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Development of a Water Quality Improvement
Technique using Periphytic Algal System
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SUMMARY

I. Topic

Development of a water quality improvement technique

using periphytic algal system

II. Purpose and Background of the Study

As the public awareness on the importance of sustaining sound environment grows
stronger, their demand on conserving the nature, as well as utilizing it, have been
increased. The management of the agricultural drainage water quality, however, is a
difficult task due to use of fertilizers and pesticides for the promising harvest in the
agricultural industry. No treatment of such substances in the agricultural water
resource would jeopardize secure support of provisions.

The 53% of nation’s annual water resource is used for agricultural purpose and
among them substantial portion goes to the paddy field. Such facts imply the
importance of the managing agricultural drainage water quality in order to prevent the
eutrophication and subsequential pollution of the aquatic ecosystem in the agricultural
watershed and down streams.

A main sources of water pollution in the agricultural watershed is point source,
such as wastewater from livestock farms and domestic wastewater, and nonpoint
source from farmlands. Such pollutants trigger eutrophication for: (1) the wastewater
from the agricultural watershed contains considerable amount of nitrogen and
phosphorous, (2) the engineering approach of treating the swage water targets mainly
on the organic matters, not the nutrients, and (3) the characteristics of the nonpoint
source, that it occurs in extensive area, makes it difficult to achieve economical
reasonability for initiating a project to treat the nonpoint source in an engineering

manner.

_13_



However, discharging of the pollutants in the upstream causes eutrophicaion of the
downstream and thus, reduces the value of water usage and causes expensive water
purification practices, especially when they inflows to drinking water and underground
water resource. Although ecotechnological method using macrophyte for the nonpoint
source treatment has been attempted, it was not as efficient in removing nutrients as
microorganism and also needed substantial effort of managing at the end of its life
cycle to prevent the secondary pollution that occurs when they are decaying in the
water.

Filamentous periphytic algae (FPA), being easily observed in the agricultural
drainages and small streams, are fast growing, highly efficient nutrient uptaker and
provide biological filter for microorganisms such as bacteria. They also have high
potential to utilize nutrients in water regardless of the their concentrations with the
minimum seasonal effect. The merits of using FPA include sustaining the efficient
matter cycling in the ecosystem without producing the secondary pollution and with
relatively inexpensive cost when compared with the engineering techniques and thus
anticipate that it will be an economically and environmentally efficient water treatment
system in the agricultural watershed.

The purpose of this research is to develop an ecotechnological water treatment
system ’filamentous periphytic algae treatment system’ to reduce the pollutants in the
agricultural watershed and thus contribute to establish a foundation for the

development of agricultural industries.

III. Contents and Scope of the Study

This research has been carried out as follow with the purpose of developing a
'filamentous periphytic algae treatment system (FPATS) as an ecotechnological
water treatment method to reduce the pollutants in the agricultural watershed and
contribute to establish a foundation for the development of agricultural industries.

Laboratory and outside artificial pilot channels have been designed and used to

_14_



establish the design factor for the 'FPATS’ and the efficiency and applicability of the

system has been tested at in-situ environment.

1. Analysis of PFATS and development of its using technique

1) In-lab circulation channel experiment
(1) Designing and making the circulation channel
(2) Establishing the cultivating condition
(3) Measuring the growth and nutrient removal rate of the filamentous periphytic

algae

2) Qutside pilot channel experiment

(1) Designing and making the artificial channel at the outside

(2) Measuring the growth and nutrient removal of filamentous periphytic algae

(3) The selection of most applicable filamentous periphytic algae according to the
characteristics of agricultural drainage.

(4) Establishing the cultivating condition

(5) Developing the applicable filamentous periphytic algae system according to the

characteristics of the water, water velocity, substrata.

2. Developing the in-situ ‘PFATS’ for the water quality improvement
(1) Designing the in-situ experiment
(2) Measuring the growth and nutrient removal of filamentous periphytic algae
(3) Establishing the cultivating condition
(4) Case study of ecotechnologcal water treatment methods

(5) Comparison of ecotechnologcal methods applicable to agricultural wateshed

_15_



IV. Results and suggestions

1. Analysis of PFATS and development of its using technique

A. Growth dynamics of filamentous periphytic algae (FPA)

(1)

(2)

(3

The growth of FPA in different water velocity, substrata, nutrient

concentration of inflow water and nutrient load has been evaluated.

In the 5~15cm/sec range of water velocity, the highest growth rate of FPA
was observed at the water velocity of 10cm/sec. In terms of biomass, the ash
free dry weight of FPA was relatively 3~4 times higher in 10cm/sec than
that of 5cm/sec; Chl. @ was 6~8 times higher and cellular nitrogen and
phosphorous content was more than 3 times higher. In the faster water
velocity of 15cm/sec did not show noticeable outgrow than that of FPA in
10cm/sec. The average growth rate of FPA in 10cm/sec was more than 2

times faster than that of FPA in 5cm/sec.

In the substrata test, natural fiber net was the most favorable éubstrata
according to the result of the lab experiment and at the outside pilot test it
turned out to be the iron net. In terms of mesh size of the iron net, the
highest growth rate was measured in 20mm than that of 10mm net. The
growth rate of FPA in varied water velocity, the highest growth was evident
in 10cm/sec regardless of the mesh size. The FPA growth in the water with
low suspended solid concentration, natural fiber net showed 2 times and 20
times higher growth than that of iron net and both tile and gravel,
respectively. The highest growth of FPA appeared on 10mm mesh iron net
when 10mm, 20mm mesh and natural fiber net was tested at the outside pilot

experiment. The growth rate on 10mm net was 1.5 times greater than that of
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natural fiber filter during winter (November) and 3~4 times greater during
spring (April). When 20mm mesh iron net and natural fiber net were

provided, the higher growth rate of FPA was evident in 20mm mesh iron net.

{4) The FPA growth was tested in varied phosphorous concentrations, ranging
0.1~1mg/#. The FPA growth was greater as the concentration was higher
and in the both outside and in lab experiment, the greatest FPA growth was
in Img/ #. The highest growth for Spirogya was evident at 0.05mg/# and 0.1

mg/ ¢ and for Rhizoclonium, it was 1lmg/ ¢ .

B. Nutrient removal efficient of FPA

(1) The phosphorous removal efficiency of FPA in different water velocity,
substrata, biomass of FPA, nutrient concentration of inflow water and

nutrient load and between the FPA species has been evaluated.

(2) In the system with adjusted water velocity, the higher nutrient removal rate
was shown as the water velocity increases. The nutrient removal rate in the
pilot test was higher in 10 and 15 cm/s than that of 5cm/s; suspended solids
(SS), nitrate (NO3;-N), total phosphorus (TP), and dissolved inorganic
phosphorus (DIP} was more efficiently removed than other nutrients. The
maximum removal rate of DIP at the pilot channel was more than 2 times
higher than that of in situ experiment, showing the 261mgP/gChl.a/hr and 127
mgP/gChl.a/hr removal rate at the water velocity of 10mm/s and 5mm/s,
respectively. Removal rate of other nutrients were also higher in faster water

velocity.

(3) Among the various substrata, nutrient removal rate was highest at the 20mm

mesh iron net on which the highest growth rate was shown. Continuous
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4

(5)

(6)

(7

nutrient removal were evident in all the measured nutrients when 20mm iron
net was used, and DIP, SS, TN, and TP removal rate was higher than the

natural fiber net.

DIP removal rate of FPA was positively correlated with DIP concentration in
the laboratory incubation experiment with the DIP concentration range of 0.1
mg/ # ~1.0mg/ ¢ The average removal rate at DOP concentration of 1.0mg//#
was 0.73ugP/ug Chl.a/day, more than 4 times higher than the removal rate at
0.1mg/ 2.

Phosphorous removal rate per unit biomass increased in all three species
(Rhizoclonium sp., Spriogyra sp., Oedogonium sp.) as phosphorus
concentration increases. Spriogyra showed the highest in removal rate, with
0.39, 0.36ugP/ugChl.a/day and 0.08, 0.10 pgP/ugChl.a/day at 0.5 and 1.0mg/ £ and
0.05 and 0.1mg/ #, respectively. When manipulated P in the range of 0.05~0.5
mg/ £, the highest P removal rate appeared in the P concentration higher than
0.1mg/¢ with 0.094gDW/¢ of biomass addition. However, there was no
difference of P removal rate in the medium with the lowest P concentration,

in response of biomass increase

The removal rate on NO3;-N, NH4-N, DIP increased with pollutants load. The
removal rate on NO2-N, however, was increasing up till relatively low

concentration of <2g/hr.

Removal efficiency (%) and removal rate per biomass were used as the
measure for assessing the nutrient removal effect by FPA. Biomass and
nutrient removal rate was positively correlated for phosphorous, but did not
show correlation for nitrogen. The highest nutrient removal appeared at the

fastest flow within the tested velocity range of 0.5~5cm/s. The removal rate
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per biomass, however, was decreasing as the biomass increase. These results
indicate that the biomass increase of FPA doesn’t necessarily increase the
nutrient removal rate, and thus the controling of the biomass to achieve the

most efficient water treatment was suggested.

2. Developing the 'PFATS’ for the water quality improvement in-situ

A. In-situ experiment

(1)

(2)

(3

(4)

(5)

In-situ experiment was conducted at the drainage channel near the Sinjung
Reservoir (Asan, Chungcheongnam-do), in which 20m was used. Natural fiber
net and 20mm iron net were used to test the growth rate and nutrient

removal rate of the FPA. The nets were placed at 1~2m intervals.

The main objective of the in-situ experiment was to work out the
countermeasures for the problems on nutrient removal rate according to water

velocity and any problems that may encounter in application of the system.

The growth rate of FPA in natural fiber net and 20mm iron net was 16.7mg
Chla/m’/day and 0.36mgChl.a/m’, showing roughly 170 times higher growth in

natural fiber filter.

Nutrient removal related to the growth of FPA was evident in all the
parameters (i.e., TP, NOs;, NO;, NH,, TP, SRP, SS, COD and BOD). The most
effective nutrient removal rate was observed ar the water velocity of 5em/s

in the range of 0.5cm/s~5cmy/s.

Although the nutrient removal rate varied with the concentration of inflow

water, the highest removal rate was shown around 50ug/ ¢ of P concentration.
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B. Case study of water quality improvement using ecotechnological methods

(1) Compared to the engineering methods, ecotechnological methods consume less
amount of energy, less expensive to establish, easier to maintain and manage,

and does not produce secondary pollution such as sludge.

(2) In order to apply the ecotechnological methods, the methods must maintain the
expected efficiency on treating the pollutant, easy to maintain, and fully utilize

the natural purification machinism.

(3) Ecotheclological water treatment methods applicable to agricultural reservoirs
are plant purification system (Biotope), artificial wetlands, detention pond;

applicable to the inflowing water is a contact oxidation channel.

C. Natural purification techniques applicable to agricultural watershed and analysis

of its efficiency

(1) For the efficiency assesment of ecotechnlogical methods applicable to
agricultural drainage channels and small streams, we analyzed bio—park,
combined contact oxidation channel, and lope-type contact medium channel

which were established near the Singjung Reservoir.

(2) Efficiency has been evaluated through the demanded area for each techniques,

pollutant removal efficiency, and purification capability.

(3) The area needed for the FPA channel system appeared to be much smaller
than the lope-type contact medium channel (567m' in Chosanchun streamn,
and 2837m' in Hwangsanchun stream) but performed relatively higher

efficiency.
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(4) The nutrient remova! rate of FPA channel system was 2.0gN/m'/d, and
0.3gP/m'/d for TN and TP, respectively. The nutrient removal rate of a
wetland system, a system that need much larger land, was 0.1gN/m'/d, and
05gP/m'/d for TN and TP; for combined contact oxidation channel, and
lope-type contact medium channel, it was 0.1gP/m/d and 06gP/m'/d for

phosphorus and nitrogen was not removed.

(5) A similar ecotechnological method to the FPATS is macrophyte treatment
system. However, nutrients were much more efficiently removed in the
FPATS than in the macrophyte treatment system that demands larger land
area than that of FPATS. The short life cycle of FPA than macrophyte is

assessed to ne another merit of the FPATS.

D. Development of FPATS applying for the agricultural drainage channel

(1) Water velocity

The water velocity and the nutrient removal rate of FPA is closely related.
Therefore, maintaining appropriate water velocity is the most crucial factor for
managing the system. For the most efficient management of the system,
periodical monitoring on the water velocity and management (eg. harvesting FPA

when water velocity is too slow) is necessary.

(2) Substrata
Based upon the experiments carried out in different environmental conditions,
when selecting substrata according to a given environment, following factors

should be taken into account.

(@ Ntural fiber net and nets with small mash- Appropriate to use when water

velocity is slow, SS and nutrient concentration is low and biomass of FPA is
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small.
@ Nets with large mash size-Appropriate to use when SS and nutrient
concentration is high and biomass of FPA is large in order to prevent from

blocking the water flow with the over grown FPA.

(3) P concentration of the inflowing water and the placement of the substrata,

The Phosphorus concentration of inflowing water is a factor to consider when
determining the place to appling FPA system. In situ experiment results showed
that the growth of FPA was increasing as the phosphorous concentration
increases. The growth rate increased with the increase of DIP (in the range of
0~0.35mg/¢) and it was 1D5mg/# in the range of 0~3.0mg/#¢ for TP. The
placement of substrata (ie, the direction, and shape) affect the FPA growth and

water flow. It should be designed according to the condition of the channel.

(4) Applicable FPA species

Three species, namly Rhizoclonium sp., Spriogyra sp., Oedogonium sp. were used
for this study. These species are easily found in the paddy fields and small
streams. In the phosphorous concentration ranging 0.05~0.1mg/ ¢, the growth rate
of QOedogonium sp. was relatively high while it was Rhizoclonium sp. in the
phosphorous concentration range of 0.5~1.0mg/ ¢ . Although Spriogyra sp. was the
slowest glowing FPA among three, its phosphorous removable rate was the
highest. It is proper to use species that are growing adjacent to the objective

channel.
(5) Recycle of the harvested FPA

The harvested FPA can be used as a fertilizer with out compositing process due

to its soft and phosphorous and nitrogen rich tissue.
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(6) Management of FPA systemn during monsoon and storm water period

Soil particles, and boosted water volume and fast water velocity suppress the
FPA growth and even detach them from the substrata during monsoon season.
FPA filter also can block the water flow of the channel. Because of such
problems, FPA system is not appropriate to use during monsoon season and
specially designed substrata (removable, or unfixed on onside to put aside during

flood and monsoon season) are needed.

(7) Possibility of combination with other ecotechnological method

The possibility of combination of FPATS with artificial wetland. Plants in
wetlands are not major component of nutrient removal (uptake) but more likely
supporter of stabilizing soils and substrates for microbial attachment. The main
mechanism of matter removal in the wetlands takes place through physical and
biochemical processes. Thus, a combination of physico~chemical process in the
wetland with biological process of FPATS would maximize water quality

improvement in polluted water.
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FALRNE Vollenweider (1968) Carlson (1977)*
T8 | AAF % T8 | A % T8 | AEF %
I - 0 =4 4 0.8 3l 0 0
I 72 14.6 LIS 21 4.3 HHl-A 2 0.3
11 236 48.0 = 189 38.4 ql 21 3.4
v 99 20.1 5 212 43.1 Rl-F 60 9.8
v 43 8.8 57 66 134 = 109 179
V ol 42 385 -5 92 161
5 170 279
-3 121 19.9
4 34 5.6

L2001 S3A49 HE gk ol %, Vollenweider 71F 28 A AFA|, G453 AAd dsixw 37}
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[Z29 21] 9348 #H7F (Trophic State Index, Carlson 1977)

#edozne 49 JYARY B e A9 Fu), /1F, AVEF 5
Fg weEn 590 AAH U= 4TI F A4 A9 AELS T, 48,

4, 54, 49 $o= TRY + ok 53, #9499 ojel 2ol BEsm e = L,

L gB Ao 80% o]Ate] HHELHAY o3 Aoz AAHIT YrHNovotny and
Chester, 1981). H & AR A9 HlFE ALGFo] F7Hsta Qo FWEo| 53y
B A5 et 87t Fo 9 a2 HAHT de AFolth A
uetel g4 ge AL Fretn Jde AR dxd dYHAd FHE AN FS
B 19802 == 233 keg/ha/yrol A 19943 =0l &= 440 kg/ha/yr2 oF 290 A= 718t
e AAFE FET F7F FolE Bola JYud 1919 = of 1,100 3 Bl A 19964
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AH e AR E Fo] F7heta o o2 U dFo2RE E4L ARTE e
BAL8T Aol S A FIHeRE FEFY FRLYA 473 Jdse A9

g ¥ U4

5. #H L Fol ¥d&EF vAE I

2yl A BAEsel £20] G2 A2t 19904 F HA02 FAFY 3o

5 ABFE WA o §3E & wol W@ elA} 2 wgod, R Asks
g Asstel BAHE YAE U FaAAE A9 fE A0 GERTDHEYR ¥
Q71RBAL, 2000). A BIHES FANFE YR BEe Aol Ak JRIAL W%

3t} FRAE) FE eIl FASA dEUH FREA AT HHE LASAT

WETHE 25). 2, AYASE HAHLE n5E 97, §714 A%, BAEAS,
ALy A%, 2GYAFE Folglo) HYAS =24 SHE ©@rIe) FH
Halg ok ER, FAASE gREo] FF4L TR U T SHe AAF
de dede A A - ggHd 9 nA% 4 F edS) YR BEF &
P4 oste] ME Ao FFHA AT F= A B W ok FAR, 5HE Q
g % EN 502 /A Ao 2dg 2Usn 959 FYLE AT =F 459
Ht 548 FREY ¥ L N5ANE AL, $3 TAE I8 FY) F

AE 5 AN 5AREE FFA7E BHAL GFPo) Aok F F Yok FHAA T2
B dig Fsiatale 19933 50 FaHF FPo2 AT HEA A, 19943 x0 #H7)
AEF F9FS ARAFE A% 8§ g8, FAF deHdez A% dfss £E24
S A% HFA I F 1998 % o] FHH vjd 57 olde] ¥HE st Bu Ha
AGCEH R FA71HFAE 2002).
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1 Aesdte Fo 2 Ae

BE FAoA MHPLE BT £ LAY AT ARFHH AE e
Hol wol AT vk AT A Aol £, 48, £E W4 2L A
AZAYES FBeHS o] 85t SdY BHL AUTE otk AWITRL BAE

=
o AuEete 71 AEES e 2 d9E T (Jorgensen and Mitsch,
1989)

DO AHAE A7) AFAHQ A2"(self-designing system)o]th. 2 o] 7] AYH
L o ol o) 8¥FE 2 A2dE fASE dUA HEE HojHh

AR FeE A7 AuAe AAGH s fEdT AL FHIA =9 7]
gL FAo A A AIAGH FHE FosH AHA 715 loiMe WEE
2gsth mae] o3 Wiyt YA o QA el EFEE o] HEstn £

HFHom wolalge Fx9 7Fe] WA dch A4 FE £FE |
HAo A& dFT AYFIAY 282 3 AR Zednh e o
ol Azt AT 2 23930 HY F A 7] FES AEHAT, Yol &

A xxme) AR 2
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Odum (1989)2 o] 5 38& ‘A7] %3 8 (self-organization)’ 2}
8t992v], Ma and Yan (1989)2 ‘A4 %5 3 (self-purification)' 2 Fd3 Ao
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A AE REste AU o] 2 4 oy FAGAZ $FE F e Ad9 &
TE =TT
EE AuAE AR dEer] e 28 2229 FAU 7besiy. a9
T AAHE A HE T HEARN AHAE A ALTHE T o= FE9 9
T E A&bwetrh. gl s £FHE AuAE dEHA Ned 98
Ao vl F& ARt BaskA gt Y Az=d AATE A& o] YT o
= A s Stol AA FH & A A x8A71A RAvE vt € dde] 2747
E& HEE ZoblM AZEST v o3 Agse degd 248 F2 A
dHSEE 27lde St A5 dupd &AL HFAH o2 g} &

= = g B F T A #H F g
(Environmental engineering) (Ecological engineering)
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@ AeiA S #2374 (homeostasis)& A& 7151 sy x4 xg& 278t

BEA oAl 884 gL BeA] 2AE oA dojude RAol oiye} ojd ¥
AE 7HA B gX R, ot e AE AHAHQ Ve AAEY 9y £
& AR Shelforde] Wige] ¥ oatd, ABES W=A] ojm g He HolA
FERERAEE 24 5 glon, ojd dFo] AE T o] e glof MEA 1HH
ofof et AefFeta WhE] 4T L oYt YL ol Ao} JtEh & Y,
HAdse] AHEEH Yelus 08 3(S0y)9 BER o/He 4N dRe
ol2lg DAL Hulg o T My siedich 7o AT ShA BAHE @ pH
e T UM FFAAE AT FrIRAY RES o/|dTh Bt o] B ThE F

Mo FH2 WA Hed, A HolAlgo] S W, Bh AE] % wlekaA
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2 HatE EAFQ A7 7 E(time scale)E H A3t
AefAe] 242 AHA FE2 Fegtd 3 ojop
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g AHRTAN WAHG ABEL TAAE AF H2e FTR AAem, ey 2

1 $45EEL AA goh 28y @rlolYo] 3715 A
SAEA7) BEe) olgde AFe AN Ugxch F A2 gE AgaAde] nds
A 2R AR S22k Zad o, AR FE WA Frech 2 24F5EE
& 259 Holdg olgsty Yo} BE ARA £AYL A1 gdon, T4 ¥
£/ 089 5859 ooz Frtstil Aok ARHon AEW AT BE £7 F

A He 238 2% Hutchinson (19610 ojs) A718 9w “ZFage mezy o
A (paradox of plankton)” &, A Al Yo FBE TgaEoe A g T &4
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® 4UA FHAAEL BEAAQ B0 2ALe wHAT QA 2UE o) 43
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vl A A= ol 2T $337] flal FUASA ol FHAAE PAZ AF A
sl ¥4 AAY ARz U8 L9BA) £AZ AP AeIE AW P ¥
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o] T3 FHo e BYH w=How BT o BAHNA AAFHY] FX EE
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A 3} (self-organization) £ 2AFZ X
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#7t AstHe Aes: HaHI Jh(Matena et al., 1994).
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1. Spirogyra(317) : Spirogyra turfosa Gay

ARGA A

SEER PR

[29 3.1) Spirogyra turfosa A X2 Fejet AZEF

APRA B=xFaA A AAAHSE 4009F o4l AR lth ¢ & A (Chloroplast),

3] 8 = o) = (pyrenoids), B8 MXE (transparent nucleus), 7F=thg A (fine
2

strands), ¥ 9382 E (protoplasm)¥ o2 FAHAQT AX W YAy =

F2A 9 gl 1 o]F°] KB Spirogyradl FEE dEAE FIAHE FAS
Gilking

rie

2

Zosl#oz FUs e 9ue AXn Yod JUW e 3-480] 154 3
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2 AREFANT(IY 32). FAemolEe AFA <o EAse 7E =R 5T
(starch)®] A& BFst, FE AL 3 Hid 9 A2 71X dFAE2 T4 5
Stk AEe] F& 68-78 pm, HolE 68-350 ym A=t AEE 1 BePeln 2

Aol Attdd 2%e ate AR AE EASHA dEh

(¥ 32] Spirogyra®l &4 v

Spirogyrat 58 FTTAA 69 F¢ Atolo] A AAE o} Spirogyrat A ST
dubell 2A F5do] nulstct, &, dAEY A% (ova or sperm) ¥ 3 2Hzoospores)
e T A AG7A ] W] Brbw shn, 2HE Ao & 5o NEe HY
(7" 3.3)el feiA W2 st Aoz deld Utk T AMdAE AT Aol 94
St A Z7F T2 5t A A 9] chamber ol €A # (conjunction tube)& HEA €.
AFETE7F 940 HE $AH £ 7] F 2 donon) ] AT & 9P A} FH AT
S A dol(F) ol FstA €t o9t 2 BHe AX FAHH AT A (zygotes)
Ao E7HA Hel(2y 343 35) ARE A7) geR

'y



{29 3.3] Spirogyra®] A2134 % A ¥ conjunction tube

Sexnal Cyele in Spirogyra

[T, )

Two filaments align e

(e

{

YO }(’j S C A
A

Zygotes form Conjugation tubes complete
Gametic protoplasts migrate

T

[2¥ 34) Spirogyra®l 441 @7

- 102 -



2. Oedogonium(E524 %) © Qedogonium foveolatum Wittrock

AL A

[2¥ 3.6] Oedogonium foveolatum A X2 FEjet A EH

A ERFEA ASET oBA Y AT AMSA AEe £& 14-23 mo] 1L,
ZolE= 35-115melth, A&7 e 33 B 538 o8 A Zo] 37-49 im, 4 o}7} 38-57 um
oltt, A&7 MTE HFo AAIY GEAE T T FJEPIP S ZA] Fo] 33-46
mo] i Aol 7t 34-48 mmolt}. 2A7E 1-77

)

12 %2 15-19 m, dol7b 8-12 mmolth

g
AL GG wole AL Fo AFAF0] AT F 939 JuFo] Pk

RS |
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Aol £ S FAER WM E(cap cellH EE=
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(18 3.8). =oj A
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Oedogonium2} cap cell

(=4 3.7]
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@ AMBAYERYH FF29 olg A @ A2 RE FFx1e] o)gnA

® <* (eyespot) B #AA ® S=xte] o

[21¥ 3.8] Oedogonium® F4A2 %A
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[Z¥ 38] A &

3. Mougeotia(Z&h 7)) : Mougeotia genuflexa (Dillwyn) Agardh

[2® 39] Mougeotia genuflexa M¥* 2 A3 24

AR H2FE ALY E 25-38 m, Aol 50-225 molth ALl s Bl
dol =7k A (1Y 29). ZFe YA Avky Pz guh H¥EAE T
¥ EE gedgonA Zo 30-40 molth AAE BAHA 2o 1A BY 42

AE 7HAR At =y AFA] Fo] dE ExI
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BH

4. Rhizoclonium(& ¥ 2} &) Rhizoclonium riparium (Roth) Harvey

OB Hol 1l AMIFEAR Axe 9FFo2M B

o]cE

o

ox
o
2
e

e} o] e

ZEA 3L v 1® 3.10). A Zole 30~70mol i A 7H 2 20~30um B % EH.

ol Y welz TRPTOR Holx A9yt gon AXx Bl g AxE F

o FHAANAY WA 9% FHYAE Gk A

wol WA T

A BEEHo e
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5. Cladophora(ti vt &) Cladophora sauteri (Nees) Kuetzing f. sauteri
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6. Nostoc(@F ). Nostoc commune Vaucher
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). Oscillatoria spp.
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7. Oscillatoria
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[z2¥ 3.13] Oscillatoria spp. A

V) Phormidium treleasei Gomont

8. Phormidium(7}

1e) o] A}

I
]

dol7k 21

= <}
- T

o ARSA

0]
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ol
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Hr

ol

(2" 3.14).
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i oAby

trelease

(¥ 3.14) Phormidium
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9. Chara(&]=®=7]%): Chara braunii Gmelin

2717} 40cnell E3he E 2HZA skl BAlO diE 8-11709 347t 2 7A€
2 J1A S FFR T oyt BA AA 7 BA (SR E (g 3.15). AFd @
g BE3H AR, AFA, Mg, = Fo gt Hur|dF FolAM Chara braunii =

A

=
=l
7Hg AREA ) Fo 7 vlgo] golste] dyHel st wEd A3

u
2
>
>,
oo
.1}
il
o
£

A iﬂ 2

ey =)

[2¥ 3.15) Chara braunii®) 8¢} AR 24

10. Ulothrix(5=82): Ulothrix tenuissima Kuetzing

FAoE BFo] NP AMIAE BRFE AR & AFF oM ApGAlE AL
AAFEo] FolAA v AAFo2 Yehd(a® 3.16). X 7B & 18~28umo] 1L

Zole 10~15melth. AEAE 1holn el Felwol=g sAxm Yok,
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11. Hydrodictyon(ZZ = %): Hydrodictyon reticulatum (Linneus) Lagerheim
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A48 Hydrodictyon reticulatume] ST+ % op ALz o] ) A
(=¥ 3.17) Hydrodictyon reticulatum® B¢ A% 2&

12. Spirulina(+A 2): Spirulina major Kuetzing f. major

AREAZE A A YR e FxRelth YA AR "ol glom B

F& 1~2mmelth, Yo £ 25~4umo]
=

Il
& 27~Bmelth T2 £FALE ov] $YREA, QukFAA L EA

i
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[2% 3.18) Spirulina majors AHA

13. Euglena(-f-Z#Y): Euglena proxima Dangeard
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A2 A AGAAFREF AR 9%F FFHEAA)E

Ao A% Q9 F5E AN Ex AR APAA BAS QA7) AEd ALA
FazFe Fo4L FHEFI MHse

Ao A o] o}&3" ¢ g} 3= A/ B o|ch(Sand Jensen and Borum, 1991;

Wetzel, 1996). thH 2 F 22 F AEo|} whegetntF A& el FeAe

Z3t Xt (Hwang et al, 1998) E& 83| o]&§Fo2H w2 AFE T F UL °|=2

e R AATEL BuY BolE B44 ABAE 323 24 5 o
PAYEFY 9YD FEADEL o5 AUFFET wTFYE FAHE 9
e F4 o SHuptake kinetics) o183t YEd % g}zvﬂ, % A guHoz

Michaelis-Menten 2.2 & ©]-§ 3t} Michaelis-Menten &
TE ()9 #AC I3, VaVima - [S/(Ke+S19] A o2 F3
23 AFE ANETE (VadH HEFF LT (KO
obefo} <E 31> udT 2 AHgte
€ YER Qo) 283 FFHE 2HIME 2 dUEFE(Vmd S 71 FHZ
FAdrE ZAHoZ $AST Be o dARE AL AXH AT & U
(luxury uptake). W&A 183 Aajd EAL 71K
2eE & Ae Aolth ey wref b2 Xziol ARE AdsA oY O 2=
Bt=Al 2 st ol & otk TS FEFT(K)E AUFFEY 1/20] FHE FEAA
o % A7 Y AeEE vt A BRESFELATFE HETE FXERE
FE Frszrt v BAHLE $AA g0 ¥ e HESFELT x5
7b e HdgdgEse o2 2 Jrer d¥Yd FE/ ¥ 24N FHE
T Yt 279 AFHgte] Bdg HLEL QYo $A% FH 4
2% AEE o] 8 F vk 2Y T BAXF disted ol Aat e BT
9 S w2 P Fovt AT H=A aF AFEA L ofvH, B&
& 248 E TR 2 58 B FE A <X 31>94 YE
FEol dalA ddiAHA €48 A= A d s =Tt &
Hgstdd A g8e $FAFHoz T £ Ye FTHFEE Stigeoclonium  tenue,

Cladophora( v}t ®), Chara(2:=712), Spirogyra(37)SS #& 4 YR LY, o9

4o -{
.
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Hu
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r o
mjob
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olf
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e
82
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iin)
i)

{Otl
f
ofi
tlo
2
ofo

>
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g A &Y T4
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KS Vmax

Spacies or Communities a4 i4a Reference Note
(ug/€) |(ugP - gdrywt™ - h™)
H&#2ZHF
Spirogyra fluviatilis 9.3~46.5 322~803 Borchardt et al. (1994) A
Stigeoclonium tenue 91 5,736 Rosemarin (1982) B
155~86.5 62—~166 Lohman and priscu (1992) | A
Cladoph 1 t
adopnora glomerata 31~251.1 1671875 |Auer and Canale 1982) | A
Cladophora glomerata 32 360 Steinman et al. (1997)
Chara 05~72 542~5,429 Bothwell (1985) AC
River periphyton 3.1 Bjork-Ramberg (1985)
Epipelic algae(natural) | 15551 7 Bjork-Ramberg (1985)
Epipelic algae (fertilized)
Lake Okeechobee
Epiphyton 0.1~153 193~7,916 Hwang et al. (1998) AC

Note : (A) T2 HE9] 44 Agro] ek A e Z3 (B) Anderson and Hassen, (19D} &A, 5%
48%7F drZon mEBRE. () Bothwell (1985)9] 2178t C @ Chla (w/w) B]&& 72 Adlstd 3
£atd 8.

4 ¥ F.199. FX9 < Sink 7lEd 4&E WX AETH 2AdE

(1) Horner et al.(1990)¥ &%, 3 RFE4, 99 5% 59 ¥Wgld & FaAxdF s
o gt AFE FAATE FF T F5(20~80en/s) HH WA FFx

60cm/so A 744 2A JErw D, 1A S FF BE SAFL
m/hr ©1S2 3 A tEX gt £3), Re8 o] Hrldg ALt HAHEA gL ALH

O AE E4F0 2718S BudG o L 50u/ 4 o)l FEAA A xEs}

rkﬂ :{o
J}i
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(2) Mcintire and Phinney(1965)
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HyA4o) Be
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7o AT 2 BARA] BY ATE
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(3) Mcintire(1996)
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e

o 228" FE5HA0~50cn/s)oll A fr&ol w
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oF

St

Ml

o

t

o

e

file)
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(4) Whitford and Schumacher(1964)+=
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(5) Thomas and David(1983)= R &2 {7} R&A oA 2 o] &3 Ao AY UYH
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(6) Sand-Jensen(1983)>
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=
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(7) Vymazal(1988)
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1 80%%} 70%, COD+= 35%, BOD 54%¢<] A7

Qe 39

1
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gzl #5

/\El

3|
o

bob el

4e A

A

= A

o] 719 gl

od =g oy FAAY s HEtF

Els

g

#g s Ao

F71e9

(1999)<

4l

Z

(8 A= &7

3719
M AE

ASE DU

3

Aol A 10em/s W<

[
e

1tk AMAA 2R xge] MATL 5~150m/s0]

S

FEAN A Bhon], WAmEE, SAT, AD)o] B2 A

o}

N
Ko

s
ol
oF

AREEEESE

FA Tt

]

2 Bt

3

d&F &4 F7t

A

A2 17gNm’hr!, &

gl

, T2

77¢ Oz mhr'glon, 22444 e BODs 44g Oz m hr"

3} 1At el Z+zt 278, 85 mgPg mthr '8 UENG S-S RuEat)

A7 AAd 2F

LS

sl 3l

Tt A =

boh ey o] 49A

B
gas

o gggAgel v F& A

o 483}

&+

o]
-

%
o R A} zx e £8

FRzAAM A77F gastn P8 F29
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g JAAE By
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Aol g Zlen #dd 477 Lage AA
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Pilot $22 obi 55 2ol A AP PAZFE o431 2 Fxol BE YIEY »
# 20 448 2§24 77199 FRAA UL A 9P 4
o 4¥e STMHAE Azsel WFdoz AEHALH(E 41), A FE BE
2 | gl WAt Qo] 2ng/ £
2 249 WHA 4FY FL YT F @A FY A FE} 005 05 Long/ £ 2
49 300ne viFle] LABE Pol HYSHYT WP BE 15/m OB A 2}

7 A4 wa s 287 98l Rhizoclonium & ¢lo
==
Hiu 2% 20CE 239 Shaking Incubator(3 A& % 120rpm)oll Al 84 ¢ AAEA
o}

[¥ 4.1) STMH|R =4

Macro nutrients Micro nutrients

(mg/ ) (ug/2)
NaNOQO3 255 HsBO3 186
NaHCOs 15.0 MnClg 264
KoHPO, 1.04 ZnCly 327
MgSOq4 « TH2O 14.7 CoCl2 0.78
MgCls 5.7 CuCly 0.009
CaClz - 2H20 414 NazsMoOQs « 2H:0 7.26
FeCls 9.6
Na:EDTA - 2H,0 300
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FHZF F0 AFER A FF TES dlusy] A A APE 3F
(Rhizoclonium sp., Spriogyra sp., Oedogonium sp.)& ¢1o]l gl WXl dFd &<t
de = #A e 59T %S 9 F=7 242 005 0.1, 05, 1.0mg/ £ o} vl 300me
o] ¥& % Shaking Incubatoroll A viFetgdoh(ad 4.1). AEHL ol& HF o2 20mE
F&3to] Chlast Wigd Wof &4 772 $=& FHsAh

(a) Spriogyra sp. (b) Oedogonium sp.

(¢) Rhizoclonium sp.

(23 42] A0 AH4A APdA 2azg
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AGARAZF AEF) BE A F5EES vusty] AA 7 wr2d A3
D Oedogonium %<& o] e MAAA IRt} FEFFTL T2 AFAA4 A

E3Fo] 0.1~9.8mgChl.a/cri(Wet Weight 0.007~0.29¢)2 EN7] dh&ol, 10782 sj@ o)
228 Aoz FAF W FARF 4g 47 02,05 1.0g2 2HE F 1~
2enE AA & ¢l =7t 247 005, 0.1, 0.2, 0.5mg/ 2 o dFA 129 FAct 4F A
e o 2em/se AL LR 10mE FH3E o dEe A 108 ¢ A EF
st et

o
o
o

i)
Ro
o
oXx
4
By
B
k=i
o
2
ok
P

F AHFAZT

BAZF AEHT 9 Fro e ¢ F5EY Azt B HEE RASH] A
A AE% 0002g, 0.027g 283 0.054g(AFFH)E 9 = Z
STMH Ao A sHa, A8 H/F £ 1AL 5

‘-O
i)
=
o2
2
£ o
rO
off
ki
it
A
ol
Ql',
p4ts
Y

2. 47 A%
hoQ FEe] we AGARFER 437 A FFE

PHzFe) 4AET AF5EL A we gebd £ Qo £ 0 27
o ol e FRAES} Bl Ue 4 vk ool Wk B AHelAE ¥ 4 Aol

o) ¥ o] A ¥e& 27 (Starvation) 2mg/ £ 9 UL X33 uwl x](Cultivation)ell
Azt A3 Y Fot wlSE AN B 22T Rhizoclonium sp.& ©]-&3ta] ¢l Fxo ulE
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?l X 017 05mg/ 2 AME APZARZLZF A F4€L o7t Aot 1.0mgP/

28 grode o] EAste 27w ¥x71 & (Cultivation) FET FHE2F F5&
S

-~J
w
=
aq
2
0,5}
Q
=)
[8)
s
job]
<
lo
fy
o,
o
Y
2
o
>
&
flo
Z
X,
9
2
2
ol
wit}
-
B
A
il
f
PN
au
O
o

(£ 42] A2 9& &E&F7]ADIP) XA Aztd] @& FEF W3l

Chlorophyll a (ug/2)

Incubation

Time Starvation Cultivation

(day) 01 mg/?¢ 05 mg/# 1.0 meg/ 2 01mg/¢ 05mg/¢ 10 mg/#
0 75.3 75.3 72.7 35.7 84.4 85.9
2 51.9 55.2 519 55.2 914 455
4 487 61,7 55.2 61.7 68.2 61.7
6 77.9 714 747 93.8 133.1 139.6
8 103.9 1429 128.9 116.9 172.1 237.0
11 110.4 169.5 282.5 162.3 163.6 207.4

[£ 43] A4 REZFA 9% DIP 559 HF 28

DIP Removal Rate (ugP/ugChl.a/day)

0.1 mg/# 05 mg/ 2l 10 mg/ 4
Starvation 0.18 0.46 0.54
Cultivation 0.19 0.44 0.73
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(a)

350

300 -

250 4

200 -

150

Chlorophyll a (ug/lL.)

100 -

50 -

12

(=4
N
n
o
w
S

Time (days)

(b)

300

250 4

200 l
150 -

100 A

Chlorophyll ¢ (ug/L)

50

Time (days)
(29 421 A= de 27 gz A8¢ $22F2 DIP =AM Azt o}
2 BE2FNE (a) Aol v WA A HE¢P 222 F(starvation), (b) ¢ EE7} 2mg/

L

291 XA A &g Rz F(cultivation)
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(29 43] A2 d& %7 249 wFde DIPEE W3 (a) o] g
A" FFZF(starvation), (b) ¢ HE7} 2 mg/l <l

(cultivation)

(a)

DIP concentration (ug/L)

)

DIP concentration (ug/L)

1.0

0.8 1

0.6

0.4

0.2 4

0.0 4

12

Time (days)

10 12

1.0 A

0.8 1

0.6 A

0.4 1

0.2 1

0.0 -

-0.2

—o— 0.1 ppm
—~0O— 0.5 ppm
—v— 1ppm

Time (days)

- 128 -

rr

LEE R



Agel] A" 3% EF A ARE Re2 wulFRy 4k XA 4A
BFHE Folth. A BHAZF 3F EF Ing/2 9 BEAA N & AE¥E YE
Hor, Q9 st RoldSE ABHE FUiste AFE BAT A4 $E RE A
$-o|l = Spriogyra sp.2] AE o] 24T A9 TE F
Ao 71 Bk Q F5d Uit Ho A FL Spriogyra sp.7b 0.05mgP/ £ A A=
2955 ugChla/ 2, 0.1mgP/ 2 A& 3604 pgChla/4 2 YR 543 1 & Z2UAA
Z+7; 188.3 pgChla/ ¢, 298.7 pgChla/ £ ¢ A& B Oedogonium sp.2 146.1pgChla/
2, 165.6 ugChla/ 2 ¢ A& =FE ¥ Rhizoclonium sp. Btk ¢F 24 o] &t 9
%7} 0lmg/ 2ol em ZAY AAE Rhizoclonium sp.7b 607.1ugChla/ 2 0.2
Oedogonium sp.(409.1pgChla/ ¢ )} Spriogyra sp.(513.0ugChla/ 2) BT & AA%FE
Vel TH I 44).

P AFEN JoAHE $& 9 ¥ 005mg/ 2 ¢ Olmg/ ¢ 2HANAM M 2 4RF
2 eld Spriogyra sp.ol BI3 Oedogonium sp.©l Z+z} 252, 33.4ugChl.a/ ¢ /day 2.2
EA UEG 9d, & 55 05mg/ £ 9 1.0mg/ £ A\ A& Rhizoclonium sp.o] At BEF

< YehAaA 27 541, 6450gChla/ £ /day o2 78 5 718 S YEHRTHE 44).

2E Q Fxo M Spriogyra sp.ol & AAAGe] M A e oW, 27
o] =57} 05mg/ 2 Q) eiolA HF A A L] 0.39ugP/ugChla s /day2 7H¢ = A e
WTHE 45, ¥ 43). FFZ2F A%
gz A} glon of2igd FHAL AU A9 T FEel oE IF¥FS LT F
Aok, detH oz 2 FroA B & FRAA A FFE] A Ugus R
Busa e, ot ¥ ¢ & ZPA @2dA ARFss A #dHe] U

(Horner et al., 1983; Horner et al. 1990).

e

& A $d¥= Rhizoclonium sp.9

lo,

[*]

o

i
£

FEE o8 F AT #H el =45 (Horner et al,
%

oAlA 583 FAA FHA AL F 7] o



ol
oleld AAE EdE @ o, & AAEo BHEA £& J AAEE Jdrse A
ofum, #AZFEH FFds AAEAQA A& AAT o] 0.1mg/ £ 0]ste] F ol A

A 43¢ deda, B AFH 248 ZE 9

ol
it
2
>
N
o
Hie
flo
r (o]
ook
N
o
o

>
juti
2
r o
©
o
[
N
of
to
>
ft
o
(e
ox
—o
2
rle
o
o)
5]
fo

Vet Spriogyra sp.7t H&ZHFA
2 o8  de T2 Yeyrh

[ 44] ¢ $Eo| We Agy 2R=2F F00] JT 4BE

Mean growth Mean removal rate
0.05 0.1 05 1.0 0.05 0.1 05 1.0
mg/ ¢ wmg/f mg/é wmg/é mg/ ¢ mg/l mg/é mg/l
1gChl.a/ ¢ /day 1gP/¢gChl.a/day

Rhizoclonium 10.88 2500 5414 6453 0.02 0.03 0.15 0.33

Species

Spriogyra 1420 1556 4018 43.02 0.08 0.10 0.39 0.36

Oedogonium 2524 3336 3312 5146 0.02 0.03 0.17 0.18
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350 500
—8— Qedogorium ~&— Qedogonium
00 | —0— Rhizoclonigm —O— Rhizoclonium
—¥— Sprigira 407} —v— Sprigyra
2% 2
2 2w
5 209 S 1
5 3
R s
= S
= 2
= =
o 100 4 &
100
50
0 T T T T T 1] T T T T
0 2 4 6 8 10 [} 2 4 6 8
Time (days) Time (days)
DIPs %X @ 0.05 mg/ 4 DIP¥ %= : 0.1 mg/#¢
00
—&— Oedogonium
00| | —O— Rhizoclorium
—¥— Sprigyra
- — 04
=
E E]
3 3%
> 300 =
2 S
. g
5 & o)
100 4 100 4
Q T v A T T 1] T v T T T
0 2 4 6 8 10 0 2 4 8 8
Time (days) Time (days)
DIPs%X : 05 mg/ ¢ DIPFs %= : 1.0 mg/ ¢

[29 44] 99 x| W& RAx{F FHe HA
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DIP Concentration (ng/L)
¥ 8 & 8

=3

120

¥ 8 8

DIP Concentration (pg/L)

g

98— Qedogonium —o— QOedogonium
—O— Rhizoclonium 10 —O— Rhizodonium
2.
k5
S
L oe
g
g
O 404
=]
[=]
204
T T T 2 T 1] T T T
[ 2 4 6 8 10 0 2 4 6 8
Time (days) Time (days)
<0.05 mg/ ¢ > <0.1 mg/ 2>
1000
—8— Qedogorsium
~0— Rhizoclorium
. & —v— Spriogyra
=
2
g oo
|
= 4004
(-]
&)
&
a
20
. . . . [} . . T .
[ 2 4 § 8 19 [ 2 4 [ 8
Time (days) Time (days)
<0.5 mg/ 4> <1.0 mg/ 2>

[2¥ 45] Wil UoM AFxd WE RIA2F 719 DIP 35 Z4
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&
=

o %

—;

I
==

152

=k

e

X

)

Ho

o}

EH oA

]
=
N
M

Ho
B

ey
00

Bo

Ao] opum,

g6l

3 AgxAol

.

.

44

= %
g

a7 gsiA

=

=

2%

- 133 -

o F4zd d9 AA

[

b},

ko]
o

olel# Anse AEFe] FrF HlAAA < AALY F7HE oA

F2FN2YE o8

2 YEdo,
gashs ofn

=)
T



25
~ ® DIP005mgL
£ 204 © DIPO0.] mg/L
z v DIP0.2 mg/L
g v  DIP0.5Smg/L
E 1.5
Y]
£
& 10
g
8
g 0.5
g o
=]
;l_.‘ L J
= 8.0 1

0.02 O.‘04 ?1)6 0.;)8 0,;0 0.’12 0,;4 0,:16 D.’1B 0.20
Dry Weight (g/L)

(2" 46] M2 & Q T4 AR EERY AEFd BE A AAS

$AzFe) ABFY A FEo BE Q F4Ed Aol B o WastestE
FAFat7) s A 0.002g, 0.027g, 0.054g(AF )] FEF S U ¥E 01, 05mg/2 & 24
g igelo] AT, A2k F 1A A G ) I BE W8S ZHgch 3
F PR2RY ATl BE FFEA vehg AR} nBAAZ 4B Fo] ¥ 25F
UV FFE) B UEROR, A $ES 2 AeuThe B A% AP A F

&9 2 Hol7h et Aol w Bt 49 A% F 302 W I
F4ES YEHID o F 1N F449 e 9tk e, o9 @ A%t 27
2R A& FHAZRE ASH oz Fhokel PP o $WTHE AS YrFHE AL of
gk 27 44 832ARIME Pol Yt ST 4 A A9 F47 vg
U, Seolt 4N, RAZF EY FA, $4 53 2& BE Ao Fo] B
Moz A4Y £ 7] GEOIG. wehd, w7 AP B yehg Ahg A2y A
A2 o) dete AL AR ¥e ¢ Jon, FREF 4YHY 4 B
d ¥7HH9 A7 g9 Bash o

o

i
kN
o
o,
B
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(28 471 REZFH A F=7F 8 2794 () 01, b) 05mg/L) A3t ©E&

7189 W3

DIP removal rate (mgP/gDW/hr)

DIP removal rate (mgP/gDW/hr)

a)

0.6
® 0.002¢g
05 4 o 0.027g i ¥
v 0.054¢g 0 o]
0.4 - § s
0.3 -
v
0.2 4
o]
0.1 4
0.0 4 [
0 10 20 30 40 50 60 70
Time (min)
b)
1.6
1.4 ® 0.002¢g 3
o 0.027g ¥
1.2 4 v 0.054¢g
1.0
0.8 - %
@]
0.6 4 v [ ) ®
0.4
0.2 O
0.0 ®
o 1Io 2‘0 30 40 50 60 70
Time (min)
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AEsFzE Z 20em x 4ol 4dm x Eo] 30m FEEQR)E oladE A Zste] 4
HA Yol dxletPn, IFNe sFAdA HFFE 200m A7 Fo 2 st 2

ALY 438).

-
o
(b}
A
N
]
Y
X
Po
o
>
D
oo g

. k9] pilot T2

Pilot 2% £ 20cm x Z°] 5m x %°] 30cm FTEZ@BR) o}adR ARt 4
F A FFR AXAen, $HFE BB FAFE AR RS P
FEAY E9& Hxey] 93 At hEHE ol {F9T FEA TAS PVC
of Tl 1emQ 228 F& AXsG, AR FEFAE A4 ARrun FAxd
#e 4284t Pilot 2 HeEdM 2XL AHAT + AES (AR E) oA F
29 Z ZolE 1tm=E 4FF & UEFE A FAs}ATHIE 49).
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T - FEF AL vEg 4HE GFF ARAZ Asgen, dqFfde £ 7]
=

FolHdth Y - #2579 Chla © €¢3%Y A&

100% &S Hol 2442k B¢t Yo R@std dELE 5 F FEF=AS
o] 83t A3l Marker7t AMA g Ao wel A4S tHMaker, 1972; Maker et al,
1980). #&& @AM FAHAANH FHELGS)S THFE2R AU (APHA et
al., 1995). €25 7191 (Dissolved inorganic phosphorus; DIP)< ascorbic acid 22 #
A, FEYHNH-N)$b opaibyd AA(NO-N), 24 Z2N0s-N)e 44
phenate (4500 NH3;-F, APHA et al., 1995), Colorimetric (4500 NO:-B, APHA et al.
1995) a8a 7t=F FdPes FAsHH. $U(Total Phosphorus)E #3312 E

(persulfate)©.2 3138 &, ascorbic acid Yo.2 &7V 52 =Xy oH, £33
&

2 (Total Nitrogen)= #I7azt5o 2 Ea3 & 7l=F ggyoz AAAE

SHEYE 239
+2(Temperature) FL 2T
pH pH meter(RS$-232/SDI-12)
ERHEZR Z 3y
Nitrogen(TN, NO3-N) Flef ¥
NH;-N A=A =Y
NOz-N rjol 2y
Phosphorus (TP, DIP) o}l Az 2 WAL
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2) ¥RzF] YEF ¥5E 8T Prhk

B7b e ) B A" BARE Hgsty] A Belth AN 9

B
¥9 ¥/t A2 BE BFN gA F9 - FE5 28 )83 Fe A9
AAY Yo 2N A i Mol Ak WA ¥ AT FEFE 1A
gAAH T JEF o AAL 2 FrrEA

3. ol WE A FAEF AT R T AA

7k a7 B

&

(79 410). £922R¢ AAstd FAANA T W0m FAHES FA}=F 244
2o A 502 HASHHUY AP ALF AP RRFE FYFF T
T AAoA AdAH R RAHEE U

AP 23 A4 £PHUe, 12 4P (20019 49)2 10m FE] FFE Im 3t
Aoz @ w2 3744 dx8 1, 45 247 Son/s, 10en/s, 15em/s2 €2 A3k
MR RZZF] JFFE A 23 2F (2001 79)2 20mBE ] HFE AHE
} A e APxAos APsgh AT 4FEAS A8 Y8 MEY

e

A,

o 12
& Z+zrol Wl A 4ert(2em x 2em)R F 12cr) WA A B sEWgod AT AMY

4 HAZRE AARAD, BL FYFE AR Fo) A7) f4508 $28 FHD
Aol B2 Fol #24E 4% 108 AR F3¢ B
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(29 410] AP AL&3 wjA

[
e
o 32

i, F7hER 7 F&5d e 2e)ls RATHIY 41D, % 10cn/s® EX%

2oA 7bg Be ABFE UERoR Sa/s2 Mg meld 228 FRAA Y we

(o3

AEF] vegc A8 220109 F&0] 10cn/s2 28 F2AM ] AR H7
HEZF(Chla)e #F%0°] 5en/sE 22H F2oA 1o} o 8o, AFF= =4 U d4%
AL 3] o)A & FEFS Yelyon Agoes 4o 1bm/sE A 2EH T2
o AEFFHE & ZolE JEhdA FUrh FAEF AZ Ul Ais Qo FFE ¥ F
AP st T 7kt mhzt

Az A
o] Ao, M2 & fF&EANA AFFolY Chla
A Z 10en/sZ &0l 23" F24M 71 4

2001 7¥€ 20mmE o] AlEE AT FAxFY AFH, Chla, 24 o A3 2
2% 5 A Ao Al 2ol f&o] Sen/sE ZAHE FRETE 10em/s 15em
/s® ZAH FRoAM A JEIRTHIE 4.12). A8 A& 2d o) Fd wE FUIE A
om, AY A& F 49 ol Fo ZthF(Chironomus) 59 tF @A FAlo Bz

AEFL AT f SFEF FHol 3o F4 Zart veigd A48 494, 10en/s
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2 fgol 2UE £ 438 PREFY YEFS FEo] sa/sE £PY FRof
Hl8) A F e 819g/m' & 4v], Chlagh &3 W dav 747k 2839, 14099mg/m' = 6v), =
AW Q1S 690.7mg/m R 391 o] Al LbERd wHRe], 15en/s frérll MY Mg I
2 o] B wolx| w3k,

g
8

—— Scms
—O0— 10cmy/s
—v— 15a0/s

g
%

g
<

§ s

Dry Weight of FPA (g/m%)
g

Chorophyll a of FPA (g/m?)
17,3

E

=
>

4 [ 8 10 1
Time (days) Time (days)

—&— Scm's - Som's
—O0— 10cmys 5711 —0~— 10cm/'s
—¥— 15cnys ~¥— 15cm's

=
~
ES
o
o
=
<
o
™

=3
w
s

o
~
n

o
~
=3

n

=
o

Cellular N Content (g/mz)
N £
Cellular P Content (g/mz)

e
th

=
e
@

T T T u
4 6 8 10 12

o
w A

o 1 4 6 3 10 2
Time (days) Time (days)

(29 4111 35 10m Z%e] X € Pilot +2 U A2 & FHollA Aol we
SRR AeF 2 2FAE W &, & FF A3 (April, 2001). FPA= Filamentous

Periphytic AlgaeZ 2w 3,
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~—— Scn's
80| —0— 10cmys
—v— 15aws

Dry Weight of FPA (g/m’)

ChorophyllLa of FPA (g/m%)

o

Time (day)

14 | Samss

—0— 10ans
"E 124 | —v— 15cm/s
&)
= 101
3
= 08
-]
&
> 06
]
= 044
3
O 02

o
<o

Cellular P Content (g/m?)
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o

Time (day)

—— Scls
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MU —— 15aws

s
(=]

o
™

o
o

o
-

o
)

00
0 1 2 3 4 S L} 7
Time (days)
08
064
04
0.2
0.01
- . e .
0 1 2 3 4 5 6 7
Time (days)

(% 412] 45 20om BFo] AXH Pilot £& | M2 T2 F50A A @&
GAEHG AEF D Z2FAX W A&, ¢ FF W3 (July, 2001). FPAE Filamentous
Periphytic AlgaeE 2]v] gt
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i

. AV AR B F7HE HE

F&ol bEA 28 £2 W 9 vH7 2Ax{Y BT FHEAEEE)L F IR
BEEM #4510, 15en/s2 ZEE FE BFAA Azt ne A&FHoE FUet
%ol 10en/sE 2HE F2AM AFFF Chlg, A4 W 24
7b&ol 7HE EA YERTHE 46).
20013 4€ AAA 10en/s9] R&olAe] BaAxF] FF F7HE LS ban/s FEET
2u) o] EA UYER I, 15em/s F&3 HlasH e & Aol fIATh 2001d 79 L3Pl
AMe FAxF TS ngoz JEY 78S 10an/s% 15em/s &7 dtoll A
=3 FFE0Z E4oL ChleE 7oz @2 9, 10cn/s 4 £709] 1bem/s F&ZX
Art 158 FA UEbh

ARERE 79 20 494 $ARF AP 8ol AHH oz w4 deiwed, od
g AZAHA wate BAxF QA 54, vd 291 Fi42Y v B 4
TAAM 74l et ZUTel 2& 2AFE] F@F ol RPAY AU o3 e
¢ A3z gzE

©
I [+
U-OYL‘
oft
fa
41
L
ot
H

N

[£ 46] Pilot T2 W ME T f&d WE AgYFH2FY 22 7+

Velocity
Date Parameter Unit
5 cm/s 10 cm/s 15 em/s
Dry Weight 274 62.6 50.2
) Chlorophyll a 051 1.18 1.58
April, 2000 ———— g/m‘/day
N in Cell 0.39 0.86 0.65
P in Cell 0.13 0.27 0.24
Dry Weight 45 205 17.0
Chlorophyll a 0.012 0.071 0.046
July, 2000 ——————  g/m‘/day
N in Cell 0.039 0.086 0.065
P in Cell 0.013 0.027 0.024
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7. g0 wE ARz FANAED

&0 47 5 10, 15em/s2 285D $59] AV)7 20me) FEE FHEF RE=2
A&-3 pilot RN RF2FY Gl e 2P FHEASS), FY, £EFV1Y
e FRE AA LFH7 dERTHE 47~414).

Axe AAEE N7 o2 tae Ft B HR o J9 A$E Ao BE AT
o AAHE RAoE Uegth 249 $& 24 F 5, 15a/s F&EA FARLEA
7 A dEgoed, B 7N $£EF0 @ AAEL A ZE F&E2A8A
FAEA ettt 4 Ben/s2 2AE FRAANE o2 FExdd HE) dHes
g AT BFata & FAMAEAA/ Jebd AL o F 2R 9
g e FAHEAN 950 T3 22 dAHEZC) BAHA Fan FHH] Y
B 292 gddn $ARNYE F Re2dy 3¥9E 44, $A40A4 vEY #
2 f&0] /M4 WE 15en/s2 2HE F2
5 3 AALL GRA, FUo) U L AAL] UdEE, b4
AAre AAYAL} 2L £F P9 B2 AALC) ¥4 vEEth 2y &3
B Ao e FFZFA o F42 A vErd Z2Felr] Bos= dA Y F

HEQ dRYH Aart FEI EAEY] dEN FAids HAd
o A#AZ AAE 5 Ut FAxFI A FAL HEE INE A=EE FHHE
ZAeoe e TR WE 302 U3 dNZREH £E42Y o] B 5
Z7e vd & o]FAA & YY) YR 5713 FHE AT dHHE WE Ed
& AT ke ot 23 o] L3 AYPozA FUiFLHE YEE F s
Adol k. Wt g7 2R E Y A2 FF £E F12 ofHAG AL ANEd e &
A% A7 ES FH3tE B¢ €22 A8 FAaVA FHRE U] F o2 44
2R Yed Z2F42 4T 5 Qo

F&T BEF] Aoldt 2UE Ao wE & £EF7AA AE AALLE FAU
R g x FHAME A&H 02 AAHE A2 YEsor, JiFez §&F
7109 Hle &R AR A et Bt WE] FHEDA e AA L]
M XY f%o] Son/sE 2EE FRAA A4 UeERtHE 415 19 4.13).

oleid A%E EdlE ¥ o £8P0 Y RR2F F5o BE AAS el

N
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2y RAZFEI A5 e sAFoEN YAPGELA i AA 7157A
FYT F Y SN, F987E F LTSN $EEE T2 AAEER F o= A
gAE e gusidats AEEH o2 Agrissitts Adol ol AAHIAA

[E 47) 20 E HEFE o]&3 pilot FEANM AE & FE£ZA3 A F=A7)
A a7 L 2%(July, 2001)

Parameter

Water  SS TN NH;-N  NOs-N  NO:-N TP DIP
Vel.
cm/s ke/m/hr  ke/mi/hr ke/m/hr g/mi/hr mg/mi/hr g/wi/hr g/wi/hr

5 0~0.39 029~-042 010~-022 68~-17 508~-847 136~00 1.0~-03
Range 10 0~033 011~-0.15 020~-031 51~17 502~-857 5.0~00 1.0~-03
15 0~017 0.12~-008 -0.03~-0.28 135~1.7 67.6~-1183 84~-34 08~-03

5 0.09 0.19 0.10 3.7 50.6 5.4 0.39
Avex 10 0.09 0.10 0.20 34 419 3.9 0.37
15 0.04 0.11 0.00 48 67.6 5.9 0.36

x Aver A7 BRIl HolA @ H9E AT ATk
* () AAEL dAZE M-S onlsid AAEEA 18E £ god 33 ABojEE ANIHAL. olstFU

e

[E 48] 20umdE AFE o] &3} pilot F2AA MZ TE &2 A A F2L
A A& (July, 2001)

Day Inlet 5cm/s 10cm/s 15cm/s
mg/ ¢ |g/gDW/hr| g/m'/hr | g/gDW/hr| g/m'/hr | g/gDW/hr g/m'/hr

1 189 159 67.8 -84 -514 -35 -35.2
2 227 18.7 288.0 -2.0 -85.7 -1.3 -52.9
3 19.8 -24.7 -423.5 -2.2 -150.7 -1.9 -845
4 23.1 -1.9 -33.9 -0.2 -16.7 1.7 118.3
5 174 20.2 203.3 1.2 83.7 -05 -33.8
6 13.7 =219 -118.6 6.1 117.2 0.0 0.0
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[ 49] 20 =

2

24824 AAEJuly, 2001)

d94-E o] 83 pilot FEAAM A2 e

F&zAs A oh At

Day Inlet Scm/s 10cm/s 15cm/s
ve/ € | mg/gDW/hr| mg/m/hr |mg/gDW/hr| mg/m/hr | me/gDW/hr| mg/m’/hr
1 23.6 -8.0 -33.9 -14.0 -85.7 -3.5 ~35.2
2 16.3 0.0 0.0 -16 -68.6 ~2.1 -88.1
3 10.6 0.0 0.0 -0.5 -335 0.0 0.0
4 10.8 2.8 50.8 04 335 -0.7 -50.7
5 739 0.0 0.0 0.7 50.2 -1.8 ~-118.3
6 75.4 -19.8 -84.7 ~0.9 -16.7 38 67.6
(£ 410] 20m%E FHE o] &% pilot F2AN HE & FE2A80MY A4

dd & AAEJuly, 2001)

Inlet Sem/s 10cm/s 15cmy/s
Day
mg/ £ g/gDW/hr | g/m/hr | g/gDW/hr| g/m/hr | g/gDW/hr| g/m'/hr
1 0.23 1.2 51 0.8 5.1 0.4 35
2 0.19 0.1 1.7 0.0 1.7 0.0 1.8
3 0.13 0.4 6.8 01 5.0 0.1 6.8
4 0.11 0.2 3.4 0.0 3.3 0.0 17
5 054 -0.2 ~-1.7 0.0 1.7 0.0 1.7
6 0.65 04 1.7 02 3.3 0.8 135
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[£ 411] 20m™= 5 HFE o] &% pilot F2oA HZ & FEH2AG MY ¢=
Yol AaAA S (July, 2001)
Inlet 5cm/s 10cm/s 15cm/s
Day
mg/ ¢ g/egDW/hr | g/m'/hr | g/gDW/hr| g/m/hr | g/gDW/hr| g/mi/hr
1 16.6 -279 -1186 -16.8 -102.9 -246 -246.6
2 195 -14.3 -220.2 -7.0 -308.6 -6.7 -281.9
3 195 -1.0 -16.9 -24 -1674 -3.0 -135.2
4 21.2 -7.6 -1355 25 200.9 -1.0 -67.6
5 16.2 10.1 1016 -0.2 -16.7 -1.8 -118.3
6 12.9 -79 -33.9 -1.7 -335 -19 -33.8

[% 412] 20mn™

A A & July, 2001)

5 ZHE o] &% pilot FEAA MZ o

£ f&zAsA 9 £

Inlet Sem/s 10cm/s 15cm/s
Day
mg/ £ g/gDW/hr | g/w/hr | g/gDW/hr| g/m/hr |g/gDW/hr| g/m/hr
1 0.29 3.2 136 0.6 34 0.0 0.0
2 0.54 0.0 0.0 0.1 34 0.1 35
3 0.61 0.1 17 0.0 0.0 0.0 0.0
4 1.01 0.4 6.8 0.0 0.0 0.0 0.0
5 0.18 0.3 34 0.1 50 0.1 8.4
6 04 0.4 1.7 0.0 0.0 -0.2 -34
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(% 413] 20mWE HGE o] &3 pilot FEAA A2 2 §&2As0 e &2
F7190 A A€ (July, 2001)
Inlet 5cm/s 10cm/s 15em/s
Day

ve/ ¢ | mg/gDW/hr | mg/m'/hr | me/gDW/hr | mg/m/hr | mg/gDW/hr | mg/mi/hr
1 55.6 -63.8 -271.1 477 291.4 44,0 440.4
2 99.9 88 1355 -12.9 ~-565.7 -38 -158.6
3 117.2 327 559.1 1.9 134.0 18.3 828.0
4 206.8 55.0 982.6 119 971.2 0.0 0.0
5 21.9 15.2 1525 2.2 150.7 2.3 152.1
6 63 35.6 1525 147 284.7 -15.0 -270.4

[& 4.14] 20mn =

22 A A& (July, 2001)

D& o) 4% pilot FRAAN M2 O §45ZF

Aspol Ao

Inlet Scm/s 10cm/s 15cm/s
Day
mg/ ¢ | g/gDW/hr | g/m'/hr | g/gDW/hr | g/m/hr | g/gDW/hr | g/m'/hr
1 43 239 101.6 16.8 102.9 0.0 0.0
2 7.0 3.3 50.8 1.2 514 0.0 0.0
3 83 0.0 0.0 0.0 0.0 0.0 0.0
4 10.7 0.0 0.0 0.8 67.0 25 169.0
5 53 38.8 389.6 49 334.9 08 50.7
6 4.0 0.0 0.0 0.0 0.0 0.0 0.0
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[£ 4.15] 2035 HYE o] &3 pilot FRIAM ME & FE&EZAs A FU
FatgFe] M2 A A &S (July, 2001)
5cm/s 10cm/s 15cm/s
[s3¥e) O == OO S = = DO O =
Day T:\J FE | aAne vr_d W AAZ 'rr_d Tr_i AAEE
F-ateF | et %) Hetg | Bat & 5t Fah %)
(s]
(g/hr) | (g/hr) ? (g/hr) | (g/hr) | (%) (g/hr) (g/hr)
1 1.7 1.2 276 2.1 19 6.9 2.4 24 0.0
2 3.1 3.1 0.0 3.9 3.7 37 45 43 37
3 35 35 16 4.4 44 0.0 5.1 51 0.0
4 58 5.6 4.0 7.3 7.3 0.0 84 84 0.0
5 1.0 09 111 1.3 1.1 16.7 15 1.1 27.8
6 2.3 2.2 2.5 29 29 0.0 3.3 35 -5.0
= 35
=
3§
= 30 X —e— 5cm/s
(g).n Il \\ 0 10 cm/s
E"n 25 7 / \ —v- 15c¢m/s
3
w20
4
g 15 -
Q
2 10
£
S 51
(=]
E
g 01
[}
]
e T T T T T T

(29 413] M2 t&



Fa

=0

ol Yy
=

7b AW g

e
e

D AW c8sE

2 10cm/s

e

3, A2

A

&t

A A

o2

& FRd A=A

%3

o]
o, A

n3d

10m

S 2o

ol
]
d

Ao 2=

EYe 2 nigo] A

3

emE A

ol
o A&

st

A

€

SRk

FRATHIE 4.149 4.15).

v el $£o 8 vjd s

mm -

A&k eh

AP BAZ R (Oedogonium sp)3 FHFTE 3 A

61-}

ted ¢3FRe njdo) REAGES T 2E7]

o) ¢k 20¢ 2 AF Az

tod 24A12F A 3 o (70umol/

A&

=0
00 =

[}

gt FEE 2 50em ¢l

bo £403

]

m).

b oo w

3|
p84

2F o8&

oaiae

(28 4.14) 2V

- 152 -



3

T A 7 wm RO
w\rA/u o N "o <
e ]
oy P RS
—— o Mg
i E 0 Oﬁ o
FTT S H w_a Moo
: . 10 T 5 o
N o W ok ~ S
03 IR £ o
0 = O
MHE ¥ = 0w
e s S g o o Mw
s ® o S
X - N o o =
S o "y < X
=3 T L N B ax
- ~ ¥ g ol o
Aol
do A Z % ol WFM
=~ ﬂ_Al MW o~ wmo o 1_”
< X " =
— T T ma L %v N
T o™ o X = 1y
i M B S E 7
}E k oy m .o M_.W
) E 2o E ¥
. E Q N =} (=) EO o
Y i~ ~ S F® " R
w 2w Fowom MM ow
f Lo
il - 0 o o oo E
) 0 et —
; o CECER B S
= o o M CLIS TRy
S < iHo w )
= 7 - wooY g W 4 o
= X » o) %o = 7 % &
= < B T« -
_ _ — =
G ) I I I R
oo 2 R OB ok
ooy B s =
+ L, ;Q‘.._ ‘UI — B
o - = 5 oo X
m < o T 9 M ™
2 = 0 i AT
N oo~ T o o
O W T W

- 153 -



A We 44E 48L 0o, 20m Y, 4F%9E A4z 20 Im TH LR 37
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[% 4161 Ao BE AFYRA2F 43 £3 AW 23 972 2 =4
RERIT 5 A EIEN:
O Pilot #2 44 O 42 Zo] ! bm
. 2000d 109 28¢ |0 %= @Y7} v W [0 w1 : 10mm, 20mm ¥E Y
~ 119 189 A Aole] Bazs 4 |0 % 110 an/s
3 F7HE #4 O &FAZT ol &
O Pilot &2 4% O & Zo] ! 15m
, [01d 29 129 [0 wEe] 277k v A o HA - 10m, 20mEE A
~24¥ 28¢ A Abole] RAZHF A4 |0 FF 1 10 en/s
49 e A o #EALF o4
O 2 Zeo] : bm
O AU £EHTEAA ¥ ]
W 29 190 : TE:%LL L O WA : 20mm%E H, 20mm
g (0019 BUL2E @ WEFEEE S ] s auaw, A2 B
~ 89 229 AEEA o
Pilot 22 1] O H% @10 en/s
1
T o GEHAS o4&
O Pilot 2 A3
1lot < a—g ) o ./‘:; 7‘?]’0] © 15m
AAR oA e Bax
, [oord e [T TN o WA : AAHFR
~ 119 149 e O %% 10 cn/s
O ¢z @y tomel #= | Ll
a7 Me sAMES| - T
O Pilot 2 A3
o }\;; ;E :ﬁz‘c’ﬂ/\i - O #& 4] : bm
= =TT S oA 10mm, 20mEE B Y,
. 2001 11€ 14| =7 4% E 24 o
T 19 279 O #2 A% 5me FE e
agolde) sy O T P10 s
0 TEAE o aeRus o
a3
O Pilot 52 A%
110t 7 Ed O—’F—EQO]ISm
O Az g welAe :
i i d ¢ 10mm, 20m™E S 2,
o 2002 39 219 | RaAEF PRE B A e
-39 279 0 #29% 5m Beld £ | “’;()r"/
T . cm/s
2 AN FAMA
L I PP
5
O 2 Zo] ! 15m
O 20mm BgolA Rzz
20024 39 279 m Aol ¥ o Wd : omPE =Y
7 F F7he 2 #AMA
49 49 53 O % :10 em/s
0 &% A% ol§
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1.31
6.21
15.05
3.44

At 5 gk

Unit
24

g/m’/day
=

mg/m’/day

3

N
L

Parameter
Dry Weight
Chlorophyll a

N in Cell

P in Cell
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Aol o] &
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1604 | —®— 10mm 2}
- —0— RSSERY
P "B 140
] )
) £ 1204
B <
100 4
% &
= 2 80
& L~
B 2 60
= s
o g 40 4
a =
o, 4
& =
o.
0 2 4 10 0 2 4 6 10
Time (day) Time (days)
20 50
1801 | —®— 10mm 2 10mm &9
~ 0] —o— IHERY  wl|—o— xelEsy
N ~
£ E
= 140 4 £
£ g x-
= 1204 =4
g -}
£ 10 g
o g 2
O 804 o
z o
- 60 [
= = 10
2 40 B
] 3
© )
20 o
o4
0 2 4 6 10 ) 2 4 6
Time (days) Time (days)

(2% 416] €852 Ul A2 2 aqae] PHzFe

Q, AA T sl Add gddA s B o]l48 4
H A ol BEA3kx] ¢gte. FPA¥ Filamentous Periphytic AlgaeE <] n] 3},
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2) WY Aslel We PHZF I

A7)7F & 3% 79 (5o, 10mm, 20m) B vl@AA A5 a o AW A2 FF
Ao A" FRE2F A4F WM e Ao AL WA F g5 P Ak
A Sl 71 B AAFE YeEWon 4PN F5UA wEA FE F, o
F Zaste Azbe & W3yt et (ad 417). 20mBelA e T S7hE A

22 got 24 W 23¢9 A9 gdFozRE AN FEAX

=
=
& g2 ANE RRZFY AT F7HEE 5m o] 4% A ve

5% e8] Een, vlad RHEQ0] A FBYolY 2F AFEO R A

o H&rtsd Aoz HaH

100

——— S5mm

80 A

60 1

40 -

20 A

Chlorophyll a of FR (ug)

0 2 4 6 8 10 12 14 16 18 20

(29 417) 852 W FE2327)7) g A 2RzxEe 42820 559 2
AW Aasez Add 3% A
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(£ 418] €852 0 FEZI7 e AN $R=F FFF/HE v

Mesh size
Parameter .
Unit 5mn 10mm 20 mn
Chlorophyll a ug/day 1.30 -1.14 0.56
3) $AZF Yl mE W W £
Ao AL E HFAL 55 HUFEA B A7) AgEr|dE dE &1, ¢, 2

A FE7t Bstvh WA, A8 Aol 200me] Fog A F FHFZ 39 Ax Y
o] 27] FUAFEE 22 44 mgN/ 2, 2 2.08mgP/ ¢ 22 ZEEH

Ago] AP T Fgo o3 wgAe gart Hol 2del IHY L 270
SR wjkl S Fuok o Yo £, Mg Hu AFo) MFAY FEE FA
Ak AY 7)170EQr wikle] AAe FEE 184~440 mN/ /ol 9 FEE 02
9~2.08 mgP/¢ HH AT

nHzFo AR B FALYG Rty AT dhd AAAALS obEAA H

2E Z7MHe 2% YEHITHE 419). 349 dae FH2F A 719¢ A

AstEol Brgez ded A%z BedY. B9 $A% T/ 94 A7 a2
A3 AL Uugoy), RRzFe Frhg0] WA A gl s FohH o

[E 419] €852 W 97 #as (Unit : %)
TN NO3-N NOz-N NH3-N TP DIP
Mean | 3.9 -0.41 -0.68 3.6 0.25 0.20
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t}. Pilot =2 48 2

A¢x21(20009 1193 20014 29)9) A% FF9 2717 10w 20mE A2 e
ZANNY RA2F 4G TIF ALY A5 TES 277 FE Re] #HAx
o 4% /aE Aew vERTh

2000 119 AAE AN, Azto] e dbAT FH2F A5, 24 W
A3 A2, Chlat A& 718 Uetith AF3F% 24 W A3 49 Aste o
A Ao ugh 2 Hole AN, @9 ¥ATZ Chla® 43 F5 A(20¢) 20mZ=
Fo] 373mgy/mE 10mTE Fge Li18mg/mEth 3u] o1 & #E BAI(H
4.18) Atel we AFFF AW Q, F2FFY F7H&o] 10mEF #H =R

2000 1190l Hls] & Ha & P2e Aggo] AR 2001d 29 AFAA v
Apolol =) W AFHE A Azte] e FAx R H1FF, Chlg, 24 W 2
Foll M Bt Em(aY 4.19), AFH, A Wl A Fad 9
3 JF F7HeS 20mEE Hgo) ws) o 2w, Chlaol 48 F7H&2 159 o) F &%k

3

A 9% ET omPE 2

a]

tH(F 4.20).
[E 420] Pilot 2 W A% I8 A7) W FAX{F T F7H&
Mesh size
Parameter Unit
10 mm 20 mm
Dry weight 12.1 13.0
November, Chlorophyll a Jmi/d 0.048 0.027
2000 P in Cell grm/day 0.098 0.130
N in Cell 0.173 0.194
Dry weight 5.8 3.2
February, Chlorophyll a 0.049 0.030
- g/m'/day
2001 P in Cell 0.080 0.037
N in Cell 0.034 0.014
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WAs 27 A o)l RAZFY ) FBA dehd AL PAER
of He AsldE WAe) Ao\t A4S fgel g 2R &40 Hy| Azl vet
¢ 2oz BedE, 196 v 2aas a

BlRolA $RAxFY 4% Fhgol BF w4 Uehd ol og AuAeTh

o
oXx
o
o
o
"
32
fan)
)
e
o
Ao
o

20 4
—o— 10pm B Y —&— 10mm H 2
~ —O—20mmEY ,553 —0— 0mm Ay Y
s E
= <
é 100 & 2]
= E
S =
= =
& 501 Z 14
= 3
o 2
8 o S o]
0 5 10 5 P - 0 5 10 15 2 -
Time (days) Time (days)
30 25
25 —— 10mmEY
203 ~0— 20mmE Y

o~ 207 _
] "E 16
] &
‘E’ 154 E
3 3
O 104 &)
£ 8
Z 0s 4 py 051

00 004

[ 5 10 15 20 F 0 5 10 15 2 F3
Time (days) Time (days)

[29 418] Pilot 2 W FE9 277 &8 AQdA Ao 0 Gl T 4E
F 2 XHEANE W ¢, g4 T si(November, 2000). FPAT Filamentous Periphytic
AlgaeE 9ul3
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o o
N «

Dry Weight of FPA (g/m?)
o

Chiorophyll 4 in FPA (mg/m?)

o
o

10 014
—— 10mm 3 & 0124 —®— 10mm &
08| —0— 20mm& 2 —0— 20mm B Y
010
'E 06 "E
o = 0.08 4
E E
-
% 04 = 006
] 3
g2 £ oo4
Zz 02 a
[iL-3
00
o
0 2 4 6 8 10 12 14 1B 18 6 2 4 6 8 10 12 14 1 18
“Time (days) Time (days)

(1% 4.19] Pilot 2 W 7% $5] Arld] e dAdHT FEF ¢ AXH <

A4 A3 (February, 2001). FPAE Filamentous Periphytic AlgaeE o} n] g
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d ol Fol = Fade AEE Jetith A RES 48 A1F F 5d7A Tkt
7} o] Fol §£3] Z&dte A%E Btk fjdo @2 RaAxRF AL 20mF =2
BRolA 713 A4 JdEsRen, o2 10mEEe B, AAPHT £o8
o 10mgEe 2he AEe] /M Bdd 794 15 138mg/m', A W A 640
mg/m’, A W Z4 209.0mg/m'Z AAHFgl vl 159 ol T2 AFE EAH2
H 4.20).

2003 399 HdFAAME BZE wfjdolA FX2F PE2FL AHHoz FUE,

2001 118 29g A9 5L 20mEE 2, 10mEE g, AAdFEY ¢o2

[E 421] Pilot T2 W MZ g2 g APFARERZFY HF F7HE (S 10

/s, #2740 15m)

November (2001) March (2002)
A . ) 2
Parameter | 10mmE% | 20mn 2% P 10mmE % | 20mE Y PP
g/m/day mg/m'/day g/m'/day

Dry Weight 2.4 2.8 2.1 20.8 29.8 8.2
Chiorophyll a 9.6 10.4 477 0.47 0.57 0.19
N in cell 185 24.5 180 0.30 0.43 0.11
P in cell 9.1 10.5 9.6 0.17 0.25 0.07
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EPRTHE 421). Chla $= o3 #aAxFeo HF F7h& dolA 200003 11€0]=

#59 2707 ohe § ARelA 9 ol Ao FAFTH vlZHAAE % 20 o]

4w FEE BR, 2001 1199 w37k A2 20mm A Fol QA f3el vls) <F 3
v & ASE YEHt(E 4.21).
16 04
144
< 124 "‘;u.a-
s s
~ 10 «
< A
) & 02
= 8y B
2 =
5 ° =
S = 01
E3RE 5
o 2
a2 —— 10mm AL £ oo ~o— 10mm &
—o— 20mm AL ‘ —o~ 20mm 2 &
0 —— T} ERL ~v— X ERe
0 2 4 6 8 10 12 4] 2 : 8 ? 10 12
Time (day) Time (day)
oz 7™
o] —*— 10mm & ¢t
20 1 604
~0— 20mm & ¢
018 4| ~w— X} H ARQY .
G ot <
B %«»
Eon £
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G o 3
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= 010 22
z 9
0.08 4 104
0.06 4 04
0.04 T T T T T T T T T T T T
1] 2 4 6 8 10 12 14 o 2 4 ] 8 10 12
Time (day) Time (day)

(27 420] Pilot 2 W M2 tt& mjAddir Azt B2 GAuxd Y22 W3
% ZAAE W, 24 FFA 3 (November, 2001). F%& 10en/s2 FL&HA 38389
. FPA¥& Filamentous Periphytic Algae® 7|3,

g

dlo
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Cellular N content (g/m?)
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o
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Time (days) Time (days)

[2% 421) Pilot =2 W A E & vdolA Ae W& Sy gd HEZF ¥3)
P 2AAEL W Q) A4 s (March, 2002). $&4L 10en/s2 F43A L39S
FPA+ Filamentous Periphytic AlgaeE ¢]w| 3},

2 YEhd 10cm/soll Al AW &se 2o} Pilot 24 & =
AU 20m PR BYE Pl 2] o E 1me AR F Im GHo2 YAl
F2F 4229 958 2AsA

2001 1190} AANH2E o] §3 AR E Y 712 B 2 FH2F 4% A
EH oz Zrteldn Y F29(109)9 1%L 12.0g/m, Chla® 439mg/m’, 2 Wi

4z
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o

AAE 1145mg/m’, ZA W Q& 83.7mg/mZ UYERGTHZE 4.22a). 20023 499 20mng
5 2GS o]f T dEAME 4F AR 4Y oo wEA 4RI m, A AF

150.1g/w’, Chlas 1.04g/m, 23 W A E 234g/m', 24 W 9L 1.78g/m It +2
ZolE 15mE AFE Aejolr o] ol 4H 3¥ AFPM9 AEFo] AAA

[e]
T

lo,

‘jo}.

=
tlo

o] & 1149 MEFo wlaiM AR 1508g/mE 108, Chla® 1.04g/m'Z 254,
ZA W HAE 24g/mZ 308, A W AL 1.8g/m'E 208 o] A Vel Y

422). AZFY Ho F/HEL 20mEE FWo] AAM KL vl AFHE 24m),

Chla 1949, =4 Wl d4e 154, 24 O Q& 11y oJAte] =& Ha Z=718S vd
WOHE 4.22).
AAA T v 20mEE Gl 2o BA2F HAAES AP 4gL 7

_—

AIZE A @A o] wE o2yt AZse Re 2001 1199 20024 39 BYE
0mEEE AHEF Fe Frhgo] 1199 Hla 39l oF 508 ¥k W el Fst
D& T ATHE 4.21). 23, 20013 1190 M E 92 g e dgazygd Jo 4
Fol 20mE oM oF 035g/mAE Aol WEH AAHFDAME 0.12¢/m ez 2 3
g9 Wok7] WEol(2d 4207 4.22) 15m 2 E o] €% AN Yehd AdN 53
W 20mEE Apolel A el BH2F A Hole ARHA 4T B ¢ olyye} WA w

2 Aoz 448 4 vk

Nm{n

<

(X 422] M2 o& g e 325 A7 448

April (2002) November (2001)
20mn A9 GRS
g/m'/day g/m/day

Dry Weight 26.9 16
Chlorophyll a 0.19 0.01
N in Cell 0.29 0.02
P in Cell 0.22 0.02
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[ 422] Pilot =2 W} oo w2 dAUAT FEF ¥z 2 ZAMNE Y ¢, 2
X gFRE 29 Lol 15mE AZT AN 452 0m/s2 YA ALt
. a) 20m%E EdMarch, 2002), b) AFAEHFE(November, 2001). FPAT

Filamentous Periphytic AlgaeZ ¢} n] %,
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3) i e AFEFHEF Y AA

2001 119 A BF< 10mZE Y, 20m3E G, AAHFE viEdE ol & +2
AN REAzF g B 2 AHEAE BYFAT F22 FUHE A7 F
& ¥ 166TOINT, FHaE 26mg/2, $Uo) 02ng/ £ o222 duiH o2 58
A BAHE FERG 8 5L FEolgen, 437t ¢ TN/TPHIZE 17~110
F4F 29 Wyt 2A JeEd (R 423~30). FAMLNEAE FATSE F
U 29 ol Hrrgel Qo) v F HE5 TRt S ASE UARNAR
FEERG dYdel HEE ¢ AT Aol #I FYF FE ERIE &
Aol AHEE ZE o FA FAMA LRI etk Az e dAHA
FE F7tE BARFY A SNEFE FAdFU 718 A 34

2550 BHEAY ANHOR fAZRY oY
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Mz g wdo] g FRAM RHER i S AALL 0mE ol
A FRAM e At O o g FFd e AALL A WA F 7 AR
Eo] ¥qd AAHFEAA GEPAHE 423~30). 2AIE FE F EFEAA A A
AeL A8 ofd BFAM 303g/mdayo) 3 o2 HAH w2 AA Uetet o

FHFH FRHED] RAERF 437 tiEo] F59 A7 FAF ] B oA
o FRAHAY wjd AFFAM F& F22 AAFH vt 232 fddn
=&

FEWIM RHELY FaE & doju $EFIEL E2 §84 B9 Ha

o
flo

Y,
r!o

¥

b AQR R g Fohd FA4 FaRFel F=PA o %7t B Aok YA
o] U3E Aol I RE o} gastt A% 2Y $EY B PARF
el APHOE o §FORM £FolM gaSI Hew, AT B F5

424 BY 55k B B0 RHER 0§ e §EY A% B2 2 7
2E%E dsrlelE ool Ao
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[E 423] $%0] 10en/s2 9354 A44 Piot FE2Gm)W W & FE/MAE

7} H]@ (November, 2001)

Parameter
SS TN NHs-N NO3;-N NO;-N TP DIP
Mesh
g/ni/hr ke/m/hr ke/w/hr g/m/hr g/m/hr g/m/hr g/m/hr
10mn 2 % 0~109.1 0.4~-03 06~-12 42~-567 02~-54 146~-87 00~-480
Ran. 20mn & % 0~1014 03~-0.1 08~-1.0 132~-476 01~-44 122~-74 1.0~-477
AR 0~96.0 04~-01 04~-0.7 125~-202 1.1~-21 96~-62 10~-490
10mn & 345 0.20 0.21 32 0.09 54 05
Ave’ 20mnE & 43.1 0.16 033 45 0.05 3.4 1.0
AR 30.3 0.23 0.19 5.4 0.09 54 05

* Ave s AA E37t HolA ¢ & AW IR
GOAALL YA F7482 sy AALE 2T & god Y ARE ANAL. olgEd

i

[Z 424) §%0] 10en/sZ YA A 89 Pilot F2GEm)Y w2 e F24 A
1€ (November, 2001)

Day Inlet 10 mm A% 20 mm % AAD
mg/ ¢ | g/gDW/hr | g/mi/hr | g/gDW/hr g/m'/hr g/gDW/hr g/m'/hr

1 276 -0.8 -54.5 1.8 127.1 0.0 0.0

2 26.5 -36 ~283.6 -1.7 -137.6 -2.3 ~133.7
4 26.8 0.2 21.8 0.7 84.7 47 3744
5 285 3.9 3709 25 - 3282 25 268.8
7 28.4 -0.7 -73.0 05 710 -09 ~86.4
9 288 17 187.8 15 213.0 5.7 4416
11 26.4 0.2 20.9 0.6 81.1 3.2 192.0
13 26.2 3.1 344.3 1.1 1115 1.7 105.6
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[E 4.25] #5°] 10en/s2 5Y&A HEH Piot F2GEm)W ol Fo] o2 ofALA
A4 AAE (November, 2001)

Inlet 10 mm 3+ 20 mm HF% A A+
o ug/ £ | mg/gDW/hr | mg/m'/hr | mg/gDW/hr | mg/m'/hr | mg/gDW/hr | mg/m'/hr

1 1772 0.8 545 -0.3 -21.2 16.7 1085.9
2 135.1 -48 -370.9 -4.2 -338.8 -56 -329.1
4 73.2 -58.1 -5345.5 -38.2 ~4436.5 -26.8 -2140.8
5 1487 1.7 163.6 0.7 84.7 1.0 105.6

7 1147 1.2 125.2 04 50.7 0.1 9.6

9 91 0.2 20.9 09 131.8 19 144.0
11 62.7 -1.0 -114.8 -0.2 -20.3 -1.1 -67.2
13 20.1 -0.3 -31.3 02 20.3 -0.5 -28.8

[E 426] f<ol 10em/s2 L&A 249 Pilot +2GEm)W viddd g FAg=
4 A A€ (November, 2001)
Day Inlet 10 mm H 20 mm A% A A+
mg/ £ g/gDW/hr | g/m/hr | g/gDW/hr | g/m/hr | g/gDW/hr | g/m'/hr

1 1.78 -0.1 -4.4 0.0 1.1 0.0 1.2

2 1.45 0.1 44 0.0 2.1 0.0 2.1

4 0.76 -0.6 -56.7 -04 ~-47.6 -0.3 -20.2

5 1.46 -0.0 -3.3 -0.0 ~-4.2 -0.0 ~-19

7 1.22 0.0 4.2 0.1 13.2 0.1 125

9 0.93 0.0 21 -0.0 -2.0 -0.0 -1.9
11 0.62 0.0 3.1 0.0 2.0 -0.1 -5.8
13 0.24 0.0 2.1 0.0 4.1 0.1 58
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[E 4271 §%0) 10en/sE 5L3A A4 Pilot F2GEmW vl ol oh& FEYo}

A4 A7AE (November, 2001)

Day Inlet 10 mm H% 20 mm H% A A

mg/ £ g/gDW/hr | g/m'/hr | g/gDW/hr | g/mi/hr | g/gDW/hr | g/m'/hr
1 247 1.0 65.5 15 105.9 0.5 35.4
2 20.8 -4.2 ~-327.3 -7.3 -592.9 -3.1 -185.1
4 15.0 ~12.6 -1156.4 -4.9 -571.8 -2.8 -220.8
5 21.3 -2.4 ~229.1 -3.0 -391.8 -1.9 -211.2
7 243 0.7 73.0 12 1724 1.0 96.0
9 25.3 55 615.7 56 791.0 4.5 345.6
11 20.7 -1.0 -114.8 -76 -1014.1 -12.0 -720.0
13 24.8 0.9 104.3 24 233.2 1.6 96.0

[E 428] 0] 10cn/s2 TU3HA HE9 Pilot +26GEm)W 2o @& FUd AA
€ (November, 2001)
Inlet 10 mm d% 20 mm % e
Day ppm | mg/gDW/hr | g/m'/hr | mg/gDW/hr | g/m'/hr | mg/gDW/hr | g/m'/hr
1 0.97 100.7 6.5 14.9 1.1 726 47
2 1.25 -111.9 -8.7 -915 -74 -104.6 -6.2
4 0.70 0.0 0.0 183 21 -12.0 -1.0
5 0.24 115 1.1 0.0 0.0 -176 -1.9
7 0.27 0.0 0.0 147 2.0 0.0 0.0
9 1.12 28.0 3.1 -36.0 -5.1 -249 -1.9
11 0.96 106.1 125 90.8 12.2 160.0 9.6
13 2.43 131.6 14.6 314 3.0 315 19
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(£ 429] #<%°] 10en/s2 SL8A &4 Pilot FZGm)W ] o

9l AA-E (November, 2001)

g2 §E&77

Inlet 10 mm H% 20 mm #E% AAd w7
Day mg/ ¢ | mg/gDW/hr | g/m'/hr | mg/gDW/hr | g/m'/hr | mg/gDW/hr | g/m'/hr
1 0.69 0.0 0.0 -149 -11 0.0 0.0
2 1.09 -14.0 -1.1 0.0 0.0 0.0 0.0
4 0.47 11.9 11 -9.1 -1.1 12.0 10
5 0.98 0.0 0.0 -8.1 -1.1 -88 -1.0
7 1.14 -19.7 -2.1 -73 -1.0 -104 -1.0
9 0.98 -9.3 -1.0 7.2 1.0 0.0 0.0
11 0.68 0.0 0.0 0.0 0.0 16.0 1.0
13 2.27 -432.4 -48.0 -491.4 -47.7 -802.6 -49.0
(£ 430} #<o] 10cm/sZ FY3tA A 44 Pilot #2GEmU " B FFEH
# A& (November, 2001)

Inlet 10 mm H% 20 mm % Aa A+
pay mg/ £ g/gDW/hr | g/m'/hr | g/gDW/hr| g/m'/hr |g/gDW/hr| g/mi/hr
1 6.00 0.0 0.0 0.0 0.0 0.9 59.0
2 6.00 0.0 0.0 0.7 52.9 0.0 0.0
4 7.00 1.2 109.1 05 529 0.0 0.0
5 6.00 0.3 273 04 529 02 24.0
7 6.00 0.0 0.0 0.7 1014 05 48.0
9 6.75 02 26.1 0.1 8.1 0.1 7.7
11 475 0.4 43.8 01 81 0.1 77
13 7.67 0.6 69.9 0.7 67.9 16 96.0
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Zol7b 15m Q%8 F2d AALFD 20m FEL ol&sto] FHAANEARE Hrt
<l F7rete A7 ev Al es
FRERY a0 AUSAE EF6n $249 F99 B2 g0 ¥ ¥4 vERh A
714 Q) Aols Qo AAHFH v RARF A5 Yo ¥ 20m FFS
ol &g ARl EA YEly XHEA H$ 192g/m/hr, TN 156g/m/hr 282
o A% 112g/m/hrd 3, #2271 & 2A0A YEhA & &EF7]A0 qd Al
AE&E 124g/m/hr2 GELGTHE 431~44).
0%, 29 do7t F1 Fd5e T2/ ol 49 #4: ZHE JdskE Ao o
gl AT, F2E 5mE F AR 15m B AFAE A FaAHE FFel o FH
A vdeEbdozA RAZRF JIFYE F5ol BE FAMM] FAHAG

[E 4.31] Pilot TR2(15m)AA A2 & oo M ¢4 A 23483 (F5L 10en
/[sE T A3A 243G ).

g7 AAE
" Date SS TN NH;-N | NOs-N | NO»~N | TP DIP
g/m/hr| g/m/hr | g/m/hr | g/mi/hr | g/mi/hr |g/m/hr| g/m/hr

Nov, 2001 | o1 \65~-09|95.1~-34.81739~-92.4 106 ~-62| 12~-03 |1.1~-05 03~-07
sl

gew |BE| 55 105 439 5.4 06 09 02
Mar, | e 353~00| 31.7~-22 - 0.9~-0.2 |0.04~-0.06|0.46~2.3|83.6~-146.5
2002

o0m A BT 192 156 - 05 0.02 112 12.4

» AAZAN YEA 4 ARE A FEik
OAAEE AR F7H2E dnjad AALE 1T 4 Pdou 239 AR ANHYS. B,
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[E 432] A9 FFo] Axd Pilot $E(15m)AAME FdA AAHE (November
2002.) (&L 10cm/s® 24 H).
S ES S = =
Dy FETITET] savan | savew A
[<) [s)
(g/hr) (g/hr) : 9
(mg/ )| (mg/ 2) g/hr g/hr g/gDW/hr | g/m'/hr (%)
1 275 24.0 198.0 172.8 73.1 95.1 12.7
3 24.3 25.3 175.0 182.2 -04 ~27.2 -4.1
5 25.2 26.4 181.4 190.1 -4.8 ~28.6 -4.8
27.3 276 196.6 198.7 -0.8 -6.9 -1.1
8 26.7 28.3 192.2 203.8 -29 -34.8 -6.0
[ 433] A HFgo] HXE Pilot F2(15m)olAlel  olAAAAELE AASE
(November, 2001) (F&< 10cn/sZ ZHH).
[o]
L | RUFER| FEsE A&
ay
{mg/¢) (mg/¢)
e me mg/gDW/hr mg/m'/hr (%)
1 185.7 187.1 ~-29.3 ~-38.0 ~-0.8
3 169.9 1811 -1049 -304.3 ~-6.6
5 264.4 214.1 203.3 1199.2 19.0
6 2456 246.1 -1.3 -114 -0.2
8 165.3 164.3 1.8 21.8 06
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[# 434] AHAAHgo] AAE Pilot FE2(15m)dllA 2] FAA A4 A A& (November,
2001) (42 10em/s& 22 9).
FASFE | FEFEE AR E
Day (mg/ ¢) (mg/ ¢) g/gDW/hr g/m'/hr (%)
1 1.58 157 0.2 0.3 0.6
3 1.50 1.11 37 10.6 26.0
5 1.98 2.24 -1.1 -6.2 -13.1
6 211 2.25 -0.4 -3.2 -6.6
8 1.73 1.74 -0.0 -0.2 -0.6
(£ 435] AAHFPo] AX" Piot FE(I5Gm)AAMS FERUHAAL AAE
(November, 2001) (&2 10cn/s2 ZH ).
by | FUFEE | FEFES A7
(mg/£) | (mg/£) | g/gDW/hr g/m'/hr (%)
1 24.3 21.8 67.9 10.3
3 185 219 -31.9 -92.4 ~184
5 228 197 739 136
6 245 23.2 29.7 5.3
8 245 24.3 44 0.8
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(£ 436] AAd Tl AXH Pilot &2(15m)IH ¢ %<1 A7& (November, 2001)
(F&2 10em/s2 =4 H).
bay |FUTEE[FEFEE|FURAG| REVAD A
(mg/¢) | (mg/#) (g/hr) (g/hr) g/gDW/hr | g/m'/hr (%)
1 0.59 0.55 4.2 4.0 0.8 11 6.8
3 0.78 0.80 5.6 58 -0.2 -0.5 -2.6
5 111 1.13 8.0 81 -0.1 -0.5 -1.8
6 162 159 11.7 11.4 0.1 0.7 1.9
8 1.06 1.08 7.6 7.8 -0.0 -0.4 -19

[ 437] AAdfFdo] AxF Pilot FE(IEmINAY £&EF712 AAE& (November,
2001) (F&€ 10em/sE2 23 3),

S AAE
Da
Y (mg/ ) (mg/ )

g/gDW/hr g/m'/hr (%)
1 0.52 0.51 0.2 0.3 19
3 0.78 0.78 0.0 0.0 0.0
5 1.17 1.20 -0.1 -0.7 -26
6 1.28 1.28 0.0 0.0 0.0
8 0.82 0.81 0.0 0.2 1.2
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[E 438] AR Fdo] HX " Pilot FE(ISm)AM Y FHE2 A7AE& (November,
2001) (F£< 10cn/s2 2 9).

FYFEE | 4EFES AAE
Day

(mg/ #) (mg/£) g/gDW/hr g/m'/hr (%)
1 530 5.70 -84 -109 -15
3 5.00 6.00 -9.4 -27.2 -20.0
5 420 430 -04 -24 -2.4
6 520 5.00 05 46 38
8 550 5.20 0.5 65 55

[ 4.39) 20mm E o] AHEE Pilot #+E2015m)M S 24544 E& (March, 2002.) (%
£ 10cn/sE ZHE).

by |TUTEE|[FEEEE) GUTHY | TV AR e
(mg/¢) | (mg/¢) (g/br) (g/hr) g/eDW/hr | g/m'/hr (%)
23.1 22.9 166.3 1645 9.68 246 11
2 23.6 166.3 169.9 -4.64 -44.3 -2.1
235 166.3 169.4 -2.84 -37.2 -19
226 22.0 162.5 158.6 125 576 2.4
4 23.3 1625 168.0 -1.65 -84.3 -34
229 162.5 1652 -1.92 -39.5 -1.7
255 25.0 183.4 179.9 0.34 55.9 19
6 258 183.4 186.0 -0.21 -37.8 -14
25.4 1834 182.6 0.20 9.9 0.4
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[E 440] 20um HFwo] AFLE Pilot FE(15m)dA 2 o}AXNAALAAE (March
2002.) (F4L8 10em/s2 Z4H).

by | FAFEE | fEEE AR

(ue/ &) (ue/ £) mg/gDW/hr mg/m’/hr (%)

106.6 103.3 129.73 329.0 31

2 103.1 33.16 3162 33
103.1 23.29 3047 33

21038 209.2 371 171.0 0.8

4 209.0 3.79 192.9 0.8
209.2 8.07 166.1 038

157.2 156.7 037 60.6 03

6 156.1 0.62 110.7 0.7
156.5 1.29 63.7 0.4

[ 4.41] 20mm & Fo] A& = Pilot +E2(I5m)A1 e BB LA AE (March, 2002.)
(42 10em/s82 249),

Day FHTFEE FETFE AAE

(mg/2) (ng/#) g/gDW/hr g/m’/hr (%)
077 0.78 -0.31 -0.8 -1.1
2 0.77 -0.04 -0.4 -0.6

0.72 0.32 42 6.3
1.43 1.47 -0.09 -4.0 -2.6

4 1.46 -0.07 -3.7 -2.3
143 -0.01 -0.2 -0.1

1.23 1.20 0.02 34 24

6 1.23 0.00 0.0 0.0
161 -0.69 -33.9 -30.7
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[ 442] 20mm B o] A}L38 Pilot F2(15m)AlA 9 &AA A, (March, 2002) (5

2 10cn/sE ZAH).

Day FAFFE|RFEFTEE | AT FIFHF AAE

(mg/ ¢) (mg/ #) (g/hr) (g/hr) | mg/gDW/hri{ g/m/hr (%4)

0.66 0.66 48 48 ~-110.34 -0.3 -0.4

2 0.66 48 48 -26.78 -0.3 -04
0.65 48 4.7 35.05 05 0.8

0.81 0.78 58 56 58.96 2.7 3.1

4 0.78 58 56 54.17 28 3.1
0.81 58 58 471 0.1 0.1

1.56 1.56 11.2 11.2 244 0.4 0.2

6 1.56 11.2 11.2 2.04 0.4 0.2
1.59 11.2 114 -52.97 -2.6 -1.9

[E 4.43] 20mn E o] A}2E Pilot FE2(15m)Alel £&FF7]AAAEL (March, 2002.)

(F5L 10em/sE 243,

Day FAFEE FEF BE A&

(ue/ 2) (pg/ 2) mg/gDW/hr mg/m'/hr (%)

109.6 1114 -68.76 -174.4 -16

2 109.6 0.00 0.0 0.0
1132 -23.44 -306.8 -3.2

142.3 1423 0.00 0.0 0.0

4 142.3 0.00 0.0 0.0
1423 0.00 0.0 0.0

311.2 314.7 -2.46 -404.2 -1.1

6 311.2 0.00 0.0 0.0
3139 -4.85 -238.7 -0.9

- 179 -



(¥ 444] 20mm Ego] ALEE Pilot 2(15m)AA e BFEAAAELE (March, 2002.)
(&L 10en/sE 249,

ey | TUTEE | AEFEE AZE
(mg/ 2) (mg/ ¢) g/gDW/hr g/m'/hr (%)
7.00 6.33 2593 65.8 9.5
2 6.00 9.44 90.0 14.3
5.67 8.84 1157 19.0
567 5.00 1.56 72.0 11.8
4 4.67 2.15 1095 177
5.00 340 69.9 11.8
7.00 5.67 0.93 152.4 19.0
6 5.33 0.97 1739 238
6.33 122 60.0 9.5

4 A2 o fdeM eded R g AYYELEF U9 AALHY

& F

42D(2 " 423). F3F F7to] B2 ALY F7te $EADIP)AA #FE v B
F 7t wet AAL Zastga, 2 9f vEFE oM E HatFo
0E AALY] Wast Qle AL s

AHeE T FollA REZ2F dge] HAUd AAPFFAA Y AALo] MwF B
A vehd A B AEdo] B=A] L AASS YehuE AL ojd S A AT &
3 DIPE A9tz F3tdo wE AAEe daprh gAd Re B AFo] o]Fo
pilotT2E ¥ Zo|7t 6m o £ wd 1 59 A3} A7 §9H7) Qe @9
HAT AAFLE EFEFo] 0mA WA FFE 43.1g/m/hr, & BA7F A M Lo A
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0.23kg/m'/hr 282 F0°] 10mA Fold HF 54g/m/hE A FAAT s, A
A FF QAME AFH7 GED Aoz ADHHE 4.30).

TN removal rate (g/gChl.a/hr)

NO, removal rate (mg/gChl.a/hr)

700 20
e o 10mmZY M e 10mmAFY
6001 o 20mm HY o o 20mmEY
s v TeEgyl § ) v g
"] 2
4 20
400 v B 101 v
&
300 & Oy
Lad T 5 o]
200 4 . § ° [e]
3 ° o
o v g & ° « ¢ v
100 o & og e o
o © ? g o <§C° [ §’ ¢ * °
o4 (o] o ° F 4 . o} v (o} 4
) 100 120 140 160 180 20 20 0 2 4 6 8 10 2 "
Load of TN (g/hr) Load of NO, (g/hr)
500
o 10mmBY e 10mm 32
0 20mm &2 M T awo{] ©° 20mm Y o
v Xeldng 3 v Xeldee
&
3m 4
1200 4 a0
)
1000 4 &
00 { E
v <
&0 é 100 o
400 4 v 2 o 89
2001 8| o o ¢
o) F4 0 4
0 @0 ° o oé [ 8 o
0.0 02 04 06 08 1.0 1',2 14 16 80 100 120 140 160 180 200
Load of NO, (g/hr) Load of NH, (g/hr)

(29 4.23] Pilot(Bt-A )M L4 EAReF Be 49 AAE

- 181 -



s 10mm H3 ®  10mm
20mm g
15 v IoiNMRU

(8]
N

o

TP removal rate (g/gChl.a/hr)
L 2 [+]
DIP removal rate (g/gChl.a/hr)
e o o o
~N o -4 r-
00 o
Q

(=]
o
00

Load of TP (g/hr) Load of DIP (g/hr)

¢  10mm BZ
v o 20mm HY
PR

SS removal rate (g/gChl.a/hr)

20 40 80 80 100 120
Load of SS (g/hr)

[29 423] A%
5 A& & mAdAM A BF2HF AEFH U 94g AAE v

10, 20mE F 3 AAHFEE o] &% pilotd AN F2A2F AEZFH 24 WwE Y
AAA LS FIATHIE 424). YR oz AN RAZF AEF F7 w9
FEe AARLE(%)S FIeE BHFE AT, I AEF o)A AAREY
717 FE A gE AoZ A glth(Vymazal, 1988). £ AFAE @ HAF A
=F 7 Y ER AR g gl FRIA FaEE AFE BRI

2 dFoA BEZe] AL A7l & Alado] 294

l—)l'
E
X
X
o
5
Hir
N
L
Buj
"
po)
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7 w27k 2 Horner ef al. (1990)2 A2 F3 9 AALY] #AE Ax 84=9
A W dgde] Fam mAste A »aAzFEI BAHE z7d £WSHA dEY
= Ao2 nuagd. 2RHoR A2Fo] o1 HA HEA FFF AAZIHS
& AL ohd 2 AT dPo] WY F 45 Az gol i Ader 474G
Aot
800 60
° o 10mm BY °
T 01 0 20mm HY = 504 o
£ v noagy|| § o
g 400 o 5 2 40+
5 o o °
£ 300 E 31 ©
g g
£ g
— 200 4 —~ 20
g T 0 é "O'O ’ )
g 101 :Qp .Q)O o g 104 9
& \4 o E o0
B ool Py ° 0 e © o 2 o4 ° o o
o 2’0 4‘0 éO 8‘0 1(’)0 1‘.”0 1;0 1(‘50 1‘80 200 0 2'0 4’0 6‘0 8’0 1(‘)0 150 1;0 160
Dry Weight (¢/m’) Dry Weight (z/m’)
25 14
e 10mm Y 10mm B
o ° 0 20mm B = M © 20mm B
e o] v Ry £ e Re
3 o 3 1.04
2 151 2
Y T 08- o o
s K
T w0 . & o8-
¥ E
% 5] v © % 0.4 4 OOS
e v Bt
7 o 024 v ©
= o4 % ¢ e 4 g o) [ o % w © ¢} [o]
001 O o [ ]
¢ ® 4 & 8 w0 1 to 18 5 % o 8 & 1o i w0
Dry Weight (g/m’) Dry Weight (g/m’)
[29 4.24] Pilot(BteA 5ol 2F2F AT & %9 AAE
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(£ 51] sPAFA(AAS)e] A4

F99d [ w5as | 3453 | Basd | aAuy | F3dE
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A 9] | 1,791 ha 91ha 30376 & 3.5m 566ha 1928. 3. 31
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oA Wk, AP7T T AR K
29 HEANWAE AARA o= A= AAHIA
A o182 & e FH YIE Bk GEHA ol HEAuA AN EHEF
o e FAEEE IFHHUS Ao wud

3. ARG H A= T4

2001d 849 209 ~ 9€¥ 13U E AAHFTE o8t RAZF A
AEHRE ZASAE 5L 10an/sE Z2H3QT 7FE 048m, =] 0.3
7F 20m] AHEE 1m AR AR e APsAHIY 5.1).

2001 10€ 8¥~10¥ 18¥ele Ad HAF% v 10718 2m A2 MdX st 2
g

20029 949 49 ~ 9€ 14Ul 20m Zol9 2o Im AL RE 20m FTE 2070
HAFAHIE 52). £ W SRE BYFAUE %ol £AL HE W0mE FA38
EF stk 20020 9¥ 49 H 59 U4 BAXF HFES EHIQa 2002E 9
4 99%EH MAAAE fF&d we 2F2F 4FF a2 B FARLAERE 243

Jt &S H FHS FAT AedA f-22 2289 05cem/s, lem/s, Sem/sZ 24
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Bel FARPOM, FES EL FEAA R FE o2 2T APHAh A

Moz wasc A $HER Fol v Fol, Q2NN AYE AR RAEFE
A deh = do] RA F D YPHES Gk AL BF F 14T o Fo] 5

Ao,

2001d 8¢Y AAERFHE AME T APMAME FEFZ BE AALET FEALE A
Aol A7 FAxF 43 Hrter] A4 F2 /Y- FEFF E T oF F
BARAMNE BEFHG FHRAS A3 A28 HAsAT FH=2Fo V2F 54 <

1% AEE 8¢ APoME 1, 3, 594 F(nlet), 8, 10, 1284 T(Middle), 16, 18, 209
A F(Outle) N M AHst BAsGm, +29 ZALE 3 AEE F Y5 (nlet) 3 109
% H(Middle), 233 2085 4 = (Outlet)ol A vlete] wgo] doyx] L8 F3
A A # st

109 dgolAe F3a2F AEF ZAE 98 A 8€ 2 384 B(nlet) 5, 6HA 2
(Middle) 28] 8, 94 Z(Outlet)l A AMFHA L, FEAEAS AT NEE Fd=
(Inlet), 584 % F(Middle), 223 10H% % H(Outlet)ll A A H 33 ch.

20mELE ol &% AFE AdPdME +E5S 42 05, 1.0, 5en/sE -3t 4 4E
AALEE SAAL, &4 F&o] U AFARE n2ldt] §FEFE 05a/s FFAA
T 66% 40%, lom/s FEo e 338 20%, Sen/s fr&ol e 68 40 Azte] 1A o=
Arataet, AA 28 T YHoE F o X IFHA
FxFo 43FE de ¥4 dAgd BAY 2FE AFsY AT FH
= o Aidsdo. AE 2 A aAES £HL
=T AAEY(APHA ef al, 1995)g 7122 #4353 @44 pH

al, 1995). +AENE 98 A5E Az, vg 4 ARLEN HCD 7L B 2U go}
 RHEY 3L 9 99 NBE ¥

=3 d
gl AHE GF/F AAA2 Aasigled, dde 82 771949 24 & A3, 283



e dAYILE BAS A8 27 2N gate s AHE 250m Sa2g 74 &
of 24 A 74A] 20Tl W BB B4 AFY ool BF o] Fo R} ¥
FEAGS)E A3 AR FAY G5F 100T Dry ovendl A AxH J#Ax 9 ¥
AxZ FEH A4St HAPHA et al, 1995). &% 7)1 (Dissolved Inorganic
Phosphorus)2 Ascorbic acid oz EAFYI, LGEYHNH;-N)&} oFF A
(NO2-N), 2t AA(NOs-N)E Z+d+ phenate (4500 NH3-F, APHA et al, 1995),
Colorimetric (4500 NOz-B, APHA et al., 1995) 28] 7t AP oz =2Rs g}
U (TP)& H YL F (persulfate) 0.2 233 3 ascorbic acid o8 =48
B, F4a (TN)E AF0A2Fo2 Bad ¥+ 7128 #9922 Agdre] 528
B AT. 383 24 Q FF(CODmy) S EZAY (YA H o A3 YHEB AR,
1996). A& 83 A2 TFBOD)E NEE 20T F2ANAM 543 v FF Fol azidew
HOR $EULFEE ZAs, WFA £244 FES AHo)ZRE AEaATt
(APHA et al., 1995).

T2 a5 AL Y38 438 FY ANRE GEFARANZ gFePgn, J74A 0
100% W& Fo] 24070 ¢ Bg2d BAd F 3229 9229 FAEE T3P
=AE o] 838te] FAste] Maker7t A A% A of wpe}l A4bst g cHMaker, 1972 Maker
et al., 1980).
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[2¥ 55] 2001d 109 FrIulolA EAT &3]

[E 52] 52 U ASgor BAzFo s

od

T AEF

ol\

7H&

Ay A=d 71
Month Parameter Unit
Inlet” Middle’ QOutlet”
Dry Weight g/m'/day 17.6 5.1 1.1

8

Chlorophyll a mg/m’'/day 66.6 16.2 45

Dry Weight g/m’/day 10.3 6.7 7.0
10

Chlorophyll a mg/m’/day 18.3 15.2 16.7

* Inlet, Middle, Outlete] i3t 4942 28 2 (21¥ 53) #=

. 20mm B

20022 99 49 5E 54 T AAART A FE9] 27171 20 ol FEEW
of dAHNT. 43 4Y ol FHH AEF Frivt vdewton 43 595 0.36mgChla/
mz 7t & S Uuey, ojfo] JAEL 0.05mg Chla/m'/day= H L7 ol
Ao Razf{ Aol dFSAY 20014 108 AL FFAA vE G BEE

16.7mgChla/m’/day ¢} (3 5.2) H 2 3fA] 330 Fx= 2FSktHE 5.3).
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2o gl 4B % oo s FieTh FUYF AxWAM A2 e B0l
2 & Aok, 0E Y4 BFo) g Ao ANEE A FEUY Y2}

A AN AL Fa FAAE] ohAAA e Favt FrksAT suiPE, A

FAEY IWYY2E FHEFY §50 J9 229 RO BUY F Ak

[E 54] A RFTol A8 529 Fds 5= AF (2001d)

87389 9 £3%2

Month Temp.{ pH EC SS | TN |NHs-N|NO3-N|NO:-N| TP | DIP
T BS/em jmg/ # \mg/ 8| pe/ bl | ug/l | ug/l |ug/ b \ug/ b
258 | 89 | 1520 | 107 | 147 | 112 7.0 28 | 1141 191
B ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
g 271 | 95 | 1654 | 265 | 173 | 1279 | 1443 | 621 |157.1 | 420

B | 269 94 | 1639 | 187 | 159 50.7 517 222 | 1442 | 354

SD(2)| 01 0.0 0.04 56 | 0.09 465 539 225 164 | 89

147 73 | 1196 | 110 | 1.29 31 34.2 9.3 983 | 87

BL?.] ~ ~ ~ ~ ~ ~ . ~ ~ ~

10° 22.0 92 | 1585 | 220 | 144 | 1172 | 1999 163 | 1403 | 234

P | 170 7.7 | 1477 | 151 14 404 746 172 | 1245 | 114
SD(#)| 14 06 11.1 2.7 0.1 436 52.7 109 136 | 50

* 81 2001 89 209 ~ 99 139, 10" : 2001'd 10€ 8¢ ~ 109 18
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(£ 55] #F2U A FDoAMY ER274 GE $AMNED 22001
8, 10¥)
Parameter
4 SS TN NHz-N NOs-N NO:-N TP DIP
g/m/hr  g/mt/hr g/m/hr mg/m/hr me/mt/hr g/m'/hr mg/mi/hr
w] Middle 35~581 0.65~-293 0.12~-0.37 337.0~-2187 14~-934 006~-011 65~-836
- Outlet 73~571 0.15~-0.87 0.08~-0.33 1988~-336.3 0.0~-84.1 0.13~-008 2126~-356
g
27 Middle 30.1 ~0.69 -0.08 85.1 -319 0.017 -24.5
Qutlet 322 -0.41 ~0.12 ~42.7 -26.2 0.040 280
Inlet 638~228 141~-64 013~-063 1.0~-22 684~-723 026~-013 132.4~-299
H8 Middle 127~497 75~-05 033~-005 23~-19 29.8~-673 0.09~-0.08 76.3~-174
Outlet 11.3~568 41~-43 034~-077 05~-06 548~-773 020~007 85.7~-682
101:
Inlet 26.1 2.68 -0.10 -0.18 106 0.047 400
AP Middle 321 293 -0.02 0.08 -6.0 0014 181
Outlet 408 0.89 -0.09 0.05 -9.3 0.112 65

8+ : Middle-10¥ 5 % 5, Outlet: 2084 % ¥
10+ © Inlet-3W4A % 5, Middle-58# % 3, Outlet-10915 1t 5
O) AALL AR F7Heg gvjale] AT AALE 1Y £ Qo) 24 AAo|nE Aa S AASG (o]

3H5Y).
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[E 56] 2 AddFGIN e RARFAHLN B& 24 AA L0019 8
4)

Middle # 10) Outlet (# 20)

Inlet

o]
Day | oy | Middle A& Outlet A

(mg/ £) g/gDW/ar | g/m/nr | (%) | (m&/£) g/gDW/hr | g/m'/hr %

2 1.57 1.57 0.000 0.000 0.0 1.54 0.003 0.145 1.9

5 155 161 -0.014 -1.162 | -39 1.60 -0.010 -0.571 -3.2

8 173 1.70 0.010 0.650 1.7 1.73 0.000 0.000 0.0

11 1.63 184 -0.042 -2.926 | -129 1.72 -0.017 -0.870 -55

24 1.47 147 0.000 0.000 0.0 1.58 -0.025 -0.738 -75

# 20m £2 Im A2 AXE £ 20 F F I ong

[£57] s52W AAEFTAM RR2F8 e obdAgda A7 £(2001
W 84)
Middle (# 10) Outlet (# 20)
Day | i:;a Middle AR & Outlet A&
(ug/ £) mg/gDW/hr | mg/m'/hr | (%) |/ ) mg/gDW/hr | mg/m'/hr| %
2 104 10.2 0.02 141 1.9 104 0.00 0.00 0.0
5 2.8 3.3 -0.12 -9.68 -179 43 -0.30 -17.14 | -536
8 3.8 4.7 -0.31 -19.51 -237 48 -0.32 -13.19 | -26.3
1 31.9 38.6 -1.33 -93.35 -21.0 | 406 -1.68 -84.07 | -27.3
24 62.1 66.2 -0.95 -38.26 -6.6 64.6 -0.57 -16.77 -4.0
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[ 58] T2 A8 RFgodAe RHZFHAT g dAdd4L AAEQ001d
34)
Middle (# 10) Outlet (# 20)
Inlet
Day (g ¢ y| Middle AAE Outlet A AE
(ug/ 2) (ug/ )
mg/gDW/hr| mg/m/hr | (96) mg/gDW/hr| mg/m'/hr %
2 974 57.4 3.83 281.06 41.1 69.6 2.44 134.68 28.5
5 174 0.0 4.16 336.95 100.0 0.0 354 198.84 100.0"
8 7.0 35 1.22 75.86 50.0 7.0 0.00 0.00 0.0
11 22.6 38.3 -3.12 -218.73 | -69.5 574 ~-6.73 -336.28 |-154.0
24 | 1443 | 1496 -1.23 -49.46 -3.7 175.7 -7.17 -210.65 -21.8
# 20m 2 Im A2 X9 F 207 3 F 4AE 9.
* 5UA 100% 37H42 AEE 4 YE FE o397 Qi et dxp,
(£ 59] 352U AAAFGAAY FA2FAZN & dRYdEAE AAE
(2001 8¥)
Middle (# 10) Outlet (# 20)
Pay Inlet | A AL AAE
(ug/ 2) Middle Outlet
(ng/ 2) (ug/ 2)
# mg/gDW/hr | mg/m'/hr| (%) - mg/gDW/hr | mg/m/hr | %
2 12.8 136 -0.08 -5.62 -6.2 144 -0.14 ~-7.75 -12.5
5 11.2 128 -0.38 -3098 | -143 | 161 ~1.00 -56.00 ~-43.8
8 205 14.8 1.99 123.55 278 14.8 1.81 75.18 27.8
11 81.3 107.6 -5.22 -366.42 | -32.3 110.9 -5.73 -286.03 | -36.4
24 1279 | 1414 -3.14 -12598 | -106 | 1778 -11.39 -334.76 | -39.0

# 20m 2] Im FHCE MAE F 200 % F UXNE o9
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[X 510] 2 AAYFRolA e RA2FHL B2 FA AA&20012 89)

Middle # 10) Outlet (# 20)
Inlet AAE AAE&
Day Middle Outlet
(ug/ 2)
(ug/ ) (ng/ 2)
mg/gDW/hr| mg/m'/hr | (%) mg/gDW/hr | mg/mi/hr! %
2 1554 | 1538 0.15 11.24 1.0 | 144.0 1.00 55.23 7.3
5 157.1 153.8 0.79 63.91 21 | 1538 0.67 37.71 2.1
8 1554 | 153.0 0.84 52.02 15| 1513 1.30 54.08 26
11 139.1 | 147.2 -161 -11285 |-58| 1472 ~1.57 ~78.27 -5.8
24 1141 | 1064 1.79 71.86 6.7 | 948 441 129.48 16.9

# 20m w2 Im ZHHo2 AXE F 200 3 F 98 ouig

[£ 511) 5520 AAYFFIM) 2RH2FHYL] BE §2771Q A1A&Q001
g 89)

Middle (# 10) Outlet (# 20)
Day | :}ej) Middle AA & Outlet A&
(ug/ ) e/ 2)
mg/gDW/hr| mg/m/hr | (%) mg/gDW/hr | mg/m/hr | %
2 42.0 427 -0.07 -4.92 -1.7 | 433 -0.11 -6.30 -3.1
5 42.0 43.3 -0.31 -25.17 | -3.1 | 447 -0.55 -30.85 -6.4
8 41.3 42.0 -0.24 -15.17 -1.71 440 -0.86 -35.61 -6.5
11 32.6 38.6 -1.19 -8359 [-1841 106 426 212,59 67.5
24 19.1 184 0.16 6.53 3.7 191 0.00 0.00 0.0

# 0m F2 Im HZ 02 AXE % 207 B 5 NS 90
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(¥ 512] s+2d AAHFRAAS] FH2FETN BE FHEd AAL20014
84)

Middle # 10) Outlet (# 20)
Day Inlet Middle AAE Outlet AAE&
(ng/ £)

(ug/ £) mg/gDW/hr | mg/m'/hr{ (%) (ug/ £) mg/gDW/hr | mg/m'/hr | %
2 15.0 145 0.05 3.51 3.3 135 0.13 7.27 10.0
5 23.0 20.0 0.72 58.10 130 | 180 1.02 57.14 217
8 26.5 24.0 0.87 54.19 9.4 235 0.95 39.57 11.3
11 185 175 0.20 13.93 54 145 0.77 38.65 216
24 10.7 85 051 20.53 20.6 80 0.62 18.11 252

# 0m 2 Im TALE HA" F 204 & F H4HE v

[ 5131 sr2d AAEFLAAY FH2FAYZN B2 FHLA A&2001d
104)

Middle 1(# 3) Middle 2(# 5) Qutlet(# 10)
Day (;:;e;) #3 AA & #5 AR & #10 AA &
(ng/£) |g/m/hr | % | (mg/4) | g/m/hr | % | (mg/#) | g/m/hr | %
1 1.29 1.30 -0425 | -0.8 1.31 ~-0.498 | -1.6 1.33 -0.909 | -3.1

2 1.44 122 9358 | 153 1.14 7473 | 20.8 1.29 3409 | 104

3 1.41 1.42 -0425 | -0.7 1.37 0996 | 28 123 409 | 128

4 1.34 1.27 2.993 52 1.28 1490 | 45 1.29 1.133 3.7

5 141 1.56 -6.413 | -106 1.39 0.497 14 1.60 -4.306 |-135

7 1.44 1.45 -0.441 | -0.7 118 6.615 | 181 1.37 1.622 49

10 1.41 1.10 14104 | 220 1.26 3.924 | 106 1.36 1.191 3.5

£ 20m $29 2m A2 AXE F 104 F T JAE 90
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[E 514] 5F2d AAYFLANY RAZFATN e oddddL AAE
(2001:@ 10€)
Inlet Middie 1(# 3) Middle 2(# 5) Outlet(# 10)
Day e/ 2) #3 AAE 45 HAAE # 10 AAE

ug/f |\mg/m/hr] % | pe/f |mg/mi/br] % us/ 4 mg/m/hr | %

1 111 9.7 5955 |126] 104 17.44 6.3 10.4 1591 6.3

2 432 449 -72.31 | -39 459 ~-67.25 | -6.2 46.6 -77.26 -7.9

3 156 15.2 17.01 2.6 159 =747 | -19 18.3 -61.36 | -17.3

4 16.3 173 -42.7716 1 -6.17 173 -2483 | -6.1 18.0 -3853 | -104

5 15.4 13.8 6841 1104 142 29.80 7.8 145 20.40 58

7 9.7 8.8 39.71 9.3 9.2 12.72 52 8.8 20.85 9.3

10 93 9.2 455 1.1 94 -262 | -1.1 7.0 54.80 247

# 20m F2 2m THFLE HAXE F 10 T F AANS g

[ 515] T2l AAdF2A4 e #2590 0g 49AL A7 £2001

Q10
Inlet Middle 1(# 3) Middle 2(# 5) Outlet(# 10)
Day e/ £) #3 A& #5 AAL # 10 A AL
re pe/f |mg/m/hr] % | wg/f img/wm/hr| % wg/ £ mg/m'/hr | %
1 342 22.4 50193 | 345 425 | 20674 | -24.3 20.8 30451 39.2
2 199.9 | 251.8 | -2207.63] -26.0 | 1066 | 232397 | 46.7 206.6 -152.26 -3.4
3 45.9 727 1-1139971 -584 1 693 | -58286 | -51.0 727 -609.02 | -584
4 64.3 40.9 1000.48 | 364 442 499.16 31.3 52.6 265.15 18.2
5 409 39.2 72.68 4.2 39.2 42.22 42 39.2 3853 4.2
7 69.3 559 591.21 19.3 52.6 42490 24.1 476 502.77 31.3
10 67.9 69.3 -63.70 | -2.1 | 142.0 | -1938.30|-109.1 67.6 715 04

# 20m F2 2m FHo2 HXE % 100 § F A A
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[£ 516} T2 AAQFToA

(2001 10¥)

Middle 1(# 3) Middle 2(# 5) Qutlet(# 10)
Day (i:je;) 43 A& 45 AAE # 10 AA &
pg/ € |mg/m/hri % | pg/f |mg/m/hr| % pe/ € |mg/m/hr| %
1 9.1 75 68.06 176 2.6 161.91 71.4 0.0 206.80 | 100.0
2 117.2 1321 | ~633.779 1 -1271 1390 | -B4301 | -186 | 1513 | -77492 | -29.1
3 0.0 0.7 -29.78 0.0 0.0 0.00 0.0 0.0 0.00 0.0
4 7.1 9.6 -106.89 | -35.2| 155 -20861 | -1183; 20.9 -312.75 | -194.4
5 3.1 0.0 13254 1 100.0| 0.0 76.99 100.0 3.6 -11.33 | -16.1
7 654 63.8 -150.01 | -52 | 649 12.72 0.8 674 -46.34 -3.1
10 81.2 80.2 45.50 1.2 68.4 334.82 15.8 66.9 340.72 176

# 20m £2 2m FAe2 MXE F 107 T F A4AF Jug.

[X 517] w72 AP FFol e FRzFHF) e F

Al A &(2001d 10

)
Middle 1(# 3) Middle 2(# 5) Outlet(# 10)

Day (j;‘je[f) #3 AR & 45 AA & # 10 AAE
we/ ¢ mg/m/hri % ue/ ¢ |mg/m/hr| % wg/ ¢ |mg/m/hr| %
1 | 1284 | 1315 | -131.86 | -24 | 1315 | -77.22 | -24 | 1253 | 7045 | 24
2 | 1403 | 1365 | 16164 | 27 | 1365 | 9465 | 27 | 1327 | 17271 | 54
3 | 1358 | 1365 | -2978 | -05 | 1365 | -1744 | -05 | 1327 | 7045 | 23
4 | 1305 | 1289 | 6841 | 12 | 1289 | 3973 | 12 | 1259 | 10425 | 35
5 | 1274 | 1282 | -3420 | -06 | 1282 | -19.87 | -06 | 1236 | 8612 | 30
7 ) 1111 | 1051 | 26472 | 54 | 1096 | 3817 | 14 | 1074 | 873 | 33
10 | 983 | 976 | 3185 | 07 | 968 | 3924 | 15 | 901 | 19533 | 83

# 20m £2 2m A2 HNE F 1074 F F YAS ongh
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[£ 518] 24 AAMFTAM] BRA2FHF B2 £EF7]0 472001
d 109)
Inlet Middle 1(# 3) Middle 2(# 5) Qutlet(# 10)
Day (1 2) #3 AAE& #5 AAE # 10 AAE

pg/ 2 {mg/wi/hr| % | pg/f | mg/m/hri % ug/ € | mg/m/hr %
1 8.8 7.3 63.80 170 9.5 -17.44 -8.0 9.5 -15.91 -8.0
2 234 234 0.00 0.0 234 0.00 0.0 264 -68.17 -12.8
3 8.8 95 -29.78 | -80 95 -17.44 -8.0 9.5 -15.91 -8.0
4 10.3 11.0 -2993 | -6.8 95 19.87 7.8 9.5 18.13 7.8
5 9.1 6.6 106.89 | 275 7.3 4470 19.8 8.1 22.66 11.0
7 109 7.9 13236 | 275 79 76.33 275 12 85.73 338
10 8.7 79 36.40 9.2 79 20.93 9.2 79 19.06 9.2

# 0m £ 2m Fo2 A" & 107 ¢ 3 4XNE g

(X 519] 2 W AAHFBAAY RAZFAEL & ¥HEE AAL&Q01E
104)

Inlet Middle 1(# 3) Middle 2(# 5) Outlet(# 10)
Day (ng/ 2) #3 AAE #5 AAE # 10 AAE
mg/ 4 | g/m/hr| % mg/f | g/m/br| % | mg/# g/m'/hr %

1 15.0 14.0 42.54 6.7 13.5 3736 | 100 | 125 56.81 16.7

2 200 185 63.80 75 185 3736 | 75 | 175 56.81 125
3 17.0 17.0 0.00 0.0 155 3736 | 88 | 150 45.45 118
4 15.0 13.7 55.58 8.7 13.0 4967 | 133 ] 130 45.33 13.3
5 15.0 14.5 21.38 3.3 135 3725 | 100 ] 145 11.33 3.3
7 12.5 12.0 22.06 4.0 12.0 1272 | 40 | 105 46.34 16.0

10 11.0 115 -22.75 | -45 105 1308 | 45 | 100 23.83 9.1

£ 0m 72 2m TFo2 X" F 104 T 3 g2 ov)g
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3. RAxFALY U Az ge ddelds 4gge B +ANAER

&0l A Son/s¢] & W 20m AL AAEFEE o8 APANA FA} &

F719, & A4 agi 24 A2AALEL AEY St we FAste oz YE
HHHLE 56). ol d Adge 2 Aol smERA S Pilot+2 A vetd A%
b dA g} AEFo] oF 10gDW/m FEANAM AAL] A Jelston, sdd wa
AALS] Aol Hlwd 5 9l A7 F3 Aol A3 #HD3] oYU

. 2 g _ o ® 20mm & g
gzo- o piper=I-13 3 10 o Roasa
2 5
Q e‘] 8 1 O
B0 15

)
g ° £ 0
£ 2 °©
5 . g
= o = 4]
E 0 H °
g % o E o .
2 OQ; (te1¢] . ; ® o
[ [e] [e] % & ©
= 04 e ® O o © 8 o ° oe
0 20 o 60 8 10 0 10 20 30 40 50 50
Dry Weight (g/m?) Dry Weight (g/m’)
08 -
o =

® 20mm H * 20mmEY
;_,: 06 ] . Tt et § 80 4 o TrolM oot
5 3
g Y 60 A
2 0.4 1 H .
= 8 o
= C o g 401 o0
= o =
3 024 ] .
£ ° © E o»

8 g @ 0O E A
13 Qb ¢
z -
= 004 o ® - o % 0 o4 o ©o O O
0 10 0 30 © 0 % 70 ° % 40 60 80 100
Dry Weight (z/m?) Dry Weight (g/m’)

[2¥ 56] 52 F2xF AEFd B IFF AAS
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4 N2 B8 7% 2094 BELFT 9B gd B2 AALS
7h AEF] e AAZEH3)

2002 98 AAG gl HIHA FH2F AEFY FrH80] BUW 20mP = A%
< o8t M2 & F§&9 2 AEF Tt WE JED AAREE A
ST 20mEE o] oA JUEH AALEL AEF Folo) e AT F71
Holx @gtot AEF Flo) e J¥g AAZ

]
)/ FS FE * 1002 A2 F wY Frhehs

FO6 = (FUF = - FEF BE
ATe HYov, TIL ALY FYD ol FolE 9F xgol FNHNAY Fase 3
TS JeEldH (2 g 57~5.11).

sE2ue 248 §59 W9 05~5ar/s Mol B Y IR AAEE F50)

7 W& Sen/s F&A M BE AALL Bgon, S0 /M =8 05em/sol A
M A AALEE BRI 57~511. 59 F7te AUHos AAD Fy9 &
% gAsts B 24 laminar ZAFY 4FY 12L FaAPeEN 27 4F
< YA 2 HGeankoplis, 1972, Grady and Lin, 1980; Stevenson, 1983; Sand-Jensen,
1983). 2HAH o2, o] WE £5 FAAA Y a2 22 A% AAFE BE 23
#380] F7He e (Whitford, 1960). Whitford and Schumacher(1964) ¢} Lock(1979)& 3
77t 28 dddl =28 o PPESgo] AAPH 2hsgA B 2UE RS
1% 3, Horner and Welch(1981)¢} Horner et ¢l.(1983)2 &9 =712 A" oz
BLEE °lE&ES T7H AR A8 YEFY FHo] F719L A%k Whitford

TP< Sen/sel fr&ol X 718 2 AALS Jeldon, A 55ng/gDW/hre] AA &
< B 57). len/s9} Sem/se] fr&ol A AEFo] 13g/m AN A A o] Z7ts}
H7b olF dAE AEE BRAT AALE(%)E lan/s Sen/solH A g o) wel Z7}
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e AFE BAL lem/s FE5AM Hdl 14%9 AAZEL Jerdd. DIPY AAES
TP A¥3= 2 AEFo] F/NEFE FAastes 4TS BAXL, AAEL San/s
Goll | AEFo] 5gDW/m'd of /b4 $A detgen, A3 1.7mg/gDW/hre] AAEE
BATHY 57). TP 22 DIPAA AEH w2 AAE Zihe EZLFEN 28
g Zup ot Bedold e TR JAE8F] RHAXFI BE FF 94 Je=
A vetd 232 A48 4 gl DIP AIAZES 28 f&dA BEZE] F7td wet
7tk A#E JYEtloY, lon/se] fr&olA Ha 55% AAELE S B

TN 5Sen/so F&o At AEFo] Frte] we Frhste AFe ez, W
0.06g/gDW/hre] AAE&S Yetd D Hd AAZEL BAEFo] 30gDW/m' & o 13%=
e NOs-N& 5en/s®] f&oAM 718 52 AAES JelB, §&E7710404
Eld Aot FUHA AEF dE AALZLEE ZE FE2A9M AEFo] BETE
A dER oy, dAE AT AEF dT AALEE WEF T BAse Aoz y
EFtH 2 ¥ 5.8).

NOz-N &3 fr&o] 7Hg w3t Sen/s 2AAA 71 & AALEE vetdon 48
Fol o= o]} 7t A A =(13gDW/m') #H4stthrh AE FFo] 30gDW/m'3l A el
oM Hd 65%9 HA2EEE Ve o]gE 2l NHi-NE HIE Sen/s9 #& A
7 FS AAELEES By, BHEAT AAE oM E tE FE20H v

Z Aolgle]l HEF F7tel wet Zaste R UeERTHdE 59).
F 7t wE FHEE AAE San/s FEAA M 2A JdER ey FE&3
AL JepA G ™ 5.10). ¥t AAZES A
7vete A JEH L, len/se] &4 3 33%

28 A8 A A5 gAY F& FaVF debdoza Jd g Frtd 2AE A
F A AEF F7he AR 448 BE JFYF £FL HEF F7}
of e Frjole Fxo A& #H4ae tiEol BODY Wid AALe A&
5 #Zaste AFdAME YdEET. BODY dig AAES AALELE @
FAHE A7lel F&o) 7hF mE 2A0A w4 dERtH(2¥ 5.10).
COD AAE&L SS9 AL} vl BFE BoH, 5en/se] fr&ollA 5gDW/m' 9

N
2]
_l



oZ

EFANA 7P 2 0.39g/gDW /hre} AAEE 2P iy 5.11). AAAZEL Sen/s9
FEHEEZAANA BEFo] 30gDW/mrd o 6% AAZES

B9k & §4(05, lan/s)

ANM = 13.0gDW/m 7t A F71stekrh o) % Zasdle 438s BY
8 20
= ®  05cmis 18 4 ® 0S5cm's
= o leom's 3 164 o laws
2% v Ssoms ) v Scms
a B 14
so =
& -
E o 12
=) &
& { £ 10
© ]
§2‘ @ § 3,
o R 3
3 j g «
] [y g
E o * & 2 {
& i
0
o s 1 15 o © ® 0 s 0 1 2 % 2 1%
Dry Weight (g/m’) Dry Weight (g/m’)
25 7
= e 05cmis e 0S5cm/s
£ 20 o loms 36 o lans
E { v Sans :—: v Sans
80 —
g 1 &
E 15 "5 5
& { g
E 10 _§ 4 -
o
g £
E 054 } = 31
3 3 i g
g ) e 5
E 00 L &~ 2
=
T T T T 1 T T T T
1 5 10 15 2 330 35 0 5 10 15 20 -3 30 335
Dry Weight (g/m’) Dry Weight (g/m’)
(28 571 N2 08 $5o04 4B %] B APY FA2FY $95% §277

A A &(removal rate) 2 A Z-&(removal efficiency)(F
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008

0.5 cmy's ® 05cans
o 1 am's 0 leoms
’ 5 cm/s ] v Sas

0.04

il g

® 0

Removal rate of TN (g/gDW/hr)
Removal efficiency of TN (%)

Felizd T T T T T 0 T T T T
5 10 15 2 3 0 35 5 10 15 20 -3
Dry Weight (g/m’) Dry Weight (g/m’)
10 10
© o 05ans ® 05cms
< 1ems o o loans
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E ’ { v Scmls < ° v Sans
2] Q
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= —
= 61 S 54
=) z
Z £
>3
S 4 £ 4
; @
L E
o =
g 24 E 2
0 v T § —— T T T o T T T T T
0 5 10 15 20 -] 30 3B [} 5 10 15 20 S
Dry Weight (g/m’) Dry Weight (g/m)

(248 58] A2 & FEodA AEF W& AdY FEAxF FH49 2

2~
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Removal rate of NO, (mg/gDW/hr)

038 4

06 4

024

Removal efficiency of NO, (%)

T T T T
5 10 15 2

Dry Weight (g/ni’)

15 20 =] 30 3B
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Removal rat of NH, (mg/gDW/hr)
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Removal efficiency of NH, (%)
3

[19 59] N2 TE 454 A2 S| Gg A}
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Dry Weight (g/m’)
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[23d 510] M& T8 fF&or AEF B A FazFe

THALLTHF AAS(removal rate) L A A & & (removal efficiency) (

2002\d 9¢)
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[1" 511) AR & F&dA AEFd b ARSI BRAZFY AT
A A & (removal rate) R A A & & (removal efficiency)(FFE2 2¥, 2002 99)
U ol FEF e AAZE B

Fotga gFd AA SR BANA L£EF/NIHY Fak olAUNAHEHE A3
St S 7ol whek AlA Gl Frtste AES Uehd v, F Aa] A

S7tel mE AAEY F7he B8R FRAHY 512). FUAL F3F
o] 27t8 YEA ¥Rkou DIPE Hetgo] Frige wet AAgo] FHaA F
7b st AEE JUEEt RaE St wE §E¥dHe JFEFNNOs-N, NHz:-N,
DIP)8| AAE F7te A" Ul £&3xF9 F5d o3 AR A9 5 o, o
28 dAEEH] AYAF(TN, TP, SS)olA RatFa AAE 7he] YA F B o
UEhA] e AL Aady A4 Fee dLgFe dREEol 2 velA AARA
= AWM ety g2 fgRstEel did AALELE A BA AR &

54 AL F Y Yo 9L BE Ao 44 & Utk
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SS removal rate (g/gChl.a/hr)
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-t

L EEFGA HE7sd AGASTH el

FEACY H48 F A A8 AARRTEY APFARARF FEADY %9
AAZEES B LY HE 6.1). RHZF FRA =AM Fae Jf AAEZEL TN
°] 2.0gN/m'/d 1A 3L TPE 0.3gP/m/del Rt olol] w3 vlw® W& AAHe FXE 8
T §A BAME Fa Q AAL) 47 0.1gN/m/d% -05gP/m'/d= FHH A
07 2 AALS REoH, AP T YA EFHFANGF2Y BARFZAAFR
Agoe A AALEL 9T Ao A AALE 42 017 06gP/m/d ol &4
HEAAFZAM Y Q AALE Astne AR A4 FHNA FAXF FEA LY
FEAYY HET F e AT ES vud Z&e] A YEFEN 587 F
Hol Ao ShA o] A A=A

(£ 61] A2t $HEY &8 H=

AA L COD TN TP 7714
A+ A ghuky (g/mi/d) (g/m'/d) (g/m'/d) (g/m'/d)
AFHA 0.1 0.1 -05 -

21 A 4 3} A] 2 © (Bio-Park) 2.8 0.6 0.1 -
P EASE 17.3 ~1.7 0.1 -
LAREZAAFZ2 18.7 -0.2 0.6 -0.2

Hzze 2001 10¥ - 1.7 0.2 0.01

A2 2002d 59 - 2.2 0.3 0.05
(B a4+ B - 2.0 0.3 0.03

HlEAE FEE, $H8F TR AFAGRIA, 2000.
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Abd ol 100m el ZA AAEHAY. A W@F 5500m' e FAd HxHJen F4
2 10cnE FASIT AL 2 22 19993 99 27 ZAA Ao EEFo] 3.2ke/
m, £& 28kg/mol Gtk B AToNA o] 4@ BAZRFA2HY AXHEAHL HAA w2
EUAS v & dE EAHEAATEN HEAA] BHH 567m (2AH) T 2837
m(FA) T MR w) e He WHo] Aok BFstu E&F SFHAA & A
AFTY v we TA e AHAR w- o AdAHA FHoz AAHAUHE

>
ot
BN
it
rr
4
o
ja)
=

(i)
L
S
3

Lt
OH'

_%L

[£ 62] AAZ AT dAE AdAgeHe A%

rEETT HEA 43 A
2+ A 3)uk E 27
cRe g Z () Z1 0] (m) Z(m) 4 o] (m) (m)
EFREAATE
244 |10 100 9 70 0.1
a3 6 100 4~5 70 0.1
SRR
ENe 25 61.2 2 40
S 5,500 m* - B .
FHEFFEA LY 3
(& a7) ° ” - -

L AAE 2 B EAste2 F 149 A

2. 24" 79 Buy

3. wide] gy ez HITH 04mES H &3 Aeh
HloAts 548, FE8F FAME ANEAR R A, 2000,
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AARHEY FoIA MLA §AT TP 12T ¢ AE w4 AUAW AAHE
YA FAAED AR HZFY GFGAA 122 N T U(E 63), A2 B3
Aejst zdo] e 4FolAW, @Yol A48 AFHRAZRA 4T JFD A
&0 B A02 etk #4498 sted AYLgo) & ulas Mwstd, TN
o 354, TP o 14%) A=e] £ Yehiith A3 A2 27}
N4 pilot 2 T vwekA Aaol A o 1008, A9 A5 oF 5000 Fe &
£ et Pilot$ 214 ¥& 9FPos A RHEF 4BFol 9 ERY A

& el JEF BAE F23 G0 ou RoldSE oy RREFY GYT
I9Y FFES WY F AT olAP olfE BIZ FHHE FAYB w3 AR
B RAZRE AU 2579} 0l 239 JYPe AR AANA FFe0 BE
otk BARNT A% Y20l WE AALLY & Aol BANEH FHHFH ¥
Az 7ol AAd 27HE WA Aojo] J]AE Ao 4AY + ek wTH He W
Aol ® BT £ HBFS AAY & AoH, oA g WS Fe A
dTHFIE $R2FALG FHoE 7 T 5 A

(£ 63] AM3H BH=F R FYNEY 449 AAL vin

2
Wy 4= i AA-&(g/m’.d) —
AV BEA2FH 2,800 (pilot+=) 81.6 (pilot+=)
Colhibw) 1044 (BF =) 22 (3FT=)
Zg 0.2-05 0.029-0.078
1)) 0.09-0.19 0.009-0.029
253 0.01-2.7 0.03-05
A 0.066-0.082 0.005-0.008
NI RE 0.006-0.072 0.001-0.011
N2 gk 0.2-0.6 0.038-0.119

HEAR © FES, 1998 A 1 3] FEA JEY,
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/s8] FEANE AR H2F 4L BT nusd & AT 249 2y
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10cm/s$t 15cm/s & oA o] e o] Aoz 2 bom/s H&olxe 44 A&
FERO A UEET AVEAE FRER Aol 45 Hd 3¥€9 Pilot FE ZHAA %
ZHe] F&o mE AMGAY BAEFY Zol 4FE Ba 10, 15a/s FELE 2HE F2
oM d4F 8YA N 100cnBE=7HA] Ao] AFE & v Sen/s &2 ZHE F2
M e 15em =R 50 ot dizk 6u) ol Aol BAT wEbd AR F=
7b wFelM Aol A% e AEFE FA87] AdAE A 10an/s ol F50)

q4a% 3oz g},

nE

Goode BE =] L AAS 4R

l

€ 479 Al €852 2PN A REZFE AA A 59T dgdA A2

i 4 52 43S Jeldth Thomas and David(1983)¢] wawd mjdo) u}
€ FRZFY ALEL dFAL HA(EF2E Ax48)9 AFAHY w2 (=4 E)

%o A Uetue A71H Aole YAT I ¥ A7 e vl AF¢E YE
Ao Bug out g, il fHe] ARAY fnyd Al gE 2AxF AEFY J
ol A & Aoz ¢#A YUvHGoldsborugh and Hickman, 1991). 22y} & 38
o] s Aoz HAd AANFLH A vido] BEYFH £P o XY
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Azt gde) e Wa ¥ 4FFE dehd oy, e B

oz e vpde HA Gl AR FRRE RAT 4ol

A AR FE 2719 dde i Alz=dldA e AME AR &
HzxF) A4 FAGA ste SHA u2 dert Ak A HAE FdF W

242l sEo AN RRxFe] A4EE 2P FHEF 4P T F
E fd ofd) 248 & ATk HU5 U FHED A2 5UF 2 BAIAN

B4 oldd BANAE el FRL FH =7k T vpdo] HEFE Rol ui
Aan. o}F sgol m3 AAY £ 5AL wole FHANE FA2FI Dol 4

Auchs dEe] YU 42T YAHDE olR e WAl E AAY AL

FrERNM ARGFEeE Jehve A FF2F] e A

HAAA FdFd QA FE/F FARFE AMEY FEERF AFE
Sy HAFE M E o o) AEF Frte YEA S &
N}RAzFe AEF 4L F 5 £E2F771 =7 0.35m/
£, %2 FEE 1omg/ 4 Y Wt AEFe] Ayt He AR TERZ AAHAR(ZH 6.1).
Horner (1990)& &2 % A% rlde $2%72 v29 4 e A70M #%
of ;& RaAzFo 4gFol 10/ ol E Fridte AT RAoH, 2 o)

EFA FEAAE AEZO) T AFE YA @& Aog BIAY. olH
Zo]= Horner (1990)7F B&el AHE3 §EF7IQ 58 A 40/ 2 & AT A

]
o
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B AT ARAAERZFY O AALL G2 2do] U BY F5F Y= FA
gl Frtete A2 UEdt 4 05~5a/sEHAAM F AAE AT B
5ol 5em/sel F&AA FFD AA&ol 7Y EA UEtyth 05~56en/s F5 ¥
FFZFFE APQAM S2F7IADIPIY AAEE ba/s FEAM HH 127nmg
P/gChla/hr& YEtW I, 5~15em/s F+&5¥ A9 Pilot 2P AME 10cm/s F5AA
1.19gP/gChla/hrZ 7v% %8 DIP AAL S B4t S+2HEY Pilot 2944 DIPY
AAE) XD o)frE FHEFY HFol FUAHOE Fgtow, DIP F3Fo] 3
4.19g/hr2 F42 026g/hroll B8] 208) o] =T FEFe wWE GHVHY YEF
of o3 DIPe] AMAE Eg Ralde] 5248 &/ vewr] dEd Aes gddd.
e A7dE vu g 9, 10~50em/s BN &0 w2 DIPY A7 &L 48em/s
Fr&ol A 7Hg ¥ 29mgP/gChla/hrg B9l 3 (Horner, 1990), 5~15cm/s #& oA DIP
AAEL 15em/s 5ol A 196mgP/gChla/hrg 7V =& AAEEE BRANFTH H
1999).

B AT A Mg £EF7¢ FE BE J AALLE do] e AHE
AP 279 o] TR AHYES AP FA2FY B BFAA £E77IQD =7}
ESTE AALL T e AEE JEHHIY 6.2a). U5 A FE WE A AA
&L QA T S0ug/ LA BEol 7 A JEMRTHIY 63). AEFH A AAEY
BAE AEe AR A U SEEY e gEse vl FH2FI FH
AAstE 2719 Ad E293tA Yelu s, Horner et al.(1990)€ £&% 710 =71 0~50
pe/ 2 AN E QA BEI F/HESFE A9 AALLE Bl S 21T v Ao AHE
g AxF9 443 o Eo] A sjEV AW, 5 <o) Az FAA ol &=
7] e MiEY FAFE FH3 ok 319 (Stevnson, 1983), ol# ¥ FAZFE T ¢
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At oA AGHRAZFIL Aol 4 stol hES Y] A wAdME 24



0.1 ppm

0.5 ppm

1.0 ppm
.

«‘
0 8
-~ <

o )

(1y/e gD 3ni/gdr)sseworg el ayeydn J1q

0.06 o
0.04
0.02 A
0.00 +

0.4 0.6 08 1.0
DIP of Inflow (mg/L)

0.2

0.0

)

0.1 ppm
0.5 ppm
1.0 ppm

L J
o
v

©
S
o

T
o
<
o

T
=
<

0.05
0.03 A

o

T
-
<
o

o
o

o

(ayyeyD 3/ gdr)ssewmorg e axeydn J1q

0.4 08 08 1.0
DIP of Inflow (mg/L)

Q.2

0.0

(29 62] AWM FEEoM §E&EF71ADIP) F=%

o] DIP A A

AxHF, b A4F A Aol

-

o
oo
‘_ﬂo
i
,Mo
)
i3
‘ZM\O
il
ood

o

o

ol

b
o

a)

op

wE

"
-

B

- 227 -



o~ 35
=
8 ® Scm/s
= 304 v
5 O 10cm/s
-1
£ 21 v 15cm/s
o)
g 20
N’
]
]
g 15 ©
2
=]
T 10+ . i
v
g 9
] 5 4
§ °
& of 8 ® o
=
Q ¥ T T T
0 50 100 150 200 250
DIP in Inflow (ug/L)
35
<
S 0 v ® Scm/s
5 o  10cm/s
[T}
2 25 v 15cm/s
=
&
g 204
Al
2
’E’ 15 4 °©
2
g 1 . *
1 v
g ')
@ 54 o
3 . ©
2 ] v
& o vy 0O
-
o
=] T T T T T T
0 50 100 150 200 250 300

Biomass (mg chl.a / m’ )

(28 6.3] Pilot 2 Ao S22 7|AMDIP) 559 GHAEZF AR Z2
79 DIP A|AE

- 228 -



o f5U Ad, Q) $Ed B2 $HEF 24 U 349 A ¥

TZA g Bhe FHE (%S Fax T2 S wek A4 BIde

Bolz ggkon, Fxel Fuglo]l AAHoZ 08~22% HHY &g e =A
Pol Tx7t bl wet 43t FUbele B S dEbHeH,
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279 4% FAN dI9F, 4, 78 - FETH B4, 4 £ 2H4H%E g
M JYE FRAIME AEAY 870 Hsta AuA el 7Hg 2¥E A4
ol o3 AA Dt (Wetzel, 2001). I¥td o2 ZF Ao Ao HA AL/Y v &S
A2 10~20(4 A1 & 16; Redfield, 1958)2 <3 A dot. AA v &L 7|Fo2 Rz
Fo 449 Q9 o482 g 3 5 o, 24N £3E F29 A9 T W3
SA4 @t F95 U TN/TP vlol] @& 24 o A2 7S #95 W TN 5=
of & A W &9 ZA&FHA vsdtA vdehd vhd, TN/TP Hlol @ 24 i d9
THE&S TN/TPY ¥7} 208 =744 = 24 W A9 FH&ol & Aole ddoy o
Foll Zaste AFe Jedti (Y 65). YT A4 w29 TN/TP o Zd#glo]
Ao Ao AT FHEF AU A T St & =AUl A FF Fohet
e TN/TP F7tl whe 2 W 1 &9 2Zas 8 Al2do] A8 #3449
A AgE o} o) A HAE B2/ HlEdM RF2F AEY Q BAHFo]
718 g3, Aol HlE i FE/F AUHLZ FolAW BEAZF AXY A FHFo]
Astd S AAEY B i ulE AR RF o3l T4 Wert duHe
2 F& AApe
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nazg 423 99D AALS

BAzF A2dda GFde] AALRE AALS(%TY dHBAT AEFF 7
e AA&Z Frietgeh. TP, DIP, TN 133 2 /83 To] A& Fo] Frtol wat A

k-3 F718te Aoz veygt TP, DIPY &% Z7te) B Ao AAREE 4
E o] o 10gDW/m A=A Z+zh 14%, 56% A1, TN 13%, ¥ FE2L2 Hd 32%
2 ZAEATHIY 56~510). AE] ST} ¢4 Ul dUde Fu3 dAso] 72
Z2F U AAEL vjdo) 2F2F7 B3 4Fste 271949 A dEERTH(IHY 66)
(Horner et al., 1990).

FE£% Y9G AAEZEHY BANME FH] HEFE AEF BE AAZEE
EA JeEgt(a¥ 66). Pilot +29 20mEE G Azt @& g AALLS 4
Fol BRw 10cm/s(19.6mg/m’), 15cm/s(23.6mg/mHE ZHE T2oA 27
& AAEE Uedh f% Z7te @4 AGEARFAEF AEF FUH wet dEde
AALE(%)E dutd oz Z7Aste A JehlA T, 44 BAEF ol e AAR
&2 717 B9tE A @ Ao 4w A UtH(Vymazal, 1988). A E & widdd 5%
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F2F 43 /M HEE Aoz ded f43 mAolHd 10en/s, 20mnE Tl A <
Ao e ARBEFH S-S B 7B B4 vERtHad 67). 484 A E
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1. Pilot 2 (November, 2000)

Time Mesh  Drychlorophyll et PV pona nchla
(days) size  Weight a /Chl.a
(mm) g/m mg/m’ mg/m’ mg/ m' mg/mg mg/mg mg/mg
8 10 61.4 0.98 0.74 1.00 62.7 0.76 1.02
20 40.2 0.62 0.69 0.80 64.8 1.11 1.29
12 10 83.1 0.97 1.05 1.02 85.7 1.08 1.05
20 52.2 0.96 0.62 0.68 54.4 0.65 0.71
15 10 136.0 1.54 1.75 2.06 83.3 1.14 1.34
20 81.9 1.07 1.12 1.37 76.5 1.05 1.28
20 10 189.6 1.18 1.72 2.70 160.7 1.46 2.29
20 184.5 3.73 1.97 2.80 54.75 0.58 0.83

2. Pilot &% (February, 2001)

Time Mt D chlorophyll o o Nin PW ' p/chla  N/Chla
(days) size Weight a Cell /Chl.a

(mm) g/m g/m g/m g/m' g/g g/g g/g
4 10 24.0 0.13 0.07 0.29 184.6 0.54 2.23
20 89 0.14 0.05 0.11 63.6 0.36 0.79
9 10 23.0 0.08 0.03 0.13 2875 0.38 1.63
20 149 0.12 0.08 0.14 124.2 0.67 1.17
14 10 19.3 0.15 0.06 0.28 128.7 0.40 1.87
20 18.0 0.19 0.11 0.28 94.7 0.58 1.47
16 10 55.6 0.47 0.06 0.78 118.3 0.13 1.66
20 355 0.34 0.12 0.45 104.4 0.35 1.32
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3. Pilot % (March, 2001)

Standing Crop

Incubation Water

. . TY Pin Nin DW
;I(‘;::j \/'(ejn(l)/csl;y Weight Chlorophyll a Coll  Cell /Chl.a P/Chl.a N/Chl.a
g/m’ g/m g/m'__g/m’ g/g g/g g/g

5 65.6 0.8 0.3 1.0 80.7 0.35 1.20

2 10 126.5 14 0.7 1.6 91.0 0.47 1.13
15 1174 1.9 0.6 14 614 0.29 0.70
5 147.4 2.8 0.8 2.8 52.1 0.28 0.98

4 10 293.0 10.1 14 54 29.1 0.14 0.54
15 232.3 6.3 1.1 3.8 37.2 0.18 0.61
5 162.6 3.2 0.7 1.6 516 0.22 0.52

6 10 370.1 10.8 1.1 37 34.1 0.10 0.34
15 283.1 10.8 1.3 2.8 26.3 0.12 0.26
5 172.8 5.2 0.8 2.8 33.2 0.16 054

8 10 460.8 11.9 20 8.1 386 0.17 0.68
15 343.6 12.7 16 5.8 27.0 0.13 0.45
5 186.3 2.6 0.8 14 70.4 0.32 051

10 10 572.0 25.3 24 5.0 226 0.10 0.20
15 434.1 19.9 2.1 47 21.8 0.10 0.24
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4. Pilot &% (July, 2001)

Incubation Velocity

N in

P in

DW

Time Chl.a Cell Cell /Chl.a N/Chl.a P/Chl.a
(day) (em/s)  g/m’ mg/m’  mg/m mg/m’ mg/mg
5 43 11.0 476 33.3 390.9 4.33 3.03
1 10 6.1 196 80.9 509 3112 413 2.60
15 10.0 23.6 1237 771 423.7 5.24 3.27
5 154 56.9 164.8 1684 270.7 2.90 2.96
2 10 43.8 91.9 471.3 354.0 476.6 5.13 3.85
15 418 98.6 537.7 306.8 4239 5.45 3.11
5 17.1 420 3788 193.8 407.1 9.02 461
3 10 66.7 2011 11972 6212 331.7 595 3.09
15 45.1 162.7 860.1 442.8 2772 5.25 3.11
5 179 483 294.7 234.9 3706 6.10 4.86
4 10 81.9 2839 14099 690.7 2885 497 2.43
15 63.0 1842 12837 710.2 369.2 6.67 3.86
5 10.0 23.1 1072 86.2 432.9 4.46 3.73
5 10 68.8 2100 11462 5414 3276 5.46 2.58
15 66.1 1773 12516  557.0 372.8 7.06 3.14
5 43 94 61.7 29.3 4574 6.56 3.12
6 10 19.3 69.3 299.8 170.0 2785 433 2.45
15 18.0 48.8 299.5 184.8 368.9 6.14 3.79
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5 AW 342 (August, 2001)

Incubation

N in

P in

DW

Time Mesh DW Chl.a Cell Cell /Chl.a N/Chl.a P/Chl.a
{(day) g/m mg/m  mg/m  me/m’ mg/mg
A 3.0 125 34.0 134 197.4 224 0.88
9 e 77 38.3 102.6 336 201.0 2.68 0.88
Az 0.0
Ejo] 2 0.0
A 57 25.7 117.3 24.0 2218 456 0.93
4 CRal 99 456 1918 423 217.1 4.21 0.93
Az 0.0
Elol & 0.0
7 7.2 355 1207 305 202.8 3.40 0.86
6 GRS 123 684 2017 542 197.8 295 0.79
Az 0.5
Efol 05
A 8.8 39.1 1504 344 225.1 3.85 0.88
3 A 14.3 633 2494 589 225.9 394 0.9.3
2z 15
Elo] & 1.0
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6. 2 (August, 2001)

Incubation

N in

P in

DW

Time DwW Chla Cell Cell /Chla N/Chla P/Chla
(day) g/m  mg/m mg/m  mg/nd mg/mg
Inlet 94.0 61.0 97.1 78.9 1541.0 129 12.9
2 Middle 28.0 27.0 23.3
Outlet 6.0 4.3 5.7 5.0 1395.3 13.3 11.6
Inlet 101.0 94.8 1308 104.1 10654 13.8 11.0
5 Middle 440 455 544 39.3 967.0 12.0 86
Outlet 8.0 10.3 8.0 6.9 776.7 78 6.7
Inlet 84.0 685 1495 812 1226.3 21.8 119
8 Middle 14.0 11.0 23.7 134 12727 216 12.2
Outlet 7.0 5.8 11.9 56 1206.9 205 9.7
Inlet 88.0 59.8 67.4 70.3 14716 11.3 11.8
11 Middle 8.0 5.0 90.0 58 1600.0 18.0 116
Outlet 2.0 1.3 2.3 14 15385 17.7 10.8
Inlet 554 487 38.8 314 11376 8.0 6.5
24 Middle 3.9 3.0 2.3 23 1258.1 74 74
Outlet 1.0 0.9 9.5 8.4 1111.1 10.0 9.3
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7. 5% & (October, 2001)

Incubation Velocity — pyy oy, N Pin DW ' NfChie  P/Chia
Time Cell Cell /Chla
(day) (em/s) &/M my/m  mg/m mg/m’ mg/mg
Inlet 23 47 443 92 489.4 9.43 1.96
1 Middle 18 47 269 102 383.0 572 217
Outlet 27 81 410 93 333.3 5.06 1.21
Inlet 41 36 310 155 11389 8.61 4.31
2 Middle 26 49 344 121 530.6 7.02 o247
Outlet 18 15 182 72 1200.0 12.13 4.80
Inlet 37 98 717 155 3716 732 1.58
3 Middle 24 52 378 87 4615 7.27 1.67
Outlet 9 22 141 40 400.1 6.41 1.82
Inlet 30 30 375 99 1000.0 12.50 3.30
4 Middle 18 37 317 8 486.5 857 2.30
Outlet 15 23 237 93 652.2 10.30 4.04
Inlet 22 56 416 92 392.9 7.43 1.64
5 Middle 10 21 213 48 476.2 10.14 229
Qutlet 19 37 463 72 513.5 12.51 1.95
Inlet 15 24 218 56 625.0 9.08 2.33
7 Middle 8 15 174 51 533.3 11.60 3.40
Qutlet 11 18 239 48 611.1 13.28 2.67
Inlet 25 80 664 89 3125 8.30 1.11
10 Middle 4 18 86 29 2222 4.78 161
Outlet 12 51 282 74 235.3 5.53 1.45
8. Pilot &% (November, 2001)
Incubation ' ) DW
i DW Chia NinCell PinCell N/Chla  P/Chla
(day) g/m mg/m’ mg/m mg/m’ mg/mg
2 1.3 3.0 114 82 433.3 38 2.7
4 29 11.0 31.7 36.6 263.6 28 2.4
6 59 15.2 54.3 39.9 388.2 36 26
8 88 36.1 95.8 80.7 2438 2.7 2.2
10 12 439 1145 83.7 273.3 2.6 19
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9. Pilot =2 (November, 2001)

Incubation DW  Chlg 0@ FPm DW' ' \chie  P/chia
Time Mesh Cell Cell /Chla
(day) g/m mg/m'  mg/m mg/m mg/mg

10mn 2% 6.5 24 84 24 270.8 35 1.0

1 20mn A 7.1 30 85 27 236.7 28 09
Av 6.5 9 33 23 722.2 9.2 2.6

10mn E9 7.8 33 108 35 236.4 3.2 1.1

2 20mm A 8.1 32 92 37 253.1 29 1.2
Chin 59 17 63 24 347.1 3.7 1.4

10mn H 9.2 20 109 42 460.0 55 2.1

4 20mn A+ 116 39 152 54 2974 39 14
GRS 8.0 19 91 31 421.1 4.8 1.6

10mm d% 95 60 108 42 158.3 1.8 0.7

5 20mn A% 130 53 147 58 245.3 2.8 1.1
RN 109 26 140 50 419.2 54 19

10mn Hg 10.6 45 106 49 235.6 24 1.1

7 20mn B 138 35 209 64 394.3 6.0 1.8
RS 9.2 20 130 40 460.0 6.5 2.0

10mn Y 112 51 157 46 219.6 3.1 0.9

9 20mm A 14.1 43 200 63 3279 4.7 15
AR 77 26 87 32 296.2 34 1.2

10mm 3% 118 48 149 53 245.8 3.1 11

11 20mm A% 134 52 198 60 25779 3.8 1.2
China 6.0 28 87 24 214.3 3.1 0.9

10mm 2% 11.1 33 126 50 336.4 38 15

13 20mn H 9.7 35 154 43 277.1 4.1 1.2
As 6.1 20 82 27 305.0 4.1 1.4
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10. Pilot &% (March, 2002)

DW Chlorophyll ¢ N in Cell P in Cell
Time 10m  20mn o 10mn 20mm A 10mm 20mm A+ 10mm 20mm A
(day) _®%  mw “"°  Hor w@w w Hy @3y ¢ Hg 3% @
g/m’ g/t g/m g/
2 2542 1142 1724 038 013 0.30 026 013 0.16 022 010 0.14

N

3861 5097 2026 049 078 0.24 047 066 018 032 041 018
6 12478 1785 4933 284 340 1.14 181 258 064 101 150 040

DW / Chl-a N / Chl-a P /Chl-a
2 66.89 87.85 Hh4.47 068 100 0.3 058 0.77 0.47
4 7880 6535 8442 0% 08 075 065 053 0.75
6 4394 5250 4327 064 0.76 056 036 0.44 0.35

11. Pilot =2 (March, 2002)

. Dry . . DW
Time . Chla Nin Cell P in Cell N/Chla P/Chla
(days) Weight /Chla
g/m g/m g/m g/m glg
2 47.54 0.32 0.57 0.60 147.1 1.76 1.85
4 58.41 0.23 0.70 0.60 250.0 2.98 2.58
6 86.51 0.55 1.24 1.03 158.7 2.27 1.89
8 150.80 1.04 2.34 1.78 144.9 2.25 1.71

12. 49 W< 438 (April, 2001)

Chiorophyll. a (ug/#)

Incubation
Time Oedogonium Rhizoclonium Spriogyra
(day) 005 0.1 05 1.0 005 01 05 10 005 01 05 10
mg/ 4 mg/f mg/f we/l we/l wg/l wg/f wg/f we/f we/f wg/4 wg/ ¥
0 1013 987 961 909 623 494 494 649 935 935 987 1013
2 1234 1883 1558 1299 325 520 389 844 1286 150.0 1429 188.3
4 1688 2533 3182 2403 714 1104 779 1494 1494 168.8 246.8 305.2
6 1721 2825 3734 4708 844 942 2175 3182 2305 253.3 327.9 331.2
8 1883 2987 5292 607.1 146.1 1656 360.4 409.1 2955 360.4 363.6 513.0
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13. 553 (September, 2002)

Time Dry Weight Chl., NinCellPin Cell DW/Chla N/ Chla P /ChlLa
(days) g/m ng/m’ mg/ ' mg/ ' ng/mg
1 5.61 0.09 0.08 0.01 65.96 1.07 0.13
3 7.72 0.13 0.15 0.02 58.79 1.11 0.14
4 12.71 0.16 0.21 0.03 77.16 1.30 0.17
5 30.51 0.36 0.39 0.06 88.54 1.09 0.17
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1. Pilot &% (November, 2000)

SS TN NOs TP DIP Temp pH Cond.
Date ‘
mg/ £ ng/ £ STD g/ £ STD ng/ £ STD mg/ £ STD uS/cm
10.28 10.0 184 0.28 05 0.01 04 0.01 0.23 0.01 20.0 7.60 573
116 8.0 27.1 0.06 29 0.01 14 0.00 0.63 0.00 19.0 7.20 544
11.10 6.3 24.4 1.19 2.1 0.02 12 0.02 0.61 0.00 19.0 8.10 598
11.13 53 273 1.22 44 0.03 21 0.03 1.02 0.00 180 7.90 559
11.15 7.0 269 0.32 2.8 0.04 1.0 0.00 0.48 0.00 18.0 7.40 575
11.18 50 225 0.23 2.8 0.00 0.8 0.00 0.55 0.00 17.0 7.30 557
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2. Pilot %2 (February, 2001)

SS TN NOs NO2 NH4 TP DIP Temp| pH | Cond
Date
mg/¢ | mg/2 | STD | mg/#¢ | STD | me/#4 | STD | mg/# | STD | mg/# | STD | mg/ ¢ | STD T uS/cm
212 05 | 405 | 009 | 057 | 0000 ] 017 289 | 076 | 073 | 0.007 | 059 | 0.014 6 7.3 138
213 140 | 450 | 000 | 042 | 0002 | 0.14 | 0001 | 337 | 1.13 | 153 | 0071 | 096 | 0007 | 10 728 | 145
2.14 60 | 455 | 000 | 051 [ 0004 | 016 | 0002 | 349 | 010 | 124 | 0004 | 086 | 0025 | 11 775 | 7855
2.16 25 | 440 | 000 | 041 | 0012 | 014 | 0002 | 343 | 399 | 065 | 0082 051 | 0004 | 10 76 661
217 150 | 404 | 000 | 049 | 0002 | 017 | 0003 | 294 | 083 | 099 | 0014 | 053 {0004 | 10 7.2 661
219 230 | 382 | 000 | 058 | 0002 | 019 | 0002 | 259 | 170 | 0.70 | 0149 | 020 | 0.000 | 11 7.2 779
221 80 | 327 | 022 | 043 | 0010 | 014 | 0001 | 260 | 007 | 046 | 0.004 | 003 | 0004 | 12 7.2 612
223 25 | 302 | 000 | 013 | 0000 | 006 | 0001 | 251 | 002 | 060 | 0014 | 0.38 | 0004 | 12 75 691
2.26 70 | 375 | 001 | 019 {0000 | 0.08 | 0001 { 257 | 191 | 029 | 0004 | 0.10 | 0004 | 12 7.3 629
2.28 70 | 257 | 0.00 | 068 | 0008 | 023 | 0.002{ 180 | 057 | 052 | 0021 | 026 | 0.007 | 10 7.6 530
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3. Pilot % (April, 2001)

SS TN NH, NOs NO; TP DIP Temp | pH | Cond
b mg/£ | mg/& | STD | meg/# | STD | ug/L | STD | ug/L | STD | ng/¢ | STD | /¢ | STD T uS/cn
418 § - 312 | 089 285 0.32 273 947 | 531 0.00 036 | 0007 | 018 | 0015 | 180 | 7.20 | 707
419 | - 321 0.39 249 0.32 19.7 1.89 | 481 0.00 033 | 0000 | 015 | 0000 | 190 | 742 | 704
420 | - 315 | 086 | 308 062 | 216 | 757 | 464 | 000 | 044 | 0000 | 025 | 0000 | 190 | 754 | 713
422 | - 268 | 442 251 047 178 | 379 | 311 0.00 048 | 0007 | 028 | 0004 | 190 | 744 | 695
424 | - 355 212 | 341 0.27 197 | 1325 | 625 | 085 | 039 | 0007 | 020 | 0004 | 190 | 750 | 658
426 | - 30.1 045 | 277 1.61 159 | 568 | 565 | 000 | 032 | 0003 | 015 | 0000 { 190 | 718 | 626
428 | - 318 0.84 282 0.17 178 | 000 | 523 085 | 038 | 0010 { 0.19 | 0.000 - 746 | 647
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4. Pilot &% (July, 2001)

SS TN NH,4 NOs NO2 TP DIP Temp pH Cond.
Date ,
mg/4 | wg/# | STD | mg/# | STD | mg/ ¢ | STD | pg/2 | STD | me/ ¢ | STD | e/ £ | STD T uS/em
7.17 30 172 | 022 | 152 | 037 | 015 | 0002 | 162 | 016 | 040 | 0029 | 703 | 0.00 20.8 7.18 542
7.18 4.3 189 | 004 | 166 | 017 | 023 | 0.000 | 236 | 033 | 029 | 0004 | 556 | 0.00 23.0 7.17 564
7.19 7.0 227 1 009 | 195 { 032 | 019 | 0012 | 193 | 000 | 054 | 0004 | 999 | 0.00 235 7.19 629
7.20 8.3 198 | 017 | 204 | 007 | 013 | 0008 | 106 | 016 | 061 | 0.008 | 1172 | 0.82 26.0 7.19 585
7.21 107 | 231 | 148 | 212 | 380 | 011 | 0002 | 108 | 0.00 | 1.01 | 0.016 | 206.8 | 0.00 250 7.10 609
7.22 5.3 174 | 082 | 162 | 013 | 054 | 0002 | 739 | 000 | 018 | 0012 | 219 | 082 256 7.05 490
723 40 142 | 000 { 129 | 037 | 065 {0002 | 754 | 016 | 033 | 0020} 630 | 0.82 26.0 6.90 357
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5. ¥4 % (August, 2001)

SS TN NH3 NO3 NO2 TP DIP Temp| pH |[Cond.| DO

Date

mg/ ¢ | mg/l | STD | e/ ¢ | STD | pe/# | STD | pg/# | STD | pe/#¢ [ STD | ue/2 | STD | T uS/cm | me/ 4
8.20 175 1.7 002 | 343 | 041 | 2626 | 000 | 378 | 0.00 | 1735 | 164 | 608 | 0.00 - - - -
822 150 16 000 | 128 162 | 974 1.74 104 | 017 | 1554 | 164 | 420 | 000 | 270 | 9.36 - 65
825 23.0 16 0.01 112 | 081 174 | 1.74 28 000 | 1571 | 000 | 420 | 000 | 278 | 94 (1676 79
8.28 265 1.7 003 | 205 | 446 7.0 522 38 000 | 1554 | 000 | 413 | 067 | 272 | 974 | 1609 | 88
8.31 185 16 013 | 813 | 041 | 226 | 000 | 319 | 000 | 1391 | 000 | 326 | 000 | 272 | 945 | 1603 | 80
9.13 10.7 15 000 | 1279 ] 000 | 1443 ] 1043 | 621 | 0.00 | 1141 | 2.32 191 | 000 | 258 | 893 | 1654 -
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6. ¥+ 2 (October, 2001)

sS TN NH;4 NOs NO; TP DIP Temp| pH | Cond. | DO | Vel | %
Date
ng/ 2 | ng/€ | STD | ug/ € | STD {pg/ ¢ | STD | pg/ ¢ | STD | ug/ € | STD | g/ ¢ | STD| T uS/cm | mg/ £ | en/s |umo/m’
10.08] 165 | 1.38 | 0.04 - - 626 | 3.35 - - 13701 0.78 7.9 000 | 220 | 915 1585 1240 58 |431.3
10.09] 150 | 1.29 | 0.02 91 445 | 342 { 167 | 11.1 | 0.00 | 1284 0.00 8.8 073 | 182 { 748 | 1456 | 7.80 - -
10.101 200 | 144 { 028 | 1172 | 198 {1999 000 | 432 | 0.35 | 1403 000 | 234 | 220 | 176 | 7.31 { 1196 | 8.80 - 429.0
B
1011 170 | 141 | 005 | ND | 000 | 459 | 335 | 156 | 0.00 | 1358} 0.00 838 073 | 17.7 | 757 | 150.7 - - -
1012] 230 | 1.34 | 0.10 71 247 1 643 | 837 | 163 | 035 {1305 0.76 | 103 | 073 | 173 | 790 | 1524 | 9.40 - 161.0
1013} 155 | 141 | 0.03 31 346 | 409 | 167 | 145 | 035 {1274 0.76 8.1 000 | 168 | 7.25 | 1486 | 8.67 - 1233
1015 125 | 144 | 031 | 654 | 246 | 69.3 | 3.35 9.7 0.18 | 111.11 151 | 109 | 147 | 172 | 761 | 1532 | 847 54 12530
10181 110 | 141 | 026 | 812 | 443 | 676 | 167 | 93 | 018 [ 983 | 0.75 | 87 | 073 | 147 | 742 | 1447 | 865 - -
o
10221 135 ] 1651 000 | 659 | 000 | 470 | 000 | 72 | 018 | 976 { 000 | 65 | 000 | 161 | 7311 1534 | 7.09 - -
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. Pilot &% (November, 2001)
SS TN NH4 NOs NGO, TP DIP Temp| pH |[Cond.[| DO | Vel
Date

ng/ ¢ | mg/ 4 | STD |me/£ | STD {mg/ € | STD | pe/2 | STD | me/#4 | STD |mg/2 |STD| T uS/cn | me/ £ | co/s

11.06 48 | 250 | 003 | 238 | 0.00 | 1.09 | 0.00 {1280 | 650 | 047 | 001 | 047 | 001 | 193 | 718 | 614 - 10

11.07 53 | 275 | 000 | 269 | 020 | 158 | 0.02 {187 050 | 059 | 001 | 052 | 001 | 186 | 717 | 608 | 611 | 10

11.09 50 | 2431093 | 185 ) 080 | 150 | 001 |1699) 125 | 078 | 001 | 0.78 | 0.00 | 187 | 713 | 605 | 554 | 10

11.11 42 | 252 1000 | 234 | 000 | 198 | 001 | 2644 | 025 | 1.11 | 0.00 | 117 | 002 | 184 | 698 | 616 | 520 | 10

11.12 52 | 273 ] 065 | 245} 219 | 211 | 001 (2456 125 | 162 | 002 | 128 | 0.00 | 179 | 698 | 583 | 550 | 10

11.14 55 1 267 {011 | 252 { 052 1 1.73 | 000 | 1653 | 1.25 ) 1.06 | 0.00 | 0.82 | 0.01 | 175 | 7.00 597 505 | 10
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8. Pilot &% (November, 2001)

5SS TN NH,4 NOs NO; TP DIP Temp| pH |Cond.| DO | Vel

Date

mg/ ¢ | mg/ £ | STD (mg/ € | STD | me/# | STD | pg/ 4 | STD | ng/ € | STD | me/¢ | STD| T uS/cm | me/ 2 | cn/s
11.14 55 | 267 | 011 | 247 | 000 | 1.78 | 001 | 1772} 071 | 1.06 | 0.00 | 0.82 | 0.01
11.15 60 | 276 | 028 | 247 ] 015 | 1.82 } 003 |176.7] 018 | 097 | 002 | 069 | 001 | 170 | 704 | 606 | 534 | 10
11.16 60 | 265 | 079 | 208 | 007 | 141 | 004 [1385| 018 | 1.25 | 016 { 1.09 | 000 | 170 | 705 | 618 | 548 | 10
11.18 70 | 268 | 000 | 150 | 045 | 128 | 0.00 | 1225 1.24 | 0.70 | 0.06 | 047 | 000 | 167 | 704 | 712 | 490 | 10
11.19 60 | 285 056 | 21.3 | 202 | 149 | 000 | 1424 | 1.24 | 117 | 012 | 098 | 001 | 167 | 718 | 650 | 547 | 10
11.21 60 | 284 ] 098 | 243 | 094 | 1.18 | 002 | 1147} 036 | 1.34 | 006 | 1.14 | 0.00 | 166 | 718 | 705 | 512 | 10
11.23 68 | 288 | 197 | 253 | 038 | 091 | 000 | 91.0 | 163 | 1.12 | 0.01 | 098 | 000 | 167 | 693 | 739 | 546 | 10
11.25 47 |1 264 | 1.07 | 207 | 080 | 059 | 0.00 | 627 | 054 | 096 | 0.13 | 068 | 000 | 167 | 701 | 725 [ 593 | 10
11.27 77 1262 | 000 | 248 | 134 | 022 | 000 | 201 | 000 | 243 | 0.11 | 272 | 002 | 156 | 694 | 738 | 558 | 10
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. Pilot &= (March—~ April, 2002)

SS TN NOs NO; TP DIP Temp| pH | Cond. | DO

Date

mg/ ¢ | STD | mg/# | STD | me/¢ | STD | pe/#¢ | STD | me/# | STD | mg/¢ | STD c uS/em | me/L
3.23 7.00 - 231 | 017 0.8 0.01 | 1066 | 0.18 0.7 001 | 011 | 000 | 151 | 592 | 558 6.1
3.25 567 - 226 | 0.08 14 002 | 2108 { 0.00 0.8 001 | 014 | 000 | 154 6.8 533 54
3.27 7.00 - 255 | 017 12 0.00 | 1572 | 018 1.6 002 | 031 | 000 | 160 | 6.87 | 582 -
3.29 10.00 - 246 | 028 05 0.01 | 1533 | 018 2.1 0.00 | 042 | 000 | 160 7.2 582 | 14.0
331 1367 - 213 | 061 0.2 000 | 520 | 035 27 001 | 05 | 000 | 165 | 749 | 598 | 150
402 10.50 - 247 | 028 0.2 000 | 350 | 000 24 003 | 046 | 000 | 170 | 735 | 694 6.0
404 10.67 - 248 | 041 0.5 0.00 | 916 | 0.00 11 000 } 020 |} 0.00 | 172 | 607 | 634 55
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10. ¥ 2 (May, 2002)

SS TN NO3 NO2 NH4 TP DIP COD Temp| pH {Cond| DO | 3=

Date

ng/ ¢ |me/# | STD |pg/£ | STD {pg/ £ | STD | pe/# | STD | ug/# | STD | pg/# | STD | me/#¢ | STD| T uS/cm | mg/ £ |umol/m
510 105 | 53 | 015 1937.3| 223 | 567 [ 025|367 | 09 (1154|000 | 13310731147 | 0671193 1 - 119911 123 | 4804

|

512|125 | 63 | 017 |5249] 223 | 488 | 050 | 11.0 | 1141 (1147|221 | 111 | 000 | 156 | 012 | 233 | 911 | 1763 128 -
513|140 | 70 | 014 |384.8| 223|528 (025 34 [ 000 [1081{ 000! 81 [ 0001|1621 004 | 224 - 1210.2) 13.0 {1064.0
5141135 | 68 | 002 {4619| 223 { 53.7 | 0.00 | 329 | 000 [1154| 735 | 89 | 073 | 152 | 0.06 | 22.1 - - 115 | 5420
516| 135 | 68 | 022 {3706 223 | 589 | 025 [1769120.44{1301| 147 | 37 1 000|161 | 026 | 183 - - 8.6 -
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11. 552 (September, 2002)

Date

Vel

SS

TN

NH4

NOs

NOz

TP

DIP

BOD

COD

n

pH

Cond

DO

=

cn/s

STD

STD

us/ ¢

STD

STD

ug/ 2

STD

ue/ 2

STD

ug/L

STD

STD

STD

uS/cm

umol/m’

9.09

13.0

0.00

16

0.00

12.1

0.00

0.9

0.00

16.2

0.2

133.0

0.00

5438

0.00

9.2

790

11.8

0.00

26.0

7.58

160.1

472.4

9.10

12.9

1.63

15

0.03

17.3

3.85

1.2

0.37

135

0.7

167.1

290

61.3

115

7.3

0.05

13.2

0.30

217

8.22

153.1

8.69

641.7

13.1

1.13

1.5

0.07

9.3

0.25

15

0.13

12.9

0.1

1675

1.85

51.4

0.35

7.1

0.25

135

0.15

26.8

7.90

1535

8.81

649.3

8.12

85

1.00

13

0.01

117.0

9.50

0.1

0.01

14.3

0.1

140.7

0.35

65.9

1.15

5.6

0.00

12.9

0.05

255

7.30

156.1

6.64

7.6

0.38

14

0.04

154.4

4770

0.2

0.02

16.0

0.3

136.7

145

59.0

4.20

53

0.40

13.0

0.05

253

723

1575

6.22

96

0.63

13

0.04

103.2

21.20

0.2

0.00

16.8

0.2

141.8

1.45

51.4

1.15

6.0

1.20

133

0.15

26.0

7.01

162.3

6.19

9.13

24.1

0.13

2.3

0.02

2043

5.20

0.6

0.00

39.6

0.6

2016

0.35

60.9

0.75

9.7

0.15

156

0.15

245

8.70

194.3

8.43

3205

225

1.00

24

0.06

1704

1.10

0.6

0.00

422

1.0

2121

2.20

65.9

495

104

0.20

15.8

0.55

244

8.70

194.6

7.95

2535

235

0.50

24

0.06

130.2

8.40

0.6

0.01

38.1

0.3

2150

145

488

0.40

103

0.35

17.0

0.30

244

8.10

185.2

8.85

329.8

9.14

16.8

1.75

22

0.04

180.4

2.35

0.7

0.01

50.4

1.0

1722

0.70

62.8

1.15

6.0

0.35

16.1

0.15

238

8.67

17738

7.81

209.3

26.3

0.25

22

0.18

60.0

0.40

0.6

0.02

415

0.6

1976

10.85

544

3.40

85

0.10

171

0.30

239

8.58

180.5

742

238

2.25

2.1

0.01

38.6

14.90

0.6

0.00

43.6

2.2

1932

20.30

479

9.90

8.3

0.35

17.8

0.15

238

8.76

1775

762
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