o% AA(hand removal)



2.

=
°n .

Fe 7l

o]

=9

p=03

571 9

S

A A

A RRY

=

=

s (diver dredging)
o

e}
H

rel ok =71

FA
g0l % AAMN 7be

9

Q

= o8

_‘|

ZAAA

=
T

)
A

A
=}

@)

oo ofn 3 50 ol
c3 3 T ® o
W o = 7
= W 70X s o
' T " mm ° %
olp — o o 2
k) o} T
ii ,NU 50 j.L EO ﬂ@l
—_
< s v o 3 R
o T 4T ) D
—_ 8 -
ol . &3 %0
) G W < -
N ‘iO X ~
he A N <0 B
H B oy W _ ww i
To = N ) wE o= _MT
ww © el N W_ - T
~ T ~ > ) 3 wm A
N = o S
N o — o
5 ol E.E ~ = o HT_
ﬂ %IA.” X N ‘w‘h m ﬂ/l.A NU ‘_wwo E_ﬂ
o Of AT HO o =) —— _,ﬁ
® ol " T p g X
K o 0 T W o5 o W oF
\r T2 O o do <
o = = = F e L =
o} = N o o < ol < o]
N g " = M Ee o _
s do  zn ~ m X T 2o o d T
AR S @ = = 7o T o=
Jo i 0 = o fil oE W o2 f X N
w2 T o T sTmcx® T =
o o W A o Ao w0 pE MEOME nE
| L Ak Pl 4 B g NN N
|

- 127 -

3}
.

3 ok

9

she}
- ojggelo] AAHo] YA



- AFARY QAN A BAe] 5]

R
o
el

(th) A &A=

7
= A Slth 1995 44

[i3
=]

2 7Rk
s 171e] A

i

1995

e

3

-
QAT

2789l

o)
™
o

—

&

™
e
(L
==

—_
To

’

W A7 A A

=
;Q,..m

BEA Aol Tt

)l
O

2,00~4,000m d'2 Az A7+ 12~24

>~ o
TS

FA A wBEy 87 ez v}

L
fu

1L 7AWt 718t S 7] o

S|
=

2]t A2 Al

o %

s

o)
H

A2l

il

2 oF 50~8007H4 f A%

9] CODAIA

L
fu

]

[e)

o] CODE %+ 2~3mg L

2 AR

ol

() 48 dd A+A

Pt 2

S

AR =, W5

W) AESH A

(1) €49

- 128 -



&R
oF

_04

(2) 4849

—i

R
Ho

0

w
o
i~

Nd

Ae] 2pAE

"
Ho

floF <

I

1y

- e el e QAR 5

il

)231-

Foith 19003 o) %=

°

2 A8

(3) A &AL

O Lake Michigan, USA

o]
.

S214 o] F(piscivore)

<
s
e
N

3

5

HA =0t ol Q8] TEEd A=

7 8]

FAE0] 5

R T

FA =27]7)

S

=% Tug L' A 19851390 4ug L

Holo] Aol 7ha

HH %

HAl = A

o
HAL = ATt o] &

Gl

il

S
L

7

1980
<]

_&O

&

- 129 -



A& 22}l bluegill, black crappie, 18 1L A A A&

O Lake Round, USA
el

Round3+ &=

Lo N R % o T I )
A B AR e 18 ol o’
5 — o - )
FEET R T Lo i T T ¥
Ao o S o K o W N W oE T oW
) o T vy 0 —  — =
weow BT R OF I TR m.% mﬂﬁm.%uu
AR S N owl o W H ~ — X
M o p & E S S~ et o= woob X do
=, - & .m ol X Wr X o o T
- %o g B REwE T
B Mm S Mo W = Neo ® % x Mo
T PRl MER i % mos o
§ 2 o ¥ m_mf ~ of T & 3 of N H oz 7
§ 3 4 @ Njo o Ho T K B do mﬁ
S =g S o4 F o N W Jj) Ee T < = °
5 9 [~ o) o W g To R "
= 3 O o o o) o o) o)) [
P E S SWRa S T < R e o H
o 3 m ™ T N J— — o \UI T < X
_ w5 x - F 0 e T X o Mo T ome BR
N & B e TR T Ho —_— e
~ = g = Ry O iod & T K mo  Mp TR e ®
= Ik — - Lo & — —_ .cl N =
63 s o -5 X° Ho N N X o ) [
T oy H OB W e B T GO - s
W e - S T oz OF A T W mo B
o ) of n <T — Voo =
S o B L ETI e B BTl s g
M XK= o N ) oo ) o o = 0.._0 o o N i NI o W Em
=R N i = — ®° N I~ e o= oo
a X i oL o ° = M GO o o = Mo
» T 2= Xy = o W ™ X ™ )
R R + dwewe M I oy R S moE P
-~ ‘W ;) 0 - ~ ~ ~ ) —_ .
Qo %0 E = om i ) 5 m Ho o wﬁ N T T o ny ™ ol ML oy
P 2 o g A oy o X R~ = o8 X5
B 2~ o N = LA TN ~ o
ok R o T N = 8 o) do T Hog B
< - Wy = o oy o~ BR OB R T T )
o m g oo o hx TEE | frode % a0
. — . ‘,|A
P T o T o I S < AR X

- 130 -



3HE Qe A vk 97 AT

3} 7]

Aol

&= W e ~9d 9 Langjon

Azko] 2ol

she

il

CERt AR

N

il

ol A

17k 24 o4 A5 le)

3

e

™

|

A Sof w=a Aol

)

—_
o

ol

4=

3]

o A A AbeZE ok 2 sl o

tal gt

EES
bl s

o

o

(<3}
P

A3 38 A A

F) 2 5FLAFA

’

A

3

E
=

o

O o
T

A FERAT ol e Fejol7] wizo

o

A A, TR, 7

Aol A TYPE I} Mol

s
Td&

"

N

A2 TYPE Ol 3% A<5A = vl

o~
T

= A
2

hvA
-

Hhd ) TYPE Mol 234

7} A =

Ko
=

il
o]

AL
0

HH, A e

o] 7}ss
o] npehA]

ki3

tot ey oy

S

s

R

247} B s,

el

el

Ho
)

ox

¢

o

p
o

uj

x
il

3.1.7].

o4 sho

- 131 -



[E 3.1.14] X=X

= —_ = = |= = = = = >
X m w w W oW
< w w w wilw w| w w wow
- OF a a a a|la al a a a a
[ > > > > |> >| > > > >
~ ~ ~ F|F | ~ ~ =
i | > 3 ROR S . s |w [ om <
sl o Al s O RWE g |R R[N
z|= I =d _,Do m | <k oF o = __Do =
_Glarl ¥ | =@ ¥ wwm =|®X |5 |Fn ¥, L
Roalm | wm & © T Ry oo | (BT 12|y
RUBR( (= ) o~ 5 o= w|s|® 5 R¥ o g™ g
=15 T S RE% Aos R RlE s [E® uwr|w o
LT = m U e T PR N P
20 = R) b Mo g2 @ Ao 5T R
. NEAEES H M0 & 50 10 <k B 5] KR <+ oL K0 w M= <
B olt =R K w o U TR = L PR - G R = ¢
x| o< OF o7 aTJwW_m_wa B0 | Ok _jvo }mnluTHAfr
e L I TR Rl R R =
= w| A | m W = o ®g Wor fm|m |00 2f ~ wim g
N SR 4|~ 5 o Ki T3 o W) | =Wy L
G S A oo ARA T | |D - wg S S SRR
= S| oo G+ Wz ic |1 VW _ N Moy 0| R
S H|ls plr s B A= om0 = W |0 |0 D(<FSla w2 " |y
0 wW{A (oo B owr T L. [ B 2 _ o Dk o 00z Ohiggoho oMo T fob
FrGF DS 5 S] m |5 ol 5 R RO g g Mz A
E|o T - T — T - I T T T
N
"_lm_, w L L w w L w w [V w
ﬂ w O w a w w w w a w
W m 3 G I
il N = K2 i | M . =
0 WA o & S <+ ml B ~ -
) K| oF o W E = o o T b 2
= & Rr m S =0 Wl g | ™ il
[ 5 3 < o) Rkl

Low

High, L

Poor, H

Good, P
- 132 -

Fair, G

Excellent, F

E




Y
X

d

EX
=

oA e 54 2 ABH AR
1) 2A4A AL

2. A AFAAAY =7FEA

-
It

2ot B (

)

AA A

__}_1

5

ZFA]

o). el A

=

W2 0.1 ki, &
=

31721 9 A L 255 kol

[e3]
A

7FA 2
FFe] 75.6 9

=

=

°©

-
it

A

ATHCEH 719 AE, 2001). Hatr4l o] 39 m o] L

o] 70 m) FJEAFA oItk [29 3121
AT FE2 a =7t Bug L

u fF2dA%o] 217 1.3 knd 34 kme) 2702 FA-=

o] A=A ot} AL

T
7R, 18] 31 2004

,AO
50

o
JJJ

33

¥

,Ao
]

—_—

A
Nfo

o

e

i
o

o

e

2|

2

g 2003

-
2

oW

3

|

QF 2002 12

Ho

N

T

o)

oo

—_—
=
e

500 m

—

' Subbasin 2

L

i

'Subbasin 1
- 133 -

126°37°30"

Water gate

Shingu reservoir

Sampling site
3691000~

[O8 3.1.11]




[E 3.1.15] &IRX X2 2| - 28X
I|8HE AL, 2001)

Parameters Value (%)
Dam Elevation (m) 13
Mean depth (m) 4
Reservoir surface area (m) 100,000
Water storage (x 10°m) 388
Drainage area (k) 2.55
Paddy field area (ki) 0.28 (11.0)
Field area (k) 0.82 (32.2)
Forest area (k) 1.25 (49.0)
Other area (k) 0.20 (7.8)
Production loading of pollutant
Point source
BOD (kg day ) 34 (91.8)
TN (kg day™') 17 (60.7)
TP (kg day”') 2 (66.7)
Non-point source
BOD (kg day ) 3 (8.2)
TN (kg day™) 11 (39.3)
TP (kg day') 1 (33.3)
Inflow Inflow 1 Inflow 2
Subasin area (k) 0.26 1.47
Subbasin slope (%) 11.8 11.8
Stream length (km) 1.3 3.4
Hydraulic residence time (hr) 0.65 1.03
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Nov. 29, 2002| 96.1+13.2| 136.5+10.3 63.7+4.2 131.8+24.4
Dec. 13, 2002| 62.0+6.5 85.3+9.7 56.9+8.0 110.3+4.7
Mar. 28, 2003| 27.5+2.6 101.8+9.7 20.0+1.8 97.2+7.9
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[E 3.1.18] 20024 118%E 20034 120K AAMSXNA AEEY

3E 2HO HAFASD BHD WHHA 3

DIP Temp. Chl.a' | Cells® Growth Kkinetic
Date Domir?ant . . B ; B Uptake rate growth rate in
(Day/Mon/Yr) species ug L In Situ | Culture | 48 L x10° | umax | ks |umax ks (1P w5 Chl.a day™) conti?l
(day”)
1/11/02 Microcystis spp. 4.3 11.8 17 5.2 8.1 0.60 | 0.60 1.00 0.77 0.05
13/12/03 Microcystis spp. 5.6 4.0 4 1.4 10.5 | 0.41 | 0.69 0.59 1.40 0.14
14/03/03 Aulacoseria spp. 3.1 7.0 7 4.4 4.4 0.46 | 0.72 0.64 4.52 0.06
28/03/03 Aulacoseria spp. 2.2 10.1 10 2.8 5.1 0.34 | 0.67 0.51 4.52 0.10
11/04/03 Aulacoseria spp. 2.8 12.6 13 7.8 9.9 0.49 | 0.63 0.78 7.1 0.25
16/05/03 Microcystis spp. 3.2 20.8 21 7.8 6.4 0.82 | 0.16 5.13 5.65 0.49
30/05/03 | Aphanocapsa sp. 3.7 21.6 22 4.5 9.2 0.81 | 0.40 2.03 21.30 0.03
13/06/03 Microcystis spp 3.3 22.6 23 18.4 18.6 | 0.94 | 0.55 1.72 2.29 0.37
25/07/03 Microcystis spp 2.7 24.6 25 61.1 30.1 0.40 | 0.66 0.60 0.38 0.15
08/08/03 Microcystis spp 8.8 26.4 27 12.6 10.0 | 0.59 | 0.31 1.93 2.64 0.28
19/09/03 Microcystis spp 7.0 23.6 24 7.1 13.7 | 1.02 | 1.05 0.97 4.32 0.09
03/10/03 Microcystis spp 0.6 21.1 21 11.3 29.2 | 0.83 | 1.32 0.63 4.66 0.01
18/10/03 Microcystis spp 3.8 17.9 18 8.1 22.3 | 0.79 | 1.52 0.52 4.91 0.10
08/11/03 Microcystis spp 3.6 14.0 14 11 17.9 | 0.64 | 0.89 0.72 3.88 0.00

1 . Chl.a concentration of inoculum at the start of experiment
2 : Cells number of inoculum at the start of experiment
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[E 3.1.20] 2002 11€2H 20043 280K AZN+=X 8240 K2, EQ3, S3A, S=RI|EA, &0 J2ln 8&
S0l s
Date Discharge TN DIN TP DTP DIP

Day/Mon/Yr| m day™ | mg L' |kg day™'| mg L' |kg day'| w8 L' |gday'| gL' |gday'| ® L' |g day’
15/11/02 960.6 4.7 4.6 4.0 3.8 92.0 88.4 7.7 68.8 60.5 58.1
13/12/02 1,922 1 2.3 4.4 4.9 9.4 82.1 157.7 69.9 134.4 63.4 121.9
28/03/03 665.6 2.6 1.7 1.7 1.1 73.9 49.2 65.3 43.5 55.6 37.0
11/04/03 1,464.9 2.6 3.9 2.7 3.9 133.7 195.8 127.8 187.2 100.4 147 1
16/05/03 1,512.2 51 7.7 41 6.2 104.3 157.7 90.4 136.7 78.7 119.0
13/06/03 3,761.0 7.1 26.7 54 20.2 131.7 495.3 87.5 329.2 66.9 251.6
25/07/03 |35,155.7 3.2 1124 2.3 81.0 90.3 3,173.6 80.9 2,842.8 76.1 2,676.8
08/08/03 6,535.6 2.4 154 1.8 11.5 90.2 589.8 81.8 534.7 73.9 482.7
19/09/03 8,885.1 241 214 1.9 17.3 104.3 926.6 86.6 769.1 74.5 662.3
03/10/03 2,682.2 2.4 6.4 1.9 5.2 71.2 191.0 58.8 157.8 50.4 135.3
18/10/03 2,599.8 2.4 6.2 2.1 55 76.3 198.5 75.4 196.0 70.8 184 .1
08/11/03 5,996.8 3.4| 20.6 2.7 16.4 224 .1 1,343.8 | 201.3 |1,207.1 196.2 | 1,176.3
21/11/03 531.2 3.4 1.8 3.2 1.7 60.3 32.1 54.0 28.7 52.7 28.0
17/12/03 720.6 3.7 2.7 3.5 2.5 63.0 45 .4 58.8 42 .3 55.6 40.0
30/12/03 738.7 4.9 3.6 3.8 2.8 53.6 39.6 52.1 38.5 43.2 31.9
13/01/04 635.0 3.4 2.1 2.7 1.7 74.5 47.3 51.4 32.6 45.0 28.6
27/01/04 1,316.7 2.7 3.6 2.3 3.0 74 1 97.6 36.8 48.4 31.8 41.9
17/02/04 191.3 3.3 0.6 3.0 0.6 62.3 11.9 41.5 7.9 39.8 7.6




3E IE, BYUUS L =XUAM XD S|y H
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6.0e+3
Set4
3.0et3
0 0.0
NDJFMAMJJASONDI] NDJFMAMIJ JASOND]J
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Inflow 1, b: Inflow 2)2| S =0 L5129 AIZHE H3E}

- 166 -



QU Y SEUN X S|y oY

Permissible Phosphorus Loading
100 4 e Critical Phosphorus Loading

m =} 2003
PAm

10 1 JI -

Shingu(Simul.) 5y DA -
Shingu(Mea.) .SO m B .CH—/ EUR
A ANm_ip

Lp (g P m”yr")

ol
Ju

0.1 T
10 100 1000

Q, [1+z/Q )™

[0 3.1.36] 2 =2 S42 ARXLXQ o L5t
Vollenweider-OECD model0fl 2I8t A

JI, EU, PAE 2 ot85, =25, o
3, g8dg, 285, HEs, 55, 4
S, 9egs el ZYSE 20/8.
1000 10
® TP (r=0.69, P<0.001) o
— o
O TN (r=0.48, P<O.%Ol)8 ) O
o 80
~ ‘_‘A
= -
A~ 4
ep 100 4 Fl on
= =
-’
B 4
= =
10 T T T 0.1
le+l let2 let3 let+4 let+5

Discharge (m3 day'l)
[O8 3.1.37] 2002 112SE 2004E 18 DX A2H
A & R0 SN S 12l SEL

STkl szt

- 167 -



2) 34+ B}

ZA712E B AR U 582 592~633 %] WO R it 64.6 %] Y
5.9~35.1(6.3~104%)mg ww g | ] M2 27|82 = 394
w g (91 %)% 1€ 351 mg ww g | (104%)% =23 3.1.2].

w
AU A B 9l FEE AFe] G4 S o fol B 59 3
5

I, I 7keF

L o
Do

P<0.001)[193.1. ?], 7¢ &
oly el &F F<lo] Uit §EF7]Qle v E3 136~245%= ThE A 7]
vl el 30~85.7%% Hl&]

ZA}712E Tt HAE ) wAas} o ke 247t 276~305 mg dwg |, 0.8~
11 mgP dw g ' W92 Ao w2 2 Hsrt gd uhde] Aadteke
34~49 mgN dw g '] M9 = 109 ~129 2A7)7F Fetel] =% F 3.1.2].
HAE W gardae g AN E 2841019 e, C/PeF C/NHl&= zhzt
26~35, 6~8<] ¥ At

[E 3.1.21] 20021 1125E 2003 102X ARH2X E=S U E
A, A 0l B B
Date C N P
Day/Mon/Yr| mgc DWg™' | meP DWg™" | meP DWg' CIN | Gl | NP
15/11/02 28.7 4.9 0.91+0.09| 6 | 32 | 5
13/12/02 27.7 4.1 1.07+£0.01 | 7 | 26 | 4
28/03/03 29.0 3.6 0.8240.11| 8 | 35 | 4
30/05/03 29.9 3.8 1.07+0.06 | 8 | 28 | 4
25/07/03 27.7 3.4 1.07+£0.01| 8 | 26 | 3
08/08/03 27.6 3.5 1.0640.03| 8 | 26 | 3
03/10/03 30.5 4.0 1.14+0.00| 8 | 27 | 3

DW : dry weight

- 168 -



100 40
O
— 90' Bo
J
S 9 g
N _
N
= £
S 70 L20 ~
7]
E /\‘\}/“_'—‘\'\/ §
E 60 - =
S F10 -8
> 504 —®— Moisture content (Avg. 64.6) =
—0— Ignition loss (Avg. 29.3) =
40 T T T T T T T T T T T T T T T O
400 15mgPL"
—_ Eutrophic
”-__] 05
[~
ep 300
=
N’
— Eutrophic or
8 Oligotrophic
<
= 200 -
o
=
)
o
£ 100 - 0.1
A . .
o Oligotrophic
(=
0 L 0.01
NDIJ FMA 4\
2002
[O& 3.1.38] 20024 {18%H 2004 280X AR EXS2
g3 2828 el 2l EEs0u 8EER|
ol =59 H3l t= 24=2+U o s=0 e JLAE

0

D= (Enell and Ldfgren, 1988)

- 169 -



DIP =0.47 x DTP-17.7
r=0.94, P<0.001
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3 138, PYYs L sYM NH - HSOE g
a)
Heavy rainfall — —) -
Discharge —> —
Succession -) %’; lﬂg Cyano. R
ﬂV Mic.

Osc.
Aph.

Low Temp. and
Light

|

Cell density ==

| High P, Light and Temp |

Ice cover period mm [ n_
NDJFMAMIJJASONDIJF
2002 2003 2004
b) Ice cover Ice cover
I u
[l«—— Pompholyx complanata
‘ (18,000 ind L)
Clear-water phase
@ Abundance

[] Carbon biomass

Conochilus unicornis ——» =
(3,700 ind L)

NDJFMAMIJI J AS ONDJ] F

2002 2003 2004
[O3 3.1.40] 2 £ MNE=X0A EZIE dynamice T4
B., F., C., Cyano., Osc., Aph. and Mic. denotes
Bacillariophyceae, flagellated algae, Chlorophyceae,
Cyanophyceae, Oscillatoria spp., Aphanizomenon sp.

and Microcystis spp., respectively.
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72 130mel ™, 71 27} 130pm=. o 2FS 4§ bl o] ~E A = (Stokes's
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of o wHeR F& WeEA & & Ak AFAQd FAE T 9o
%aol s|utatA EEF O] Qg Well B AV ET EQLFE I EEH

7137} S7kske] E&o] = Y, VXAV &S SR =Y
A SRR P do A eR SEFTIRAAN A T)Ee
713 10~ 120gme] v, 7t 4 0.2 th=F 40mo]H (o] 5, 2000), F-7d<=9} 7]
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=02 ﬁiﬂ Bl A FE 3 Bes AAske Ao H(
> =

35

®— Pump + YA 71X AT X] (Nozzle)
O O~ Pump + Pressure control valve

[ N @
=] (9] =]
1 1 1

Distribution(%)
a

10

0 T T T T T T T
10~20 20~30 30~40 40~50 50~60 60~70 70~80

Bubble Size (pm)
[O& 3.1.43] OIMIDIZL A XI(Nozzle) 2t SAXTHWEO| J|ZII|E 2X

SRS EER L

AR F=2 = SHAZA Ferric ALe SHAEHTY

o
Aluminum Alde SHA Alum(Aluminum Sulfate)¥ PAC(Poly
Aluminum Chloride)7} £-2 €& YEAT(Bunker et al., 1995; &, 1995).

o

ok

=2
H

b

=

o
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Alumell H]3] PACS] $3&E &0 A& Fl¥rw
& 312, 7] AFAA e F2 ALEEH = 39

opol] @ 27 0.9 FhA ol A, Aedel vla) AT floco] S vl
=

Adeks o] PACE @ol A&kttt

80
Turbidity - — ] Chl.a —_
S ]
2
g
—_ 40
<
>
(=]
E 20|
&
0 : : : :
15 17 19 21 23 25 15 17 19 21 23 25
PAC (mg/L) PAC (mg/L)
80
~ | Turbidity — | |Chla _
\° i —
e — N
= 60
"]
N
g
— 40
<
>
=]
g 20
%]
=4
o+—4-—t L LL 1
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Alum (mg/L)

Alum (mg/L)
[O% 3.1.44] PACS Aum FsE0l ME S$E2 HEA a 59| 248
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= 40
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Turbidity Chl.a

[0O& 3.1.45] S&A (PAC, Alum)2 HAHEE

. FANLNED
D) 7tgR33gx 7t =A

ZFQHRdel e %xﬂﬂz}:ﬂ AL 9% A F 430 2A S

2L 115.2~28.8m' °] 9t}
= ol A Jar-testE F3)5f

dom 1 A} RE A7) A4 T PACEEE 15mg Lol dth Jar-test=

53] A4 PACH RS A53S Fste] & FUF2 Aol Yl

.ﬁ
2

7ht B Mo pHE 94~79%01, 7 Al SdE o] 9] pHE 6.3
FA BT A7 AEEE 169.2~213.7 uS cn o] QoH, 7R 2] o] Fo
= 207.4~230.0 uS cm = YERGTHE 3.1.71.
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o5 U mEWM RS- 00| e

[E 3.1.22] JIL2AEX JISAS =RIIZAHY IS E(before) - &
(after)Q pH, MIIMEEH 3}

(PAC Depth Vo " ’ Conductivity
; olume | Temp. _
Date Operating (max) p p us o’
time (hr)

mg L’ m m’ T Before | After | Before | After
April 22 8 15 3.2 115.2 | 16.7 8.9 7.3 | 213.7 [230.0
May 18 8 15 3.0 108 18.2 7.9 7.2 | 206.3 |[218.9
June 4 3 15 0.9 32.4 | 23.0 9.1 6.5 169.2 | 207.4
June 5 3 15 0.8 28.8 24.5 9.4 6.3 169.5 [ 212.0

1. Jar—testl Qloff 2&E =T

2) A =29 AA

7heb el whel Pk Bl Fale AAZ AT e, A3 27 A
W AR EZ ] sro] wel AAEEL St uaY 3.1.21[2 9 3.1.21.
BHEd AAEES 544~T712%2 28 27] FE7} 41.0£0.0 mg L o] ¥
64 490 7p¢ =9kt WA LHFE AAEZ LS 7] F%=7F 80£1.0 mg L o]
99 59 180l 57.3% % 74 wkgkm F%27) 20551.0 mg Lol 9w 69
S5l 785%= 7Hd =t et A48 4 FH(BOD)S EE A7)0 86%
ol o] AALES YeEpH oY 384 2 FE(COD) AAZLES 289~
62.8% % BODel H|&j sk},

7hd Aol whel gabg EF A
HAaHETE QoA F3d a7t Yegt 25

= RFT7](DIP)E 341~882%9] HAass
%9 = e Bt 298 27 27t 752 ug Lol | A7)

%69} 75299 AAZES RO} 7] B%7}F 149.3 pg L9} 1486
SR Y A7l 91%
T Aot fAEHA U &
kel wEk AAEE] FIH
(1997) =3+ F-HEd o wa} A7

SN
N

d

o]
PR

l
2=
8762

ol

rlr
N
c,o

rm .
b
o
o
2
>
©
i

TAFNAM = FAFH Q)
LAl 1997), A3 o]

£| %7}@% L RAY ] e k)

ol
b
_A_, 1:10{'
rulo
s
*f
%
m
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AF7HA A E AFA ol A= 7SRl o g Al adtel B E A
AN 277 EETE AAEEC] FUteke d9le H

@A S-AY] FFY pH, 2ol 8% S8 AR AAEHIL Ytk
(Baker, 1982; Cooke et al., 1993; 713} o], 1997).

B AgolA AR SFrEe 4 pHoll whebd dEE 2Egters &3
el G F=th pH 6~8 Ateloll A dFuEe Qo tid FHHo] =2
-84 AOH);2 EAsHA W pH7E 8 o] ol A= &2+
HHCooke et al., 1993). WFH pH7} 45~552] M9l A= Al(OH), 3 =
FiaH o] FHYo] AT B Wk ozt A=A 54E o 5 Ak
(Baker, 1982).

= ATl A THEH Y

oflt

2l
o)
T
rr
O
N
!
AN
o
oL
Ho
38R
M
L
0,
i
ox
-
o)
T
rr
o
w
o
o

A A
< FAA7] witel pH Wt & S a i A& g JFe
AAe Aow Aot 8 w3k SHa e} AHE Fo% aQloR F20]
S/HEF S ThrEe] Wheo] X H A A FENESFIE Sheke] A3
Aoz FHEN FUhste Ao® dEA vk o], 1997; Cooke et dl,
1993). ¥ AG7|ZF T 2 167~-245TC W E, 49 Hope 6¥€ol =97]

el S EA FEFS 1P E 7hsAel vHE 317
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C—1 Before
S (71.2) )

40 | 7 Aft - (65.6) l(74.1) I (785 | 20 _
' i =
fn 30 15 %ﬂ
g’ 20 1 (57.3) 10 ;
] (83.1)  (54.4) ;’

] 7 7 |
27 11 |l 7
0 7 7 7 7/ : : ‘ ‘ 0
10 20
5 (§6'9) (92.5) (62.8)
= (86.9) _ P15~
= (61.9) !
ap 01 (28.9) (48.9) 'jl)
E 0§
a 41 a
2 0 18
2 % é O
i 7 2
0 7 ‘ 7 ‘ ‘ ‘ ‘ 0
160 100
96.2) 80

120 4 ©1.0) 018 | -~

v: 91.5) L 60 =
= 80 35 (5D =
s 90.7) a0 S
-9 -
= (53.7) =

40 H L0 ©

/ 7 Z = 7
0 ‘ ‘ ‘ ‘ ‘ nz| 1z zn 0
Apr. 22 May 19 Jun.4 Jun.5 Apr.22 May 19 Jun.4 Jun.5

[0 3.1.47] JI2240 0E NS 2A2(%)
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[E 3.1.23] Jtg240 OHE M2l Hin

This study 1Kyungan stream
Parameters % %
Date |Before| After Before | After
removal removal

Apr. 22| 13.0 | 2.2 83.1

SS May 18| 12.5 | 5.7 54.4
(mg LN | Jun 4 | 41 118 | 71.2
Jun5 | 355 | 122 | 65.6

May 18| 7.5 3.2 57.3
Jun 4 | 19.3 5 741 3.7
Jun 5 | 205 | 44 78.5

VSS
(mg L)

Apr. 22| 62 16.4 73.5
TP May 18| 71.9 | 17.8 75.2

» 27.0 81.6
(ug L) Jun 4 [ 149.3 | 134 91.0
Jun 5 | 148.6 | 12.7 91.5
Apr. 22| 21.4 9.9 53.7
Chl.a May 18| 33.4 3.1 90.7
iy 17.0 85.9
(kg L) Jun 4 | 883.8 3.2 96.2
Jun 5 | 67.5 1.5 97.8
Apr. 22 - - -
TN May 18 - - -
_ 2.4 35.3
(ug L") | Jun 4 - - -
Jun 5 - - -

Apr. 22| 9.0 | 6.4 28.9
COD |May 18| 8.8 | 45 48.9
(mg L") | Jun 4| 145 | 5.4 62.8
Jun 5| 16 6.1 61.9

7.4 2.0 72.9

May 18| 6.1 0.8 86.9
Jun 4| 8.4 1.1 86.9 4.7 0.2 84.0
Jun 5 8 0.6 92.5

1. SgEd e+, 1998.
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4 HER YY) ASEA B

Aol A A EAIZHS H2at7] fla DA =271(600 x 355 x 600mm) o] = F=o
Zkzy Aol s AL videll= of 3emA o] R E ZaL 1 9l H A
Be T FAR YAV E 3121 AFe (A HAE+d)9
Al A Y H A +x 2], AgEAe+2ea)= 72 370 FRedA
FRAE A A7 109 149 5-H 119 8A7HA = 269 &< B H A
A AE S 6U7MA = Y, o] Foll &= 3~4Y Ao 2 UL o)A
SAEMA ZaF EFE FHl dAFEF AT AESHAES 469
Ao 2 AfF e AT AXLUEE At Ad-e AuelA o F
R FF7)= 121122 =43kt

[0 3.1.49] DIt A9 XISAI2H0 2t AlUjalE
(A : Control B : Water Treatment C : Water & Sediment Treatment)

7H) Alztel wE +29 Wzt

veb = o= /\l
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2 Aol7F g™ 3.1.2].

8.5

22
~
8 21 8.0
-]
5
-
5 20 75 &
-3
3
7] 19 —@— Control ° 7.0
= O- Water Treatment
—¥— Sediment & Water Treatment
18 6.5
0 5 10 15 20 25 30 0 5 10 15 20 25 30
200 6.0
£
3 [¢] ~
z 160 o o 45 2
2 z
= 120 c
= © o
£ 30 &
g 80 =
g o| %
. =
g 40 j
]
0 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25

[0 31.50] JI2Ra £ AR 2 =2, pH, BIINEE, S Bis

A2 A7e 98 248 3749 F20A FHE2AT BOD, COD, 4224 a
srE A9 27 dETAA B 52 ugoy A7 F8A 349 2
LA A FARSE S AT FEASS)S AF 7] gz
A 165 mg L2 /M e 22 BT £187) o] Folxl 2 48 mg L,
FH s HHE 7} o] Fo]d el 88 mg Lo FEE HAAT 1~3
o Ay F 2 Zow aste] YrFolAl 32 mg L, Hel T FREAE

5mg L= Jebgth AseA Ak 7 #(BOD)S o 270l
A 27190 59 mg LA QTR A 26 mg L% AT FEE1T~26 ng
L el A o) sme fA1aksd
88H4 2b4 9 FZHCOD)E d2TolA 53~117 mg L'e] x9S 1ol
WA BOD % #ats}l fAbe A 89w, A Tl AR 23~49 mg L9
Hele A T84 Fhste 48%S Y 954 a sk gxTolA
Z8A 26 mg L'o® #astga, AT £
2 F29 2 Aol vhehbA ggttt

>,

A& %7] 494 mg Lol A&
ZoME 02~ 32 mg Lo xx
[Zz9 3.1.71.

rJEE 1:m
o
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detgt Y =M NH - HSOIY e

Folw A 79320 mg ke HE @FNA AAE HHEY =1 39338 mg
ke DI 2 o7k gl ol 9f @] RN E HAET HyFrt F99

A2 (7408 mg kg Dol M E @A BaAAE F AHE HAEY A FF
(1062.6 mg kg HET} Y& vEE Bt olgfd A nAed ¥4 &3
A7 FAE A TolA sE=vstrE §ll7] Wit A4 U &k £
Aol ok Aoz AWAFA AHEE A Fuld e IFEshe Sl A7 A
S 9mec 2y 3153129 3.1.541

ZHPEEAl v AP E S A e HAEA 49 ¢ FaHgs Sd 7713
2 FA=2 SdHAY, wdA] FAR AFFTFoR AEAS GS5AT] =
dlo] & F ek wpebA] ZRHEAl R EE A AALES HAE
of Xy §r|E8Hy AHo] Qo JpHA T A EAS AAs =

1200

I Before treatment

[ After treatment
- 1000 -

800 -

600 - l

400 -

Concentration (mg kg

200 -

0 T T
TN TP

[0& 3.1.53] JtgRa & . % XS TN, TP s&
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1600
Chlorophyceae —@— Control

—O— Water Treatment
—w— Sediment & Water Treatment

1200

800 1

400 -

2.5e+5
2.0et+5

Cyanophyceae

1.5e+5
1.0e+5 A

5.0e+4

1600

Bacillariophyceae
1200 1

Cell Density (cells mL'l)

800 -

400

3et5

Total

2e+5

let+5 1

Time(Day)

[O& 3.1.55] D14 & Al2H0l HE ASEHIES Bt
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2t O A7 22 WA (NozzeDE ©] &8 HA2Y AHgAA i

D HAZZTTAZA 72 £ FFde

A7 ZEA LA = AdFoz A FX2ZH 7 AEFHZAA Fd= =
7| EgdHo] FAHOE WRHANFo R Edﬂoi A A Lo m 3]
A Faom EEEE FAEA[ZE 3.1.2], A7 ZRAAGA A 7] A
o2 7]l &R 7} obd ARk AFAPZE o] fato] AHEE F e I
Tx= Hol glom A HdY ng& FA =M o] Aom HA7} kg
Frel Atk

ul A 7| AR FAR] HWHA 45mm, 2173 60mm, &7 5.0mme] ™, o]
H&o] Fxo] A5 A4sta Uk vA7| 2R AR = 7] A EFH Lo A
EEH e 7 EFRA i3S wet mA7| 2372 o] Fatal, nA7]E
AR o BEFY e °”X4]9]r 7| HEFF A7 AL FE5HH
FAte] k=S FHgtt o] w & A9 FERZ VA= o2 oz Ho
aEHow FEH= Ao AtHd ofF s = mA7| 27 A

AN ELR G2 E ESHEY =28 Small-angle ¥ Wide-angle® 3
of A H, o] 2] gk =0 RoFol whebA] 7] K &gt EE whako] dEkint o]
2] gk A7 2R AG A = EE ek we) 3F/(SS, SW, WWE) = 75
H27 31.2], & A AAgHAA = =52 SWHozH sgo g 557

g doslE Ag A
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o
o
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y EiEg
"-.__ - -
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0.684mg m > day '} 1.760mg m ° day '

3.1.7].

3T
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17%, @714 231904
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Z 71 A

o9 7]

AR

o= ]
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Swanson, 1975; Brannon et al., 1985; # %, 1997, A 5, 2003). ¥ Aol A
AR RJIEEE&S Ul - oA ATt Aol vl 5717 oA o] A

oot FAbstu @714 23 9l §EE2 Ao ® v
FOlATHE 3.1.21[% 312 A& wXo 2 && Fr|dee] ¢ &%
| oAl of 3 o] ApolE B, GEA sk, S5k

Eal
o SPHALES ez 3 Ql &5 2= o714 =4

H
BEje] o] 852 oAFon FANAEANE 0d A7 AL F s s
B AANGT F7 7R BAZ0 FHE LG5I 5 Fol

T8 FyEder A2 AFAdM= 5 &3 A7l (Jeppesen et al,
1991; Cooke et al., 1993; Van der Molen and Boers, 1994), =4l o] €& = o]
A= vkl 93 FA7F wgkE = Al7]d (Williams and Barko, 1991) 84 &
2ZHE £359 do] 52 EFAE AT S
At

AN A W dALEDY AAZELS 59 7HsAIZre] 2/3 A3
F-oll 90%°] A= A
do] Atk A W ZES)
A HAZORERYH FFome <l FAkS AlstE E(Garrison and
Knauner, 1984; James et al., 1991; Cooke et al., 1993; Welch and Cooke, 1995;
Holz and Hoagland, 1999), U] F53lo &3t 27/ AAALES AT F S
lojtt. ol2]dt A3E EU = 7FGRAdAl F7)ol oal =3 AT 574
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1.2

—— Before treatment
.......... After treatment

-
(=)

R,=0.821x1.0472

’=0.90 , n=3
~ R =0.684x1.047T20

P-flux (mg m'zday'l)
()
o0

’=0.82,1n=3
0.6
o o0
DO>7.0 mg/L]
04 : , . .
5
4
>
<
=
. 3
= R,=2.270x1.094T20
%ﬂ °=0.94 , n=3
= “ R=1.760x1.134T20
= T !
I r'=0.89,n=3
A 1 -
o ..
o o
0 DO<2.0 mg/L

Temperature(C)
[Og 3.1.58] El&E RA4EcMe] & - J0 &L =240 OHE &

22 2Eo 8F4 2I(2(DP) S5
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3 1. PEYs 2 =2UM N WSy ofe

7
—— Before treatment
~~~~~~~~~~ After treatment
[
6
>
]
=
o = 5 ° ®  Ry=5.620x1.014"
2 _
%’J r=0.89,n=3
(0]
\/4 i o..
= o
3 6 R3.775x1.027
R £=0.97, 13 DO>7.0 mg/ll
8
7
s
3 R,=6.232x1.03172"
e 6 >-0.98 ,n=3
h r=0.98 , n=
\-/5 J e
N -
= R,=4.988x1.024720
= ¢ 0 )
! =100, n=3
R4 - 5
; DO <2.0 mg/L
5 10 15 20 25 30
Temperature( C)
[02 3.1.59] EHE FAEcIMel & - F0 &k X0l T2
EXEZ 2EQ & GE4 (0TP) E&
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[E 3.1.24] EX28 2422 & - &= EXSUAS 2/(OTP, DTP) SE2(Rp)
Aerobic (>7.0mg L") | Anaerobic(<2.0mg L")
P-fraction Tﬁ:)p Before After Before After
mg m? day”'
25 0.974 0.974 3.485 3.185
SAP 20 0.937 0.600 2.099 2.248
15 0.600 0.487 1.799 0.637
10 0.525 0.487 0.824 0.600
25 6.146 4.197 7.232 5.584
TP 20 5.584 3.897 6.146 5.022
15 5.022 3.373 5.584 4.459
10 5.022 2.811 4.459 3.897
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3 1E. PYst L sZUM XCH. WSO8 f
[ 3.1.25] 2U-2A0A A7E o SE2(Rp)
2EE e ] ,
_ _ xperimen
Site (ng m™ day™") P . Reference
- - Condition
Oxic Anoxic
Lake Estrom 8.0~9.0 Kamp-Nielsen, 1975™
Lake Enell 0.37 Lennox, 1984
Hosomi and Sudo
Lake Yunoko 0.37 ”
1984
Lake Hosomi and Sudo,
, 1.0~10.0 "
Kasumigaura 1984
Lake Trummen 4.4~14.0 Bengtsson, 19757
Lake Sodra 36.0 Bengtsson, 1975
Vallentunasjon | 25.0~30.0 Bengtsson, 1985
. Fillos and Swanson,
Muddy River 9.6 96.0 "
1975
Fillos and Swanson,
Lake Warner 1.2 26.0 .
1975
. Bannerman et.al.,
Lake Ontario 0.2 R
1975
. Ditoro and Connolly,
Lake Erie 2.0~6.0 .
1980
. Freedman and Canale,
White Lake 34 R
1977
Calendar and
Potomac Estuary 1~10.0 .
Hammond, 1982
Lake Mendota 0~9.0 Gallepp, 1979
Lake Mendota | -1.9~83.0 | 0.67~65.0 Holdren et. al., 1980™
Lake Wingra -5.6~3.4 0.95~2.9 Holdren et. al., 1980™
Minocqua 0.02~0.37 | 0.03~3.1 Holdren et. al., 1980™
aEs 0.5~4.1 =X S A 1990
) Lab(batch) SEEHARE,
Nam River 6.5 .
20T 2003.01l A THOI 2
H . ) 9.4 Lab(batch) ZgsFAERH,
oeya Reservoir )
Y 20C 2003.01 4 Tolg
Hoedong 155 Lab(batch) SEEFATRE,
Reservior ) 20°C 2003.0l A HOIE
Naod Ai 5 0-26.3 Lab(batch) ZEEHARS,
agdong River -5.0~26.
gdong 10~30C 2003.014 THolg
) Lab(batch) oA,
Geum River 5.1 10.0 .
25T 2003.0l M THOIZ
This stud
Y 10.525~0.974(0.824~3.485 | ap(batch)
Before treatment 10~25%
After treatment 0.487~0.974|0.600~3.185
* Thomann and Mueller, 19870IA THOIZ, *x 24X S AL 19900IA IHOIZ
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) H§AHE A8 F (SOD)

A dojups BE 3heHA vk FARYH HAE fr]Eo] vA

i)
ax
il

=1 overlying

(Seiki et al., 1994).

=
8
]
=
o
5.
A,
=
o
~
8
)]
ﬂ
é
[e2x M)
odk
filo
nli
ol
2
o
il
A
S,
_A>:L
-E ﬂHﬂ By

® Before treatment
O After treatment

Slopc =-0.0592

DO (mg/L)
~

Slope =-0.0827
' =0.96

Time (hr)

(024 3160] EXE FAlEE| 22| EXS Ak A

AEel ZAEYel o] 5] HAE e TEFS A Sk 4TS
1.2]. B389 SODE 0533 g O, m” day ' o] Ao} o] F
701 ¢ Oy m° day ‘2 2769l ar, o] 3t HAE AlhQ P I - 9

oM ATt Ak wlaA 3Es et FAR FEoR TS BE Dol

HUbE 2O SRl ATHE 3124 HA B0 ¥R o o] HAE HaaT
ol ZrHk A AA ANE FFRE ol F o] HABY FARFo] FE
A vk 2, FAZRE AAEA 2 $RE G5 A8 Ao
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3 1E. PYst L sZUM XCH. WSO8 f
[E 3.1.26] 2UH-20AH H7E EHSMALTS(SOD)
SOD
Site (902 m2 Experiment Condition Reference
day ")
Lake Michigan 1~7 Dark, Lab, 20C 2, 1994
Swedish Lakes 0.21~1.5 Dark, Lab, 13T 2, 1994
Lake Hartwell 0.3~1.0 Lab, 18T 2, 1994
Lake Superior 0.004~0.012| Lab, 4TC 2, 1994
. . Berthelson et al.
Catfish Pond 1.91~6.82 | In situ
(1996)
Gelda et al.
Onondaga Lake 0.82~2.24 | Lab.
(1995)
Sommaruga
Ton-Ton Lake 1.24(mean) | Lab.
(1991)
Van Luijn et al.
Nuldernauw Lake 0.90~3.60 | Lab. (batch)
(1999)
Suyeong Estuary 8.2~23.5 2, 19809.
Nakdong
River—-downsteam |0.313~0.844 oF, 1992.
ISz 0.335~0.988| Lab, 20C 2, 1994
HAZ 0 0.005~1.285] In situ gr, 1993
89. 8 0.056~1.285 | 21~22C gr, 1993
89.10 0.025~0.9 | 21~22TC gr, 1993
90.2 0.003~0.35 | 5~67TC gr, 1993
90.5 0.010~0.75 | 13~147TC gr, 1993
91.10 0.010~0.075| 19~20C gr, 1993
91.2 0.005~0.2 | 4~5TC gr, 1993
. Go and Jung
Seognam Stream 2.48~5.33 | In situ (batch)
(1993)
Gachang Lake 0.03~0.45 | Lab. (batch) Yee et al. (1995)
) Gang and Song
Paldang Lake 0.04~0.30 | In situ (batch)
(2000)
) Jung and Cho
Nagdong River 1.22~3.40 | Lab.(batch)
(2003)
This study
Before treatment 0.533 Dark, Lab. (batch) 20C
After treatment 0.701 Dark, Lab. (batch) 20C
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[O8 3.1.62] O

Z @ ulHE 2¥ (High Performance Polyvalent
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o

7 14

Rotor)

2

7F& 3k 7] =)
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1227k SAA] 23R o8 n
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HIGH-PERFORMANCE POLYVALENT ROTOR

*GSimEH o D10

:?&ﬂ %_T_T 13 J'?'JH

- L - LL -

[08 3.1.63] 14ds Z2IHIZE 26 (High Performance Polyvalent Rotor)

) 91242l A A (In Line Design)

oo de= e s 9 T+ HYgF A Tsostatic Suspension),
2e]E 2 38 Monoblock Frame 59 7141219l M7= A4e247]9 721%
I agg HASANATT LY ofF & B uw BE P YA 35
FA HEge B2 AX wg rasn

o) dwtx A A (New Anti-abrasion Portection)

nhme] $27h gl AR AR e Hfe] 55E By I
Hardness 3000400002 2 A2]a}g1om o] m¥e ynfrmidoln, Ba] i
Aol 715 ste).

d@}) 7t &= (Variable Speeds)

SR ol Al FHojgke]
Electronic Variation)& % H¥%¥ W& (Modular Transmission) 4] B}-&
W

B} ~AFe] £RE )

AdS AT = olw el Al WMsk(Double
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g e 1y AHES BY WEAT7] Sste] Aok uhe kel i ghek
SEAGE)E A7) AA &7 QDEE A S B AT o A
ol o} o] M A3 &A= AL AA7] Byo]lARA 7hsstA R F 8%
o] A golulz] EaEo] WL B ANDFIE A% Lo g 5
S A 2 £FAT7] H5te I F35H 38 2 (Frequency Variator
Circuit)E 7F2 25 % 24 7] (Generator) S AF&3o 29 3.1.2].

Frequency
inverker s
l—lrj.r
L GNI:lArﬂll
Torque
measurern enk

[02 3.1.64] OIHX 3= AARIS QAT
2

p2 : L= 050

AT ek BelS o188 = o AsEg AAHOE ddsn A%

=
3 0 A% o] FsIHES Frk

AL 7Z&719) E4+ 474 (Specially Designed Reducer)

oA o & = 58 18 A Ayt o Qe A Ho
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%3 (Sludge Discharge Hopper)

g3A WHE

oh

Z) € #H A7 Al{ (Stainless Steel Contact parts)

A}§-3hof

STS304, 316 =+ Duplex&

= Y o] -
ET__"T'H':

2=
=

Z) 9 22 (Liquid Level Adjustment)

op

(Fast,Simple

€014

Dismantling and Maintenance)

toh BE 3t FH 5ol

N7} 7b5 &
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& flol=
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o AAZ. FEH AR WEAH FrhHed a/d B
ADJUSTABLE ANGLE DISCHARGE DAM[2& 3.1.2]°] ¢]&) &
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o aEg AUt BEEA e $AEUA 3, 47180 s HE
= 338%=E 7]l v oot AN 2 7E TuEY drES BT
gk 4?4%11 g% 717 oV e} Pk Hulshe] AR Abge] 7hsa)

22 [eJ2| As |Hg| Pb | cd | cr | Cu | 7n | i
(%) (mg kg™

J1= [s0014t] 50015t | 2015t [150015t| 5018t [300015t 500015 [900015H| 50015+
MU A ] ]

ma | 1602 B | &% | 80 | 02 | 350 | 876 | 487 | 212
e

7| 34.31 9.52
(B8

3) Hw3 #AF3 FFA mHdoF & IR

HH 3= @71 v =l o s ook idEY, 2714 vAdE
of o AA= = FeAgonn F2Adda g vto] wefst, vzl
o3 BH| sl 3EA R FEEh A WA G HRLET Y B, ofv| At

T wAEHI AL EAE0 BEHE 2VGARAN FE2E A T
HA A= AEZ 2 (cellulose), 37 A E & 2 (hemicellulose), & ¥l (pectine)

w]
=
AeAEL s TS0l doldn dubA o ® Hu|g= o]

7h C/N H]

Hujs A T g v duAder O dae dIdde
ARGE W, F RSkl A e C/NHl= 25~30 A =olvh. C/NH7F w2 A 9-oll =

aglo] Adaclo] Hol Hulsst AL Ak 8L Fuah O/Nl}
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I 3.1.29] £SAEES Q8 2 AIBel A=2H|
=22 8q2 HEeH
A A 7kg
£ HA(MS2H0lE) 1kg
s & 1kg
A -
SAH 1009
0] 2(eg22¢Y) 5009
SH(EL2AH) 8.6kg
A A 7kg
£ A(M=2H0lE) 2kg
g g 2kg
B -
S A 1009
0] 2(ea22Y) 5009
SH(E2A 10.6kg
A A 7kg
£ MH(HMs201E) 1kg
g & 2kg
C
EH(SZEAH) 10kg
A A 10kg
D
SH(E2H) 10kg
A A 7kg
£ HA(MS2H0lE) 2kg
s & 1kg
E -
SAH 1009
SH(EL2AH) 10.1kg
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@ FEFALEF

2QHE FEFS T2 = wep S3o] oy, 69 49 23
Z7] F=7F SS 41.0£00 mg/ 2 ©ld W VEo® sto] FUH o A&
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- &8 A4 10 mg/¢ x 1,000 ¢/m' = 10,000mg/m’ = 0.01kg/m’
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e deE 5 0 264 kw x 4,000hr = 105,600 kwh
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=d Al Xceldl 4,458,540 & SS41.0£0.0 mg/g
Al 84,268,853 &

w EY Aen g
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3% 28, M=K s¥2AC RE2F/EYA JI=s2 0188 EFHE XM

Log[Chl-a(mg/m*)]

=

Log[Chl-a(mg/m*)]

[0

2.5
y = 1.4848x + 0.0744 .
> L R°=0.6915 i
1.5 ¢
1 =
0.5
0
0 0.5 1 1.5
Log[COD(mg/L)]
3.2.11 Chi-ag COD2| &z
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[E 3.243] R8E M=a+X SXMERE RIIQHEE &

M=l T-N T-P dazy | Ri=2
g T2 P gy | ek | (% (%)
X3 (1) 1978 | 4.8-5.1 | 728-2,707 | 786-1,453 | 4.7-10.7 | 1.8-3.8
89 (1) 1977 | 5.5-5.7 [1,213-2,997| 5577827 |10.2-11.9| 2.7-5.6
SAF (1) 1945 | 4.9-5.4 |1,531-2,860| 705-1,181 | 5.3-9.8 | 2.8-4.9
A8 (1) 1945 |4.4-4.7 | 956-2,334 | 311-635 | 5.2-11.7 | 2.8-3.8
SF (1)| 1923 |6.0-6.2 |2,250-3,292| 879-1,315 | 7.0-9.5 | 3.9-5.7
S0 ()] 1945 |5.8-6.1 |2,155-3,126| 812-886 | 6.4-7.2 | 3.7-4.5
S4 (1) 1958 4.5 |2,344-3,235/1,196-1,550| 8.6-12.2 | 3.1-3.8
=4 ()] 1959 |5.5-6.2 |1,372-3,281|1,167-1,559| 7.9-13.2 | 2.5-4.6
22 ()| 1978 | 4.6-4.9 |2,087-2,988| 971-1,287 | 6.9-9.5 | 3.3-4.2
JH& (1) 1952 |5.6-5.8 |2,308-3,130| 372-637 | 8.5-10.2 | 3.6-5.0
=2l ()| 1944 | 5.9-6.4 |1,885-2,583|1,148-1,970| 5.9-6.7 | 2.1-3.1
ZH ()| 1986 | 4.5-4.7 |1,519-5,572| 757-1,523 | 7.2-19.2 | 3.3-9.0
&b (IV)| 1962 |5.2-5.3 | 1534-2009 | 237-325 | 6.4-10.8 | 3.2-4.7
£3 (IV)| 1986 |5.7-5.8 |2,339-4,956| 606-1,401 | 6.7-17.1 | 5.4-8.7
& (V)| 1979 | 4.9-5.2 |1,743-3,098| 411-582 | 6.4-11.6 | 3.8-5.3
&2l (IV)| 1970 |5.5-5.7 |2,588-2,867| 632-774 | 8.5-12.7 | 6.2-6.8
or2 ()| 1970 | 5.0-5.9 | 903-2,312 | 729-980 | 5.9-7.8 | 2.1-3.6
AFE (IV)| 1985 | 4.5-4.6 |1,283-2,106| 72-154 | 6.4-10.4 | 4.0-5.4
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