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SUMMARY

. Title

° An Evaluation on the Practicality of the Environmentally-friendly Mitigation and

Control Technique with Harmful Algal Blooms

Il. Objectives and Significance

o The improvement of coastal environments with harmful algal blooms of red
tide and eutrophication
o The prevention and efficient mitigation of harmful algal blooms by improving the

water quality

lll. Contents and Scope

1. Surveys on the Ecosystem of the Sea Area with Equipments

o Selecting the installing location in the sea areas
- Selecting the proper installing location through field investigations and
documentary and preparatory surveys
° Surveying seasonal environments of the sea areas
- Preparatory and main surveys on seasonal environments of the water quality
> Surveying benthic organisms and zoo/phyto-plankton
- Surveying spatio-temporal distribution of benthic organisms and
zoo/phyto-plankton
o Surveying the mitigation efficiency of harmful algal blooms (indoor
experiment)
- Surveying the mitigation substance efficiency in Cochlodinium
° Experiments on Mesocosm
- Surveying the water environments and biota through dispersion of

mitigation substances into Mesocosm

o

Field Experiments

- 19 -



- Surveying the mitigation efficiency through dispersion of mitigation
substances over the sea areas with an outbreak of Cochlodinium

2. Small size Device Manufacturing and Indoor Experiments

° Surveying the small size device manufacturing, the method of installing an
experimental equipments, and the method of dispersion

Selecting and manufacturing

a proper small size device and
experimental equipment after investigating environmental circumstances
such as workplace, electricity etc.

- Installing the equipment in the sea area after deciding the method of
dispersion

° Indoor experiments with effects on marine organisms
- Experimenting

the effects of applied substances and application
methods on some typical species
° Experiments on bio-active substances and application of ultrasonic waves

- Performing experiments on the effects of ultrasonic waves and mitigating
substances

o Studies on the technique of improving efficiency

- Extending the application of the mitigation method to harmful jellyfish
along with red tide

Developing a direct mitigating technique of red tide by applying
bio-active substances along with water purification

3. The Design, Manufacture,

Installation and Operation of an Experimental
Equipment

> Designing through the grounding survey

- Designing an experimental equipment suitable to the size of the sea area
based on the result of the field investigation on its environments

° Manufacturing an experimental equipment and testing its efficiency
- Testing the efficiency at

the sea areas around

the workplace,
manufacturing and assembling the parts of the experimental equipment

> Manufacturing the marine controlling structure

- Manufacturing the controlling structure domestically based on the blueprints

- 20 -



of the manufacturer
° Manufacturing moorings
- Manufacturing moorings such as anchors proper to the equipment
° |nstalling and experimenting the equipment
- Performing experiments on the field moorings and the operation of the
equipment, carrying them to the sea area to be installed after assembling
the equipment
° Deducing the method of use and the appropriate amount of dispersion
- Deducing the method of operating the system and the proper amount of

dispersion according to red tide occurrences

V. Results

Chapter 1. Introduction
Chapter 2. Surveys on the Ecosystem of the Sea Area with Equipments

1. Selecting the installing location in the sea areas
Sujeong-ri was selected because it has a frequent outbreak of red tide
and it is good to install the water purification and red tide controlling
system, based upon the documentary and field investigation on
Dangdong, Dukdong, Sujeong-ri and Obido around Jinhae Bay.
2. Surveying seasonal environments of the sea areas
The preparatory investigation of Sujeong-ri, which was selected for the
location of the water purification and red tide controlling system, showed
that the nutrient concentration of the sea area had the tendency of being
high in winter and lower in spring. This tendency was typical of the sea

areas with the occurrence of red tide that nutrients were consumed along
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with the outbreak of red tide in spring. NOs-N and NO»>-N decreased

greatly after the installation of the water purification and red tide

controlling system. That is, total nitrogen(NOsz-N, NO>-N and ammonia

nitrogen) decreased by about 70% from 31.77 mg/L on the average in

August, 2005 to 9.56 mg/L on the average in August, 2006 in the

surface and by about 10%, that is, by 4.52 mg/L from 43.41 mg/L to

38.89 mg/L on the average in the bottom. During the same period,

phosphorus decreased by about 90%, that is, by 1.94 mg/L from 2.16

mg/L to 0.22 mg/L on the average in the surface and by about 18%, that

is, by 0.73 mg/L from 4.00 mg/L to 3.27 mg/L on the average in the

bottom. However, COD increased by about 78%, that is, 0.95 mg/L from

1.22 mg/L to 2.18 mg/L on the average in the surface after the operation

of the red tide controlling system, but decreased by about 5.6%, that is,

by 0.12 mg/L from 2.16 mg/L to 2.04 mg/L on the average in the

bottom. On the whole, nutrients and environmental factors maintained its

concentration in the bottom, but they were revivified to improve the

ecosystem in the surface.

On the other hand, DO decreased greatly in summer in the

experimental sea areas, with the bottom layer ending up with anoxic

zones. However, some artificial DO increase was observed to be caused

by the system, as DO was high in the inner part of the breakwater,
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where the water purification and red tide controlling system was installed.

DO increased by about 69%, that is, by 4.43 mg/L from 6.46 mg/L to

10.88 mg/L in the surface after the operation of the system, and by

about 51%, that is, by 2.50 mg/L from 4.90 mg/L to 7.40 mg/L in the

bottom.

3. Surveying benthic organisms and zoo/phyto-plankton

The survey of benthic organisms found that the sea area of Sujeong-ri

included several stations representing the inanimate zone. A few stations

in Sujeong-ri, belonging to the animate zone, was found to have a very

high density of opportunistic species such as P. pinnata. So, Sujeong-ri

was classified to be a sea area with a very high level of organic

pollution. Therefore, the improvement of pollution would be very hard to

expect in Sujeong-ri without a preferential improvement of inorganic

environmental factors in benthic ecosystem, considering the degrees of its

tidal currents and regional closing. In addition, it should be given a

continuous monitoring and a proper measure to improve benthic sediment

because its pollution is estimated to be as it is and could get gradually

worse.

On the other hand, zooplankton and phytoplankton biomass had a

typical seasonal tendency of increasing in spring and autumn and
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decreasing in summer and winter after the operation of the water

purification and red tide controlling system, but the biomass increased

sharply compared to that before the operation. Therefore, the water

purification and red tide controlling system supplied nutrients, especially

NOs-N and NO2-N, available for phytoplankton into the water column and

the nutrients were used for the growth of phytoplankton. The result could

imply the possibility of developing phytoplankton and triggering red tide.

However, the system induced the purification of the sea areas in the long

run, as there was no sign of any proliferation of harmful phytoplankton

and red tide during the period of the survey.

4. Surveys on the mitigation efficiency of harmful algal blooms (indoor experiment)

The experiments with different cell densities of Cochlodinium polykrikoides
and different concentrations of mitigation substances found that new material,
sefrema and yellow loess showed an mitigation efficiency in the order named.
Yellow loess showed about 60% of mitigation efficiency in 10,000 ppm and
sefrema more than 80% in the same concentration. In contrast, new material
showed almost 100% of mitigation efficiency in 1,000 ppm and over. In
addition, yellow loess had the mitigation function of simple sedimentation,
sefrema had a sedimentation and broken cells, and new material had a

sedimentation, cell wall lysis and cell decomposition.

5. Experiments on Mesocosm

There was no difference in the density of plankton cells at the different

depths of water with the Ilapse of time in the observation of the
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spatio-temporal mitigation effects and water quality changes after the input of
Sefrema into Mesocosm, installed in Sujeong-ri. In contrast, zooplankton
showed the tendency of decreasing with the lapse of time. The water quality
was temporarily improved or worsened just after dispersion of Sefrema only to

restore to the previous condition with the lapse of time.

6. Field Experiments

The experiments in the sea area with outbreaks of Cochlodinium found that
new material, Sefrema and yellow loess showed a mitigation efficiency with

the concentration of 200 ppm in Mesocosm in the order named.

Chapter 3. small size Device Manufacturing and Indoor Experiments

1. Surveys on small size device manufacturing, the method of installing an
experimental equipments, and the method of dispersion

The sea area was selected in consideration of the conditions, such as
roads available for the access of trucks loaded with equipments of the
system, a crane for installing equipments on the sea surface, and electricity
available for the system. RTK-30-2 was designed and manufactured as a
small size device and MJS-150 as an experimental equipment, both of which
were suitable for the size of the sea area. The system was installed in the
direction of the currents so that the dispersion was designed toward the inside
of Sujeong-ri. An electric device, which was lower in installation and operation
fee, was installed as the area was available for the proper electric capacity.
The application of the floating electric cords for mobility of the small size

device was found to be promising as they had no problems in the device.

2. Indoor experiments with effects on marine organisms

The experiment of effects on fish showed that the density of UV ozone
applied to this system did not affect the species sensitive to the environmental

changes, such as striped beakperch, scorpion fish, and bastard. The
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experiment on different red tide mitigation concentrations and the median
survival time of TL50 of pagrus major, acanthopagrus schlegeli, and abalone
showed that the efficiency of red tide mitigation substances was correlated to
mortality. Therefore, the correlation should be considered in the use of high

efficient mitigation substances.

3. Experiments on bio-active substances and application of ultrasonic waves

The ultrasonic waves of the small size experimental device showed about
50~80% of mitigation efficiency on green tide. The difference of mitigation
effects seemed to be affected by the condition of green tide collecting in the
surface and floating in the water, and by the distribution of green algae in the
sampling. Also, it did not show a clear correlation between concentrations of
chlorolophyll a and mitigation efficiency.

In the indoor experiment, the ultrasonic waves of the small size
experimental device showed about 10~100% of mitigation efficiency on red
tide. But the field experiment of the small size device showed 100% of
removal efficiency only to the red tide organisms in the sea water passing

through the device.

4. Studies on the technique of improving efficiency

This system was expected to have a good mitigation effect on jellyfish from
the examination of the effects on other harmful organisms along with red tide.
It was suggested that the system should be renovated to make multidirectional
compulsive currents and used to purify water and mitigate red tide and

jellyfish as a part of technological improvement.

Chapter 4. The Water Purification and Red Tide Controlling System

1. Manufacturing a water purification and red tide controlling equipment

The experimental equipment was installed and operated in the field, being
manufactured based on the blueprints,. The water purification and red tide

controlling equipment had the effect of improving the environments of
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sediments by infiltrating dissolved oxygen just like carpeting, not stirring the
sediments of the sea bottom. The generation of currents by propelling power
stirred the sediments, worsening the quality of water. However, this system
generated an axi-symmetric currents without stirring the sediments. The bottom
around the water column was carpeted softly by the water with a high
concentration of dissolved oxygen. The carpeting restrained the stirring of
sediments, and exercised an aeration of infiltrating and spreading dissolved
oxygen with the lapse of time.

The investigation on the installation method including multiple conditions of
the field enabled Sujeong-ri to be selected through the agreement of the
institutions concerned. The comparison of efficiency in energy supply was
suggested to take a less expensive electric device than a generator. The
device was purchased after confirming the effect in the sea area of

manufacturing field before installation.

2. Manufacturing the marine controlling structure

The marine controlling structure was domestically manufactured in order to
install the equipments on it without any error, and manufactured precisely to
the design, with technicians from the manufacturer participating in the process.
The frame of the marine controlling structure was made of iron plated by zinc.

The electric cable to the water purification and red tide controlling system
was manufactured in consideration of the pressure of sea water and the
prevention of inner humidity. It was layed under the water and connected to

the power supply 300m away from the system.

3. Field Installation and operation

After the operation of the experimental equipment, the flow of fine air
bubbles, emitted powerfully from this system, was confirmed to spread to the
whole area of Sujeong-ri. Adhesive organisms were attached to the intake
entry enough to cause trouble with intaking sea water in the operation of the
equipment. Therefore, periodical checking and removing was required to solve

the problems, as it operated normally after removing the adhesive organisms.
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4. Equipment management and checking

To prevent the corrosion of the equipment, its iron structure was coated
with zinc, and galvanic anode Zn metal were attached to every point of thirty
or more junctures of the frame, as well. As a result, there was no corrosion,
but the plates should be renewed twice or three times a year because of
their consumption. The equipment was found to be semi-permanent without
leaving any other measures taken, if adhesive organisms were removed

periodically and corrosion managements were given properly.

Chapter 5. The Experiment of Seawater Circulation by Numeric Simulation

1. Outline of the experiment

The experiment with the flow of currents by numeric interpretation evaluated
the mitigation efficiency of this system on red tide, along with the efficient

installing location and the range of effects

2. Model establishment

The experiment with the flow of currents in the sea area of Sujeong-ri
predicted the changes of currents according to the amount of the flow,
generated in the water purification equipment after reproducing the marine
environment with present conditions in consideration of the major four tidal
components, such as M, S, Ki and O; and applying a two-dimensional ADI

method.

3. The definition of fluid mechanics on the water purification equipment

The calculation of outflow amount of the jet stream by the fluid mechanical
interpretation of MJS-150 showed that the system generated about 28 times
more outflow amount than the capacity of the pump used in the equipment,
with the capacity of 7.5kW and 3.3 ton/min of outflow amount. It was proved

in the field operation.
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4. An experiment of numeric model

In the experiment by numeric interpretation, the flow capacities was
improved about 2 times higher in both of the water column and the inside
corner of embayment than before the operation. Also, it was proved that the

expansion ranges of flows reached twice in the experiment of a fluid tracer.

Chapter 6. Practicality Evaluation

1. A technique of efficiency improvement

The experiment of application to jellyfish suggested that the partial
improvement should enable the system to mitigate jellyfish. It was also
suggested that this system should be moved to and operated in other sea

areas, and that continuous researches should be done.

2. The dispersion method of applied substances and proper amount of dispersion

This system was operated continually for the improvement of water quality
in the periods of no red tide. It was also designed to disperse substances
effective enough to mitigate red tide and to improve sediments in the periods
of red tide. The experiments of field dispersion and red tide mitigation
suggested the proper amount of dispersion, and the application of electrolyzed

sea water to the system.

Chapter 7. Conclusion and Further Applications

1. After the installation and operation of the water purification system at
Sujeong-ri, Masan Bay in 2006, the seasonal investigation showed that the
nutrient concentrations of NOs-N and NO.-N decreased greatly, that is, by
70% in the surface and 10% in the bottom, and those phosphorus
decreased by 90% in the surface and 18% in the bottom. However,
biomass of phytoplankton increased a lot, compared to the period of the
preparatory investigation.

2. It showed that the operation of the water purification system supplied the

nitrogen sources such as nitrate and nitrite through the denitrification
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process by supplying the oxygen in the middle and benthic water column,
causing the increase of the biomass of plankton, which got rid of
inorganic nitrogen sources in the sea water in return.

. Judging from the results that there were neither harmful algal blooms nor
large scale red tide outbreaks in the installing area where large scale red
tide blooms had been frequently occurred every year, this system was
expected to have good mitigation effects on red tide, along with the
improvement of water quality in the long run.

. The experiments with different cell densities of Cochlodinium polykrikoides
and different concentrations of mitigation substances found that the
mitigation efficiency of new material, sefrema and yellow loess was in the
order named.

. The ultrasonic waves of the small size experimental device showed that
the density of UV ozone did not affect fish. On the other hand, the
application experiment of the bio-active substances on fish showed that
new material had much better lethal effects than yellow loess. The high
mitigation effects meant high motality, that is, a shorter median survival
time of TL50 (tolerance limit corresponding to 50% survival).

. In indoor experiment, the ultrasonic waves of the small size experimental
device showed about 10~100% of mitigation efficiency on red tide. But the
field experiment on the effect showed that 100% of removal efficiency was
restricted to the red tide organisms in the sea water passing through the
device.

. It was suggested that the floating electric cables, which were manufactured
considering the mobility of the small size device, could be applied to the
work of red tide mitigation and water purification, as its efficiency and
convenience were verified through the experiments in different areas such
as around aquaculture facilities or in the closed small embayment.

. The examination of the effects on other harmful organisms suggested that
this system would have the possibility of exercising a good mitigation
effect on jellyfish. It also suggested that the system should be renovated
to make multidirectional compulsive currents for purifying water and
mitigating jellyfish.

. The experimental equipment was manufactured based on the blueprints,
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10.

11.

12.

13.

14.

15.

16.

and installed and operated in the field. The water purification equipment
had the effect of improving the environments of sediments by carpeting
and infiltrating dissolved oxygen, not stirring the sediments.

After the operation of the experimental equipment, the flow of fine air
bubbles emitted powerfully from this system was confirmed to spread to
the whole area of Sujeong-ri.

Although adhesive organisms were attached to the intake entry enough to
cause trouble with intaking sea water in the operation of the equipment,
it operated normally with the adhesive organisms being removed
periodically.

To prevent the corrosion of the equipment, its iron structure was coated
with zinc, and galvanic anode Zn metal were attached to every point of
thirty or more junctures of the frame, as well. As a result, there was no
corrosion, but the plates should be renewed twice or three times a year
because of their consumption.

The equipment was found to be semi-permanent without leaving any
other measures taken if adhesive organisms were removed periodically
and corrosion managements were given properly.

The experiment with numeric interpretation found that the flow capacity
was improved about 2 times higher than before the installation in the
water column and the inside corner of embayment. Also, it was proved
that the expansion ranges of flows reached twice in the experiment of a
fluid tracer.

The practicality of the water purification system, MJS-150, was confirmed
as a good equipment for the improvement of water quality with mitigation
effects on red tides, as neither harmful algal blooms nor red tide
outbreaks occurred in spite of the decrease in nitrate and nitrite
concentrations and the increase in useful phytoplankton in the installing
area, where red tide blooms had frequently occurred every year.

It was suggested that this system should be operated continually for the
improvement of water quality even in the periods of no red tide, and also
designed to disperse substances such as magnesium hydroxide effective
enough to mitigate red tide and to improve sediments in the periods of

red tide. The experiments of field dispersion and red tide mitigation
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suggested the proper amount of dispersion, and the application of
electrolyzed sea water to the system. Furthermore, the system would be

used to mitigate jellyfish in fisheries as a partial improvement.
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TR A ] 72 AR AEEFIES AJMSH Y HolAlE UK
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2 sEZFAE g ZAqte] od gES WrEth(Kimmer et al., 1990).
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BT Ax 5 L H2Fe BARAG A% 49 Gl
= 20021 el 73], 2003l 43], 2004l 23| = F 1339 A zx7}
HAGITHIE 1), o] dFelA HERE A AES Akashiwo,
Eucampia, Eutreptiella, Heterosigma, Leptocylindrus, Prorocentrum,
Rhizosolenia, Thalassiosira 2.2 w9 teit). G594+ 2003
W 6o © 1319 Prorocentrum A z7F vl om, QH|EoA =
200239 23], 20033 33], 2004 23], 2005 13]9] A x
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3E 1 A O A 4Rt AR A x sl gl A x S
+49, 9% 35 oM
5.17 |Heterosigma akashiwo 8.17 |Cochlodinium polykrikoides
5.22 |Heterosigma akashiwo 9.02 |Cochlodinium polykrikoides
6.15 |Eutreptiella gymnastica
Thalassiosira decipiens
6.27 |Eucamphia zodiacus
2002 Prorocentrum sp.
7.04 |Heterosigma akashiwo
Prorocentrum sp.
7.10 |Leptocylindrus danicus
Rhizosolenia fragilissima
7.24 |Prorocentrum sp.
5.14 |Heterosigma akashiwo | 6.03 Prorocentrum sp. 6.12 |Akashiwo sanguinea
6.07 |Prorocentrum sp. 7.23 |Scrippsiella trochoidea
6.26 |Thalassiosira decipiens 8.19 |Cochlodinium polykrikoides
2003 Prorocentrum sp.
7.02 |Heterocapsa triquetra
Leptocylindrus sp.
Heterosigma akashiwo
4.29 |Akashiwo sanguinea 7.09 |Prorocentrum dentatum
2004 6.14 |Prorocentrum triestinum 8.06 [Cochlodinium polykrikoides
Heterosigma akashiwo
2005 7.29 |Cochlodinium polykrikoides
Total 13 Total 1 Total 8

- 71 -



—_

-
Ik

ﬁo

K

ﬁo

22

41 (m)

(Km?)

W
§-
oF

0.27

1.08

0.18

0.82

4

o

- 72 -



(NO2-N)

]

A

]

. cllu|2AK2005. 8) Al FFEE
1) o}

T oo B o o BB N T TN RN N T T 8T T 7T g
xR o o T R W : T H oM T AR W T K o
B I G ol of do B o o B
o_:,_,mndr.%bmﬂﬂgﬁlﬁr.ﬁ = W ' ﬁldl.%ﬁliatnﬂ
R 0| R ™ i N . % o o Y ™ of ol X ™ o T o
B s w o B o EN oo Ro Mo do m o4y T o W o =
w L F - d 5 © R A 2 G Mmoo F oo - N
umnwmuﬂlqu(m_z_oﬂwﬁﬂl% a- mw B S S 3
7N)ﬂ1ﬂod| WATUrmﬂﬂJ%% ) %dlmﬂﬂdlmﬂﬂﬂum!
— g e W nole O M o™ Mo % Mo ®o =
o &7 o M 2 ~ 5 o T R E o -
do © S Mo BB g %D o M O:XT% B A A
E B~ BTG = i N I
o~ 2 M S K 3 dlﬂloﬂm ]Wmﬂ]anw
| S I o o O 2T o W om 0| o o & o T o " o
o amp B3 2F 5~ © i
Pwm s 22583 450 4% T o " @ 2 ® g °
L - T S 3 W o Ry M e g S g
mﬂﬁr@.m%du%ogowﬁﬂgﬂuuAIMH iniﬂ.tuﬁn_u 8n_uﬁ,_V
4ost ;T TET o0 IvRT of oo E T S My T
Mo R go o =2 T O oy o X §=! K o0 o mo Ao
_~ P2 © 70 NG = N o o B = B B ey
<A H oo ™ w2 o N E g N 2B e N =
o, =S X e T3 =3 S T 4P 5 0 TwR W
Tl e 8" 220 omn® K2 b E NS HEE By
T 1 7 9F o S T oo = wr ~— I T D B s K
ool 9 L ook o B o T ) g T O " X e 2T 8 g
Mo - g = = X % B M _ ) = SR | S I BN oA ~N o o]
ATaLZWﬂﬂ~ﬁi~ﬂmﬂl [ T N_E._,E%ﬁmﬂ%oo.ﬂméa
o T 5 MBI I grRrMEZLT Sw”F s 273 9u g
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ol 4 0.62~2.07 pg-a/L (
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3)

4)

Mo Aol ok AEzr A% Ao 1 44 Al

A 7 =2 A0 2,61 pg-alls YERH ST

Az #4743 wgom tgon: HE ouE
3 $5E 2AY AFA BT 23.73
pg-alLo® EEglon gEa ouE s EFel ua AZol

| 4] 16.58~27.73 pg-a/L (343 22.16 ug/L) HHA=
ZTANA =itk FEHEEE A 2004 =3t FAEE 2T
o ] 18.58~26.53 pg-a/L (B 21.31 pg-a/l) BAom AHZo A
19.37~26.65 pg-a/L (B 23.73 pg-a/l) B QGTE oH|EE EZo
A 9.73~20.39 pg-a/L (B 15.84 upg-all) WA ow A ZFo A
15.72~20.85 pg-a/L (B 18.32 pg-a/l) WY E AZ=o] =k A
AEEE 59 A 2T ATAA 7wkt dA 3 A
107 AP diFie] ASdA 2 s HIo2ZH AF

712 EAH &G0l ogtE o] = As & 7 U

R Hl'r
1o
@
o~
)
)
ol
3

4y off

Agiizs s ASAA 7 =%a ZA4S B2 Ys
o] 7} HUTHE 3, 1Y 5). YES F 3|4 0.074~0.080 pg-a/L
(H+t 0.077 pg-a/ll) Hel e A4 0.061~0.075 pg-a/L (H+t
0.068 pg-a/l) HWHU=E  ®EFol =UTh FAHHAE  EZTAA
0.034~0.056 pug-a/L (¥ 0.043 pg-all) WH=E  AZolA
0.044~0.154 pg-a/L (1 0.084 pg-a/l) HIAT. QH| == XSl
] 0.018~0.048 pg-a/L (B 0.034 pg-a/l) HWHFom #AZofA
0.034~0.053 pg-a/L (H 3 0.040 pg-a/ll) BE AZFo] =gt A
x%aﬂgﬂ 23 x%x%_q ;q 01]}\1 7]-%1 =2° ’\‘]g: 1/}5}14]9}\1:} 4t
#e Yed A FA7F e R ARG EFdH

>J

5) Trabrta
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w

A9l =zs FAgdAA M % deorme Y, QM=
AMATHE 3, 19 5). U5 ¥5olA 23.80~34.58 pg-a/ll (Hit
H oA 21.94~30.99 pg-a/ll (HF 26.47
ug-a/ll) HAAZ ®To]l =dth. FA4E= ESolA 32.78~46.53
1 ug-a/l) WHHAew AZFolA  26.53~46.03
ng-a/L (¥ 36.46 pg-all) WAL oMjEE
6.84~25.15 pg-a/L (H 12.72 pg-all) BEPR o A ZolA

=
<Q
L
=
—~~
o
£
IN
o
o

ES AP
et 4w 40 AZAA AE Be AR Gehidt 4
o Be HAHIA FEE FEFY AUE F4 £ gRery
#99 AoE BUY 5 douh B A9e 55 F90] B4 2m
ool vharel AFEA FHge] o= A4S mesiof & Aelrk
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¥ 3. dHlEAF Al9] ek, G, 42 dlole U 5 (ug-all)
AR NO,-N NOs-N NH4"-N PO,%P Si0,-Si
1 1.13 18.58 15.51 0.07 34.58
A
2 1.01 12.67 16.48 0.08 23.80
o 1.07 15.63 16.00 0.08 29.19
=R
1 0.67 551 16.58 0.08 30.99
A2
2 0.72 4.65 27.73 0.06 21.94
Ky 0.70 5.08 22.16 0.07 26.47
1 0.49 8.17 18.81 0.03 32.78
x= 2 0.68 10.82 18.58 0.06 46.53
3 0.59 5.02 26.53 0.04 40.72
P 0.59 8.00 21.31 0.04 40.01
PN
T3
1 0.53 3.59 26.65 0.15 36.81
A= 2 0.56 5.09 25.16 0.04 46.03
3 0.58 6.73 19.37 0.05 26.53
3 0.56 5.13 23.73 0.08 36.46
1 0.08 0.55 20.39 0.03 25.15
2 0.18 0.41 16.32 0.03 8.52
¥z 3 0.08 0.65 15.92 0.02 10.85
4 0.04 0.38 16.85 0.05 6.84
5 0.07 0.33 9.73 0.04 12.23
g 0.09 0.46 15.84 0.03 12.72
SoHE
1 0.50 2.07 19.20 0.04 27.08
2 0.26 1.21 16.86 0.05 16.00
AE 3 0.17 0.68 18.95 0.03 26.65
4 0.23 1.06 20.85 0.04 36.87
5 0.23 0.62 15.72 0.03 24.89
g 0.28 1.13 18.32 0.04 26.30
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. #7124}

2003 89X 20054 49714 FAEA S WFom U &
ol tak A7) RUE®E A3, NO-NI NOs-NS A427]¢ AL
HuseR Frreta 53 7hee] 5438 stk b A4
o] Z& NO2-N# NOs-N¢| sE=Wste= F3 7he3 o
HA e ARZ A% % A wEoR FEth NHeNS
2003ol= Ao kot 20040l 7HSdl Tt 71k
2005 Fel F7hete HEe AEge JEdley tE Aad
(NO2-NZ} NO3-N)Z} wlz7pA] = Al
AEHE FX7F A5 Al At
Mg T %
b= o ey
e

R

>
d
i
e
Y
rift
Lo

JE

off

L

38
N r\r o

I
o,

1ol A FSFAe 542> AL(2003d 124~2004 2
¥, 2004 12€9~2005d 1€)¥} o 52004 7€)l NOs-N 5%=7}F
& Zog FUtsh HOIATHE 4, 1% 6). ol HAUleEE X
A1 20041 2¥ 56.64 pg-a/l, ASolA 200441 19 63.50 pg-a/Lo.
Aol F=T77F AFEHAT AL oJFd whel, JgelE BE
(e}

VIR F=7F A gRsgled ol AwETasEe] $4

t

=3 fal). 3 A=
A freol AFA ot BAAN, FATe] YD vl A
B Ot 2 Aol7h vEhA hgoma o Aol wya
A= Ao vebgrh 2AF A 29 304 E A 13 fAEE A

AdE JdAe HiE FEE NONol E(3, 4, 5¥) A ¥
0.85 pg-a/L, A< 0.69 ug-all, 156, 7, 8¥) HF *ET 154
ug-a/L, A% 1.15 pg-a/l, 7F=(9, 10, 119€) Hi+ XF 6.72 pg-all,
A 2.16 pg-all, AL(12, 1, 2¢) H+ %3 3.11 ug-all, A5 1.2

o r
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ug-a/Le] T E HATE NOx-NS & Hi %3 3.91 ug-al, AT
3.68 pg-a/ll, 9 E W T= 24.70 pg-all, A= 7.08 pg-alL, 7S o
7 X% 1855 pg-a/l, A% 15.62 pg-a/l, A< HTE IEZ 30.46
ug-a/L, A5 12.84 pg-alLe] FAE HUTE NH,NS 5 BF %
4.17 pg-all, xizs.sg ug-a/L, 915 H 5.01 pg-all, A= 15.12
ug-a/L, 7F& B4 EZ 10.95 pg-a/l, A= 16.72 pg-all, AL H+f
¥Z 11.32 pg-a/l, A= 15.05 pg-a/Le] FXZ= HAY. POsP=

0.01 ug-a/l, A= 0.07 pg-a/l, & HAF ET= 0.10
ug-a/L, A% 0.20 upg-a/l, 7F& H %F 2.70 pg-all, A3 4.37
ug-a/ll, A< H EF 246 pg-all, AF 2.79 pg-a/lLe] FAE HA
t}. SiO,-Six ¥ Hit ¥35 3.15 pg-a/l, A% 7.03 pg-all, ol H+f
16.27 ug-a/L, A< 12.08 pg-a/L, 7} HF %3 29.69 pg-all,
37.79 pg-all, A& H¥ ¥S 20.87 pg-a/l, A5 28.13 pg-a/l

o 5AE By

of\r

i

o,

3¢ EE

( OIN‘
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% 4 748 ZAAAE St 19 AEE dSEsE A (9] pg-all)
e 4 4 NO2-N NO3-N NH,-N PO,-P SiO,-Si
8
9
2003 10 2.45 8.45 12.50 0.36 10.90
11 0.83 16.87 19.04 0.40 6.32
12 1.68 21.10 38.44 0.54 9.47
1 1.62 26.65 21.57 0.01 1.89
2 0.74 56.64 44.83 0.06 2.66
3 0.83 4.27 1.51 0.02 2.06
4 1.27 3.60 2.25 0.01 1.84
5 0.46 3.85 8.75 0.01 5.56
o0 2.34 25.33 1.59 0.11 16.06
Rt 7 2.23 48.13 11.55 0.16 31.57
8 0.06 0.63 1.88 0.01 1.18
9 2.90 23.95 17.36 4.72 40.38
10 1.55 13.19 13.50 3.25 27.70
11 15.71 18.51 1.99 0.10 20.99
12 1.34 12.60 16.24 3.87 26.04
1 6.88 65.87 0.75 0.02 9.86
2 1.11 12.91 16.96 3.50 26.72
2005 3 0.75 2.05 32.22 0.05 11.70
4 2.11 0.31 2457 0.23 41.26
5
8
9
2003 10 2.57 7.75 20.63 0.43 14.12
11 0.93 12.80 15.88 0.35 5.81
12 2.14 11.79 36.85 0.60 11.36
1 0.59 63.50 25.07 0.06 5.09
2 0.97 47.21 19.76 0.02 2.62
3 0.92 5.78 1.33 0.02 1.75
4 0.71 3.43 0.47 0.05 4.12
5 0.44 1.82 14.35 0.12 15.22
oo0s O 1.11 2.52 1.49 0.09 9.98
)= 7 1.86 15.22 30.53 0.34 20.05
8 0.49 3.50 13.35 0.17 6.22
9 2.27 18.47 20.00 7.79 52.85
10 2.12 14.29 12.72 3.89 33.18
11 2.07 14.10 17.44 1.45 27.34
12 1.74 17.23 19.58 5.22 36.53
1 0.81 8.45 10.06 0.69 24.99
2 1.05 12.83 15.51 2.46 22.88
2005 3 0.17 0.03 27.79 0.26 11.40
4 0.19 0.09 23.60 0.53 71.87
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T ZAAAE st 29] Al

s Heﬂ o oFod

% WHsH(ES]: ug-all)

= O 0o u

T 9 4 NO,-N NOsz-N NH.-N PO,-P SiO2-Si
8 1.09 11.71 6.53 0.08 4.90
9 0.12 0.25 8.02 0.23 11.67
2003 10 2.53 7.17 12.85 0.34 12.13
11 1.27 14.25 16.78 0.40 5.57
12 1.75 17.89 23.79 0.43 7.39
1 0.94 63.75 16.04 0.05 2.31
2 0.44 38.67 15.86 0.03 1.15
3 1.12 11.63 13.70 0.00 2.44
4 0.38 0.82 10.18 0.00 2.90
5 0.34 1.79 5.05 0.00 7.16
004 6 0.74 7.55 1.24 0.02 16.59
3 7 2.68 31.35 7.32 0.08 17.13
8 0.07 0.99 3.50 0.05 1.93
9 2.89 21.10 19.45 7.31 36.87
10 2.03 13.98 10.83 3.67 28.94
11 19.89 16.42 2.27 0.72 31.45
12 1.15 11.18 14.80 4.49 29.72
1 6.57 13.73 0.75 0.01 6.88
2 1.09 12.97 17.14 3.04 25.85
2005 3 0.45 1.05 41.62 0.00 10.03
4 0.59 3.00 27.36 0.24 25.48

5

6

8

9
2003 10 0.41 1.02 2.37 0.41 11.58
11 0.69 12.55 16.40 0.37 6.95
12 1.73 17.45 24.31 0.42 8.58
1 0.40 36.70 26.44 0.05 1.98
2 0.61 45.27 25.29 0.02 1.77
3 1.76 9.75 20.96 0.04 3.54
4 0.42 2.78 9.62 0.03 3.71
5 0.42 1.97 4.59 0.12 12.29
004 6 1.20 4.23 6.49 0.15 14.65
A= 7 1.69 15.88 18.56 0.25 19.25
8 0.24 2.77 8.67 0.14 8.64
9 2.61 20.81 18.44 5.45 44.53
10 2.06 12.89 11.49 2.94 26.42
11 2.09 13.62 16.81 0.15 31.77
12 15.06 13.96 11.38 2.79 23.82
1 1.17 7.54 10.46 0.67 16.31
2 9.15 12.08 14.54 2.82 21.17
2005 3 0.25 0.75 32.38 0.03 13.42
4 0.15 2.58 17.16 0.00 32.89

5

6
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T ZAAAE st 39 Al

s Heﬂ o oFod

% WHsH(ES]: ug-all)

= O 0o u

T 9 4 NO,-N NOsz-N NH.-N PO,-P SiO2-Si
8 0.33 7.79 5.81 0.11 8.09
9 0.04 0.04 9.55 0.11 11.14
2003 10 0.52 1.13 8.77 0.37 12.44
11 0.75 18.86 15.01 0.43 7.07
12 1.52 17.01 18.20 0.38 6.91
1 0.54 59.82 20.05 0.02 1.62
2 0.35 32.05 20.86 0.03 1.41
3 1.04 7.52 0.25 0.00 2.42
4 0.16 0.33 1.36 0.01 3.16
5 0.12 0.06 1.37 0.01 6.60
004 6 0.18 0.24 1.97 0.01 5.73
¥ 7 1.03 12.19 7.33 0.04 7.35
8 0.02 0.19 0.93 0.03 2.14
9 2.87 24.22 21.27 0.84 56.14
10 2.20 12.11 10.86 0.31 32.15
11 13.81 19.72 2.32 1.20 42.49
12 1.54 14.71 15.05 0.54 25.00
1 4.38 4.98 0.62 0.26 13.66
2 7.68 9.49 12.26 2.21 17.58
2005 3 0.32 1.10 46.40 0.03 6.64
4 0.18 0.13 25.89 0.51 32.95

5

6

8

9
2003 10 0.46 1.12 3.71 0.23 13.85
11 0.72 13.68 15.01 0.38 7.15
12 1.57 17.26 19.40 0.45 6.90
1 2.03 46.87 21.65 0.04 1.67
2 0.52 24.37 17.66 0.02 1.01
3 1.23 7.37 0.87 0.01 2.66
4 0.17 1.61 1.33 0.02 3.08
5 0.21 0.08 1.80 0.00 12.55
004 6 0.27 0.15 1.59 0.01 7.52
A= 7 1.88 16.90 8.24 0.22 22.14
8 0.37 6.09 12.17 0.19 11.33
9 2.43 18.08 18.79 5.62 56.39
10 1.75 10.57 12.26 3.05 29.31
11 9.96 2.60 13.37 0.22 28.90
12 1.96 16.52 18.24 5.54 31.95
1 6.62 0.72 11.92 0.73 14.67
2 0.86 8.74 12.18 2.49 16.65
2005 3 0.65 1.38 29.45 0.02 8.04
4 0.08 0.04 18.40 0.51 24.80

5

6
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80 25

= NHA-N = PO4-P
70 |-A-Si02-5i Surface —&—NO2-N Surface
80 —8— No3-N 20
& 15
3 40
K 10
£. 5
o= 10
.g 80 25
s 4 Bottom Bottom
&= 20
o 60
[=F]
g 50 15
o 40
O 10
20 i
10
0 S 0
0D e O = O 07 WD D P 0D O D e O e DY (00 LD KD OO~ N~ MNOOITNO~NOO~0MN— MM s DD
2003 2004 2005 2003 2004 2005
Year/Month
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Concentration (mg/L)

—m— NH4-N —=— PO4-P
v bk siosesi Surface |e—noan Surface
60 |-@—No3-N 20
50 15
40
30 10
20 5
] 25
0 Bottom Bottom
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60
% 15
a0
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- bk =4 beed 1 i il ) Ll el el =4 od 1 il il ol ] : @M -NOTeE~O O S CN N TR

03 00 005
2003 2004 2003 2003 2004 2005

Year/Month
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A2d zAE e AdE BAZA

]
AAEE vprbA] FAME AP E AL dAA 2 s 2005d 9
Y 2199 H]ZFA}, 20054 119 1499 132} ZA}, 20064 1€ 18Y, 2
9 149, 3¢ 18Y, 5¢ 2, 8¢¥ 8YUol| Zt7ZF 204 63 FAIES A3}

(19 9, 10, 11, 12).

S, 9, pH, 8&2k4E YSI-600 (YSI corporate) o2 AAolA =
Aatdth. SFARE BF F4 0.3 mollA, AF2 viEelA 1 m 23
= Ao

oA A 575 o]&et] Mgt ATE AlEes IS
Aste] A GFIF filter(2=0.45 m)= 01£6}°% = o
mL polyethylene o] Yol 4°C W oA AR b
ke AlE= -20°ColA] &4 A7HA] E%é‘}%ﬂxq. W Had Alses Y9
dA(eF 4°C)olM 53 FH Flow Injection analyzer (QuikChem8000,
Lachat, USA)Z 35 & NO2-N, NOs-N, NH4-N, POs-P, SiO,-SiE& =74
oAy

ld
il
HU

Z-ai= 10-AU Fluorometer (Turner Designs, USA)S ©]& 3}
FTHIE o] &3ty Ao m SAsom gl Hol

JeA BE oS AAT] skl dA A7 S

o) [e) >
—rv%é}t I

3l
Al 500 mLE &<l od7st & Aol A -200CY¥ s REd ¢ AxVE
o]-g3s}o] 105~110°Cell A 1A]7F &<t 73_537101] Lﬂo% AZA

oy
o
>
rfo
2
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a3 12, o|H) Z2AH20059Y) A A A,

9 13. 1220054 119Y) A AR A.
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a3 14, 2242006 1¥), 32H2006 2¢¥) FH AL

g4,

19 15, 43120064 3€), 52120061 5¢¥), 6212006

d 8¢) =EEAMA.
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. A%

7. A1zt AEE 37 2 AR (e8] A} 2005. 9. 21)

1

2)

22 517

200541 99¥ 21l AAgH AEH 37 dH|2ALS] &, pH, &
E4F4, Chlorophyll-a 574 A3E 3% 79 YER
T2 BT 23.6~23.8°C, Hit 23.7°CE HlomH, AFolA
T 23.0~23,6°C, H3f 23.3°CE Ho] i - AT Zol7F A9 ¢l
R, FAH Zolk HolA eFdth pHE ESolA] 8.02~8.16, it
8.125 R oW, AHZFo|Mi= 7.97~8.04, Mt 8.01S Ho] ¥EFO|
0114 % =t SEAALHFHS ®TolA 527-6.18 mg/ll, H+
5.87 mg/LE HSom, AHZFo|A= 2.26~4.11 mg/L, H 2.86 mg/L
2 wBYgow, F-AF7o| 3.01 mg/lLy AolS HPoY, A
Zpol= Holx ktth(1® 13). Chlorophyll-a®] 5%+ X ZolA+=
HA 091 pg/L(BA 9), FiL 7.60 ug/L(Z A 1), F 4.62 pg/LY
EYXE HYor, AHFAE 0.15~0.55 pg/l, H3 0.39 pg/L= *
o] AFTHT Hit 108 o] H=& FEE HUU xTAAAe A

WY REE PobA o] e FEE R

rh

rir

2

NO2-N<& %354 1.61~2.03 ug-a/L(ﬁ%L 1.75 pg-a/l), AZol A
1.06~1.82 pg-a/L(B 7 1.32 pg-a/ll)= F53 AZ A B3,
FA wE= AR EEe ol A ?ﬁ@ow HEA e T (L E
14). NO3-N& #3 8.33~16.42 ug-a/L (H3t 11.46 pg-all) , A=
oA 2.93~6.98 ug-a/L (Hit 4.08 pg-a/l) 02 FZFolA =),
AR WA bFY EToA =2 FAE UEWIAH. NH4A-N
S ¥ZFolM 11.18~21.45 pg-a/ll(B 15.77 pg-all), AZolA
23.68~40.12 pg-a/L(H i 35.55 pg-a/l)o 2 AFolA (™
15). PO4-P= FEZFo|A 1.33~2.87 pg-a/L(F i+ 1.844 pg-all), A=
oA 271~4.37 pg-a/L(HF 3.80 upg-a/ll)oF  AZFo] Ut
Si02-Sit= EZFol|lA] 37.50~73.33 pg-a/L(E+ 50.00 pg-a/L), #=cl
X 67.69~95.34 ug-a/L(F ¥ 85.43 pg-a/ll) o & A ZFo] =kt
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¥ 7. A1k AEE S 2ARA(2005. 9) AT ] A 2 ok Wl
9l: pg-a/L)
ZAM4A  £ecC)  pH (n?g?L) (ig'/f) NO;-N NO;-N NH,“N PO,2P SiO;-Si
1 237 812 564 7.601 1.606 9.774 11.177 1528 46.196
7 238 802 527 4341 1695 14.125 21.453 2.297 73.330
3 237 810 592 4158 2025 16.421 18.255 2.872 59.844
8 236 811  6.08 8426 1755 13.009 15806 1.941 53.957
01 237 813 558 4304 1660 8329 18879 1.666 39.011
r=
7 03 239 816 607 6466 1927 13137 16208 1914 48.820
02 236 815 618 3.608 1.632 8.956 16.353 1.360 37.504
O-4 236 816 617 1.813 1.819 10.728 12.040 1.334 46.482
O-5 236 813 591 00907 1.667 8.663 11.675 1.684 44.850
HF 237 81 50 46 18 115 158 18 500
1 231 801 241 0434 1252 4791 40.115 3.827 86.831
7 234 799 295 0879 1477 4906 37.058 3.890 78.688
3 234 802 226 0308 1.366 4.082 37.904 4.025 80.230
8 231 804 238 0.148 1.058 2.928 36.690 4.275 95.286
O-1 234 802 325 0244 1166 3.225 37.979 3.682 85.510
=
e 03 235 801 251 0326 1214 3.296 37.864 4.368 93.186
02 230 7.97 241 0463 1318 3.275 37.981 3.832 95.336
O-4 232 800 342 0548 1.245 3.275 30.709 3.558 86.155
O-5 236 802 411 0160 1.818 6.982 23.678 2.708 67.686
H7 233 80 29 04 13 41 356 38 854
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37°7'20"N

37° 710" N

37°7'20"N

37°7T10"N

128° 35' 10" 128° 35' 30"
a9 16, A A 37 2ARA(2005. 9) T
°] DO ®3sHmglL).

- 91 -



gy 17, ALk AEE SEZXARA(2005. 9) A Chl-aA),
NO2(B) 2 NO3(C)e] +HEE.

- 92 -



Surface

Surface

Surface

13 18, Al1xt AlAW 34 FAFA(2005. 9) NH4(A), PO4(B) %
Si02(C)e] FHEX,



. A2z AAE 374 2AH2005. 11. 14)

1

2)

=2 517

A2z FARAL Al 2, 9, pH, &&4F4, COD,
Chlorophyll-a 574 A& % 8l 1415}1419}5}.

T2 5004 16. T 16.8°C)E HGlom, AHZolA
2°C)& ;%'?ﬁ%ﬁgl Aol 7h A gllar,
AHE Aol gt A ETolA 31.14~32.12%(F+ 31.7
6%)= HAom, AZFo|ME 32.11~32.27%(F T 32.23%)=2 A 50|
Zool vlal ofgh metoy, e % U A Aole HolA &
UTE pHiE EFANA 7.79~8.16(H 8.02)5 Ko, HIFoA =
7.95~8.19(H ¢ 8.07)2 H AT TZolAM AHHHE o= wWrubA wh
AR Ee e BT §EMLFS HToIA 3.58-6.71
mg/L(*3 ¢ 5.20 mg/L)E HGlom, A ZFo A= 4.30~6.85 mg/L(¥
5.03 mg/L)®= 3 - AFZtol] xpolE Holx] gkont, Wakal v A
Aol A EE FE I ZH 16). CODE XFolA 1.05~2.04
mg/L((3 3 1.51 mg/L)E HGloH, AZFoAx= 1.74~2.70 mg/L(3E T
2.17 mg/lL)2 AFo] =AUtk FF=2(SS)= EF A 15.40~20.70
mg/L(*E i 18.03 mg/L)E HloH, ATl A& 5.90~19.30 mg/L(H
T 12.97 mg/L)Z ¥35°] =94t} Chlorophyll-ad] sx=% E5 oA
3.359~5.011 pg/L(B 4420 pg/lL)ES HYow, AZgdAE=
3.855~5.733 ug/L(F+ 4.876 pg/L)= & - A3t 2pol7t 13t

H
\‘
I\J
o)
/\

o
0%
o2

o2
oS
o
l'f

T 54 434E & 99 YERASTE NO--NE ETSol A
~2.97 pg-a/L(H 1.92 pg-a/l), AZolA 1.47~1.85 pg-a/L(H
62 pg-a/l)= A3 A v 8 FE= A4
Fof ol H AAAAM 18 FAE YEATH(ZH 17). NOs-N

XS4 6.09~11.21 pg-a/L(H 7.81 pug-all), AHAZFNA
4.69~8.70 pg-a/L(F 1 6.17 pg-a/L)S YFEFHAT NHe-NS T30
Al 16.78~22.09 pg-a/L(BE+ 19.006 pg-a/Ll), A=A 19.62~24.09

O

H

5

|_\©

fo Mz ™
b
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3)

ug-a/L((8 ¢ 21.131 pg-a/l)S YHEAth(ZE 18). POsP= EZol
A 1.39~1.77 pg-a/L(Z 3+ 1.58 pg-a/l), A=clA 1.39~1.81 ug-a/L
(B3 1.57 pg-a/ll)S YERHATE. Si0-Sit ®FolA 17.47~31.50
Hg-a/L(33 ¢ 22.92 pg-all), ASolA] 22.47~30.68 pg-a/L(33 - 27.47
ug-a/L)S e ST

std A ] pHE 7.81~7.96( 1 7.90)S How, AHE A
o] Holx ookt Ad W §E4HAE 0.86~1.65 my/L(H i 1.22
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¥ 8. Al2aF A

S|

=

4§73 2414 (2005, 11) S 5427}

AE  F2¢C) G¥WG%) pH DO(mg/L) COD(mg/L) SS(mg/L) Chl-a(ug/L)
1 172 3212 7.79 3.58 1.40 17.10 3.359
7 168 31.80 7.93 4.50 1.05 20.30 5.011
0-1 167 31.62 8.08 5.46 1.61 15.40 4.993
EZF 02 166 32.00 8.16 6.71 2.04 15.40 4.885
0-3 167 31.85 8.03 5.06 1.29 20.70 4.596
04 167 31.14 8.0 5.87 1.69 19.30 3.675
P37 168 31.76  8.02 5.20 1.51 18.03 4.420
1 172 3223 7.95 4.68 2.70 19.30 5.282
7 174 3241  8.03 4.30 2.09 16.10 4.885
01 174 32.20 8.07 4.55 1.74 15.10 4.776
AS 02 167 3211 819 6.85 1.86 5.90 5.733
0-3 173 32.27  8.07 4.65 2.57 10.70 4.722
04 173 3213 812 5.15 2.08 10.70 3.855
BqE  17.2 32.23  8.07 5.03 2.17 12.97 4.876
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¥ 9. A2k AEW 37 ZAA(2005. 11) 4D B AT (G pg-all)

ek NO2-N NOs-N NHs-N PO4-P SiO,-Si

1 2971 11.210 17.423 1.771 27.507

7 1.637 6.085 22.086 1.548 31.495

O-1 1.700 7.409 19.851 1.647 17.471

S 02 1.594 7.154 19.635 1.385 17.691
0-3 1.904 7.803 18.270 1.631 22.906

0-4 1.686 7.178 16.775 1.486 20.428

i 1.915 7.806 19.006 1.578 22.916

1 1.467 4.868 21.009 1.430 22.474

7 1.846 8.704 21.835 1.806 29.276

0O-1 1.628 6.011 20.592 1.753 29.963

AF  0-2 1.623 5.593 19.624 1.421 24.143
0-3 1.687 6.332 24.087 1.627 30.657

O-4 1.493 5.513 19.640 1.392 28.319

=Ky 1.624 6.170 21.131 1.572 27.472
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ZAFA(2005. 11) DO<]
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2% 20. A2x AEE 34 2AA(2005. 11) AT Y chl-a(A), NO2-N(B)
2 NOs-N(C)9] %
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9 21, Al2ab ARE 34 2AEA](2005. 11) A 8] 9] NHa-N(A), PO-P(B)
2 Si0,-Si(C)e &

Ay
= R
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3 10. Al2xk AAE SAZ2AA(2005. 11) AHFS5 U] pHeF DO

A pH DO (mg/L)
1 7.96 1.65
7 7.87 0.86
0-1 7.86 1.40
0-2 7.90 0.93
0-3 7.97 1.20
0-4 7.81 1.26
S iy 7.90 1.22
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o} A3} A48 $73 2442006, 1. 18)

N
i
o,
ot
S,
b
HJ
2
o
o,
)
’G
@
2
®
)
3
@
N
S
offt
=2
=)
gl
N
S
>
:OL_ll
12
1o

rfo

oxt )
o2
il E_{E

i
<

I Xd%éioﬂ T, Oé%i‘: pH, COD %)tcﬂ HEkA] o
, DO, SS, Chlorophyll-a %]+ W3}sl3lth DO sXE+ XA @
qu O]EJ—L}. j%L_Q. 7 o} ].ﬂg]ﬂ: ﬁ;d?(%ﬂ_ =i ;_(j

et A HAA FrFHeH(2E 19), SS¢F Chlorophyll-a 5% (LH

b (2 N
2
9
o
0
N

4_4 —b‘

1) FaAst 2 AzA A 7hs A

(FFx 04:30, W= 10:55, Z=AFA|ZF 06:48-07:54, HEA])

TS xFolA 5.1~5.2°C, Hi 5.2°CE Eoﬂoﬂ% AT oAM=
5.5~5.9°C, ¥+t 5.7°C= 3 3ol Hla] °ofgh =3kar, A Aol
NAATHE 11). FES FZoA 31.61~32.79%(H 1 32.58%)°] AN &
o, AT = 31.60~34.62% (B 32.61%)2 XS5 ASIE =]
= %t pHE ESolA 8.13~8.43(H - 8.38)0]%l o, AZolA
= 8.14~8.38(H i 8.29)°]|%t}. &EAATFLS F oA 9.05~10.21
mg/L(E+ 9.61 mg/L)°o| o A ZFA] 0.93-9.13 mg/L(H < 5.96
mg/L)o. 2 A Zo| Hla] FZo] 2¥] AE =& S HAT x4
o)gt s ol eS AT uwl, DE AldE= vk QR Ut nFo
2 olFste] ¥ YR E IHEHE S o T AT CcoODE EFO
2 0.74~1.88 mg/L(H+ 1.22 mg/lL)E HIOH, HZFAE
1.04~2.88 mg/L(H+ 1.70 mg/L)E HIT. HFEZ(SS)= ¥
A 26.00~45.20 mg/L(H 3257 mg/l)E HJow, AHZME
26.50~47.50 mg/L(F+ 34.13 mg/L)E H. 31t} Chlorophyll-ad] &%
T X354 0.76~3.88 pg/L(ET 1.61 pg/L)E RHSom, AZolA
= 1.16~2.76 pg/L(BE 1 1.75 pg/L)S Ko FE - AZ7ro| ZolE W
o] x| kTt

NO2-N2 3 Zo|4 0.24~0.78 pg-a/L(B+ 0.422 ug-a/L), AZol
] 0.37~0.65 pg-a/L(B 3+ 0.460 pg-a/l)= AS3 FEZolA B3l

e
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2)

3)

th(2®  21). NO3-N< xETolA 054~5.09 pg-a/L(B+ 1.734
ug-a/L), A=A 0.69~2.74 pg-a/L(B+ 1.45 pg-a/L)S HeERY
NH4-NS F5olA 9.21~44.07 pg-a/L(Bw 27.749 ug-all), #5ol
A 19.17~34.24 pg-a/L(B+ 26.423 pg-a/L)S YERNSIT PO4-PE
EZolA  0.080~0.721 pg-a/L(E+ 0.350 pg-all), AZolA
0.52~2.52 pg-a/L(F 1 0.991 pg-a/L)S YEeERSITE Sio2-Sies %%
oA 0.66~7.18 pg-a/L(F i+ 3.559 pg-a/l), AZolA 4.95~26.28
ug-a/L(B 1t 9.55 pg-a/L)S HERH AT

FAAs 2 A xzAAGA TFs AR F-
(WFx 10:55, 7FE 16:51, ZAFAIZF 12:30-13:29, A EA])
& ETA 5.34~5.84°C(E i 5.40°C)E HGlow, ATl A

zd X
S ATl 27 H 8.38, H 8.34= WSyl glTh DO F
T FZolA 8.32~9.40 mg/L(FE 1 8.90 mg/L)o]om A ZFol A
1.40~9.30 mg/L(F i 7.22 mg/L)S.2 QA H|a| FA =7t
7V AA AU DO vEE L A(FEAS € HxAoHEA Tt
& Ayl wls) tAa gAaAgon ol MEe gk FEFolUnt
FAAs @ HxAAFA 7L AFH ZAAH M)A = DO F=7}
% &

P A debd oz st B Ao A o ot

5.72°CAY(E 13).
69%, Bt 32.70%°I} o™, pH =3 x5 Xi%
7+ 93 8.36, 8.25% o] ZAle] H|&E =pol7} #EE X
DO ¥%+ ¥ZolA 7.18~9.50 mg/L (1 8.04 mg/lL), A= oﬂH

o
£l
w
N
o
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4)

5)

3.00~8.51 mg/L (¢ 6.39 mg/L)E Kol £2A3 L Z—BéxﬂOi =
7he Foll - A Zpol7h Bol ZolE%lth W+ DO F
7heA T ThE 1ARE $ ZAb] BlE) va FHA sﬂigb} o=

olg gdolglor, HY DO st FEAS 2 HxAAFA <
o] ZAAAM)ANA  FR1EATE CODE ETolA 0.44~2.03
mg/L (31 1.41 mg/L), A5olA 0.88~1.71 mg/L (E 1.21 mglL)
olAtt. SSE FZolA 26.60~33.40 mg/L (B 28.44 mglL), A=
oA 27.10~39.40 mg/L (H+ 30.91 mg/L)S H T} Chlorophyll-a
TEE ZZolA 0.65~1.20 pg/l (Hi 0.84 pgll), AZSdAE
1.32~2.04 pg/L (H+F 1.66 pg/L)E Xt}

O:

SR

NO2-N<& =04 0.59~0.82 pg-a/L(ZH i+ 0.67 pg-a/l), #Z=oll A
0.38~0.62 pg-a/L( 0.51 pg-a/l_)% B, AF mFolA vl
st X5 KU 14). NO3-N2 ¥ FolAl 3.39~5.52 ug-a/L(E
4.076 pg-a/L), ASolA 1.22~2.66 ug-a/L(ﬂéﬂ- 2.00 pg-a/L)Z e}
Wtk NH4A-N& ZZol A 17.68~42.58 pg-a/L(E i+ 26.56 ug-all), A
Zol A 20.12~36.60 pg-a/L(F 26.55 pg-a/l)S YEFWTE PO4-P
= ¥3olA 073-1.95 pg-a/l(H 117 pg-all), ASolA
0.71~1.16 pg-a/L(B ¢ 1.01 pg-a/L)S YEFWTE Si02-Sis EZol A
4.44~73.22 pg-a/L(H i+ 13.43 pg-a/l), A=A 4.80~8.33 pg-a/L
(B 6.99 pg-a/ll)s HEHAT. FAAs 2 AxAAGA s
T LAY F WES Ao 5o A NO3-N9 59 Si02-Si
o] Tt H2S HATHLYE 22).

AAEF=TT

d A" W pH, &&tts, AsEAdL(ORP) 54 23
2-11), pHE 7.39~7.61 H9(H 749 Hon, £Fin

0.85~2.38 mg/L 9 (H+ 1.34 mg/L)S HITHE 15). ORPE=
1, 2,3, 5 794 SFASES YElon, 1 9] oAM= Abske
< UER

ot
m

[‘-\O{H ol ["\l"
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1L A3 AR BAEAE006. 1) FRAH R AzANEA A5 A
AR A
A4 F2(°C) E¥ (%) pH DO(mg/L) COD(mg/L) SS(mg/L) Chl-a(ug/L)

1 5.2 32.79 8.43 9.50 0.74 26.00 3.75

2 52 32.71 8.40 9.54 0.80 35.40 0.88

3 51 31.61 8.40 9.54 1.16 27.50 0.81

4 5.2 32.73 8.43 10.21 1.88 45.20 3.88

5 52 32.73 8.42 9.73 1.62 37.60 1.67

xF

6 51 32.68 8.42 9.05 1.04 31.00 0.76

7 5.2 32.71 8.39 9.71 1.18 26.50 0.85

8 5.2 32.74 8.38 9.78 1.02 31.80 0.85

9 5.2 32.50 8.13 9.47 1.54 32.10 1.07

T4 qF 52 3258 838 9.61 1.22 32.57 1.61
A 513
7hsA

mo 1 5.8 31.60 8.25 7.11 1.36 30.80 1.46
(28)

2 5.8 31.60 8.14 0.93 1.78 30.20 1.95

3 5.7 34.62 8.34 6.45 2.88 40.40 1.31

4 59 32.65 8.25 521 1.52 32.50 1.16

5 5.7 32.84 8.36 8.33 1.64 26.80 1.50

A

6 5.9 31.76 8.36 2.26 1.70 26.50 2.02

7 5.7 32.80 8.29 6.61 2.04 47.50 2.09

8 55 32.81 8.38 9.13 1.38 38.30 2.76

9 55 32.82 8.26 7.60 1.04 34.20 1.46

b e 5.7 32.61 8.29 5.96 1.70 34.13 1.75
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¥ 12, A3z AAE 7 ZAA (2006, 1) FAAI} D HAxAo] A JHE 1

A T2(°C) HE(%) pH DO(mg/L)
1 5.84 32.32 8.35 8.32
2 5.50 32.76 8.38 8.83
3 5.37 32.84 8.37 8.51
4 5.40 32.88 8.38 9.40
5 5.40 32.86 8.40 8.69
=

6 5.40 32.84 8.39 8.72
7 5.45 32.88 8.38 9.00
8 5.34 32.82 8.40 8.69
9 5.37 32.88 8.34 9.97

4
A 87X g 5.40 32.79 8.38 8.90

7V
1A & 1 5.56 32.84 8.40 4.57

(AE)
2 5.83 32.67 8.29 5.68
3 5.93 31.45 8.20 1.40
4 5.60 32.88 8.36 9.05
5 5.60 32.90 8.38 8.64

S

6 5.68 32.88 8.35 8.25
7 5.50 32.90 8.35 9.15
8 5.49 32.85 8.38 8.72
9 5.70 32.90 8.34 9.30
it 5.65 32.70 8.34 7.22
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¥ 13. A3z AA-

=z |
=
SE DS R EE

A" F&CC) VE@%) pH DO(mg/L) COD(mg/L) SS(mg/L) Chl-a(ug/L)

1 5.79 32.48 8.36 7.98 0.44 30.00 0.65
2 5.68 32.72 8.36 7.83 1.20 29.50 1.20
3 5.59 32.73  8.40 7.18 1.62 26.60 0.83
4 5.64 3255 8.36 7.87 1.97 27.10 0.86
5 5.65 32.72  8.37 8.13 1.22 33.40 0.84
¥

6 5.59 32.74  8.40 7.76 1.25 26.50 0.90
7 5.54 32.76  8.35 8.06 1.43 28.50 0.85
8 5.45 3281 8.34 8.09 2.03 27.60 0.67
9 5.63 32.72 8.34 9.50 1.52 26.80 0.74

|
A 314 %) HiE 562 3269 8.36 8.04 1.41 28.44 0.84

7V
3 AL F 1 5.89 32.07 8.11 3.00 1.28 35.50 1.96

AE)
2 5.80 32.30 8.23 7.86 1.34 28.50 1.72
3 5.67 32.74 8.32 5.03 0.88 29.80 1.42
4 5.79 32.92 8.33 6.95 1.07 28.10 1.65
5 5.75 3293 8.32 7.80 1.14 27.10 1.32

A%

6 5.53 32.83 8.37 6.96 1.71 29.50 1.75
7 5.54 32.86 8.29 7.08 1.08 31.20 1.60
8 5.65 3291 800 4.30 1.32 29.10 2.04
9 5.83 32.75  8.27 8.51 1.09 39.40 1.49
HF 572 32.70 8.25 6.39 1.21 30.91 1.66
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¥ 14. A3 AAH 274 FAA(2006. 1) FSFAES A (9 pg-all)

AA NO2-N NOs-N NH4-N PO4-P SiO,-Si

1 0.267 0.693 9.214 0.270 0.661

2 0.379 0.539 22.363 0.134 1.122

3 0.238 0.763 27.881 0.401 2.634

4 0.310 0.581 19.634 0.080 2.653

. 5 0.251 0.726 20.139 0.138 1.828

T 4 0.392 2.367 40.968 0.422 5.713

7 0.509 1.820 43.583 0.721 4.124

8 0.681 3.028 44.071 0.595 6.118

23 9 0.775 5.092 21.888 0.384 7.177
A 33X it 0.422 1.734 27.749 0.350 3.559
il 1 0.392 0.691 31.529 0.854 4.948
(BE) 2 0.513 2.036 34.235 1.094 7.761
3 0.365 2.740 25.624 2.524 6.454

4 0.365 0.703 28.853 0.789 7.896

. 5 0.445 0.738 19.907 0.639 6.665

AT 6 0.523 1.351 23.636 0.658 8.517

7 0.369 1.175 19.168 0.523 26.284

8 0.652 1.972 31.190 1.114 7.747

9 0.517 1.645 23.666 0.722 9.682

3 0.460 1.450 26.423 0.991 9.550

1 0.817 5.520 29.245 1.434 9.800

2 0.625 3.543 22.164 1.951 4.703

3 0.585 3.386 36.222 1.115 4510

4 0.591 3.608 20.312 1.265 7.318

. 5 0.698 3.999 27.843 1.163 6.150

ET 4 0.706 4.802 42.578 0.727 5.435

7 0.630 4.355 21.657 0.921 73.224

8 0.676 3.994 21.324 0.883 5.251

T2 9 0.683 3.474 17.675 1.052 4.437
@i? 3 0.668 4.076 26.558 1.168 13.425
3 A7 = 1 0.544 2.352 23.439 1.097 7.028
Az 2 0.624 2.171 31.559 1.135 7.564
3 0.621 2.577 26.978 1.163 7.241

4 0.486 2.124 24.515 1.094 6.246

. 5 0.396 1.933 23.519 0.810 7.683

AT 6 0.467 1.439 36.596 0.714 4.797

7 0.379 2.662 23.055 1.013 7.190

8 0.451 1.216 29.161 1.023 6.838

9 0.575 1.511 20.122 1.034 8.329

3 0.505 1.998 26.549 1.009 6.991
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¥ 15. A3x AEYE 3 ZAA(2006. 1) AEFF5 Wel pH, DO ¥

ORP
A pH DO(mg/L) ORP
1 7.59 1.26 -50.3
2 7.61 1.28 -43.2
3 7.41 1.28 -42.4
4 7.39 1.28 44.2
5 7.46 0.85 -54.6
6 7.47 1.22 343
7 7.50 0.79 -43.2
8 7.40 2.38 260
9 7.56 1.75 293
Bt 7.49 1.34 78.5
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3 16. A4k AAE 37 2A1A](2006. 2. 14) A A A
A4 F2(°C) B (%) pH DO(mg/L)

1 5.78 32.97 7.47 11.06

2(M) 5.82 32.85 7.84 11.75

3 5.76 32.92 8.00 11.51

4 60.6 32.85 8.06 10.96

5 5.99 32.91 8.12 10.29

3 6 5.88 32.91 8.13 10.23
7 6.22 32.84 8.14 9.87

8 5.93 32.93 8.18 9.92

9 6.25 32.81 8.19 9.87

10 5.94 32.88 8.20 9.88

B 5.96 32.89 8.03 10.59

1 5.68 32.98 7.58 11.29

2(M) 5.71 32.91 7.85 11.24

3 5.64 32.91 8.05 11.48

4 5.69 32.94 8.08 10.55

5 5.71 32.93 8.13 10.20

== 6 5.70 32.93 8.13 10.00
7 5.70 32.94 8.14 9.69

8 5.71 32.93 8.18 9.69

9 5.69 32.91 8.18 9.52

10 5.66 32.93 8.21 9.67

B 5.69 3293 8.05 10.33

1 5.67 33.00 7.67 10.15

2(M) 5.69 32.93 7.86 10.27

3 5.66 32.98 8.02 10.64

4 5.66 32.97 8.08 9.99

5 5.69 32.98 8.09 9.24

AZ 6 5.81 32.41 8.07 8.83
7 5.68 32.97 8.11 8.97

8 5.64 32.93 8.15 9.05

9 5.64 32.92 8.16 9.01

10 5.64 32.97 8.17 9.19

B 5.68 32.81 8.04 9.58
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ul, A|5xF AFE 37 2AH2006. 3. 18)

(Y2 10:38, ZAFAIZE 10:18-11:44, L EA))
1) 54374
39 18Y AE $74 43 A 23S £ 17, 18, 193 19 25,
26°] UERHAT. AA ZAREA Y 22 B Aol A4 #

™

1F 8.13°C¥} 7.52°CE 29 ZAMA o H]&] °F 2°C7} A5FTHE 17).

Bo g=31 A=A ztzt 32.96%3 32.93% = 2937 HAs51¢]
z

= §lth 8EAAD0)E XS ATolA 27 11.44 mg/Lot

10.13 mg/LE =8kth g, AL Dol whxef FxAjo] &EAkA

¢

g 4% Aolgon), JovE AFe JFor TFoIM A5
e I 0 SEAE BRe 3% % AL Aaso] 2
A 2Abe AAeA RSk SEH Ak L FHCOD)S HEI AF
oA 747}

N
ol
(6)]
3
(@]
|>
to
N
N
H
3
(@]
F
il
|_\
o
=2
e
&14
i}
>
o|\
N
oé
=
i

o

o
ASS)= 53 ASolM Z+7F 52.98 mg/Let 56.54 mg/lLE =%k
), 53] ATHT AT L S HJoRA ZH olF(HE)
3 go] 2 Aoz Yelt dF5A-as T3 Aol 7

17.25 pg/L, 21.08 pg/LE 19e] nla) & Z o7 Z7}3l% )
E

Fok = 193 thEio] FO, NH.NS 19 =23 2

% of £33 AFolA Z+7; 28 mg/LZ} 26 mg/LS]
Aol Hlal, 39oll= 2T AFANA 27 6.7 mg/Le} 10.8 mg/LZ=A
T Zow ZASUTHIE 18). © 22 NHeN Zh <l
= (WEAENT a2 d& AFe 2 AEAEIH dRyF =
4

_'(_)]_
EaEe] 24 z7lo] JFRozA o g
o

fr ol

| -

-l dAf Fol AL 5 ATk
3) AdF=
AAFF5Y DO WAl SR 95 AP HAA ko

ORP+= WabA| ¢t 4 & wloly 2~ S YERITHEE 19). DO

ﬂ
A4 A3 A% 27 44 33 44 05, ORPS] AA 2w FA&

- 117 -



3 17. A5 Al 37 2AH2006. 3) TEEA A

A F2(°C) DE%) pH DO(mg/L) COD(mg/L) SS(mg/L) Chl-a(ug/L)

1 7.87 33.02 8.26 11.07 1.93 52.64 18.26
3 8.12 32.99 8.28 11.42 271 63.64 18.07
5 8.12 33.02 8.27 11.75 2.70 49.84 18.23
7 8.10 33.04 8.26 10.96 2.33 50.84 14.45
8 8.22 32.93 8.26 11.46 2.73 53.64 18.43
¥F 01 7.89 32.99 8.26 11.31 2.59 51.84 18.03
0-2 8.45 32.91 8.21 11.19 2.54 47.04 16.62
0-3 8.09 33.01 8.25 11.58 2.64 58.24 17.56
0-4 8.45 32.87 8.25 11.70 2.17 49.24 15.34
0-5 7.96 32.84 8.05 11.93 3.14 52.84 17.49
=Ky 8.13 32.96 8.24 11.44 2.55 52.98 17.25
1 7.53 32.94 8.21 10.07 2.29 68.04 22.91
3 7.53 32.95 8.21 10.28 2.52 43.44 21.82
5 7.49 32.95 8.18 9.61 2.53 50.24 21.82
7 7.62 32.80 8.21 10.52 2.11 58.64 22.54
8 7.55 32.88 8.19 9.40 2.30 50.24 20.92
AZE 0-1 7.49 32.95 8.19 10.06 1.87 60.24 20.02
0-2 7.51 32.93 8.16 10.22 2.15 58.24 19.84
0-3 7.47 32.96 8.17 10.07 2.35 58.04 20.74
0-4 7.50 32.99 8.19 10.28 2.11 69.44 20.20
0O-5 7.52 32.97 8.10 10.83 1.88 48.84 20.02
i 7.52 32.93 8.18 10.13 2.21 56.54 21.08
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¥ 18. A5zt AEE 34 FAH2006. 3)A G B A (G pg-all)

A4 NO2-N NOs-N NH4-N PO4-P SiO,-Si
1 0.601 1.161 9.074 0.912 5.747

3 0.619 0.912 6.736 0.857 2.657

5 0.617 1.122 8.786 0.862 3.604

7 0.565 1.168 5.948 0.857 3.391

8 0.519 0.935 7.489 0.847 3.795
¥F 01 0.632 1.290 6.263 0.860 2.863
0-2 0.510 0.539 5.145 0.854 3.143
0O-3 0.535 0.962 6.922 0.892 2.189
0-4 0.535 1.113 5.815 0.879 1.822
0O-5 0.565 1.154 5.529 0.878 2.078
1t 0.570 1.036 6.771 0.870 3.129

1 0.626 0.936 14.990 1.085 10.549

3 0.603 1.000 13.174 0.841 11.821

5 0.659 1.356 17.197 1.099 12.189

7 0.692 0.930 11.753 0.902 11.617

8 0.594 0.936 12.717 0.874 13.447
AF 0-1 0.631 0.892 6.874 0.876 8.614
0-2 0.589 1.062 5.365 0.885 6.113
0O-3 0.577 0.760 10.208 0.856 10.606
0-4 0.582 0.951 11.767 0.893 10.083
O-5 0.522 3.038 4.290 0.865 1.730
o 0.607 1.186 10.833 0.918 9.677
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a9 27. A5 AAE 27 2AH2006. 3)A] DO

B
i
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(A)

(B)

(©)
a3 28. A5k AAE 374 2412006, 3)A AT Chl-a(A), DOB) %
NHs-N(C)e] &3
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(A)

(B)

©)

a3 29, A5z AAE S AHxAH2006. A FAEC] NOs-N(A),
NH4-N(B), PO4-P(C), SiO,-Si(D)¢] 4HEE
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1l
ol

¥ 19. A5 AEE 37 2AH2006. 3)A F=52 DO} ORP

34 DO(mgI/L) ORP
1 1.82 -7.70
3 1.57 -57.80
5 1.61 -25.60
7 2.02 140.30

O-1 1.47 -72.40

0-2 1.42 -20.80

0-3 1.90 7.50

0-4 2.14 17.80

0-5 3.46 351.60

e 1.93 36.99
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uh. A6} 7188 $7 2AH2006. 5. 2)

(Rt

1)

2)

11:23, ZAFAIZF 10:15-11:32, L EA])
2317

_4

=
2~ X
T=

gk 20, 21, 22¢} 19 27,

28, 299 YeEtlH. HA ZAMAAY 22 Z53 ATANA A
13.2°CE 39 18¥ XARA] H]8] 5-6°C7} A<

X259 ASolA 27 32.53%F 32.66% = 1
gL = X5 AFNA 6.879} 6.70°.

= o]x FAbel M3 vhi wolhth. §EAMA(DO)= ETH Aol
2t 9.97 mg/Le} 7.77 mg/Loltt. -, FAL ‘%%‘Oﬂ Tk o}
DxA EEAALE ST Ao, 3Y FAMAS whz A
2 AHAQHE olojzl FF gFoT DO wE FF ¥ HFEs}
o] 22k A= AASHA Kt 3184 AkA 8 5-%F(COD)&
B3 AFolA 747 2.23 mg/Let 2.29 mg/LE 3¥3 thiE ol
ASS)y= 5 AFlA A2 33.20 mg/lLet 34.85
X5 ASolA Z+7F 11.34 pg/Lel 26.06

NO2-N& WAl 5ol i 3oy dAgo= & Zol= gl

ATHEE 21, 19 28, 29). HSolM = £5H 4 046 pg-all, A%
7 0.30 pg-a/L L, QSFolME XFHA 0.31 pg-all, ASHA
0.38 pg-a/Le] A th NO3-N2 WSelA 235Ht 3.46 pg-alL= =%k
o ASHFLS 1.66 pg-a/lLoFE Sgtth 9=o = ol9} Wi R
¥ 1.41 pg-a/l, ASHE 1.80 pg-alLoz AFo] tha ¥k
T} NH4-NS USolA E5H 3.83 pg-a/l, A5H 6.00 pg-a/L
o8 AFo] Fhow Folxk ZFWIr 1.83 ug-all, AFHt
797 ug-alLe® oS EFolA ATo] H& sEE UEY
PO4-P= WSolA ZZ5H 0.38 pg-all, A5H+ 0.31 pg-a/L=
Hl=23lal 9)Sol %= TS5 H T 0.34 pg-a/ll, A=+ 0.36 pg-a/lLe
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2 Yok Sio2-Siv= WSeA 2T 294 pg-all, ASEA
449 pg-alLRoy eFolAME BFTHA 2223 pgal, AS
7.93 pg-alLoZ 9, 53] RFoAA E2 FEE YEY

S AdEF=55 U9 DO+ Hk 1.46 mgll, ¢152 1.64 mg/L
2 YelF3te] Aol= AR FUTHE 22). HHH ORPE WSl A
-11.20, Y=ol A -49.76°] %t}
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3% 20. Alext AldE 37 FAH2006. 5. 2)A] TR A A 7}

A3 T2(°C) YEM®W) pH DO(mg/L) COD(mg/L) SS(mg/L) Chl-a(ug/L)

1 14.7 32.21 7.37 9.46 1.65 32.74 10.88

3 14.7 32.48 6.53 10.11 2.68 27.94 13.35

5 14.8 32.43 5.62 9.84 2.17 28.34 11.64

7 147 32.39 7.89 9.64 2.61 26.24 9.11

8 14.8 32.51 8.29 9.81 2.13 34.34 10.27
3 O-1 150 32.65 6.77 10.03 1.84 38.74 10.95
0-2 149 32.67 6.89 10.35 2.16 39.14 11.87
0-3 149 32.64 6.21 10.01 2.59 35.14 11.67
O-4 148 32.63 6.55 10.09 2.00 35.24 12.32
O-5 1438 32.67 6.59 10.31 2.48 34.14 11.35
Hd 148 32.53 6.87 9.97 2.23 33.2 11.34

1 13.1 32.68 6.88 5.64 2.30 37.14 22.91

3 13.3 32.64 7.05 8.19 2.39 37.24 26.34

5 13.3 32.68 7.99 8.05 2.23 36.04 26.52

7 13.2 32.67 5.87 7.89 3.00 24.54 18.32

8 13.2 32.65 5.87 7.75 2.25 27.74 28.14
AF 01 129 32.71 6.66 6.08 2.31 35.54 27.60
0-2 131 32.67 6.44 7.84 211 39.44 25.25
0-3 135 32.59 6.52 9.26 2.33 37.64 26.52
04 138 32.58 6.76 9.73 2.17 37.74 29.23
05 131 32.74 6.91 7.25 1.81 35.44 29.77
T 132 32.66 6.70 7.77 2.29 34.85 26.06
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¥ 21. Alext AEE 34 FAH2006. 5. 2)A FUd BEAAI(HEY: pg-all)

A4 NO2-N NOs-N NH4-N PO4-P SiO,-Si
1 0.55 5.67 7.69 0.41 5.15
3 0.46 2.36 2.19 0.37 0.90
5 0.42 2.40 2.15 0.34 1.85
7 0.47 4.62 4.47 0.38 2.66
8 0.42 2.25 2.65 0.42 3.13
¥F 01 0.33 1.24 3.28 0.35 1.68
0-2 0.31 1.24 1.09 0.34 1.49
0O-3 0.33 1.69 1.98 0.37 1.38
0-4 0.29 1.74 1.75 0.29 103.82
0-5 0.31 1.13 1.08 0.37 2.81
1t 0.39 2.43 2.83 0.33 12.59
1 0.27 1.64 4.22 0.27 3.62
3 0.35 1.83 1.91 0.35 1.95
5 0.31 1.85 6.41 0.34 8.72
7 0.30 1.74 13.76 0.37 4.83
8 0.28 1.25 3.70 0.23 3.32
AF 0-1 0.27 1.14 6.41 0.32 3.97
0-2 0.45 2.46 6.35 0.37 1.20
0O-3 0.38 1.57 1.04 0.38 3.84
0-4 0.41 1.98 13.60 0.39 4.95
O-5 0.38 1.86 12.45 0.34 25.70
o 0.34 1.73 6.98 0.31 6.21
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% 30. Alexk AEHE F7 ZAH2006. 5)A] DO

B
i
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(A)

274 2AH2006. 5)A 422 Chl-a(A), NO2-N(B),

13 31, A6 AlAYE 3}
NOs-N(C)2] 3.
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(A)

27 32, Al6d A BAEA2006. 5)A =48] NHeN(A), POs-P(B)
2 Si0,-Si(C)9] FHEE
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¥ 22. Al6x} AEY 87 ZAH2006. 5. 2)A A H T2 DO ORP

34 DO(mgI/L) ORP
1 1.98 99.40
3 0.88 -107.00
7 1.61 12.80
8 1.37 -50.00

O-1 1.38 -68.00

0-2 1.69 -67.30

0-3 0.84 -147.90

0-4 3.03 107.00

0-5 1.27 -72.60

KT 1.56 -32.62
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AL A7 AAE 87 ZAH2006. 8. 8)

1)

2)

T3

FTEo Y=oA T= 3 28.22°C, A= 18.01°C, 9= A]
¥ =9 28.83°C, A=W 18.30°CE U=dA BT ¥=3} A=
7kl |

ﬂolﬂ o 10°C2 WebEkth(E 27). 590l wls) 37 A5
A 77 14°Cet 4°Cr A o dEwt 4R UlS
A RS 22.84%, ATHA 30.57%, S5l BETHA 224

9%, A= 30.42% = U= XSHEo] 59 ZFAto Hls] °F 10%

=2
2
=5
of\e
o
»
H
o
\l
(o]
S
Q
-
X
ol
o,
=
H
o
(6]
S
Q
—
il

FEE Yt H 30). olAH HAFFAL &
T 7F Fdste] =gl 22 FAAEEC]
< T EES TT E 5 T cobe
Sol Al 25Hd 257 mg/ll, A5H T 2.18 mglL, FAA %F
.86 mg/L, A5 H+ 1.71 mg/Le]3lth. SSE U=olA Z5H

27 mg/L, AZZF 20.95 mglL, Z=olA Eiﬁéﬂ- 16.43
mg/L, A&H 3 20.95 mg/LE F= AFo|A =Tk 29-a:
Yol A EZ o 22.39 pg/l, A= 6.46 pgilL, 94 NME T
1.26 pg/L, AZ=H i+ 6.86 pg/lLE F=9] T ZoA =gkt

N
fo')

NO2-N& SolA EFH 047 pg-a/ll, ASH 0.39 pg-all,

0.50 pg-a/lL, A5+ 0.45 pg-alLe=E FF°]
U =4 YeElgtiE 28). NO3-NS USdA EFHTE 0.62
ng-a/L, A5+ 0.21 pg-a/k, &5olA ES5H+ 0.62 pg-all, A<
it 0.91 pg-a/Lo® WSHHTH 9 Sl A tH1¥ 31). NH4-NS
YSolA w5 8.46 pg-all, A5Hd 38.30 ug-all, <A

i
2
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¥SH 11.74 pg-all, ASHE 1 38.14 pg-alLoz FFHo] A F oA

g 2o FxE UeWth PO4-PE USdA EEFWHA 022

Hg-a/L, #5333t 3.27 pg-all, ﬂé—oﬂﬁ EZ9 4 0.21 pg-all, AE
o T

© WSolA H 1.04 mg/ll, 9504 H 1.41
mg/LE €]=o] thA %9kal ORPE WS Al Hf 54.28, 20| A
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3 23 A7k AL 27 2412006 8. 8)A A EA A%

A3 T2(°C) FEM®W) pH DO(mg/L) COD(mg/L) SS(mg/L) Chl-a(ug/L)

1 28.1 22.98 8.70 11.66 2.39 14.63 20.92

3 28.0 22.77 7.71 12.69 2.10 15.93 17.49

5 28.6 22.67 8.73 11.42 2.49 16.43 16.91

7 28.1 22.90 8.78 12.15 2.84 17.43 27.42

8 28.3 22.87 8.69 11.05 3.02 16.93 29.23
¥3F 01 287 22.34 8.80 10.75 3.00 15.43 25.98
0-2 28.7 22.52 8.74 10.37 2.83 15.43 19.84
0-3 28.6 22.66 8.73 11.83 2.86 16.73 18.28
04 29.2 22.46 8.69 9.91 3.28 14.73 21.10
05 29.0 22.47 8.81 11.10 2.35 19.83 21.10
Hd 285 22.66 8.64 11.29 2.72 16.35 21.83

1 17.9 30.65 7.74 247 2.18 19.23 6.09

3 18.3 30.32 8.78 2.73 2.54 21.53 5.43

5 18.2 30.38 7.74 2.54 2.61 20.83 9.40

7 17.5 31.02 7.67 2.54 1.93 19.03 6.69

8 18.2 30.46 7.64 2.22 1.64 24.13 4.69
A5 O0-1 182 30.38 7.63 0.54 1.42 21.33 7.50
0-2 183 30.43 7.61 2.47 1.92 20.73 6.26
0-3 188 30.29 7.63 0.51 2.02 21.13 9.51
04 182 30.51 7.63 0.90 1.82 22.13 5.48
O-5 18.0 30.48 7.69 0.83 1.36 19.43 5.57
BT 182 30.49 7.78 1.78 1.94 20.95 6.66
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¥ 24. A7 Al

A 317 ZAH2006. 8. 8)A] F U4

o]
=

A A9 ug-all)

A4 NO2-N NOs-N NH4-N PO4-P SiO,-Si
1 0.44 0.51 7.51 0.21 16.33

3 0.50 1.35 9.14 0.22 4.82

5 0.53 1.06 8.02 0.22 16.18

7 0.50 0.16 8.54 0.22 7.38

8 0.41 0.04 9.10 0.21 6.29
x5 01 0.43 0.63 10.34 0.20 10.61
0-2 0.51 0.64 9.68 0.22 13.34
0O-3 0.51 0.44 8.97 0.21 11.29
0-4 0.63 0.40 16.57 0.25 10.36

0O-5 0.39 0.99 13.12 0.20 7.59
&Ky 0.48 0.62 10.10 0.22 10.42

1 0.16 0.35 38.92 3.26 97.34

3 0.19 0.29 40.05 3.49 94.55

5 0.19 0.06 40.97 3.35 90.46
7 0.67 0.01 35.54 3.13 100.10

8 0.74 0.35 36.00 3.13 98.48
AF 0-1 0.07 1.09 49.64 3.62 100.79
0-2 0.08 0.22 44.02 3.69 97.66
0O-3 0.18 0.32 37.95 3.34 91.85
0-4 0.33 0.42 36.60 3.55 93.21
0O-5 1.60 2.53 22.49 2.76 82.57
o 0.42 0.56 38.22 3.33 94.70
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(A)

(B)

©)

(D)
7% 33 A7H} AEE #72AH2006. 8)A 742 e] Chi-a(A), DO(B),
NH.-N(C)NO-N(D)¢] 5% 3 3

- 136 -



(A)

(B)

(©)
Oy 34, A7 AEE 74 FAH2006. 8)A FAHTIS] NOs-N(A), PO.-P(B)

% Si0x-Si(C)¢] FHEE
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¥ 25. A7 AAE 374 2A12006. 8. 8)4 A AT el DO ORP

34 DO(mgI/L) ORP
1 1.72 158.0
3 0.98 -166.0
5 1.12 5.6
7 0.28 216.5
8 1.11 57.3

0-1 0.99 70.1

0-2 1.32 177.5

0-3 2.38 -73.5

0-4 1.38 -186.0

0-5 0.98 140.0

At 1.23 12.0
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2006

2005

ZAA| 7]
19 37. 4889 2005~2006% NO,-N# NOs-N HH 3}

2006

ZAA 7|

4

4

2005

20

19 38. 77219 2005~2006%1 NOs-N¢F = ==H-a ¥s}
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. =9

NHs-N E52= o5l S7Fskr] Alatete] o] 58 &7kA ol i1 d
32). o]=lgF 73S AbA FAH2003. 8~2005. 4) A(LH 6, 7, 8)9
€9 1(2005. 8~2006. 8) 237} TLI;H(LHI2). SiO-Si Ek= At
AzAL Al ool T718lom(ay 6, 7, 8) ERAMACE 8€<] o Ed
S7tete e A= UERATH(LE 33). NON# NOs-N-2 ARFIZEAR

of F7kskal F3 7hEel frashe AFS UEHlo k(2

AE AR Y
ANEZHIAE ASFH(H 91)¥ st =a AY ddAs A=
ZHAEY Ao Zas dAddo] AEHoRT FFH S & 5 3
=3
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ignition loss)& Al AT o F AERHL H4 AAWL ALga
o 49 o143 olatel HAER R 40 olde] 29D HA

=& AAAEE Foke] T8kl 49 0lske] H A= Stoke's law
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wEE EASHATHEN FEAH, 1998). g
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ik AH 10014 7}%} =9k, A 4ol 7hd sk gk,
mesocosm WA 715 & WEE Ry, A4x A A7l
11.8%%, AxTAEdo] AXxE olFo= 12.1%E YER AHY
Al wet Frtstglov, ozl AzxTFAEAe] X Aiebil
detrld= T2 AN

1 6.9 2.2 silt 4.3 69.3 26.4 10.1
2 6.2 2.8 Sandy silt 19.8 56.2 24 13.6
3 6.6 2.3 silt 6.3 71.1 22.6 12.7
4 6.5 2.4 silt 8 69.1 22.9 14.3
M 6.5 2.4 silt 9.6 67.5 22.9 11.8
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Fig. 20.—Diagrammatic representation of changes in abundance and species types occurring along a generalized organic enrichment gradient. |
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¥ 29. 200533} 20060l =33 HIAAEFES] B= 2 A5 HE

Phylum Annelida

Polychaeta
Capitella capitata 240 50
Dorviflea matsumaensis 30
Eteone longa 10
Eumida sanguinea 20
Harmothoinae sp. 10 10
Lumbrineris longifolia 30
Minuspio pulchra 90
Nectoneanthes multignatha 12 12 10
Ophiodromus pugettensis 20
Paraprionospio pinnata 72 24 1236
Sigambra tentaculata 20
Spiochaetopterus costarum 12 60 10 10
Phylum Arthropoda
Crustacea
Amphipoda
Amphipoda spp. 10
Nebalis bipes 20 10
Phylum Mollusca
Bivalvia
Macoma tokyoensis 10
Theora fragilis 10

2l 84 36 1248 30 350 170 10 0 120
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oA FAE FFAL oAy WrAariE At
= E o9 AHEm3) MATE Stete] &
oh wEhA, 2ol ARSE Al @] AlA"ow
E yedg. B A 23 2943 o S Yoo
(1995), Smith and Johnson (1996), Chihara and Murano (1997) %
Young (2002)¢] AT+ ZA#E Hu= stgom, AAZA EFAAE
Bowman and Abele (1982)E H}® o & 3l AA|SA oY, & F=7}
Aol FHol Brbsd A%, Al sk BFwiA EdsAr,
FEEFAE PYTRE Aetsp] Aste] ol g A
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I 33. AH| AL A EH3 sEEFHAEY T 55 A F
EST/ZAEH 1 2 3 4 5 Al
Protozoa
Noctiluca scintiflans 44 88 894 728 1314 3068
Cnidaria
Hydromedusa 9 24 11 44
Siphonophora 409 24 101 158 145 837
Annelida
Polychaeta larvae 9 16 21 6 52
Polychaeta tracophores 1 1
Mollusca
Gastropoda larvae 18 18
Arthropoda
Crustacea
Branchiopoda
Evaadne tergestina 18 8 34 11 24 95
Podon spp. 6 6
Penilia avirostris 382 330 624 834 211 2381
Cirriped nauplii and cypris 53 48 101
Copepoda
Acartia erythraea 2667 2074 3004 971 543 9259
Calanus snicus 1 1
Hemicyclops japonicus 1 1
Paracalanus spp. 48 169 63 48 328
Pseudodiaptomus marinus 107 16 34 63 48 268
Oithona spp. 71 71
Oithona copepodites 16 68 21 105
Malacostraca
Decapoda
Brachyura larvae 9 32 18 59
Macrura larvae 16 11 6 33
Chaetognatha
Sagitta enflata 9 32 16 21 30 108
Sagitta spp. 26 80 51 42 36 235
Echinodermata 8 33 11 6 58
Chordata
Urochordata
Appendicuraria spp. 18 32 68 63 12 193
Doliolidae spp. 21 12 33
Salpidae spp. 11 12 23
Al 3849 2893 5096 3063 2477 17378
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a9 57, ARl AW, sEEFAE 2 AAE L g 4 (Cluster

analysis) 2 #}.
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& 32. 20054 11¥ EdS FEEHAEY T 55 dMA F
=SS/ EAEHE 1 2 3 4 M Al
Protozoa
Noctiluca scintillans 19 5 3 14 1
Cnidaria
Hydromedusa 5 5 9 18
Siphonophora 42 13 25 29 10 120
Annel ida
Polychaeta larvae 7 7 14
Mol lusca
Bivalvia larvae 5 5
Gastropoda larvae 5 5
Arthropoda
Crustacea
Branchiopoda
Evaane noramanni 20 35 6 17 78
Evaane tergestina 28 13 60 52 154
Poaon sp. 118 160 70 29 198 574
Penilia avirostris 14 20 31 66
Cirriped nauplii and cypris 104 127 70 89 66 455
Ostracoda 7 5 6 17
Copepoda
Acartia erythraea 56 160 160 217 153 747
Acartia omorii 1200 1653 1480 1806 1795 7934
calanoid copepodies 28 40 23 14 105
Calanus sinicus 53 40 1 14 119
Centrophages abaominalis 14 14
Harparticoida 53 53
Paracalanus spp. 212 213 340 46 56 866
Pseudodiaptomus mar inus 1 1
O0i'thona spp. 27 27
Decapoda
Brachyura larvae 5 3 8
Euphausiacea
Euphausiacea egg 5 5
Chaetognatha
Sagitta enflata 6 6
Sagitta sp. 17 7 24
Chordata
Urochordata
Appendicuraria spp. 419 300 235 106 383 1442
Doliolidae spp. 14 14
Tadpole larvae 71 33 75 52 231
Fish larvae 3 3
Fish egg 3 3
=25 2315 2861 2665 2437 2870 13148
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3 34. 20064 1Y =9 TEESFAEY T 559 =d NA F
S8HE/ZANEE 1 2 3 4 M 2 Al
Annelida
Polychaeta larvae 1 7 3 3 13
Mol lusca
Bivalvia larvae 5 1 13 3 6 28
Arthropoda
Crustacea
Branchiopoda
Podon sp. 3 3
Cirriped nauplii and cypris 5 3 8
Ostracoda 3 3
Copepoda
Acartia omorii 1440 587 2280 2086 926 7318
Calanoid copepodites 6 6
calanus sinicus 2 6 8
Corycaeus spp. 10 2 13 6 31
Centropages abdominalis 40 40
Centropages copepodites
Paracalanus parvus 50 20 160 23 63 316
Paracalanus copepodites 2 2
Paracalanus crassirostris 10 27 6 6 48
Pseudodiaptomus marinus 10 13 6 29
Sapphrina spp. 6 6
Ampipoda
Gammar i idea 1 9 10
Caprellidea 10 3 7 1 17 49
Euphausiacea
Euphausiacea egg 13 3 16
Cumacea larvae 1 1
Chelicerates
Pyconogonida 1 1
Chaetognatha
Sagitta sp. 35 3 13 9 6 66
Echinodermata larvae 10 3 13
Chordata
Urochordata
Appendicularia spp. 7 6 12
Fish larvae 6 6 12
2 Al 1591 623 2594 2171 1057 8037
SSHS/ZANEE 1 2 8 4 M o H|
Protozoa
Noctiluca scintillans 755 164 1113 60 766 2858
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Paracalanus parvus® 31670#] @3t & =A/A 9 3.9%=

A ek A9 AF o VEITH(E 34, 1% 65).

Acartia omorii Paracalanus parvus

a9 65, 1€ FAMA, FH-$-FH S (Acartia omorii) 3}
Z}9-7% & (Paracalanus parvus)e] dv|7H
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0.1, 0.39] AF&5 o] vl A ¥ 3S EMHATHE 35).

50+

70+

80+

Similarity

a0+

100-

9 66. 2006 1Y FAlS Y] =% TESHIAES 2 AHE
Aol o3k +HEA(Cluster analysis)Z ).

¥ 35. 20061 1Y XAl oA FEZFHIE FH AAE AEHA S

N==/EMEE 1 2 3 4 M
FEE 1.4 1.6 1.5 1.7 1.7
skt 0.2 0.1 0.2 0.1 0.2
Bas 0.5 0.3 0.6 0.3 0.6
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i 36. 20064 3¥ =% TEEFAEY T 5F QA 7
ES/EANEE 1 2 3 4 M =2
Cnidaria
Hydromedusa 9 36 17 4 5 71
Annelida
Polychaeta larvae 1 1
Mol lusca
Bivalvia larvae 1 3 4
Gastropoda larvae 1 1 1 3
Arthropoda
Crustacea
Copepoda
Acartia omorii 31 54 34 19 16 154
Calanoid copepodites 1 1 2
calanus sinicus 1 1
Corycaeus spp. 1 2 3
centropages Copepodites 1 1
Paracalanus parvus 1 1
Sapphrina spp. 1 1
Decapoda
Anomura larvae 4 1 1 2 9
Macrura larvae 1 2 3
Euphausiacea
Euphausiacea egg 3 3
Chaetognatha
Sagitta spp. 10 5 11 4 5 36
Echinodermata larvae 1 1 4 2 3 12
2l 60 102 73 37 34 305
E8HS/EMEH 1 2 3 4 M 22
Protozoa
Noctiluca scintil/lans 4014 3404 1606 9025
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3.3) +HT

ARFES AT F 1730 28 FREYAE T4 2@
A AN A SAHN BFEE AAFA S anFe 9F

2l Acartia omorii 24 & ZEINA 79 50.4%°] | F3st= F 154
AAZE =Fste] HeAFToR UEEH UasoR AEFEE
(Phylum Cnidaria)el <3}i= Hydromedusa 7} 71704 &d3ste &
=AMA 9] 23.3%E AAGteE AT OE UERTH(E 36, 1
2 70).

Acartia omori/i '+ Hydromedusa

19 70. 20061 39 FH -3 F(Acartia omorii) ¥ 2}--F
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3 38. 200611 8Y FAlE| o EHI FEIZTFIAES F HZ3 =dNA
:?:
ES/ZNEE 1 2 3 4 Ref =2
Protozoa
Noctiluca scintil/ans 2 5 7
Cnidaria
Hydromedusa 5 33 10 61 109
Annelida
Polychaeta larvae 26 49 215 54 80 424
Mol lusca
Gastropoda larvae 2 2
Arthropoda
Crustacea
Branchiopoda
Evadne noramanni 2 9 13 6 445 475
Evadne tergestina 2 52 20 8 5 87
Penilia avirostris 82 71 518 288 136 1095
Cirriped nauplii and cypris 6 6 9 19 40
Ostracoda 2 2
Copepoda
Acartia copepodites 32 29 95 48 49 253
Acartia erythrea 16 8 20 10 2 56
Centropages tenuiremis 2 2
Labidocera japonica 3 3
Paracalanus parvus 2 14 16
Pseudodiaptomus mar inus 12 6 11 6 78 113
Decapoda
Macrura larvae 2 2 2 6 5 17
Anomura larvae 2 2
Brachyura larvae 4 17 16 40 28 105
Chaetognatha
Sagitta spp. 48 48 82 104 54 336
Chordata
Urochordata
Appendicuraria spp. 6 9 5 20
Fish larvae 2 2
Fish egg 2 3 4 12 26
A 238 323 1051 594 986 3192
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2)

2B ZFIE o] 2Al= 2003 8E€F-E 20054 4Y 7HA] g
Jzlo] WAl &j59] I S Wdor AT (LH 3).
Al (715 ARgste] 72 Ao 5 (ES ol4l
M)ZF AN 1 M dSH) sies 424 1L A% AT
o} AEE AEE Ao 20 pm 2 125 um nylon mesh® o] 3}
&% 3 o Lugol &9E& HIbe HE FEE 5%=E G
T+ 50 mL 8% polyethylene |5 Ho| Y31 H#AS UL

A S Sedgwick-Rafter counting chamberol] A 43t w73
(Olymphus BX50)°. 2 Z o 400 Hj&olA #TZEEQow A= L
TOFES =AY T 542 4(1994) Thomas(1997)2]
He wstow, 53 &7/ HBolA F(species) T 7HA EF VI
Al st oy sU & (genus)oll EeHAINE FHE7F frAlbste] ERE
BEgk Ato] ofe Aole SRt 1Akl spp.® A EskSl

.

1o
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o,
rlo
T
>,

=

-2 A} (2005-2006'3)

200519 993} 114, 2006\ 1€, 3¢, 5¢, 89 717 WA
o] Ye]Zo| A ZALS AA Y 77, 78, 79, 80). A=A, Al
59 Ay H #AS 1)9 WHY Aot AA T
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19 80. 20051 9¥ whrkA] AT AEIHIAE X
Nk

% 81. 20059 11¢¥ AT HEEFHIAE 2AMEA

- 194 -



o

, 8¢ FAY AEEZZIAE

19 83. 2005 3¥, 5

ENEE

- 195 -



SRESE!

1) oln] A}
npabAl =g el dle] 20049 €W AEEFAE AEHS FE 409
2% 81e] vt AR 13 3004 2 dEFS AT F AN
om o gl whe] 7P wpEERd FA 304 v dEEE A
ol v w2 54

=2 193 29 dAEFo] dA%] Fa o
=

2 uolth B4 A3, grre e
A

Bchzd 82). 9¥ Hx $HEFES 1¥  Thalassionema
nitzschioides, 2¥ Chaetoceros spp., 39 Thalassiosira spp., 49
Eucampia zoodiacus, 59 Coscinodiscus gigas, 6 Nitzschia spp.,

7% Coscinodiscus subconcavus, 8% Thalassiosira baltica, 9%

=

Skeletonema  costatum, 10  Thalassiosira baltica, 11¢¥
Thalassiosira rotula, 129 Thalassiosira baltica®.Z fxF2] =3
L7l A% =4 detwth 4= 755 Alexandriume] 21-¢-
4E(18.34%) 0.2 FdsoZA v 5 (Paralytic  shellfish
poisoning, PSP)¢] Al

3 el ety sUdsd A} &z wEw %9 1980
URE dA) 744 mpabgke] Az A Slg= £ 1933 =, B A9

of vl RI=7F =3kt
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3 40. 20043 wirkA] =2 e] A

FAE dEH(cells/L)

14 24 34d 44 59 6¢ 74 84 9¢ 10¢ 114 124
St1| 46,312 23505 2656 2,136 610 2,945 340 345 4,040 1,004 41 5,500
St2| 23,962 11,120 2,996 1,496 2,582 2,970 510 500 2,525 1,172 121 8,940
St3| 53,655 16,370 2,420 2,192 2,758 2,965 6,625 9,040 13,170 1,938 312 5645
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2) ¥xAH2005-2006)

9ddl= F 28 T AEZHIAEC] TAHHIUL, o] T AL
20F, MR 6%, IR 28U +AHFTS

Pseudo-nitzschia spp. (0-6,293 cells/mL, 50.82%)<} Rhizosolenia
stolterforthii  (0-4,560 cells/mL, 28.73%)°]%l 2™  Skeletonema
costatum, Thalassionema nitzschioides, Chaetoceros spp.%= U<
HEEATGGE 41). 7T & 2T 130l ATHUY =34th 1

du A A=Y Wske 253 Aol FARITHE 42). &

F AH 494 13 7,638 cells/imL; A3 4,324 cellsimL= 7}
Fo dbA, A 9ol E XS 1,765 cellsiml; #5 563 cells/mL
2 7P gt AAA R, A el fXg WA E VFo R
iRkl A A& dEFo] ko, s asE volA]
= ¢l T

= 2 zAH|= Fx7o] 71.88%2
!}
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B2y SaER 7 o] b7 21.88%%F 6.25%
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ol
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o F
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3 41. 20059 9¥ FAHE AEEHIAE A& (cells/L)
i

= 9%
EHEIHH St.l St. 3 St. 7 St.8 St.O-1 | StO-2 | St. O-3 | St.O-4 | St.O-5
z| E‘;q E‘;q E‘;q E‘;q E‘;q MHE E‘;q E‘;q
Chrysophyceae
Dictyocha fibula 6 4 4 3 5 3
Dictyocha speculum 3
Bacillariophyceae
Actinoptychus senarius 42 31 40 17 28 20 73 18 41 31 16 8 2 5
Chaetoceros danicus 11 13 6 5
Chaetoceros lorenziamus 32 7 2
Chaetoceros spp. 38 187 48 95 163 332 52 63 257 111
Coscinodiscus gigas 1
Coscinodiscus perforatus 2
Coscinodiscus spp. 28 36 6
Cylindrotheca closterium 8 65 17 2 5 6 7
Detonula pumila 4
Ditylum brightwellii 5 3
Eucampia zodiacus 4
Leptocylindrus danicus 176 56 233 127 162 83 428 133 | 7 7 3 3 83 2% 2
Melosira spp. 31 5
Nitzschia spp. 16 182 29 122 88 32 66 138| 25 88 66 2 83 23 1
Pseudo-nitzschia spp. 5022 2283 6293 3527 4431 1764 6720 3763 104 137 183 95 212 87 16 2
Rhizosolenia spp. 55 7 137 135 66 94 35 21 8 76 17 8
Rhizosolenia stolterforthii 23 27 25 19 23 5 | 77 79 3675 2319 4560 2473 2845 1709 1298 426
Skeletonema costatum 98 123 167 3870 1271 31 12 2
Stephanophyxis spp. 56 3
Thalassionema nitzschioides 45 357 426 390 215 195 65 4
Thalassionema spp. 50 61 | 244 206 13 24
Thalassiosira rotula 72 56 32 19 16 4 13 67
Thalassiosira spp. 73 76 48 57
Dinophyceae
Alexandrium spp. 16 2
Ceratium fusus 4 5
Dinophysis fortii 3 5
Dinophysis caudata 1 1
Protoperidinium bipes 4 9
Protoperidinium spp. 6 9 12 7 |16
Scripsiella trochoidea 2 4 2
TOTAL 5440 2781 6675 4017 4813 1978 7638 4324|4499 1878 4360 3201 5430 3276 3536 1987 1765 563
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. 20054 9¥Y FALAAE A=

e

FAE A= v (cells/L)

Wk W= i B I

Stl St.2 St.3 St4 St.5 St.6 St.7 St.8 St.9

5,440 4,813 6,675 7,638 4,499 5,430 4,360 3,536 1,765

2,781 1978 4,017 4,324 1,878 3,276 3,201 1,987 563

8,221 6,791 10,692 11,962 | 6,377 8,706 7,561 5,523 2,328

QLEH &2 == == AH ==

717 86. 2005 9¥ AT ANEZHIAES)

BEHFE 244
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2005 11¥9= F 20 Fo] AU o] T FZ2AL 14F
3

AR ZFLE 5F FFMEFL 1F0]9rt. A ELS Skeletonema

costatum (643-6,328 cells/mL, 68.52%)<} Chaetoceros decipiens
(9.50%) o] o, o]l % Thalassiosira spp., C. danicus, C.
didymus7} B #HFEHJATHE 43). F5EH dE UEE X Fo] A
SHEHY F=dvh a2ev A dEF vste 258 ATl fFAkst
ATHE 44). 7M1 =2 dEHS HA XS AH 302, X%
8,671 cells/mL, %2 8,563 cellsimLolAtt. WA, HH 294 &=
®30] 3,722 cells/mL, A 3] 2,240 cellsimLzZ YER} 714 vt
U ERTd FRAHE fEAo]l 69.57%S AAsHon ofHE
* 24

HER 7 o] 242y 26.09%2F 4.35%E XA A TH(LH

- 202 -



3 43. 20054 11¥ A HEEFAE IS (cells/L)

e 9%
EHEIYH St. 1 St. 7 St.0-1 St.0-2 St. O0-3 St.0-4
£ |4 |s|a]| 2| "] =2|A]=|A] 2]
Chrysophyceae
Dictyocha fibula 5 4 6
Bacillariophyceae
Actinoptychus senarius 4 10 4 9
Chaetoceros danicus 628 611 412 522 890 503
Chaetoceros decipiens 796 211 432 140 892 330 679 212 863 608 493 272
Chaetoceros didymus 145 156 726 721 823 545
Chaetoceros laciniosus 20 2 24 8 7 11
Chaetoceros spp. 28 237 10 46
Coscinodiscus gigas 2
Coscinodiscus spp. 8 82 9 55 40 145 26 63 172 60 28 98
Ditylum brightwellii 13 14 22 13 18
Eucampia zodiacus 9 3 53 5 5 61 22 9
Melosira spp. 6 4
Nitzschia spp. 52 43 44 91 36 49 9 97 56 36 45
Pseudo-nitzschia spp. 48 35 68 16 132 36 188 66 45 92
Rhizosolenia stolterforthii 7 9
Skeletonema costatum 2912 643 2,234 1442 | 5024 3,785 4303 2864 5910 6,328 4,738 2,584
Thalassiosira spp. 292 143 309 267 476 434 337 258 475 563 401 292
Dinophyceae
Alexandrium spp. 8
Dinophysis caudata 2
Dinophysis fortii 4
Dinophysis spp. 4
Protoperidinium bipes 4 5
Protoperidinium spp. 8 8
TOTAL 4,797 1557 3,722 2,240 | 7,087 5459 5967 4,144 8671 8563 6264 3,947
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3 44, 20054 1149 AMEAE A EEHIE A% Hlal(cells/L)
oA S oA 95
A St.l St.2 St.3 St4 St.5 St.6
= 4,797 3,722 8,671 6,264 7,087 5,967
A 1,557 2,240 8,563 3,947 5,459 4,144
A 6,354 5,962 17,234 10,211 12,546 10,111
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spp.(643-6,328 cells/mL, 42.42%), Rhizosolenia setigera (27.74%),
Chaetoceros danicus (12.46%)°]AtH(3E 45). FTHES XTHT

AT "HErE okt AR WA WSl ¢S54 Hlel tha
2 dEHS UERTHER 46). 7MY =2 d5Es B X2 AA
12, %3 1,150 cells/mL, #3 25,850 cells/mLo]t). vHH, 44
8ol A= 3T 3,000 cells/mL, A3 14,350 cells/mLo.2 7} vtk

AHlE= FE7Fo] 68.75% S x}A|E P on 9

o ERTERE T
% Zrol Z+7} 25.00%$F 6.25% 2 x}A| &I TH L
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# 45. 2006 149 FAHE AEEFHIAE S (cellslL)
W= 9=
E8F (cells/Ly™H St.1 St.5 St.8 St.0-3
= | A £ | A £ | A = x
Chrysophyceae
Dictyocha fibula 200 300
Bacillariophyceae
Chaetoceros danicus 1,700 200 800 800 100 1,400
Chaetoceros spp. 500 1,300 5,800 300 2,150 200 3350
Coscinodiscus spp. 100 350
Eucampia zodiacus 450
Leptocylindrus danicus 350
Nitzschia spp. 250 150 600 600 900
Rhizosolenia setigera 1,500 8,600 700 4,900 550 3,850 1,400 5,500
Rhizosolenia spp. 150 1,300
Rhizosolenia stolterforthii 100
Skeletonema costatum 800 1,600 1,550
Thalassiosira spp. 5,600 8,200 3,200 8,650 2,050 6,200 2,350 10,050
Dinophyceae
Ceratium fusus 250 100 300 100
Dinophysis spp. 50 100
Heterocapsa triquetra 300 4,300 100 750 200
Protoperidinium spp. 350 400 100 100
Total 10,150 25,850 4,600 23,750 3,000 14,350 4,250 23,200
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# 46. 2006 1¥ FAMAAE AEEFAE ASF v al(cells/L)
WakA W=
ks St.1 St5 St.8 St.9
xT 10,150 4,600 3,000 4,250
A 25,850 23,750 14,350 23,200
7 36,000 28,350 17,350 27,450

19 88. 20061 19 FAE AEEHAE

Wz A H]|
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=

. D}
A

9=
285,400 cells/mL©] %}

174,350 cells/mL,
EELHﬂ 11/\-13

2. O

i N

3L O

dAEFS
o] A
c}, v
1% 183,700 cellsimLo.& 744

]L;_ ﬁL}_%]—o
} 38.

skt (R

| 61.54%= A5t om ¢}
46%9} 0%S AP TH1IE 86).

HREX

701-

3t 47. 2006 3¥ FAHP AEEZHIAE S (cells/lL)
W 9%
&3S (cells/L)/HE St.5 St.8 St.O-1 St.O-5
= | o g | o = x = x
Chrysophyceae
Dictyocha fibula
Dictyocha speculum
Bacillariophyceae
Chaetoceros danicus 300 600 300 2,450 2,250
Chaetoceros spp. 17,250 9,000 7,600 19,750 42,400 4,400 8350 5650
Coscinodiscus spp. 900 600 200 250 100
Eucampia zodiacus 3,450 11,600 1,800 10,950 8,100 6,800 3700 13150
Nitzschia spp. 1,500 800 300 950 750
Rhizosolenia spp. 1,950 400 1,950 1,250 400 600 1,450 2,650
Skeletonema costatum 10,950 6,000 5,450 9,050 10,100 4,200 7,900 6,550
Thalassiosira spp. 137,600 155,500 162,400 227,050 194,900 183,600 262,000 253,750
Dinophyceae
Ceratium fusus 300 200 250
Dinophysis spp. 150 400 800 450
Gonyaulax spp. 100
Prorocnetrum micans 300
Protoperidinium spp. 1,150 400 550 650
Total 174,350 183,700 182,150 268,300 258,000 200,550 287,100 285,400

- 208 -



# 48. 2006\ 3¥€ FAMAAE AEEFAE ASF v al(cells/L)
WabAl W WAl 9
ks St.5 St.8 St.O-1 St.O-5
z% 174,350 182,150 258,000 287,100
A 183,700 268,300 200,550 285,400
B 358,050 450,450 458,550 572,500

2 52 ==

i
.
2
H

0.0

o
a7 89. 2006 3¥ TAE HEEHAEY BFT

EESE
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2006 5€°l= & 7
Rz}e 3F, FFAZRAFE 0FolA. $HFE  Nitzschia
(631,600~889,150 cells/mL, 99.53%)°
| TFTEYT & dAEFS Bon, JHd

=
ol Hlall v =3 7P w2 dEHS B9 X2 WA

22
o
kel
N
L
¥
of\e
e
fu
rlr

o

N

o] AX 0O-5%, %35 739,700 cells/mL, #= 916,700 cells/mL°] %]

o vkA, WakA] WS AFd 194 = XS 634,000 cells/ml,
716,350 cells/mLo.2 7} WITHE 50). £+ TX
Z7Fo] 57.14% %5 AAekglomn SR 7y AR Z 7)o

42.86%%} 0%E AFASFATH1IH 87).

s

3 49. 2006 59 FAHT AEEHIAE S (cells/L)
U 15
EHS (cels/L)/™H St.1 st.8 St.O-1 St.0-5
2 | o g | o g | o = x
Chrysophyceae
Dictyocha fibula
Dictyocha speculum
Bacillariophyceae
Coscinodiscus spp. 600 850 1,350 900 800 2,300 850 700
Nitzschia spp. 631,600 712,800 639,400 819,100 692,650 889,150 737,300 912,500
Rhizosolenia spp. 50 150 150 100 50
Thalassiosira spp. 500 150 250 400 650 1,800 300 2,900
Dinophyceae
Ceratium fusus 1,250 2,400 1,350 2,150 1,000 1,800 1,050 500
Ceratium tripos
Protoperidinium bipes 50 100 50 150 150 250 100 50
Total 634,000 716,350 642,400 822,700 695,400 895,450 739,700 916,700
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# 50. 2006 5¢ FAIAAE AEEFAE AEF H|wl(cells/L)
WakA W=
ks St.1 St.8 St.O-1 St.O-5
xT 634,000 642,400 695,400 739,700
A 716,350 822,700 895,450 916,700
B 1,350,350 1,465,100 1,590,850 1,656,400
LA 52 == == Al =

1% 90. 20064 59 AT HEEHIAEY BRI

CESE
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N
o

2006 8¥o:= F 23 Fo] &

AL o] T xS 17F, 9
o) [e)
FaAELe 0FIUY. $HEL

N

Rhizosolenia

delicatula (1,775~9,897 cells/mL, 50.85%)¢| A t}H(3 51). T~
WSolA = A dEFFo] oy 5ddAM= =

AERs WA 2|50 WSl ve] i %kl HudETFS

<

b/

=
o T

>
o

= 45 0-5%2, %3 13,558 cells/mL, A% 8,457 cells/mLo] A tH(

52). TR FTERAVE o] 98.14%E AAEtlon ok

Re R

Z7}o] 1.86%0°] (1 88).
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¥ 51. 200613 8¢¥ +A¢Y

AEZEFAE dEFH(cells/L)

= =
e o=
& B/ (cells/ml) St.1 St.8 St.0-1 St.0-5
2 | o g | A 2 | o = x|
Bacillariophyceae
Asterionella glacialis 613 539 276 193 372 187 688 180
Chaetoceros brevis
Chaetoceros danicus 24 39 507 47 31 63
Chaetoceros decipiens 51 629 34 1,325 164 109 397 150
Chaetoceros didymus 1,507 675 63 912 781 1,530 2,068
Chaetoceros laciniosus 120
Coscinodiscus spp. 4 9 3 2 2 3
Ditylum brightwellii 78 6 96 18 47 90
Eucampia zodiacus 35 357 72 264 197 376 98 677
Hemiaulus membranaceus 26 31 24 16 28 68 211
Leptocylindrus danicus 584 1,962 1,056 1,468 1,628 482 2,488
Melosira spp. 78 21 52 55
Nitzschia spp. 68 638 39 729 47 209 56 147
Rhizosolenia delicatum 4,231 7,154 4,569 2,490 2,893 2,849 9,897 1,775
Rhizosolenia spp. 25
Thalassiosira spp. 43 403 23 80
Thalassiothrix frauenfeldii 89 918 87 1,650 97 473 182 360
Dinophyceae
Alexandrium spp. 9 4 8 22
Ceratium tripos 3
Gonyaulax spp. 20 19
Prorocnetrum micans 11 21 33 34
Protoperidinium bipes 3 128 12
Protoperidinium breve 124 189 201 163 68 169 33 35
Total 7,343 13,246 5,563 9,118 6,302 6,937 13,558 8,457
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ALY gE E 1] (cells/L)

WabA WS
K St.1 St.8 St.0-1 St.O0-5
xT 7,343 5,563 6,302 13,558
A% 13,246 9,118 6,937 8,457
A 20,589 14,681 13,239 22,015

aH
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¥ 53 $480] A AVE AREFAE ST
ZARA] 7] =43F THE H]£(%)
Thalassionema nitzschioides 41.48
1¥ 29 Stephanophyxis spp. 30.67
Skeletonema costatum 10.20
Chaetoceros spp. 61.29
24 26 Thalassiosira spp. 14.05
Asterionella glacialis 6.58
Thalassiosira spp. 78.96
<)
3 16 Eucampia zoodiacus 11.94
Eucampia zoodiacus 56.32
<]

4e 16 Alexandrium spp. 18.34
Coscinodiscus gigas 27.80
594 17 Skeletonema costatum 22.69
Chaetoceros spp. 16.79
2004 o) Nitzschia spp. 36.09
o= 24 Dictyocha speculum 13.57
74 22 Coscinodiscus subconcavus 83.01
8¢ 25 Thalassiosira baltica 83.36
Skeletonema costatum 55.36
9¢ 24 Thalassiosira baltica 12.14
Chaetoceros spp. 10.06
Thalassiosira baltica 56.30

104 21 . . .
0= Thalassionema nitzschioides 17.60
Thalassiosira rotula 45,98
114 16 Thalassiosira baltica 22.05
Chaetoceros spp. 11.25
124 21 Thalassiosira baltica 96.08
) 28 Pse_:udo-nltgschla spp. ) 50.82
Rhizosolenia stolterforthii 28.73

2005+

19 20 Skeletonema costatum 68.52
Chaetoceros decipiens 9.50
Thalassiosira spp. 42.42
1¥ 16 Rhizosolenia setigera 27.74
Chaetoceros danicus 12.46
2006 34 13 Thalassiosira spp. 85.72
5¢ 7 Nitzschia spp. 99.53
84 23 Rhizosolenia delicatula 50.80
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2005 94

20054 11€¢

Pseudo-nitzschia sp.

Skeletonema coastatum

2006 14

2006 34

Thalassiosira sp.

Thalassiosira spp.

2006 54

200641 84

Pseudo-nitzschia sp.

Rhizosolenia delicatula

Y 92 AlAdsiol =3

AEZHFIEY AFE -5 (X 400)
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20 | —a A 9 E(EA 1)

20 |

Species number
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Time (month)

30
SR
25 |

—u— HhObH| 9| £

20

10

Species number

2005 2006

Time (month)

=%aE =85 v
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—u— dhObE| 9| £

Abundance
(10° cells/L)
[ =N

(o]

11

|
w
o1

2005 2006
ZARA 7] (")

1% 94. 2005~2006d A|EHEH AEESHIAE AS

o4
o,
Bl
g,ﬁ\l_‘
1o
(e
o
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=9

=]

N

}

N

AP ZAH20041) 7]

A 104 46,312 cells/Le] 9 o1}

*:_T
2006 3¥Yy} 5Y9

1,623,625 cellsimL® wj9- & Z o7 Z7Fg K

=

2004 1¢¥ kA ¢

B

7}7} 515,525 cells/L<}

T
T

40)

hyA
ar

(

. 47, 49). EZALA]

hyA
ar

Thalassisira sp.¢} 5%

1«

Z

T
T

ojufel F-HZF2 34

o2 AbRE

o

t o] &<

53). of=2] olAI7|= &

of
—_

=% 7

Pseudo-nitzschia sp.$ ™ (18 89) #

T
T

85.72%<} 99.53%°] A TH(E

oAl 3€

7_'L

e 7
A
90).

2
1=

& ATHL

g

s

T 7ER]

13%, 5¢9

T
| .

o]
=

N

N

mK

ruzel

X

ol

27F 7V A 27ldA =, o] Ao ¢

A

Ao

A Z A

al %
=

T

@ 7hge] Apdolet, £A4 3

Zlolt}. wkek o]

ol o
A=

PN
T

AAA & Aot} a8 E

Eaien
=

&
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4R AEFA ZEZAHENRLE)

AxTAEd=Rs FE, A=dv, AE8dS Ao 77t dx+,
200 ppm, 400 ppm, 600 ppm, 800 ppm, 1000 ppm, 2000 ppm, 10000
ppme] FEZ TAEES B4 AA2 60 mL Aol AelA
AH e A FAE Cochlodinium polykrikoidesE Z+ZF 1000 cells/mL, 2000
cells/mL, 5000 cells/mLe] HE== 50 mL¥ ©& o}, FHE FAE
A5 FAdr. FARES FAEE Fo 302F 7]7](Tuner 10AU,
USA)Z A Z22d-a5 Audez FHste BA k(1 92). &
gl BAA el gk A2 fal 30 Lo P ﬁu*ﬂg—g 20 LA
A-1 2 FAEES 500 ppme] FEE Fosle] FAEZES AT
(L 93).
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TR i =2 | E,i*@

:/_1?):: 95. @i%@_g E‘oq o ==
&= Cochlodinium polykrikoides
(FAFAE)Y AAGE A,
A, E; B, A=d#nl; C, A&

=8
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a% 96, AxTAE
polykrikoides (FgAJAI=)e] A AGLE ]

al,

i)
%
2
BN
ox
la
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(@]
=)
(@]
Q
=3
[
3
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1,000 cellsimL®] A== AAFolA S22H-a TA7F FE 0

ppmell A 0.50°]%1 32 200 ppmell A4l 2000 ppm Alo]7} 0.34~0.46% 2
zko] 7} itk 12 10,000 ppmell A 0.100. 2 oA A&
fo] Folx= oz et 10,000 ppmoll A Al &2 80%%
t}.
2,000 cells/mLe] Azx=A&E APFANAE FE 0 ppmoll A 1.17°]3
a1, 200 ppmellA] 800 ppm Alol&= 0.80~1.05°.%2 & &7} ATt
121} 1,000 ppmeol A= 0.54, 2000 ppmell A+ 0.47, 10000 ppmell
ME 01908 ZEZEo® 7HAE Tk 1,000 ppm, 2,000 ppm, 10,000
ppmol| A1 Al &8 Z}7F 55%, 60%, 71%°] LTt

5,000 cells/mLe] AZ=AE A= FE 0 ppmollAl 3.08°]
L, 200 ppmollAE 2148 AEE AE AIFFHT 2o S ES
(31%)S UYERT 1#u 400 ppmelA 2,000 ppm ARl
1.35~1.850.8 & ztol& YERWA Skt o] AP FAEELD
40%~60%°] 1 t}. 1,000 ppmol A= 0.882 4 84%<] TFAlEZ &S 7=
et

Fl

A 3z & mf

1,000 cells/mLe] A zxA= A@FoNA S22ZF-a TX7F Al=ZHw}t
0 ppmelAl 0.91¢1 3, FAFsE7t T & 5 FE2EH-a FAE
Az} ol th(E 54). 1,000 ppm, 2,000 ppm, 10,000 ppmol A=zt
7} 0.48, 0.31, 0°.= o|mjo] FAF&S ZH7) 47%, 66%, 100%S T
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(213 94). 2,000 cells/mL 23 FoA= AZdvl 0 ppmYd W= 1.92
ol AZu} Fo] Frrt TS ¢ 5 FR2I-a 57} 7_&&3}
9t} 1,000 ppm, 2,000 ppm, 10,000 ppmolA+ Z+7; 0.72, 0.48, 0
o2 olue] FAEES ZH7ZF 63%, 75%, 100%%1th 5,000 cells/mL
A oA AzZdel 0 ppm € well&= 2.98°]%13L, 200 ppmol A=
2142 % 56%° TAEE&ES YEEH. 1,000 ppm, 2,000 ppm,
10,000 ppmelA= zHzh 0.66, 0.55, 0°o.2 olwe] FAFEES 7+7}
78%, 82%, 100%%) U}, Aoz Azyvts sdUg wEo] FE
Hlsl oA =2 Zﬂi?xﬂig—g e

. AlEd

1,000 cells/mLe] Azx=AE AFoA 22=H-a TX7F AEZH 0
ppmoll Al 0.48 pg/LelSlal, Fols=rt S71e & F S223-a T4
= Hxb grolxthE 54). 800 ppm Fo] ol A= 0, 100%91 %xﬂi
5 HetHo=A SEY AZgule] Ha] 4ds R
o} 2,000 cells/mL A FNA= A& 0 ppm &
o] 800 ppm ¥ W 0o 100%Y TAEEES

cellsimL A& Fo|A%= 0 ppm & w 1.78°]A¥ # o] 800 ppm%l o]
0.17, 84%%] FAlE &< YUEEH. dRtdor A=4

qog Fojd uw 100%°] 77 FAEES VM= ASE UEH
tHL® 94).

Axurg

2 FAEAER s Fog o] 10% Ao 5t
Au|Fdoz #A A7, FE= Fo §F 0R/AE Az FHI}
WA e A= dolole Aol FAEATh v A Zyuiel A=A
& 717 2023 5itejol] A2AE ME7F HAE Ao #REHAG. &
8] AEdo Afole 57t Aastas AxAE AEe] AlEo
TKF T AR EE5S B 5 A0 o= AEH oF Az
Safgow A oyl Ago] HXFAELES EQl HUcle] #
Ao ALRFTHE 55)
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¥ 54. AZxTAEA FE¥/4 Z(Cochlodinium polykrikoides) &= Fofoj

w2 FE239-9 Azt W3l

3 E
A %;‘E%;E(ppm) ! 1000 cells/mL 2000 cells/mL 5000 cells/mL

0 0.50 1.17 3.08
200 0.46 1.05 2.14
400 0.46 1.03 1.75
800 0.42 0.80 1.85
1000 0.34 0.54 1.40
2000 0.35 0.47 1.35

10000 0.10 0.19 0.88
A 2z 2|}

0 0.91 1.92 2.98
200 0.67 1.77 1.32
400 0.49 1.15 1.59
600 0.82 0.80 1.98
800 0.48 0.72 0.66
1000 0.31 0.48 0.55
2000 0.00 0.00 0.00

AE4

0 0.48 0.97 1.78
200 0.45 0.87 1.10
400 0.28 0.66 0.61
600 0.26 0.21 0.45
800 0.00 0.00 0.17
1000 0.00 0.00 0.01
2000 0.00 0.00 0.00
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100 100

<
5 Mi=gj|at
'9 L L L L L L L L L L L L
a‘é’ 108 104
@
< 100
3
o 80
x 60 & 1000 cells/mL
B 2000 cells/mL

40 A 5000 cells/mL

20 ol S

0 1 | | 1 1 1 1 | 1 1 1 1 1 1 1 1 1

10" 102 10° 104

Concentration (ppm)

a9 97. AxTAEEY Fof w5 A ZAE Cochlodinium polykrikoides (&

AAHAZ) AATE.
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¥ 55. AZTAEH] wE Cochlodinium polykrikoides (&7 13 Al &)<

HE T AT RET 22
qE F
A%HHE
(100HH)

&% >

(4004H)

10 #

(4004H)

20 &+
(400¥H)

30 &+
(400HH)

30 &+
g FAR
(A 2=2=d-a
24, 4004K)
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H 98, AxTAEEE AzxA
Cochlodinium polykrikoides (&
ARA =) AARTE WAL A,
E; B, Al2z#n}; C, A4

ot o g

- 228 -



7y vams A

}

e
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MEMBER LIST

1. 5,000%5,000 2=

o

2]

=)

2. 5,000x1,000x27] <-# &
3. 3,000x1,000x27] -7 &
4. 5,000<10,000x47] <-7 €

H
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b
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Technology Basis

m Spacer Fabric Air Mattressis a
unigue air mattress that is
technologically advanced. The air
mattress is comprized of two fabric
layers with a thin film coating (TP -
wihich are connected by evenly spaced- &5
apart high strength filaments. This
eliminates shifting and unevenness to
produce a flat and highly durahble

surface.

0% 99 WanE TEE AFde
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1) Wla=s AZ A

LR

1.

SER R
EERA ARTALIS 2 A5 FAAS v aaE
—ag aTT) H2E 2

& R HY AU FRE

-9 wE AAYee SgrtTe Feel Manzel SUw Aune g4 &
RN B me FAY FAFHA FUFE AUHAL Adhe Hof 44D
A2 FUAA B =S o

=
A R 5

-7 WFAoE Az AL Al HY sl AFHEES A&

—FokA H o Ad AES] AE2 100% o HZE S U452 Aeod U g %
WA E st 72 AEo] FFo] ofgy A

-7 HoF aFEL AR Z 1X5 m 9] 20cm oMo 2A IS 2h5o
2 3o 2 AW o

-AdE WAEE gl B #AYS fgA & ¢ JoH, Av 2 55 HAg

AE 7S MR F2E

-F9 L& d 0.6mme]de 100% olHZE #HEer Mg daAErt HE
A= ALE

-AE] EAREE oY Ex P

-HAFZE 544 371 ARE HFAAE AMEA i 99 FHo R AlF 300
ol Ax A

-71E EFYge] 27pE B F9E B vtk HAa 20mmeld §Al HAH
AHAE AHEHA & 24

-F7e e A 100% JHE $Hgor B}

AHE Y

-AEE e Az AR A

« z2bchebe FHjste] JHRE] We] & o) Fe] xdur AE(YY Avhe HWolE
FEHIE AXA
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oldA A~ = FAERE AXZAA 1.24 pg-all, 2¥EZFF 1.30 pg-all,

33 pg-a/l, 20%-3%F 1.34 pg-a/L, 30%F 1.39 pg-a/L, 603
1.31 pg-a/L, 120%3% 1.35 pg-alls YEFW L, 8UF o= Hi 1.36
ug-a/Lol itk AA A o7 A¥xold 30&7tA tha F71e ohe gl 9

A A¥AA 6.13 pg-all, A¥EHF 572 pg-a/l, 10
3% 553 pg-a/l, 2085 5.82 pg-a/L, 30%F 5.87 pg-a/L, 60%F 6.08
ug-a/L, 120%-% 591 pg-a/LE YWERNSIAL, 8UFol& Ht 7.25 pg-al
=2 Ygdg. dAges AIEAF 108K = 57t 243 g, oF
A&HAoR st AR Srtete AdS Bt
dEYold i FAEA A¥AH 1758 ug-all, HEHF 21.54
ug-a/L, 10%% 21.77 pg-a/lL, 20+% 19.79 ug-a/L, 30%F 20.45
603 19.90 pg-a/L, 120%-3%F 20.77 pg-alLS eI, 89F
19.57 pg-a/LE YElth dAA o2 FEAS 108704 |54 sHA
7F 7 o, 8Y oAl FETt w9 A AE] FHAidte A
W
o1 Akl S Al EA AEAA 1.33 pg-all, AFFEZA T 0.57 pg-al, 10
B3% 0.49 pg-a/L, 2083 0.56 ug-a/L, 30%3% 0.58 pg-a/L, 60%3 0.76
ug-a/lL, 120%% 0.71 pg-a/LE YEFH AL, 8dFol= W 1.29 pg-alls
2 EHA 527 wAsHAl Fastal 8Y
T dUdE Bolev A4S e
bt ae AR AEAR 17.76 pg-all, AEAF 16.99 pg-all,
10+$ 20.73 ug-a/L, 20%% 4

it
i
5=
o
0
o
N
o
H

9.502 pg-a/L, 309 19.72 pg-a/l, 60+
% 31.79 pg-a/l, 120%3F 17.42 pg-a/LS YERW I, 85| Hit 17.74

ng-a/L YEFATH AAF o w AFo]T g0E7FX

o] Folt QA Bolet AT ek

Al
)
ol
o|\
N
=
Ol
o
<
[EEY
N
o
e
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3 58 AxT A4 AxolF vizd Y s

Ak FA F2¢C) EEG%) pH £&2A(mg/l)  COD(mg/L)  SS(mg/L)
0 14.1 3246  8.17 7.40 1.77 9.00

2 14.1 3247 817 7.44 1.85 2.30

4% A 4 14.2 3246  8.16 7.11 2.32 2.40
6 14.2 3246 817 6.98 1.28 7.40

8 14.1 3245  8.16 6.98 1.35 4.10

B 14.1 3246  8.17 7.18 1.71 5.04

0 14.2 3251  8.90 7.44 2.22 403.90

2 14.3 3249 915 7.44 1.30 478.30

q¥ F 4 14.3 3249 915 7.44 1.49 459.30
0% 6 14.2 3245 920 7.48 2.37 532.10
8 14.2 3246  9.34 7.46 1.60 247.10

B 14.2 3248  9.15 7.45 1.80 424.14

0 14.2 3254  9.28 7.47 2.37 355.70

2 14.3 3251  9.39 7.43 1.98 404.90

q¥ F 4 14.2 3250 953 7.43 1.72 359.50
10% 6 14.2 3240  9.54 7.45 1.63 351.50
8 14.2 32.46 955 7.45 2.22 317.50

B 14.2 32.48  9.46 7.45 1.98 357.82

0 14.2 3254  9.54 7.46 1.20 319.90

2 14.3 3250  9.64 7.37 1.12 348.10

q¥ F 4 14.3 32.48  9.64 7.33 2.18 339.30
208 6 14.2 3245  9.70 7.32 1.47 261.90
8 14.2 3246  9.71 7.37 1.14 209.30

B 14.2 3249 965 7.37 1.42 295.70

0 14.3 3251  9.70 7.40 1.55 195.90

2 14.3 3251 974 7.26 1.56 264.70

q¥ F 4 14.2 3249  9.74 7.32 1.46 342.50
308 6 14.2 3248  9.72 7.37 1.51 177.10
8 14.2 3248  9.67 7.39 1.58 194.70

B 14.2 3249 971 7.35 1.53 234.98

0 14.3 3250  9.77 7.41 1.30 305.70

2 14.3 3247 981 7.10 1.91 346.90

q¥ F 4 14.2 3247  9.82 7.09 2.09 213.90
60% 6 14.2 3247 983 7.09 2.08 217.90
8 14.2 3247  9.44 7.14 1.89 199.10

B 14.2 3248 973 7.17 1.85 256.70

0 14.1 3253 958 7.33 2.23 281.30

2 14.3 3245 968 7.17 1.66 370.10

a¥ F 4 14.3 3245 981 6.89 2.95 190.70
1208 6 14.2 32.46 953 6.88 1.59 189.50
8 14.2 3243 931 6.98 1.35 173.50

B 14.2 32.46  9.58 7.05 1.96 241.02

0 12.7 3243  8.10 5.90 1.89 1.00

2 12.6 3239 811 5.90 1.36 7.30

AyE 4 12.5 3237 812 5.73 2.09 9.20
8d 6 12.5 3235 812 5.75 1.35 15.70
8 12.5 3236 813 5.78 1.61 6.60

Bt 12.6 3238  8.12 5.81 1.66 7.96
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# 59 Az Aled dxolf vixg W IFA W

A zk 4] NOy(ug-a/L)  NOs(ug-a/L)  NHs(ug-a/L)  POs(ug-a/L)  SiOx(ug-a/L)

0 1.299 6.398 18.081 1.491 21.086

2 1.164 6.395 19.327 1.179 12.292

AE A 4 1.138 6.124 16.628 1.095 14.305
6 1171 5777 15.710 1.234 27.705

8 1.442 5.940 18.149 1.660 13.387

3t 1.243 6.127 17.579 1.332 17.755

0 1.420 6.107 18.123 0.914 16.827

2 1.266 6.241 19.540 0.536 20.426

A4 5 4 1.504 6.057 24.431 0.507 16.136
() 6 1.146 5.098 23.780 0.438 15.185
8 1.183 5.095 21.815 0.463 16.359

3t 1.304 5.720 21.538 0.572 16.987

0 1.279 5.147 23.644 0.454 23.202

2 1.339 5.270 18.163 0.454 20.105

A4 5 4 1.157 5.438 23.494 0.482 13.631
10% 6 1.701 6.666 22.098 0.599 25.547
8 1.184 5.130 21.434 0.479 21.160

3t 1.332 5.530 21.766 0.494 20.729

0 1.303 5.587 20.654 0.628 19.003

2 1.413 5.893 21.450 0.473 16.980

AY & 4 1.345 5.940 17.708 0.539 179.727
20 6 1.318 6.128 22.620 0.579 17.433
8 1.323 5.553 16.516 0.571 14.370

1t 1.340 5.820 19.790 0.558 49.502

0 1.175 5.833 19.180 0.574 17.277

2 1.540 5.782 19.752 0.493 21.463

A4 5 4 1.422 6.169 20.730 0.540 17.829
30% 6 1.277 5.267 21.242 0.623 15.949
8 1.509 6.292 21.323 0.669 26.094

1t 1.385 5.869 20.446 0.580 19.722

0 1.218 5.554 17.852 0.541 75.480

2 1.482 6.459 21.489 0.570 23.440

A4 5 4 1.310 5.724 20.695 0.636 16.408
602 6 1.367 7.527 21.004 0.594 24.471
8 1.147 5.142 18.470 1.448 19.174

1t 1.305 6.081 19.902 0.758 31.794

0 1.289 5.706 20.037 0.565 17.380

2 1.380 6.370 19.138 0.595 23.349

A4 5 4 1.279 6.230 18.903 0.775 15.130
120% 6 1512 5.816 23.422 0.807 15.334
8 1.290 5.446 22.372 0.810 15.882

1t 1.350 5.914 20.774 0.710 17.415

0 1.405 7.888 17.488 1.233 20.150

2 1.388 7.231 19.865 1.219 16.340

A4 5 4 1.369 7.099 20.260 1.269 17.303
8y 6 1.265 6.543 18.208 1.242 13.861
8 1.356 7.471 22.035 1.507 21.045

ks 1.356 7.247 19.571 1.294 17.740
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%60 Ax A4 22 5239 HY A A TEEFAEY T 553 3
A
EET/EANBE & == 102 202 0= 60= 12082 2|
Protozoa
Noctiluca scintillans 2 2
Cnidaria
Hydromedusa 2 16 2 2 4 26
Siphonophora 16 24 15 2 4 7 3 70
Annelida
Polychaeta larvae 9 24 18 16 4 8 1A 90
Polychaeta tracophores 1 8 8 2 2 3 33
Mol lusca
Bivalvia larvae 2 2
Gastropoda larvae 29 4 3 4 1 4
Ar thropoda
Crustacea
Branchiopoda
Evaadne nordmann/ 2 4 2 8
Evadne tergestina 2 3 2 7
Poaon sp. 13 48 23 20 4 3 4 115
Penilia avirostris 13 20 10 2 2 2 4 53
Cirriped nauplii and cypris 1 12 15 8 12 2 60
Ostracoda 87 60 43 78 38 35 27 367
Copepoda
Acartia erythraea 18 16 70 104
Acartia hudusonica 12 14 26
Acartia omorii 213 184 190 84 80 47 46 844
calanoid copepodies 62 40 20 16 36 7 17 198
Calanus sinicus 9 10 4 23
Corycaeus spp. 9 8 10 4 1 32
Centrophages abdominal is 9 9
Harparticoida 9 8 10 2 1 30
Paracalanus spp. 196 296 340 136 160 77 123 1327
Pseuaodiaptomus mar inus 18 24 10 20 24 10 20 126
Oithona spp. 4 1 5
Temora turbinata 9 24 10 4 4 3 54
Ampipoda
Gammar i i dea 3 18 10 2 1 33
| sopoda 4 4 1 1 10
Decapoda
Anomura larvae 2 2
Macrura larvae 2 1 3
Brachyura larvae 4 4 8 4 2 2 3 26
Mysidacea 2 2
Euphausiacea
Euphausiacea egg 4 4
Chaetognatha
Sagitta enflata 4 2 6
Sagitta sp. 18 40 90 32 18 13 30 241
Echinodermata larvae 1 1
Chordata
Urochordata
Appendicuraria spp. 113 76 28 66 44 48 71 447
Tadpole larvae 2 2 3 7
Fish egg 1 1
B 896 944 933 546 454 271 34 4437
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I 6l AxTAEE X 5 oF 157d9 A F, 2AEYAdA =88 sEE
PaEe] 2 223 29 A4 5
E8S/ENEE M M SRl
Protozoa
Noctiluca scintillans 14 14
Cnidaria
Hydromedusa 1 1
Siphonophora 10 1 11
Annelida
Polychaeta larvae 7 1 8
Polychaeta tracophores 16 16
Mollusca
Bivalvia larvae 3 3
Gastropoda larvae 1 1
Arthropoda
Crustacea
Branchiopoda
Evaadne nordmanni 17 17
Evadne tergestina 52 52
Podon sp. 198 3 201
Penilia avirostris 9 9
Cirriped nauplii and cypris 66 9 75
Ostracoda 17 17
Copepoda
Acartia erythraea 153 153
Acartia omorif 1795 29 1823
calanoid copepodies 14 6 20
Calanus sinicus 14 14
Centrophages abdominalis 14 14
Harparticoida 1 1
Paracalanus spp. 56 143 199
Pseudodiaptomus marinus 23 23
Decapoda
Macrura larvae 1 1
Brachyura larvae 1 1
Euphausiacea
Euphausiacea egg 1 1
Chaetognatha
Sagitta sp. 7 17 24
Chordata
Urochordata
Appendicuraria spp. 383 259 641
Doliolidae spp. 14 14
Tadpole larvae 52 1 53
Fish egg 3 3
2Rl 2870 541 3410
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3 62. 20054 11¢ WA=

W AxE

AAZdnh A 5, AzREAE

EZEFAE dEF A (cells/mL)

T"}";e;t”:”) oM 2 M 4 M 6 M 8 M
Before 216.0 2355 299.9 158.9 83.0

0 181.0 251.4 261.3 232.2 176.6

10 196.2 236.9 291.6 313.8 304.0

20 216.2 396.3 227.5 253.6 194.3

30 178.0 221.0 193.9 101.1 112.4

60 170.5 108.4 192.1 145.2 93.2
120 198.3 127.8 1285 120.5 188.6
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500

400 |

300 |

200 |

100 |

Abundance (cells/mL)

Before 0 10 20 30 60 120

Elapsed time (min)
2% 121, 200549 119 WARE ) AXEA AT A}
NEZYAE AEFe] A.F3 W
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Aed dFAY

1. A=

1o

3n

4n
ﬁo
o

20061 8¢ 22% Cochlodinium polykrikoides %27}

YKL 129a) WollA 1 mX1 mX1 m(ZF= X A=

Al

A

RSl

o

i

2
1=

ATH( L

)

TAEES 4

=
T

o] %, AIZF A5, 10, 30)° uf

o

AT A=

129D).

FX7F 200 ppm
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1% 123. Cochlodinium polykrikoides 2 ==

WA A HaaE: W RE,

=
Aas ddEs. A AT

o; B, Ml&3EFH; C, A=
o YA BAES

- 255 -



3}
7 AxFAEde Wass Wl g o] vsI V7R A& SAHI
=, 9%, DO, pHe| Wst= vu . 7} 249 Ax4 s e
, AMzEet, SE A2 IA YEbS TR 63, 17 124).

3E

FJEE oA FrEgo FL7) 223.8 ug/lLoA] Foo]F 5
10%, 30%-°] 198.8 ug/L, 170.0 pg/L, 163.8 pg/lL o= 7+Adto] 7}
7} 11.2%, 24.0%, 26.8%° HAZTAEZES 7I=ZF(FE 63, 1H
121, 124)

A 3z & mf

Azuls Foddd F2a3] X7} 2238 pg/Lolr Foo] 3
5, 10%, 30%-0] 160.0 pg/L, 140.0 pg/L, 126.7 pg/l ©.= 7+2 &}
Z}7} 28.5%, 37.4%, 43.4%% HZTAEZES 7|EIUCHE 63, 1H
122, 124).

NEAL B F2age] w571 223.8 pug/lLddA] Fojo]% 5
B 10%, 30%] 112.1 pg/L, 98.2 ug/L, 67.0 pg/L o= 7HAdte] zt
7} 49.9%, 56.1%, 70.1%% HZTAZES 7|=FHE 63, 1HY
123, 124).
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5% 200 ppm). A,

4%

(
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¥ 63. AxEAMAEZE W HAFFE 200 ppm) T WE HA2TZE W9
2 =29-a 3t W} HAxAAGE vl
222%-a 5% HMETH EE (%
2x2A Sof s=E-a THEE(%)
FANHR) | 5 & | gmaor | ez s = | M=ol | a=m
0 2038 223.8 2238 0.0 0.0 0.0
5 198.8 160.0 112.1 11.2 28.5 49.9
10 170.0 140.0 98.2 24.0 37.4 56.1
30 163.8 126.7 67.0 6.8 43.4 70.1
80 250
~ 1 200
S 60 | -
Ty =4
.§ {1 150 ‘;
2 0 | EZ¥ E =
5 M| = 2| o} Z
Yo Emil=a Q
g S5-c 100 g
—.—AﬂEEﬂD} =
S 20| -e-ds= 5
o 50
0 0
0 5 10 30
Time (min)
a9 127, AxEAMAIZSE W HEEE 200 ppm) Tl mE =&
5 e E22d-a 3t Wslel JxAARS v,
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3E 64, Aok (et DO el wE A=Y BEE
kTl
AT oz
A =5 (%) =5 (%)

Time(h) e A5 DO Eins A5 DO
0.0 100 100 4.22 100 100 4.22
0.5 100 100 4.00 100 100 4.00
1.0 100 100 2.84 100 100 3.81
1.5 100 100 2.71 100 100 3.74
2.0 100 100 2.66 100 100 3.74
2.5 100 100 2.78 100 100 3.10
3.0 100 100 2.54 100 100 3.12
3.5 100 100 2.17 100 100 2.99
4.0 100 100 2.09 100 100 2.84
45 100 97 2.01 100 100 2.71
5.0 100 93 1.95 100 100 2.66
5.5 100 80 1.86 100 100 2.78
6.0 93 73 1.77 100 100 2.54
6.5 90 70 1.65 100 97 2.17
7.0 90 67 1.58 93 93 2.09
7.5 77 63 1.55 93 87 1.4
8.0 63 50 1.36 93 80 1.47
8.5 47 33 1.09 93 77 1.35
9.0 30 23 1.01 90 73 1.15
9.5 27 17 0.88 87 73 1.26
10.0 27 10 0.76 83 70 1.13
10.5 20 0 0.43 73 70 1.03
11.0 20 0 0.42 70 70 1.03
11.5 13 0 0.43 70 67 0.88
12.0 10 0 0.3 67 67 0.72
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of ¥HE7E XAbete] sk Frhel mel AAREo] Fobxlth Al vl
213 o A= 200 ppm, 500 ppm, 1,000 ppmoll Al ZFzF 240+, 280
i, 100 A AAPRAIZE S AL 242 4404, 360+, 300l wF
F7F AArfete] FES npTA R sE Frbel| wel XAbEo] =tk
(3£ 65, 66, 67). A=d A A+= 200 ppm, 500 ppm, 1,000
ppmell A Z+ZF 1004, 180%, 100%o] A XAAA7 Edda zHzt
340+, 360+, 120+t whpE7F A Abste] A=A TR 7P
AAHES HYITH3E 65, 66, 67).

3 AT U DO ARHFHS SE A3 oA 200 ppm3 500
ppme & WIE Holx ggror} 1000 ppmelAE AIZE A3t uf
2} DO &R o] $ntatAl S7HATH(LE 164). AlZ#wt A3 el A
T 200 ppmell A Al Z e wel DO AEFo] HiHow F7he
©1} 500 ppm¥} 1,000 ppmel A= 238 HAst
(1% 165). AEA AFFAE 200 ppmel A
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£ Yetdti(E 166). webd A=H FRE7F &5 AAdES
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3 65. 200 ppme] AT AE4d FoAA HJES] DO &AEF H HEXAL A
Zr
s EET NEES
min. | D.O. pH Hl D D.0. pH Hl 2 D.O. pH Hl D
0 3.91 8.61 4.44  8.77 4.22 8.64
10 | 3.96 8.65 435 8.66 3.91  8.11
20 | 3.88 4.22 3.88
40 | 3.71 4.09 3.80
60 | 3.59 3.97 3.11
80 | 3.31 3.72 3.10
100 | 3.27 3.70 2.84 10t2| H A
120 | 3.19 3.69 2.74
140 | 3.05 3.81 2.66
160 | 2.85 3.77 2.10 30tel H At
180 | 2.84 3.51 2.12
200 | 2.81 3.44 1.99
220 | 2.69 3.10 1.94
240 | 2.51 2.61 10t2] HAH 1.64
260 | 2.44 2.33 1.10
280 | 2.18 2.04 20t2IHAF | 1.01
300 | 2.01 1.85 0.93 4021 H AL
320 | 1.68 10t2 HIAFH 1.51 30te2l HIAH 0.72
340 | 1.59 1.50 0.66 8.33 5012l HIA
360 | 1.35 1.37
380 1.19 1.18
400 | 1.11 1.09 40121 H A
420 1.04 202l HAH| 0.85
440 | 0.99 0.71 8.42 5012] HIAF
460 | 0.85
480 | 0.81 30121 H At
500 | 0.64 8.63 502 HIA
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3 66. 500 ppme] HxzTAl=dE For FEEe] DO AR B HEAAL A
1t
BE M Z &l OF MEE

min. | D.O. pH Hl 2 D.0. pH Hl D D.0. pH Hl

0 3.95 8.92 3.84 9.51 3.67 9.16

10 | 3.91 8.88 3.66 9.60 3.61 8.88

20 3.79 3.26 3.25

40 | 3.71 3.11 3.11

60 | 3.61 3.05 2.92

80 3.18 2.76 2.93

100 | 3.04 2.72 2.81

120 | 2.92 2.54 2.81

140 | 2.91 2.25 2.71

160 | 2.81 2.05 2.54

180 | 2.71 1.98 2.21 10t2l HIA
200 | 2.51 1.94 1.99

220 | 2.23 1.43 1.51

240 | 1.94 10t2] HIAF] 1.65 1.21 30t2l A
260 | 1.51 1.35 1.04 8.42  50t2| HIAL
280 | 1.19 1.15 10t2l HA

300 [ 1.05 0.94

320 | 1.00 0.91 40t2| HAL

340 | 0.94 20t2| HAF| 0.89

360 [ 0.89 0.68 9.33 50t2l HIA

380 | 0.73 30t2l HIA

400 | 0.71  8.72 50t2l HIA
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3 67. 1,000 ppme] Ax=TFAEHD FAA w9 DO AEHF 2

1t
BE M= & Ot E—=FS

min. | D.O. pH Hl 2 D.0. pH Hl D D.0. pH Hl
0 3.50 9.10 4.31  9.40 3.71 9.97
10 | 3.93 8.85 3.80 9.60 4.00 10.10
20 | 3.83 3.83 3.92
40 | 3.45 3.66 3.80
60 [ 3.11 3.60 3.30
80 | 3.00 3.10 3.02
100 | 2.62 2.02 102l HAF 2.18 202l HIA
120 | 2.52 1.63 2.03  9.71 502l HAL
140 | 2.33 1.44
160 | 2.01 1.41 20tel H At
180 | 1.18 1.33
200 | 1.12 1.32
220 | 1.01 1.18
240 | 0.99 1.10 40t2| HAL
260 | 0.94 1.04
280 | 0.92 1.03
300 | 0.81 0.82 9.43 50t2| HAL
320 | 0.51 202l HIAF
340 | 0.42 9.01 50t2] HA
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20034 X[/ HIAIH AN - AN, FHEY

SR : 2000H 88 . 34 ' BY-HWH A=WY AN
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