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SUMMARY

I. Title

Development, of Multiple On-Line Measurement System and Its Application to

Water Quality Improvement in Agromarine Region

II. Objective and Importance of Research

The water quality shows continuous variations along with ecological changes
or human activities, Thus, a management system based on information transfer
is necessary to control water quality effectively. Recently, 25 public sites
were equipped with an automatic water quality measurement system., However,
such a system has never been used at agricultural or fishery region while
water quality was measured at an interval of 1~ 4 months. Time lags in such
measurement system are the main problems for effective water quality control,

To design a water treatment unit, characteristics of waste water has to be
understood correctly. A biological water treatment is possible under accurate
control and monitoring of various parameters such as oxygen concentration,
organic or inorganic substrate, pH and temperature.

Development of a multiple on-line measurement system is required for an
automatic water quality control unit. To maintain such control system,
sensors and meters with prompt response and digitalization are necessary,

Thus, the present research has a significant meaning for enhancement of



domestic environmental industry.
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. Contents and Scope of Research

The contents and scope of the present research were summarized as below :

Division

1st
(1996)

2nd
(1997)

3rd
(1998)

4th
(1999)

objectives

scope and contents

Development of fixed
type automatic on-line
measurement system for
short range

« Development of on-line measurement system
for temperature, DO, pH

» Comparison with laboratorical measurement

« Agricultural region water quality
estimation and modeling

» Measurement of water quality variations at
coastal oyster farm

Development of
exchangeable type two-
fold automatic on-line
measurement system and
application technology
for short-term range

» Development of automatic conductivity
measurement system

«Field test at live-stock waste water
treatment unit

- Feasibility evaluation of model for river
that located at agricultural region

« Development of wireless data transfer
system

Development of
exchangeable type
fourfold automatic
on-line measurement
system and application
technology for midterm
range

» Development of live-stock COD automatic
measurement system and performance
estimation

» Development of four-fold automatic on-line
measurement system and feasibility
estimation for midterm range

» Feasibility evaluation of water quality
prediction model

« Water quality measurement of small river at
agricultural region and development of
model for dilution flow rate prediction

Development of eight-
fold automatic on-line
measurement system and
evaluation of
feasibility

» Development of automatic COD measurement
system and relevance test to BOD

+ Development of salinity measurement sensor
system

» Development of eight-fold automatic on-line
measurement system and fidelity evaluation

» Package type data transmission system
(Sensitivity test for long term use)

,_11_




IV. Results of Research and Recommendation for Their Applications

1. Improvement of fixed type mono-fold automatic on-line measurement system

and development of application technique.

Hardware and software with 10 kinds of parameters were developed for
successful application to continuous measurement of temperature, DO, and pH, A
model for optimal pH control was developed at laboratory scale live-stock
waste water treatment. This new water quality model developed through
literature survey are more useful than one based on simple statistics. After
prior exploration of basin, a river located at agricultural region was
selected for water quality analysis, From this result, a water quality
prediction model was proposed and applied to prediction of flow rate that
needed to dilute polluter,

To estimate water quality variations of coastal oyster farm, field
measurement was performed four times at coast located near Kyungnam province,
Basic data such as temperature, salinity, DO, pH were collected in this area

for evaluation of on-line measurement system.

2. Development of exchangeable type dual-fold automatic measurement system

and application technology

To analysis live-stock waste water quality, a conductivity sensor and

._12,.



measurement system were developed, which showed better linearity than
foreign-made. For pre-treated live-stock waste water, relationship between
turbidity, SS and TDS showed that on-line measurements of SS and turbidity
were possible from relationship with TDS value. A wireless data transmission
system and its software were developed to manage and alarm live-stock waste
water,

The model based on Street-Phelps equation was developed step by step and
applied to a river pollution induced from waste water influx. The model were
composed of various 8 parameters such as chlorophyll a, sedimental COD, total
nitrogen, total phosphorous, dissolved oxygen, CBOD, Dissolved oxygen was
analyzed by SOD and NBOD. And new parameter CBOD was employed additionally.
Theoretical data from developed model were compared with actual measurement
from Ohsan creck, which showed good agreement,

For development of application technology, field evaluation of on-line
measurement system was performed at fish farm while data transmission system

was tested.

3. Development of exchangeable four-fold automatic on-line measurement system

for midterm range and application technology

An electrochemical technique was introduced for COD measurement of live-stock
waste water, The variations of dissolved oxygen concentration with dilution
ratio was measured by electrochemical oxygen sensor, BOD was measured with

Winkler azide method. COD was measured with chrome method. The possibility of

_.13_



electrochemical measurement of COD was proposed from relationships between
these values.

Four-fold automatic measurement system was constructed from previously
developed monitoring system which measure four parameters individually.
Personal computer based software was programmed for on-line measurement and
efficient data management,

To evaluate model for live-stock waste water treatment unit, the subject
basin was divided into 22 parts, For a simulation, actual data was allocated
to each part as a form of control volume size and flow rate. Simulated data
were calculated from dynamic analysis of model for every two hours, which
showed good agreement. As a theoretical background, this results can be used
for management of accidental pollution or real time on-line measurement

system,

4, Development of eight-fold automatic on-line measurement system and

evaluation of feasibility

Salinity sensor developed from ion selective membrane composed of support
material, ionophore and plasticizer showed excellent sensitivity and
specificity to test samples,

The parameters such as DO, temperature, pH, conductivity, SS, turbidity, BOD,
COD were measured by computer based system. Measured parameters were compared
and used to control tank optimal condition, This system was constructed and

evaluated as a laboratory scale, but the possibility to measure eight

_14»



parameters was also evaluated,

Hardware and software that have capability of wireless data transmission were
developed, At this system, water quality data was measured by sensor system
while collected data was transmitted by Solus. The data were stored in hard

drive of personal computer and managed or displayed by graphical user

interface.

~15—
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o]-§3t Hio] QAAME FFehH, BAEHES IR WPl FFAA
TaL oiehA TNk Az AYEE AT BAAEA He02 dFolu Adads, o
BUgole HHA AT 5o 418 o] &3to] HAs A 1 Ar) vlel oA, A
ezl 2te 2 s435t7] $8}o] ferrocene, TCNQ, TTF 2] AA}A A (mediator)
o 234 WHgE o] &3t Al 2 Alvl uloj AN, Teji HIFFEHA A AAEA
o] Al A3} S o] &3l Al 3 Ac] vle] A lgolrt. ®Al, MA

oz A 1 A wtolMre g=7lel olal, Al 2 Atk B 3 Alrh nie] AN
l

J1&o] 714 Fubd] siwEln glen, MEE FFHeY =Y W ZAnFI} W
#E Fx} interface HoF7} A WHESL ot wiela], & Aol susie =
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Ao} 22 7| 5eHA upo] MM 7L FA|7] Uk Al AA A uto]AlM 2
o] #£RE o8 Ao g of&Hcr}, ISFET, optical, thermometric, piezoelectric
transducer 52 7jidol AMc] ol MM T HAA ZbgE wa gt &2 A3
of A saste = vk}t AR 53], UL oln "trled” & i A ulo)
A L] o] F ulo] AN L] Y Awtelrt, Nt g ulo]alMe] glof
Al FaT AL I AdYHoldME 17 Ee FHYE dAI o],
e 9 53stolrt. AgWdMEe 4B, UEE Tol 2
gk Qlxfojrt. o]k QJAEE Hrt A3ty fste] AR AU dAV&
ol Fol ot
HE WIoA| o] whE Al el Aohde wol&Ee] ML woAvte A% Frjo
o A5el Fris PAAL e MUS Fole] AYst Mduje] 253} qlo] &
Agh Zojrt. whebd oAl Ay wAU] AAR] UL Bx] HolE g A
A4 z70] " ZHojtr},
dutR o g z=e] FAYo] gl= A JleS ElFo] o]HstA] a it FAY
| ojulstAY ST JetE BAHoR oldaTh E dAxAY} fAALY
o] ¥ ‘AR Z-& Biosensor 7" 7} d£ R, TG4, AAEA
#Ho g 3 2):22] Biofocus Project(1985 -1990)¢l] E3E o] lth ulald A=
FEE 2 AlA Jpdstaral ste ¥4 7igol] oA U ©HAY &l B
etz A Y HeU e E2Y4& dEHe E guistk gk ey

Multi-Sensor7} ofydl wtelsdt 715AE 7l &%, DO, BOD, pH, &4, &4, UE

o

zdol e 23,

o

rJ
ri

I
4

ZHE o] 241 Hol Hstols Az =tofa] ORION, YSI, INGOLD, DKK, HORIBA %
59 m= "W i &) HARs] &ste] 77k 70dciet 80driel FE AHEEE
o] SAL AN A Fof dlrh wetd & Al Apdste e seatg EYA}
T AE5ERF AlAEE o] AARCR nspUtH Fofo|BE HAUZ Bl Jlet
o] xpgsgo] Ach
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aRR B e 433 dF s vt sHeA Bobe] Hd AETY
&g o8 AU AIE olFste FA FAY ¥
A" Bk ohugl, uiolrt M J1Ee] AAAE A&
A weAje] By 2/3 Fu] W Aol =olA slEI gle
Uiz &R E 3 - 8xof olErh AW HEE BF #AY FHE &
AElo] g3 drf ol2k Zog FAHCE I, AQ FoiF wAY I
AH &0l njste] FF olskE FulolA #X|3taL

& BAo| $EA| yod W0 AAoAM e Sl FAYLS AA Hojd Zolth A
thzh Qe 2o 4 ko] IAT o]FY UL FFH ULE oJE] &
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4% mi ofEe] 4 AA WolAM Frlok Y AHH EAZt fuw
4% Qe 448 23 Utk 3TN $F EL 20| Fol 2 Yalzk W 4 glek

ARsle] WRy ZXE Yoz H FH geiete] xR A Ak oWl HAT
AAA et 3} b A712E Abdel WA 4 glch & A8 FEAS AbsSH
Hol| wE  H{ET A V&2 FAH2E AUslol srh by AM Jled] =
%5 olstoltt. 1B EE WA Jbede gou thEF &% A4l AAY
AE Bl TV Fa7gedMe ARTle2A oAt
T e EFROIVIE 3ith wield AWl tidt M Jled] =T}
Gl Wt FALE 20T AHRR MA] Zopol g
Fa71de M SAAdeA 2 Jlerde] dasdel HAsith T Fl A

2
R
2
1o
Al
)
iz,
rﬁ

7led vty AA sEFA AAdde] Wl wet FFoldel e #F
& fABkE gk £ aAeMe f7 R As SRVIeE HEsY slEE &
A 7F FFehE ] ol Folol] FTHA] Q5 19 e BAA vgE
e FE3He AAdug solule] Y FAE AU w Aoy JeR A4d
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ZHE g3t Wg4E W] wWE &YAE AY F
Softwareo] QFAA Wd MPAHS ARSIt HEA G2 SAvleA o] #Y
Fue] B8 1 Ve EE 3T F JIEARSY] FATA Model o] EAHIHE £4
stodt}. & Systemo] Wi FAASZEES MUt F 28 FHAAE SASHC
tArstE G0l e] SARY RALE 9lste] 7] 2AHH A B W GARAE A4
sto] 4 ARSIt AR HEL AT sk AR E V& SYAR
2 AL Uslde] $AARE x5t Test Rung MAISte] 22 3§ 7}
L elsioih, AY AR AHEH FXe] Ao U el Xt ol
A 1996 11¥FE 1997d 8¥€7IR|Y] ¥|H2AIE Minisonde Multiprobes, YSI

L%, DO, pHe] A<

Model 58 DO meterE ©o]-&3}o] ZA}sIoict,

A2 A &%, D0 W pH AEHFHALE A

&5 RA H2E pslel FYEE o] 2x 3] FisiE 38tdch
o}2d =uldel D0 W 258 A AARE &I fstel HE 29 parameter
24 9 ANE A2 PP THE 2-1). °]5Y] A&FHE fIte] Solus
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78 2-2. D0 W 2% H§)

1A AlAaEle] Zefebd,
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Program& 7jAd3te] 19l 2-29} Zro] D0 W 227} ZAjof & Alof KHolHA data
7h ARE =S st on o2 Mg F1 st

A &3 Alavle] /US #38}o] monitoring, controlling, pager system& A
stodch. & ©Aol = 27 2-33F o] 10718 HES FAlo) ¢ - &8o] sty
software @ hardwareE Z7|FH2Z $tAsigivt. &% F2d Y& g8 o
whE chgdt Bl Oge] 4 A& Bdste] MEH controllerd] 71FEx 9}
thHlgt controlling systemd& U o Folrt. ojolA 2ol FHJA EuHow
282315 Qe Z&7|o] AFH X8 parameterE QBAZ 4 9l softwared

Moz H4 Fe o] JHsst=g 4 AF ot}

A3 d M Aty vla A

%, D0, pHe] W 3 SYA e F 2-13F Lol BUTY AP L vehigch
ol& U5H5FYE softwareo] YYslo] HA vlolH Y FHY S AH Foltt,

X 2-1. &%, D0, pHe] &8 AgA

Hoof Y = A + BxX
X Y A B A 2AS (%)
< = (T) nV 0.3980 0.01295 99.73
D0 (ppm) | my 0.06747 5. 3987 100
o mA 4.0001 1.1199 100

{ l[‘
mg
m{o
u‘“
(\3
.{}.
i
my

AR N ATE o §5to] on-linel % phE ZAY 4 9

o] Fgste] UM OR Htslgirt



213 2-3. FISH 3.
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| pH meter/Controller Reservoir
: ”1700 |
| ! — | ACID | AKALI
| 808 IR T
T <
[OF R4
ﬁwww%§
pH
-~.!electrode‘
n
: it S
H AR Y ‘ § .
S P ; valve
valve g i
| oo
5 |
i

18 2-4. &2b|4 A% pH #o] A]AE] pilot plant BH
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A4 A wEAY 280G ol B

) Fatvlrol] &Y ey BRo] #Y AT wWol =Ho A dx, ekt
A 2def oEstal glvt. wheld B|HRAY HHolA FAt wl4E AIpH
2 Helstal o Fsty] glsl FAtslert A WRHEHAE of ¢ njA= ¥y
HAaEe Hot A= g A5 5 de $HAS 2 spde] Hesict el
A B AFolMe 7HS oA Thy wWAsta, s W 3] Ao yE 4%
& WA 00D, DO, A, o F&Eo] £ nxe JHE AFY 4 e 2HES
7stoict.

FAAYY O ZA TGS S BOXE F¥6laL, Zt BoXufol A $EAL Y &
Ho| & Eysofglria 74gste]l Akt "é*l%}‘”t}. 2t el FAALES A
Stal, wiA|fe 2 O 2-59) o] Z PePd s & A CD, F 44, A A
=R #astolct.
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REY 7718
(A EEZAE)
COD, O-N, O-P,

2729 a 2229 a

HAEY 7212

(FHE, detritus) CoD

COD, O-N, O-P,
2889 a

oY Al
I-N

7714 4
I-P

a9 25 74 $AYHE fARRE SeAse WY

£ A7old AgY +AEde] 484S AESI skl YA BEY 428
HRstol CoD, T-N, T-P, D0 A4& AASEch 44 2o, F 20, 33 o o
ko E2] 4+8E 7}4slT, boxdlLle] A7 E 1002 3te] 20712 boxE 13 2-63}
ol Urehigich,
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— — - “«
BOX [« |BOX |+ |BOX | “ BOX |+ | BOX || BOX
19 5 1 [ 2 > =17 | 18 [ 20
a8 2-6,  AAY Box
Y Pt & 2-2 g 2-3& o] &3] HEleE g WEAHS AL &2t
g ABAEE A# so] gt falake abgsielct, slegke 1% 100nte] 3
o] YAl doll A wWEE= oFo R 3l
H 2-2. FAAAL v BA
=R
T mn ak( 1/T g BOD (mg/)l COD(mg/ )1 SS(mg/)1
as\ (wa|we wa we mz we |2aw| we
Wisal M| 40 | 17~60 |2,790|2,500~3,200|2, 3402, 000 ~3, 000 1,270 1,ooo~1,7oo
X e B R S -
AR 33 | 3940 (2,900 2,700~3,000|2, 430|2, 000 ~3, 000 1,230 1,000~1, 700
OO‘tEA]zlé R N T . T N N
= 12.4 | 6~33 |2,510!1,290~5,000|1,680| 760~3,000 |1,660| 440~4 000
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£ 23 HAb4 ALY YRS $YIE

= Al 4= v &) FAatw 4 nj &4 Y
AR 7HE B AL AAADE T 27 AR
K AA T Habvilg P A4 St F A
45 3}epa N ‘
kg et g/ ]) 1500] 5} 1, 50003}
FREd% (ng/l) 1500} 8} -

Axte] AMgE = Aele AgHes oo PES AHESIGlR, & o] Ak
& X0 whE H3E agste] A AAstalen, & dFeAs REAG
cfste] g-elviete] dBE V12 B2Y, $L2 55 AHESte ALt st

A REE mRx|Fo] 2&sto] BidS AEStlen, I A3 A AFe|
= AE 7bed A= elyich Aatel A& Aggiee]l RYEUWY 4 £Ad¥E

7] AREPAA v F718E7) ALl B AR sRoE AT
o} Q& graE oA AE F7] HA 18] I FIHEHAAE AL
th 0D @Yo BT E WHoldes Aasixgt dies 202 WRIS
= 2ppw7tx], HelE P& B lppurtA] X7 4SS
B AR E B olFo] Aoerng HUS AA I HF - HAsH
ME e WAL HalwleEAg waEolol & Rog uttHct ofitshrd
2k Rodol vigt FYMF(E 2-4) U I HH(E 2-5)&

4 FEA AP(2Y 2-7)& wefsiy] ¢ty FEHLE KE H /ABE AR
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¥ 2-6. &Y 3tH 2d
o
- QUALZ2E WASP HEC-2
a1 ety BAol FAHRARE ¢ ES channel |kt Azpd F
U}D;;L}EP,] 3t W EL reachthy]|vre| 23to] 2 channel & |1 & #RFPAoF
Tl e | RO 4 07 rexch 73 FEOR &, 49
kg s 1007) channel 818 7} 8007 Mk Qe sk
A A 131 12}4¢] 1A1¢d
8] A4t R
gl ey [PET AR B PR ARE
SETREt RO
AV £91 BTG AR (Baeael Awy |[I0 9T
T DO, BOD, NHy-N, NOs-N, T
_ D0, BOD, NHs-N, NOs-N,
NOs-N, Organic-N, Organic . .
. ) Organic-N, Organic-P,
-P,Dissolved-P, Coliform
12 | T . P0,-P, Phytoplankton %
ey b , Temperature, 87] BB
v 77 IChla-Algae, 37]8] RZE I,
As, Cd, Cr, Cu, Pbh, Hg,
BEA, Y mREY|
R i Ni, Zn B 87]¢] 224
o &3 5 157 35 _ _ _
. 2ol SR ulgh R £AYH wheh A
4 ms A |wustd 78 HEsel AT Bt
o XA HE 7 A A& B
3 H 3 )=}
mo 4x Hr} gAe] Z}i_i HiRc) oFzle] Z}{Ei ¥
e oy e (o Hopt Hed N L
Th 2} L oFA)
| A8 ARe Qusgel w44l du zge LTE TR
. Helgd  |2¥ g Q¥ 2pgo] W %.‘ﬁ;m b
4| AL 28 .
© 12 2 A Zte] 4R of$- e A|Zto] &A% 2R AlZto] £Q
A L,
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sl (LAt ~ 71 F ApA] F)olA F 7B B(F 2-7)e] st REE 3

7}stedct.

X 2-7. B2 Case

AGAGA A2 2uk5 oxta A
CASE |- -
g2 |2 | 22 |23 22 |+a2
7 geos
- &AL
AEA e ol sHemtmAEs [ead s
aase1]VEIE o ey e DRT SHETEAEE 2 #
EERIRE J o Te 2 wanen |Re 4a
TUTE
IEREREREBIFREI . eatmAEY | ead 7
Plagagn o 44 N waasw |7 43

7} Case M2 BOD W Doofl theh 8 ®o| Azt 24zt 13 2-8 4 2-99f gl
uletd HEshde] HE&IMett PARYES AAISA AMHE thtoEstel Rl
TEST RUNS AAlgtozma, AIH BHe] w&fooe] H&4E& AFsidrt iy
shEel @bl shEd W f3}E FHY F 1abdzolA AAIH
Z fuF W A Fgste] sk oM LAEA MRS AdFE Hart ol

AHe &34 A|2glo] w&shdo] dXd

-l>
mﬁ
D
1
<
>,

oh #F A%, 2 B3 24AE A7
gemn wasidel £UBG Auel Jofsn 53 SAAFR ALY THA
a7to] i RYR A8 4+ g Ao srjHrh
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BOD(mg/!)

DO(mg/l)

3.0 4.0 5.0
LENGTH(km)

2% 2-8. vjarsl Aol gt $A el AzH(BoD).

10.0

4.0 "f ......................... ¢ CASE |
- --lk- CASE-2
n
20_ ..............................................................
0.0 N N SO Y LA S N B
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
LENGTH(km)

T3 2-9. uiasha el ohdt E R el AH(Do).
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A5 A cdeksiae] YN FARY HiEY

A2 = 31 §& W AL 2liA vl
el ool WRs] e A B3 AA YE A3l FRAE A
Asteint A sl A AXMA AMEE HEE] 2775 WA AHoBA 2w
O FE 34° 56 20" N, 128° 31' 00" E of ¢x|8tx2 gQlc) siee] Hd42 10~
15 m o] 3142 BFEHES UA(silt)2A FFUYEE 10 pm oty & 3o
) F(shel Ifish)Ql 2] FaA| 4z} o] F2] sl 772l GalxAdo] Was) glen,
alo] upit, 2, B, AA 5o 2AZE Aol AL ol A 2
o Qg sl4 52l Holeh Aol T RIERY FUow Hzr} wid ¥
Hata glom, o2 gt walz} WEEE sjooltt. Lyl F G T
ghbbe] Al2bElo] O oalr} LfEodom, A-Zow Wik iAo Folut Wt

L4

A& AdAste] upetgA o8 ARSI o V)] WAHE A At o] EIJolA

oo
b
gl
B
=2
Ay
fr o
rx,
>,
fo,
e
o,
Of

Fog AU £ UEA st 3 G ARHA U3, o= sl
A ANARE A4 FUHAD ANFVE FA0 H B ToE Hagglon
1990 e &= oAl apo] 20~30 WE] ol A Hgith et dsle] REse 2

L. Crassostreass &8 C gigas, C. rivularis, C nippona, C. echinata, C.
denseramellosa 2] 5&Fo] Qlom, orAz} atddold 71 83 22 G
(Pacific oyster, C. gigas) ©|t}, & &7 e FUAAAEL BF F314 Ald
A 400 kg Vj2]2] B b BE oF 30 S o]85 9 x 18 m 27]8) BEE

BB ol7lo] 10 n Aol £& o’ Y 3~4 JNe] PHE EL wEol B PN
| ZRdo] 1 wmEo] wold, sl

)
B 2L 1,.015~1.020 & Hejoln, BEHELE 4~8 n 7} F& ¢ siyo|tt. 2o
o Aol wASHE Alde] It o
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oo] oqlomE Fsts Az WALEA olo] WE SEN4Y AN =
FEAL] wWEolth, £33 &EAALYL $2o] WHHTIEE o FHol| BE 0|
A2 ot Alde] Ux(ad 2 gt B2 2ko] 7ha W A o] w
A E& LS I TH G M|E FA Hrl

el o] 1996, 11 ~ 1997, 84 A}o]2] 3|3 (oceanographic phenomena) =%
Az ¥ 2-83 o] 2 28.7~10.3T, @& 32.26~33.24%, BIEATALY 4.47~

7.49 mé/ £, H-8E2(suspended sclids) 7.0~2.8 mg) £ 5 olat}.

X 2-8. oAslede] sEzAl AI3}(1996, 119 ~ 1997. 8Y)

ZALA 7 1996, 114 1997, 24 1997. 44 1997. 84
F2(T) 17.8 5.5 10.3 28.7
75—:?_—(%0) 33.15 32.86 | 33.24 32.26 7
o | s | sa2 82 | 8.8
o(me/t) | 548 | 749 | 693 | 447
cobmg/2) | L7613 | L9 L5
PO P(ugat/2) | 039 | o072 | 032 | 03
NN(gg-at/ £) 170 280 | 218 | 105
NO“N(g-at/ ) 03 | o010 | o004 | o007
N N(gat/2) | 250 | 06l | 116 | 015
SS(mg/¢) | 70 | 28 | 32 | 58

% phytoplankton ZHA|4~ : 80~9500 cells/mé

% zooplankton @ & 25Fo] &¥stPem, 1 FoM ofFF(Noctiluca sp.)o] 3
3lo] 73.1~82. 4% 1}116,;

% 2=2AZA7]7] © Minisonde® Multiprobes( Hydrolab Corp. #|ZF), YSI Model 58
DO Meter
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He6d AE

B AFA L AEIAe ©AE 23 v A5AG F5F Alagle] d 2
&7 bt 21ty 2%, D0 W pHE d&5FoR FHY] T Al2RE 73
sto] 10702] HE-& FAlol 949 W &o] 7}edtEF hardware U softwared 7|
arstelch. FAtullg Ae) FHNA FHL & pHE Aojslr] ¢18 AHAHH pH A
o] mulg& swstsict

Akl Fahd ] oF BUME flste] EUREE BT AAEExe A 54
& A F it ALl nAE V&L T BAYHY 2Y Nt o

3

FP 27t &2 #ARYE /PUsislch oy w2 e A

e

e

g AR ¥ hgsEe) 2BAL BANITL $EAY 2009 olFELY A3
)

AL o128 HIst] 2UBW NHATFL olF ol HErheHE Alstrh o
Gelele] FUYAF FUBA WHE FAS] AslN A AAA AFE Pz A
o] 2PNAo]l WY NS APHGLR MY F £2, AR, §EuL,
5 $UZAYES BUD ABRAE 48] AASTh 2SS AEEE A
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A3 & EE

A 1AM A U Y eEI Yy

T Aot Aol H2 U £d LHoz AR st Hakga gl ol:
FH sl fUEE WY U AIAY wigol At Row, g gojFo] F
[ gjyes FFHr oledt MHE dRsly] fsiMe AAFHL $EY ZHo
osith, 53] sl AEEs 2old A F2T S she= L2
dFgH e FFHAY, A= MM S dFAEE 252 AU Helol HE gl
th & dFelxe A Y AP E A= ANE APAAA Auste 7]
2 U8 AEE MA(YSI W DKKAF A F) 2t d5-& wlasisict

o[/ Aol F AT Alolo] HAE HolFH o|2EY olFor FFJ B2
A el ol BE 4 s AR G2 {AY o] sxof HHIEE o]F A

]
L (A3 2e Ayzte] #AL Axrdry

o]

EE FAgr], A%

J

= (1/K) £ /A (3-1)

olu, R& goe] AN, L2 HAEE A @edIalol2] 2HF, AR TrejAT
¥, k= AEZolvh. A wherl W|EE AxEe whele AFe] o4l
Simen(S)& AM&sto} S.cn'E ARRTTE L, AR ZHA AZAle] @A
A 7t FUsiA] dorg g Ay AxE AA AT Y
N HALE AEEE ASHE w2 A48 oxE usiA "ch weld gurF

l



E=7F 2 @A gl Kl &9 AE FAsI (2)43 22 A A
o) Axs CE ARY F o] AYAR)olM M2

Keet = C/Reer (3-2)

Aol ARggt As)A-2 NaCl(HateFE), KCl(HAatefs), CHyCOONa(Jin Chemical )&
Mol Aglol A&t olE AMsjAa 2erE o &3te] 0~5u(ww) s H
9] Aaje Azsigirt. AEE AME olayd A& dwtew W 7hgste] A
2steit}), 2l stainless steel & 7] 10mm7} E| =& 71gsto] 3708 44T

X5 AMgste] WS ufEstAl Aelshilch
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o2 A#slelsl, No. 5000 AL

A 28 B4R AEE AN A2 U F5HEI)
8l 3-13) zho] A AEx Maji= YSI 34 AEEA o] At thddl o

As)g-odo] Uehis AEEE 243},
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A 1 8 elE/SS/TDS FEA wlm wl AsA Alduby

durg o g e}l TSE AZVNE Bito] THstA S + de i SSe A
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HAxelstojobat ¢ty H 210 ARY £ vk uebd Falvle & 27 3-5
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SS, = SS, + S8, + S8,

Y 3-5. Sabilg dAe 3=

A 2 ¥ HE/SS/TDS EAfulal 9 AaHA

A e dEFEel o3 AL s A 2 (5 mesh BAF)oA A AH
SSe¥el SS;& 126,000mg/1, PHRBJ(4T, 147Nl wE FHdoz HAH ssokel
SSz 6.1mg/12 Vietutch Zes g upau) wACM AR A a2 DS W
BT sample?} Z+2 Z 7oAl L& SSQ SSz= 2,3%mg/l 2 FHelE gt aE=R
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Aozt Bl AR H-o] s Fatwle 4] SS ghe) 98wy 1yl 3-59] A
Ae] ol ste] AAYE Helstalr)t. EBE/SS/TDS A4BBA L vlole e HEA
& flste] I¥ 3-59] HAz] FHE AR AIRE ol &3] AP BAE Tt
BR=/SS/TDSS] &A4twl|4=9] Fuu| Frto] wie MY¥EE I7 3-6, 3-7 W 3-80f 2
ZF VeERIgith. utetd SAulaE AAX " Feol SS, ¥E, TSE 4w &
Eof st 247} w2 A4 (99.8% o] )& UEhiglct. g o dHolg & nigle
2 3 7} parameter’d JVPAE 27 3-9, 3-10 ¢ 3-110 2z} vepggict.
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Turbicity (NTU)

2000 - -

Turbidity = -637.46 + 0.798 * TDS
R =099837 .
1500 -| /
[ ]
1000 -/
500 - M
e
0+ /l
4 - ’
-500 -] '/
T T T T T T T T T T
0 500 1000 1500 2000 2500
TDS (ppm)
% 3-10, TDS/SS AF3aA
1600 0 - - e - ———e
SS = 765,69 + 0.49 * Turbidity
./
R =099952 <
e
1400 - .
P
P
./
= 1200 | 7
[} Ve
E v
(%) 7
w0 -
1000 "
4
e
s
e
Ve
800 -
-
y
T

3000

Turbidity (NTU)

I8 3-11. SS/EE A

_’74_

T T T T T T T
-200 0 200 400 600 800 1000 1200 1400 1600



A Aol

|

, TDSEH o8 Zaby

S 2o ANEY, o

Ak

o]

Al on-lineo® AR 4 9JS-& HAstarh 3
A
2

2714 W AW ¥ ARY ootk

&

J#HEE 7} parameters A3 7Y AHTA GA| B2 M A(99.8% o]4)S LHEL
W

Uigict,
whety AA ] FHS AXAN U2 Fdvlpe] SE YT L2 S5 1

4= Aol A SSo & AT

il

A28 iR

o
T

%

=

o] ¥

A 34

L.

.

Bio] 7 A W F4bs7t

< 2 4 Apdolrh w32

gt

k-
gl

e

[e]

. 53] RAEAZNA I wol w&F]
AT

B FEol SR Qo dF

IR E=L I LI

AtEle] ezt gl Akl 3ol o3

&

oAt 22 s FRes,
of A U

Ae=e R71EHI dast 2

o] o9&

Py
.

ol
=]

A

<+

A

A=
T

A e9do]
gl el sl AHAS 87F

FAatg7tel 2%k uiEY o4,
BERE Fuste] A=Ze] 1507]

Aol zAPE Apgol ostel 7]

Eel

I

< & < ook ek,

C

)
S
- 75 -

dod Fol
=
=

3}

27| E(BOD+COD) 71704, TN 807]4, TP 537]4% UEh},
Aojl 23] o]

1}
HE sty g HRE 98 A3HA 4

4%

o2 &4t w712l g Hed,
Zr:

o) ok ovao] 9

SS 4671 4=,

£



As4 Aele) Beloh ARE 91stel vloE T4 Wé AlAWE hardvare U
softvare 4122 AUstch, Fasisel Ay W4ES
%3 ¥, SolusE Fotel vlold AFHES syt 449 2
£ pce] Bhwlo] TelmE YW BAlo] BRI A8 FUTSANAREG 0§
st} pelatel 2700 text® ZYHES sk,

B dolN AU tols FHA4E £ZEsje] PAGRE 18 3123 2L Ay
o= Awsgct

2 e

Mz

o &,
N

data =3 A FaEs

% 3-12. dlole] FARAG AlARle] 7

il
1

=, %2
PCE H43]

ojth. ol WA FUAMU U7 o} AL iR FRIL FAHAZE ALHEE §
sto] AFE I S AL skl Yo riRt /MUY X7 IS 4+ ¢

t}.

_’76_



A 2% dole FAAS Aoy
2 A volE] Fal AE AlA¥e AdE flste] U Do, pH, 2=, ¥&

o] & 10719 MA $A 5 Solus systemS Edto] ASE F, o] 2SR

F3t=s 2233 stk o]o] ol MM FANE AFE dnYUFS Bl
Vg T F BEA ol2H AFHOE BYE FHole] FAIE sieF TR
sttt 28 3-132 o]®A 2AJE PAGERY B & Frlo shUbEA He|x|e]
& W3 E 7|53t sdolut. 3Rle] T& MIE Vs ERS B3l 3&
Al ARgSHA "Hrh FAEZE NIE HEE Bt dAEA] +3 Jhesich a8l
314 B TEE BT AR ARREHEe 74 AN SHEAY shgi HYkE

7153 wholty, AT 3t H4lE WolWbH, PAGERE " A4BE A¥Y U4
HE2 527§ Foto] FALRE AEslA Hrh

0159975707 =l

_’77_



gl 3-14. B ZEA] AEEE ZRe st 9 AUt d¥Ed

A 4 A Fabee Aelad 2] d%8E L

A1 Hablae AeAd 2ol @RI Uy

shaol el g2 2L AU &4 Ee, e W A W
S 4alog FAR Zojth, B AFL {AL olF, T % HA 5ol £

Aot} slAF HAEo] o3t A} wtau ALAE EAY HYL”E TH 5=

2L 48RS mAL xlolrt, & dFofAE olE o7 A AuidAEE
AR oz Z7pA o] whet BgE  Street-Phelps A 224 THAH SR Yol =

¥ PAsIE, Fauld A B woiE Pty sPARYAl 2dd

Fo] L3l o8 2EF HF P& £F % APk ol HHE Fi Uch

#’78__



1) 3pd $AsEE AT ol H
slAe] 4+ 98 Fel8d RFS Streeter-Phelps7t 22 3l U w4
AejAgogre WREE LAEL U A sde B fFESUCH
Fadele] sid A By bt st £ AFHl A THestA 3
L], o2 XA RAFEL] Streeter-Phelps R 3 nj= &7 FHghe] STEADY 232
s A digt BAele] & Adshs sy ¥ dojrt. FAsiA
FAsS)Y By Agael 2P 5P 2] Eajshz] A4 nl=S875 %
2] QUAL2ES} m]=hE'8xhe] CE-QUAL-RIVO] 1 thEH Eolrh. Iyt el Z+
FALELY shi & AEsHE7) 2t oz FYEE APolA e sUREY
ol A¢ gx Aok
B dFoxe Ao s & A £AIRE SH3] Hl8iA
HA & AYshrY 54& 2ok 223 dibHoR s

oA dojths £
AELEY olf, AL 11 o] HEAEo] vyt o]He AT olEEE 1AL F
s 2 d7o] H&H 4 ot FHY £AYEI FAdA Y v dhES A

eistolct.

2) AgH H2 ¥y
(7}) A A sdsiA Wy

FANHRYL stolA WAk FUVESY B, 3, AEYY A&

o2 AANAA Uehd 2, oY +4E FL P NEHOR ¥Y
4 e PRI £XAA Wilo] Atk BAE Fiol WAy Aol B
FESAU AU BAOE Ash ALBE T & Gt AF AREE o8P

TR & AASHA-ECH

_79_



|E&ALY] £3E& A SAEY L] FF/YS Fsigich BOD, AEsbed A4
HE, AEAN EUIEIN £F3AE AL AEIE JUESC] stEY &2
4ol JeE nHAch FEALEAL 5P AFIY FE Ee FHEY LR

gt ZE APE Folol AAHE §EULTRE 3 AAYHER SEAMLE )
Apdold JE3] T3 AAE Atz gk whebq ojARF AN sestaglx

U HAE AL QF(s0D) 2 4EIed AAFIE(NBD) RS L sto] &4

_4

CBOD #-& 7istaich. ¥ =) +dH+E BD =& 7
Z08 FAE stnaddl, AMREFLS CBOD 3o 715 B3jA $A7 &) v s

i

#A52 WY BE SsiA A wE stAe] e d st Falsle A

W Bl tig 2ALE ¥skslTh Zelste] of g 7ix] WXl WAL T &
HEdE Aot gls] Ry WHEAsot AYAE 2HS

+3& B3 RS st 74 HgAse] WUz

B R sk M8 AR, AR AU FAY VS EASCH

A
T

——r

o
=3
tt

N
L
[k
fu
4
g
1o,
iz
A
e

o4
Dl

Eoglal Hao] AviE A Eo] glA] ¢
g o] glo] A7} oYt
o] FHl re] o]} AjdRelete] npgo e shEAAL wHlE oule viEo] F

o
£
+
=
e
L
)
n
lo
il
2,
—u
2,
X
R
(o
e
{0,
2
r
i

_.80_



o Rl R olvh. A" euls Agaldel A ¢l dFAIYeME AFR zho|
B-steA Ao AHHoE HA] YFHIL dou Aevlg Wl fx|He] Sl
A e F2o] gl AE 5& nEERE wEHE Qe 2 529 B
ARl FEstol st WATe] tiF FIEAE ¥ okl fal A

Bgo] Azl utel Brx2ale A 2HEY wWEPe2 Wrsiyia gk

SPAE), HHEd oo, F
), &FArA, CBOD 5 87jo|t}, o)A
ol WHMEALLQTHH(SOD) 2} NBODE L8|3to] &EALAE sj43ldn AEe

=
A% CBODE H7istel FAE Zolrh. 2t £4 }&EE offF, AL uif A

¢

>

=
4 &A% (source and sink)& I#3te] B2 & Rt gt}

c u dydz

a7 3-15, 7|43

_81__



R vlaAA g austd, YREFHAA xF PR pHolFo] sy}

NEM M) Ao F/1& = G dedydz
NgAH e AR §US = CUdvdz
NEAg ez el el §EE = (C+EC a(U+IE dnava

C = %= [M/L*]

U= XW% %% [L/T]

dx, dy, dz = 71X X, V, Z%g do] [L]
to= A [T]

ZI€ AAW ARl F71 = /YUY - #EY

aC

au _oc ouU
0
X

—-C ox dx Ox

e — -

aC ., 0C oU oC A% 9C _ ~dW

5t =7 Uy TC 0 TV TC ey W —Cs;

V, W: w9y zW% &5

S d3te] ALGUAHA( JU/x+ dV/ay+ oW dz=0)& Z L3} o]Foelgr A

_82_



2ol WE wEAsAo] T

9C _9C _ o

—=_U8x oy 0z

{(1}) EAH(Diffusion)
ALt Wiol &3t §&o HEL B FRALE Xesh=tl, o]& Halolg}

AL rh FAaE £8EolAs ol ¥ FEH Egolzla ¥ 4 gt 83

NEAHoIN e Ao Ze = < mavae
NEAden A% fdg = —ELC dvdz

&AM o2 HE Y %

e

2ol 788 = [E 2 + 2 (525 %l

E, = x W Ao gaA% [LYT]

B HULE Qg AZAHINe SR WL vheI Bt
0

y oz e Hal 4R Frshd cheat 2
oC _ 90 (pndCy, 0 (pdCy, 9 pn 0C

_83_



7} 4a5Re) Aujgale oo k.

2= 3 QuP P3O+ DKk Dl Py P)/Lk,]
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(Fd) (AEZaE 241) (AESY vl ) (=3H)

- V,DCOD, UDT_ ,/h

(27)

(Detritus® &)

_84_



Fry

+DON(1MZQ(]N),Z+DPFPNVZ+E P V_KDTDONLV

Fpp
(<) (NESEIE 1) (S %%‘ELE afAd)  (Esh)
— V; DONy UDT, z'/ h
(27)
(Detritus® ¢l)
dDOP;
Vi g = (REIRR) + (£ERAY)
Fpp
+DOP(1N)Z Q(M+ b Pz"Fpp'Vl"i“Ep'Pl FPD() V KDTDOP V
(F4) (NESHAE 34 (AESYIE WA) (=3h)

~ V:DOP; Upr, il h

'~

(27)

IN v i Qum.i — #pyPrFpy Vi + KprDtyFay'V,

() (MESHAELD) (Detritus<zsl)



(743) (AMESHIELD (Detritus<=3} )
(&& Ata)
dDO;
K*@i—(¢%ﬂ%%fﬂ¢%gﬁ%)+

DO (1 i Q ny.it 1p PiFppo Vi— Rp Py Vi— Kpr Dty Fypo V)
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dCBOD;

= (FROIR) (£ HATY)
+ CBOD 1v,Q w,— KcsCBOD;V;— V;:CBOD;Ucpl h
(Fed) (3h) (B7)
P, BoX io] ABERAEY BT (mgEEEDa/m’)
D; : BOX i9] Detrituss} 8287189 5% ( mg/m®)
COD, : BOX i2] Detritus®} &% COD %5 ( mg/m’)
DON; : BOX i2] Detritus®} 8287144 S = ( mg/m’)
IN, : BOX i8] ¥718 A4 5% ( mg/m’)
IP; : BOX i2] B71%  S=( mg/m’)
DO; : BOX i2] & tx ¥E ( mg/m’)
V, : BOX ie] ®3]( m’)
Q; : BOX iBXY j2o £ (m’/day)
K, Bt A
koA (m)
Dy ¢ BOX 8} jAtole] grad (m
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Fpe @ AEZgaEZe] Z229 aof th3t CoDY] H]& (mg-COD/mg-chl)
Fpy @+ 8T 3822 S22 ad vzt A4 H[E (mg-N/mg-chl)
Fpp @ AEZgAEZ §239Y aof tidt A9 v|E& (mg-P/mg-chl)
Fpy @ 222% aolx AZxF%(detritus)®] F2tA4 (mg/mg-chl)
Fyc ¢ detritus%2] CoD2] B]& (mg-COD/mg)

Foy o detritus®9] 4ol & (mg-N/mg)

Fzp ¢ detritus%2] ¢12] v]& (mg-P/mg)

Fppo 1 AEZaaEZ0] Z239 aof thih D04 H]E (mg-D0/mg-chl)
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_88_~



R]p P F7] Qe £E4% (mg/mf/H)
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A7]&o] BOD HER FAHEE §4Y 2oz 4zHc)
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& %ot 100 upaoh 17 wpAeA RS ST 104, 20d F AE 2
H 3-19%F 2%l 3-200] vpehdigich AF8 wYAl sHA2 HMAEE do
Y 27t Zas Hola gvh ARV RddE AFE VISR IBYYLE

OlF, HAtel 2%t wxo] WL gith

@ s4%-st .
Az shdoll e MY HZE g e4Fst MiEs e 2L ohth o' Atde
2 3] FARSIE AR sha, FRE A =T} HLSP|E ¥ $A4F
3171 Q& B¢ wxY WHE Rosidled], 1M10Y B, 10720 A Atolo FAF
St7b AR Aol iyt sy I8 3-21, 39 3-220] uEht gtk FFA %8t
7b AT ARA FE= FA8] FIsiTiZL AlZke] Zgtel uwhel oAl B3l

7t He o % k.

® VAT £
D AL A4l W 5wt
AE7] A%} 0.1/day, 0.15/day, 0.2/day o vl THE FFol el Mk A2 gl
oA, 008] FEolnt Wekg nHT) 1% 3-238 AES] Aco] 4 D0 o HEH

sfolth, ATINAGT w4, HANTI FHU4E D0 BEL Fopirh,
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@ HAE ABGE whE s
] 0.1m/day, 0.2m/day, 0.36m/day T & uwj, COD, TP, TN &] ko] ¥
317} 9lgith thE FEEE sEu3st YRR gL ojgd M mnRt 5
Folgitt. g} thE AT ED vasty FASGEE o8 SEAYH AX o
F& nxE o8 Wl

3-24, 1% 3-25, 2 3-268 WASE| THE €D, TP, TN & HE¥is}o|
th HAol wE FEW3be JhY v FEL coDolw, HPLHET} FIIUTF
7t PAFPEL] s vopirh

wallgro] whE FEWs

%7} 0.02/day, 0.08/day, 0.2/day o uwf &<212] %W
3, TRE YEorMe I AY glath (OY3-2DE A EslGEe]
3912] HEHEE vepdct, Qo] Flof wtE e el A BEl&EE

zstA sk et

e ®
re,

tl

‘X

o

N

r el

i

)

k)
T (T =2

- 100 -



CONC(mg/1)
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CONC{mag/l)
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CONC(mg/t)
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CONC(mg/)
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BOX #
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A5 A FEXY B £ALY ASEDL] AHAE BT

A 1Y sEAY HH SALE B Ay BrhY

)
YR H2AY QQPEAS 2 Y 4 9t RUS Justy, o] A&t

) & ETOEN, 2F AEXY Aado] sEX o] HXY A &

Aae) FAY osha] oo Tha YASR Fol sleistanzt wt,

tlastdel 9% 2 U SANEE dst] 7] 2AY AR Bu4 U @ ¢
, 2ARYe] wAEs Ao 12 3RS LS, 2
AE i Aol 24 2P AEE Agste] mule] Azje AEARE
Wl AEstach

>
i
i
>
‘21_:(
> 32
lo
H

1) 718 g

Qual2e REFE FA3}

rr

712 WAAE 1A olF - A EWolHAA
(1-dimensional advection-dispersion mass transport equation)2 2 t}g 2z} Z
o] @t

aC

a(A DL—) -
oM Lok |, (A, UC) dC
FY i o dx e dx+ A, dx p +S (3-3)

oA71A, MMl Bdeol Ak, x[L]1L 9 Ag, (Tl: A7, (WLilE 5=,
AlLE B4t s, pLYTIS 293 A4, UlL/TlE BF9<%o]x, SIM/T]

(=]
© HFEFE F3 /4 - FEES Vehdth
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3, M=V . Co|BE(A7|AN, V=Adve T2 A4), A(3-3)8 22 o}

oM V-0 ., 0C oV
ot ot =V ot +C 5 ot (3-4)

s2g AAF duetn Age, 9= 0 & 4= 0 o "rh olwl, 4
(3-4)& 4(3-3)0] thedstel Helsh,
C
2 a(AxDL ax)__ (A, UC) | dCc , S (3-5)
ot A, 0x A,0x dat Vv

AL(3-5)ollAf, 9ol A WA s FAe] HFel XAl 2]t dispersiong, F
o] o]% 3= advectiong, Al Hz| & i UFojN dojiutes 5
aeja npA e g A YRBEHEY] QEEA FEXle] &3 s

!
EA4AS A7) 98l B¢ vy at Pdfbol esty A A} A2
A% 5o Aol 4ol "agh, ol& 3o AAole F¥ASTHI} Manning

(7h) FRALEe g0 23
NEARE o83l 7 AMEE K4 FS WP BY F2Hreach) Lol A
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Mol sl 3t FEE A HAEN
2(3-6) ~(3-8)0ll 2J3] =233 Higo] ARt

U= aQ’ (3-6)
_ Q0 -
A, = (3-7)
d=aQ” (3-8)
ANA, ¢ T, d= A, a b, a, B+ FIEAH oM FII FHA
0|t}

(L}) Manning2jofl &J%t AH

SIETtHE APy Fel2 Hot R¥HuolM Manming & o] 83t 233 &
& APk

471A, nZ Manning?| ZEAS, R B FUE, St oux|de] Zatelt.

3) WY HAS(L)Y A%

5
D; =3.82Kn Ud ® (3-10)
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o 7|4, D& FWE FHAAL L, K HAMITEA R 52313 B w}
g} 8.677500 FE2] Zh& zE=rh $19 Aol 0o wele ftisec, U2l wHel:

ft/sec, d®] W9l ftolm, Ko} n Fatddolct,

A2y EAY S £EY AFEYY A Ht

L% LS st iy stHoR AT ek FY(aY 3-28)Y AR
AgA]) SN (QA4ka) F7(8. 3km) FHH SHLEEE 44 £ 3-1 Y ¥
3-29} Zo] AFslo], 14 Wxo] AAH FHELL] AL U AFol oy AH

Aze] el W E4& AAskach

X 3-1. sk shre] A

. A Sl ( fm?) | BIELET m/ sec) | 71224 mP/ sec)

b SR 152.83 0.35 0.17

DO BOD 1)) SS E. Coli
g | &% pH
(mg/ 2) | (mg/ L) | (mg/2) | (mg/ &) | ( MPN/100m!)
1997 | 9.0 | 7.0 4.7 22.4 19.0 20.0 1.6X10°
1998| 9.2 | 7.0 5.5 26.5 16.5 16.0 2 1x10*
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B dFoE O AEgo] JFH &Y QualZe BYPE 24Hd o #
Mg Aalsteln AR E S V2ARE AFsiglen], AU o
gstgict olgA AEE BYPS o§st Fo #8d shAEE
& &EAAX 2 RE ST SRS st £AS oS3Td
R E ool s Hro oY 5 g Holrh
A QualZe 232 AZ(Verification)g 19979 4€2] 2 AR E o[ &3
A AA s E, Astxiet A&X 7 & dXshe A3E UERGA ol& S A
A3 &R o] TAHALES & + Adeh wepd pEE BYE o] &t 24t
Aol 4AWE 2oy £ gl& Zloln, ol& F3 AFEE FUsle TEA
L & 2EEA N RYE AFULEH, FF AFHH
AaElo] & o] AxY F¢ BUd £ e shalede] W oy oy £
1 11
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el 188 =t

d

|71 /MY dBoEAM & YRR
ol A Y] 18388 Agsto] Azt AP

2} Zale dF Y] 13 FHRALE AAISEL AdufollA] £

Zd BAA A S

]

A

HEAA S Al dRF7 W olEe] HFAL
__)F.

HE&T-2 A8Hs
&3gstalrt

, Chlorophyll a &

1H

Z A8t

ol

2 oA 718 BAXEAR FAM FHE FHAL A&

AT AN 2HF

stgol A A3t A4 500meE
o] g3te] oA F oo

NOg-N-& Cu-CdZhedshely,

o= HHolM FHstolem pH
Yol 3t EAMslolem F 3-3of vjgt

T WinklerHY o2 "golA THLF HPAMAM 2R

-

}

=2

=

, FPEL TYE
FPEL A zalIRY A, F,

A
L

AP AN &
o2 HAFsGr

proesize 0.45mQ] §-2[4d-F o 2x| (GF/C o 2}=])

NHy -NZ Qs Nop-N-& NEDY,

RN
L

i)

o
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X 3-3. FARAYEE A7 W 9

CREE £49717) Ay
T B AR
d& Sal inometer AgA
FHE Secci disc HA=A
pH pH Meter AU&3
DO AR Winklery
BUHF Spectrophotometer H] A8
Chlorophyll a Spectrophotometer §718n] =3

1) op-Ard A A(Nitrite-nitrogen; NO;-N) - NED¥]
o] el Ad BAE(pH 2.0 WX 2.5)ofl- H¥F A 1ob7l(Sulfanilamide)2}
HEgEl A A EE diazodghEo] WSE olvlF(N-(1-naphtyl )-ethylene diamine
dihydrochloride)E& 7}3} 3AH WA azo HIYEL TAUEE 543nm T} o] A A
&3t

) Ak A& (Nitrite-nitrogen: NO3-N) - Cu-Cd Ztg by
o] dele iy AAE it &0 AT =g dAE A HYE
felwe THAYIE FHgHoR opAstUAT HMUHCL oA BHUH oA
A4S NEDHOE Z3%ct AlpFel 22 Eoldle oy A4&E W Ffe=

A A wEE P4

3) atxi]old A A(Ammonia-Nitrogen: NHs-N) - Q1Ew|&H
o RS Ny AT YFEHOlN e Hopdadte] Eapstel ] UREZEAS

=

o #n)agoe Wiz WEotel M) Indophenole] A4 ol FHEE
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640nm T A FHASto] YR oF ALE A egsligict

4) 8&77)9)(Dissolved Inorganic Phosphorus; DIP) - o}AFER]AMH
|2 R71Q el & ofAFEulabHol &sto] EA3iict o] el FTlR
wiatgd o] gAarglg J1Ege A &of sishd, < Ee|BY HAE g5t
o] HAAE TUshH FHEAZ Ho| o8 FHEE oF 1A Fof b 690nmof| A

to

5) 82 Fy|}A(Silicate-Silicon; Si(OH)4-Si) - SzjEdl 3

fis

BelBda UEES o83k FMuade] osigict o] el pH 1.2 329
Agol A FaE BelEua dREI ESIte] FAY g4 SR AAE F
331}, o]& Aminonaphtholsulfanic acid® Z$dA]# A A8 Hetropoly buled 3

6) Chlorophyll a - §7]-8uj 24
Aol Al 228 <= 1 LS GF/C filter® o245 90 % Acetone 10 me7} ol
JE A Y2 F KL XA E unpafiste] Wutte] FAAIZ vl o 5
cel W Ao 20~24A) 7F WA S}gITE. Acetoneoll ®F|H ChlorophyllRhE 4
A Ba)3te] ArSointg 9)%t F Spectrophotometer?} 1 cm cell & o|-&3}o] 750, 66
3, 645, 630 nng] uFOA FHEE FAY F FAY FHE & ol &3t Chlor
ophyll a& AAtstaict.

Chlorophyll a (wmg/2) = (11.64 e663 - 2.16 eb45 + 0.10 e630)X

Acetone?(nt)

oAzt R G( L) .
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F663 — ET50

¥ eb63 = ExRg Ao W =37o]
w _ . Ip45— ET50
o615 = "z el W Ffol

_ . FB63—EI50
°630 = g melw Fiael

A 28 =g Al ksl S8}

7} 2QdE A4Y ARE BHAsE chest e

Aaper, 79, AME, &A1 A Fol mhel ¥3st A cfEA ddyed =
A AL 4 WIE ZARY A ¥ 343 2otk 19979 119 17 FE 1998
W 49 6 7] 1530 AX RARRE £ 119 179 15.3TColA HA} Z8to
1998 24 29 7.0CE HAAF vehfgch ozl sheelAx 19989 24 24
o 6.0CE HAAE vehfom o 3ozt +&xt0lE 1.0CE 3HE 3] +¢
= sfelETt yhotrt
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E 3-4. #FE, 3tF URT 1Y £2(C) 24 A5

TE 3 s 2T
Date
1m 10 m 1m 10 m
97. 10. 30 - - - -
97. 11. 17 15.3 15.1 - -
97. 11. 28 14.0 13.4 - -
97. 12. 04 12.5 13.0 - -
97. 12. 16 11.0 10.5 10.0 10.0
97. 12. 23 11.6 11.0 10.5 10,2
98. 01. 06 9.4 9.4 8.9 8.9
98. 01. 20 8.0 8.2 7.0 7.2
98. 02. 02 8.3 7.5 6.0 6.0
98. 02. 11 7.0 6.9 6.5 6.6
98, 02, 23 8.0 8.1 7.4 7.5
98. 03. 04 9.6 9.7 9.0 9.2
98. 03. 11 9.7 9.0 9.7 9.5
98. 03. 20 9.7 10.0 10.0 10.0
98. 03. 26 10.5 10.4 10.2 10.1
98. 04. 06 12.0 11,7 13.0 12.8
2) pH
g FaolR HEQ pH Wile AEZEYIEY Wi wel 7137 = 38
3 4s7|= ok 1997d 109 30 T8 1998 4% 6 7bx] 133 &g A

rr

X 3-52 A9t 2% sigoa= 1997d 129 49 7.998 J}A uh& pHE U}
ERfelont Ax} F713le] 1998 29 11def 8,472 7} &2 71& Uehigon,
3t HR2FoNE 8412 71 &2 72 Uehlo] F 39 A3 HeS Lep)

ik,
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R 3-5. %5, 8% tiET sy pH A3

i b sHE ch2A
Date

1m 10 m 1 m 10 m
97. 10. 30 8.16 8.17 - -
97. 11. 17 8.17 8.17 - -
97. 11. 28 8.11 8.13 - -
97. 12, 04 7.99 7.98 - -
97. 01. 20 8.25 8.25 8.20 8.16
98. 02. 02 8. 40 8.39 8.31 8.31
98. 02. 11 8. 47 8.47 8.41 8.41
98. 02. 23 8.26 8.25 8.27 8.26
98. 03. 04 8.11 8.11 8.07 8.08
98. 03. 11 8.21 8.21 8.18 8.17
98. 03. 20 8.23 8.24 8.24 8.23
98. 03. 26 8.10 8.10 8.13 8.12
98. 04 .06 8.20 8.19 8.16 8.17

73-9-2F Zut, 7o) R FE fUEE gl wel HeEe 48Ry HIHE
ZAFEE A= ¥ 3-632F Zgich 19979 109 30 FE| 1998 3Y 26 7HA] 153
of Ax AR ANE 425 L 19979 129 239 32.37%E 7Y Wein
1997 114 179 33.64% % 714 &2 AE=E Vel TE dzFolA e tf

H8 33 % olte] W2 dE=EE vehdgich

-
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¥ 3-6. F¢=, 3tF tIR27 Y dF=(%) A A
= 8y sty iR
Date

1m 10m Im 10m
97. 10, 30 33.24 33.25 - -
97. 11. 17 33.64 33.40 - -
97. 11, 28 33.11 33.73 - -
97. 12, 04 33.06 33.17 - -
97. 12. 16 32.67 32.62 32.06 31.97
97. 12. 23 32,37 32.35 32.81 32.88
98. 01. 06 32.80 32.82 32.54 32.48
98. 01. 20 32.95 32.92 32.31 32.59
98, 02, 02 33.20 32.78 32.79 32,77
98. 02. 11 33.38 33.29 33.01 32.95
98. 02. 23 33.22 33.27 33.30 32.96
98. 03. 04 33. 40 33.41 32.85 32,80
98. 03. 11 33.42 33.40 33. 44 33.42
98. 03. 20 33.57 33.58 32,83 33.06
98. 03. 26 33.55 33.27 32.91 32.77

4) §&A4

7] FolAM sl So8 Hatzt {7188 &3, FUE 2&ol o3 25 &
F F REBAAL HMIHE 2R Ae E 373 2Tt = YA &AL
o] Wizt 19979 1149 179 HE 1998 4966 7px] 153]of AX zApgt Az}
o] A} FspAM LFEAbAE 529 we/ LolA HA} FEle] 0] PR U
™ 1998 24 11do) ¥ 2gtel 7.66me/ £ 2 I &S ZHE VeRgich ¥ £

o] Ax} FUIshHA & AE A FASI Qlrh

b

o 32
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X 3-7. £%%, 3% 2T Y 2404 (nl/ L) A A

o %= Ay 35 27
1 m 10 m Im 10 m
[ 97.10. 30 | - - - -
97. 11. 17 5.29 5.36 - -
97. 11. 28 5.55 5.48 - -
97. 12. 04 5.75 5.71 - -
97. 12. 16 6. 44 6.44 6. 50 6.58
97. 12, 23 6. 66 6.52 6.61 6. 85
98. 01. 06 7.56 7.46 7.62 7.57
98. 01. 20 6. 67 6.65 6.65 6.73
98. 02. 02 7.51 7.59 7.45 7.44
98. 02. 11 7.66 7.55 7.20 7.35
98, 02. 23 6.97 7.00 7.40 7.37
98, 03. 04 7.23 7.06 7.21 7.22
98. 03. 11 6.42 6.40 6. 51 6.44
98. 03. 20 6. 30 6.32 6.33 6.37
98. 03, 26 6.25 6.20 6. 44 6.43
98. 04, 06 6.12 6.09 6.17 6.09

) FEE

sl 4e=Foll AL QAL B, A1 E plankton ol o8 A 2pEHE= FHEE 24
=l o] &5lo] 19974 11 179 FE 1998 4% 16 7kx] F 16

3 ZAE Az ¥ 3-87 2ot 9w slode] AS 19979 1Y 17Y EZ o

Qlslo] AF, BlEe] mto] Ale] 1.8mE 7MY W FHES Uehigich ot o

grefoll A Anbgog Ul 5.0m o3t ciF-Eolglot, 19989 3¢ 1240 7}

2 &2 6.0nE Yehjgch e, ks chRFolrs 19984 2% 2ol 1.2nE 7}

Z vkokor} 19984 39 11do] 6.0nF /MY &L FHEE Uehdglch
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E 3-8. ¢%, st & MY FHE(n) 2 A3}

Date o e )R
97. 10, 30 - -
97. 11. 17 1.8 -
97. 11. 28 1.8 -
97. 12. 04 2.5 -
97. 12, 16 2.0 2.0
97. 12. 23 4.0 4.0
98. 01. 06 3.0 3.5
98. 01. 20 3.5 4,0
98. 02. 02 2.5 1.2
98. 02. 11 2.5 1.2
98. 02. 23 5.0 4.0
98. 03. 04 3.5 3.0
98. 03. 11 6.0 6.0
98. 03. 20 0.7 3.0
98. 03. 26 2.0 2.0
98. 04. 06 2.0 2.0

6) ¥¥4H

%
7180 EEHA WE&EHE dEUok: ol Ao g IHE AX tii]
sjoakrEol ol &EE M FRY JUdolth. AP AM o5 WG R
A= F 3-9, 3-10, 3-113F Zrgivh ZARIQolA oxuole] Wil 1997d 104
309 HE 1998 49 6U7EA] F 163 ZAIRY A 495 sfdollA 1997 24 2
d 0.194g -at/ L2 71 w2 E& Ve 19979 124 44 0.73ug-at/ L &
M B2 28 Ul stE t2FAE 19989 24 29 0,174 -at/ L2
M W HEE VFERNGAL, 19979 124 169 0.80ug -at/ L B 7 e R E

Lieh gleh
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E 39, #¢x, 35 2T s dRUoHug -at/ ) 22} Az

FE 3l 3 27
Date

1 m 10 m 1m 10 m
97. 10. 30 0.30 0.33 - -
97. 11. 17 0.23 0.33 - -
97. 11. 28 0.72 0.57 - -
97. 12. 04 0.73 0.72 - -
97. 12. 16 0.45 0.45 0.80 0.63
97. 12. 23 0.39 0.27 0.42 0.29
98. 01. 06 0.25 0.21 0.25 0.21
98. 01. 20 0.26 0.23 0.42 0.52
98, 02, 02 0.20 0.19 0.30 0.17
98. 02. 11 0.23 0.21 0.26 0,26
98. 02. 23 0.45 0.47 0.52 0.69
98. 03. 04 0.30 0.25 0.46 0.42
98. 03. 11 0.22 0.29 0.36 0.33
98. 03. 20 0.45 0.35 0.58 0.45
98. 03. 26 0.31 0.23 0.41 0.31
98. 04 .06 0.48 0.45 0.79 0.60

ok} Walel 21 AR Fol S Fol EEshi obduel Wkt 1997d
1049 30 FE 1998 49 6 714 F 163 ZAIE A}, +9E 31GolA 1998
39 49 0.27ug -at/ Lo 7P U2 R E VERIY D 19979 129 239 2.56ug
-at/ 42 7P & FEE UERGTE T shE tiRTolAMe 19979 129 239
2.85ug -at/ L2 71 B2 HEE LEhgda 1998 3Y 449 0.38ug -at/ LB 7}

B e =S yehiglrh
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¥ 3-10. %=, 3HF R o] otaAAiMug -at/ L) AL Az}

92 8y 35 iz
Date S Ea -
1m 10 m lm 10 m
97. 10. 30 0.72 0.76 - -
97. 11. 17 0.47 0.49 - -
97. 11. 28 0.74 0.85 - -
97. 12. 04 1.61 1.69 - -
97. 12. 16 2.31 1,78 2.31 2.14
97. 12. 23 2.01 2.56 2.85 2.62
98. 01. 06 1.38 1.42 1.84 1.86
98. 01. 20 0.87 0.95 1.52 1.40
98. 02. 02 0.82 0.80 1.29 1.33
98. 02. 11 0.83 0.78 1.42 1.08
98. 02. 23 1.76 1.56 1.82 1.44
98. 03, 04 0.27 0.15 0.61 0.38
98. 03. 11 0.36 0.19 0.59 0.42
98. 03. 20 0.44 0.32 0.72 0.46
98. 03. 26 0.89 0. 66 1.29 0.80
98. 04. 06 0.38 0.23 0.78 0.53

Actedol ] ALFFA F 71 F2T ik 19974 1049 309 HE 1998 4
A 6 7HA] & 163 ZAR Az ® 3-113} o] zAtE gl 1997 109 -
datare] zael @A % sgo Fap Fristr] Alzbse], 1997 124 169
38.56ug -at/ £ oA ZHR & S UERAAS, 2 F FA Haste] 19979 39 4
doll 1.424g -at/ £ 2 A2l IZtE YT ¥ 3HE o XTI E 19979 124 13Y
43.54pg -at/ L 2 71 &2 wEE Uehislon, ofF ZaAdle] 19984 3¥ 4%
7.191¢ -at/ L 2 7P Y& =& vehflct
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F 3-11. %, 3t 2T sl Uik -at/ &) 2AL A

o  peEsy shEtiz?
1 m 10 m Im 10 m
"~ 97.10.30 | 15.79 16.86 - -
97. 11. 17 12.09 14,30 ~ -
97. 11. 28 22.91 18.07 ~ -
97. 12. 04 29.45 24.12 - -
97. 12. 16 38. 56 36.35 43. 40 40. 41
97. 12, 23 34.01 25.97 43.54 41.05
98. 01. 06 18. 50 18.07 28.38 24.33
98. 01. 20 18. 64 16.29 36.28 31,37
98. 02. 02 5.05 5.19 20.06 17.22
98. 02. 11 8.25 5.76 22.05 21. 41
98. 02. 23 6.26 5.83 15. 86 12.16
98. 03. 04 1.42 1.35 10. 24 7.19
98. 03. 11 3.06 3.70 9.18 7.61
98. 03. 20 4,48 3.41 12.73 10. 53
98. 03. 26 10.03 6.33 10. 88 10. 67
98. 04. 06 6.97 4,34 42,33 15.51

Harat o] Wizt A Roordte] A Jlofshe dAbd 19979 104 309 FE
19984 44 6 7hA] F 163 2 Aze ® 3-129} Zodrh $9E oA
1997 129 49 1.39 -at/ L2 TP & 28 Uehligli 1998d 34Y 449
0.14ug -at/ L8 7} @& 22 Uehfr) g k% tjR2FolAs 1997 12
o 169 2.30ug -at/ LB 7 B HEE JeEh)gla 19984 49 64 0.63ug -at/
LR 7MY e v EE vehidch
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¥ 3-12. L%, 35 vhE2F 9 4w -at/ £ ) AL A3

5 oy 5% 27
Date —

1l m 10 m lm 10 m
97. 10, 30 1.11 1.18 - -
97. 11. 17 1.25 1.46 - -
97. 11. 28 1.25 1.11 - -
97. 12. 04 1.39 1.32 - -
97. 12, 16 0.97 0.97 2.16 2.30
97. 12, 23 1.32 1.39 1.81 1.95
98. 01. 06 0.84 0.77 1.46 1.32
98. 01. 20 0.84 0.90 1.81 1.67
98. 02. 02 0.35 0.42 1.25 1.25
98. 02. 11 0. 56 0.28 1.25 1.11
98. 02. 23 0.43 0.42 0.84 0.84
98. 03. 04 0.14 0.14 1.32 0. 84
98. 03. 11 0.35 0.42 1.32 1.32
98. 03. 20 0.49 0.49 1.32 1.32
98. 03. 26 0. 42 0.21 0.90 0.77
98. 04, 06 0.28 0.77 0.63 1.11

-133 itk eE soelA
19974 129 49 17.95.¢ -at/ L2 7} &2 S5 5 Uehd T Azl Fo1sls 34
of glrh. ¥ shy chzFolA= 1998d 24 23Y 0.26pg -at/ ¢ 2 AL 7Y

ot ofF ThA| FIlete FAHIE Holx Qlth
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X 3-13. #FE, 35 T slHe FiHug -at/ L) AL A
o

FEE 3 3t otz
Date

I m 10 m I m 10 m
97. 10. 30 14,80 15.99 - -
97. 11. 17 12.33 12.93 - -
97. 11. 28 14.03 13.52 - -
97. 12, 04 17.95 9.70 - -
97. 12. 16 15.99 17.61 21.86 20,16
97. 12. 23 13.78 14,54 13.78 13.69
98. 01. 06 6.46 6.72 7.06 6.97
98. 01. 20 4,85 5,78 9.02 7.91
98. 02, 02 0.17 0.60 2,13 2,30
98. 02, 11 0.09 0.00 1,87 1,96
98. 02, 23 0.00 0.43 0.85 0.26
98. 03. 04 0.43 0.43 0.43 0.26
98. 03. 11 0.34 0.43 1.02 1.11
98. 03. 20 1.36 1.28 1.28 0.85
98. 03. 26 1.62 6.04 1.19 4,25
98. 04, 06 1,87 2.72 10.21 3.57

7) 88 8Y a
AEEHAE o] g3 2FEE= S22 aF 19979 1049 30Y HE 1998 44

J

6d 712 % 163 ZARE A3l X 3-149 Ttk $9% o2 F9 ALo] ¥

A Z71817] A RFSte] 1998 29 24 of 6.51 wg -at/ £, 1998 3¥ 4o 7.09

wg —at/ L2 7MY & FEE el 3 ¥ 3bE tfRFolA= 19989 2 2

d 10.80ug -at/ L 2 71 52 HEE Uehrd ¥ 37& FHE0] 32 don £
z

T7 713 Hokd 19984 3% 4 0.494g -at/ L2 R UL =T E Uehjgc)
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E 314, 7%, b5 tlEF sl9e] Chl.-a(ug -at/ £) AL A}

Date FLE Y e R o
1nm 10 m 1m 10 m
97. 10. 30 1.35 1.74 - -
97. 11. 17 0.19 0.43 - -
97, 11. 28 1,78 1.74 - -
97. 12. 04 0.66 0.89 - -
97. 12. 16 2.01 3.24 3.24 1.59
97. 12. 23 1.55 2. 40 2. 40 1.12
98. 01, 06 4,41 5,07 5.07 1.97
98. 01. 20 1.31 2.68 1.27 0.38
93. 02. 02 3.67 6.51 10.80 10.80
98. 02. 11 1.31 3.45 6.11 5. 64
98. 02. 23 1.31 3.45 5.83 6.76
98. 03. 04 2.05 7.09 0.49 4,96
98. 03. 11 2.71 2.25 5.15 3.79
98. 03. 20 3.79 3.56 4.57 5.06
98. 03. 26 2. 48 4.18 8.28 9,56
98. 04 .06 2.51 6.31 4.13 1.85

oje] ZAANE qottd FE s|Ygolt} shy 2T oM FLo] v
| ALdue AESYIAEY HF7E dojulct

ofwf 7H FT wstE A AAEY 4B P werew 2 ZAzb p0st pH
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A 5E AE

SAEE A}Y olF HiAs d5FF A% 9 §87s MUty Hste] W
A Falul ] FASEE fAsto] AP AAFH R HEr MA 9 4 Ajx
HE Jpdstolct /Ut des £ AARE $YEed fA B2 A¥AHS U
Ehj et
AR FBE A U2 Falul] ©X/Ss/TDSY AUBUAE $EAHOZ v
3to] sample?] TDS W& on-linel & ZFFoTH SS 4l BITE LA o
T g HAstirl Halbwl Ao | BRE 9131 dlo]
AELE hardware 4 software A1 0% 7|ubstgic].
HAH Street-Phelps O 2N WA Z Aolgt BYE FAsta, FHakd4
A S B solE T sl HERUA 2E R L3 o
A

2

firt
ta
o
ofj

A Fele =& o Jdsislch. 2R oy #EAYES 22829 a, BEA
0D, FHa&(F7A4aFI L), FARVILFIIA), &AL, CBOD 5 87)0]
th olde] Eyo] HHEAIAQTIH(S0D) I NBODE L 3te] EEMAE A sy
3, AMEE 4% CBDE Hutstel #Asiolct Z FEZ olF, FHah

B

5 At 1l &A@ (source and sink)S 183le] =& 2Ystalct
&R sh FHRAE HAE 9Idto] tlAd HHoR ARY oakd foo 4
(A Aea]) 9 sHE (QAatal) F2H(8. 3km) FHA LA

stof, Ad=xo] AAE AR A& d HAFol ey AS AR He 9 &
AL Atk /MLE QualZe 2H O AZ-E 19974 498 $42H A8E o&
sia] AAlstddedl, Alxtxel A7t 2 A AAE Uehida ol B
AL of5RYe] IAHASS & 5 Aot

FoolEA e FARY JMAE AT S&€VIe NP d¥eEA £, HE, pH,
D0 58 F3E& YA B Hejol H&AA &3 A& I U dojEg
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AEA A8 Frrsiolet. $ARE AAle AY T4 AR 92 AT g9
18483} 272 AsteT =@l ARFHENMY 13AE st A& Al
Aol &Fsgict
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A4 & SHEE 488 AS S A8 g5
EYAl2E U S87(5 Y

A1 d Faweg D A A7 Ay

A 18 sle

FARA N FFo] Exfste FNEHY F& FYsHe %Yol BDL} CODE
ZAsH= o]l de] ol &=L Qlrt o]F COD= BODY] Hlste] +AEA gl w4f
M 5 HLHeE Wi Azto]l BA Aew FF NI Avteln, FFYHl B
sithe ARE Zeth ey oot COD*%‘@OE di] AHEEI e 23 E
AR oyt AR - V1A WA B2 X T JEEHE AW FYE /=
2 a2 BEeY 0] HA, ARE & 2EE Jtddleicl stnE A7)
o] 53l Fo| §oldtx] otk EAlol dth olof & ATE Filo ol E
HES sAstL Hel sA &3 5 e A 3 Al28E AUty 9%
27193 % $8Y el & ZESACL

A 2 ¥ FYUYEY AHFEHE AT B HE

A AEA % BN AMEEHI Sle (DAHs A ez FIFEA
Hooluh At - U1 I B VIESET AF AW E oSt JAY,
Hulol] gA A|RE At Az|ste] s AFIle] FYste] EFEA WHE o83}
o CODE 3= HeEle] 7|71& AHgsta glvh ol|¥ FuES BT n)e] =}
el " 4 glom, o] 4] 23 BHLUE Hustw, FYAZo] At %

b el A9 o] ey JE ERE whE ¥R FH A A
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Am Al ¥ N WA YAl Wastn, §715 TRl ubet 2ot
Ak whgol gt olo] ¥ Aol Ariztaty walg o] g3 CDEYAE A
akslr] 93 27 FE Sasi

H 3 % HAWSE COD AZ Al AL

Fats] €D £3E& 3 ArEehy A& Aot thedt saus
|23t SAtsl=2] DOAGES D0 AAME RUEESII Winkler azide®} WH 22 BOD
£ S3slolen (D AFY LR FFste] YUUAE ABT2EH DY H7|3}
qA FA JHed & dshach Ado A}%*P Fibllre 7% e e1xE
Ant F7te] EAtellA Ajasiolen ALFr|eol dHMIE HA(10%, 20%, 40%,
60%, 80%, 100%)3to] EWH 2t A RE TIA] F7|57|9 3X(Alg 30 © 27157
= 70)8to] AZE FAlo] 245ttt IR 4-10] AEHQ Halw4§ COD AZA)
2595 Yepj gl

37 4-2& AlZte] wE DOZEY] HEE A4 HFY TefToln, 17 4-32 Azt
o] Aol utel Y3 HN¥PJE Kol 200~300sec F7ro A2 DO AFolt},

2,

[¥
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Power Regulator

o

& Computer
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Chamber

%) 4-1, FAE 4L C0D AZA| AR JHUE.
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DO(ppm)

a3 42 ThR

F

o =

N W
HEFEE HE SR S AR B S S0 T NI B 2 |

T
-

WasteW ater Conc.
ES 10% @
w  40% A
o 80% 0

20%
60%

100%

1
1000

¥

T 3

1 1
2000 3000
Time(sec)
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WasteWatey Cone.
1.0 ~ % 1% o 20%
; v 40% & &60%
| o BO% o 100%
0.8 ~
0.6 ~
o
Q -]
o'
L 04 !
§
0.2 -
0.0
T ¥ 1 * { ¥ ¥ Y 1 ¥ Y ¥ T
0 500 1000 1800 2000 2500 3000
Time(sec)

78] 4-3. chorgt s e A2 FAlsls A8l APFTAN Y
Dozte] %}
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A 2 A CD AF A& dsH 7t

A1 % Ae

COD AlFA|AR1e] 58 7HE #15to] thdt A2 A 23 Fidw2 D0ASS
DO MAE BRUEB S Winkler azide®t W o8 BODE Z43}girt. oluf CoD:=
AFHPLE FH3le] JUBAS FHYCEH DY A7 FH Thede o
Toteich Aol AREEE Fabvee F7)E Bdtol $1AIRE ANt 5T =AtelA
Aqslg o AAZ7|4ol AFU|E B (10%, 20%, 40%, 60%, 80%, 100%)3to]
" 2} AEE ThAl F71E790t B (AR 30 ¢ FIIET]4 70)3te] 67) AEE
FAlel Fgstelc,

A 23 D AF A2F H5E7L

Fatu o] ol £&4E AFY 71&7]v F7Hgt) olof Aetste] FHailwl4
o] a3t 71&reke] A¥EAAE I7 440N AR Az Mol 99, 7ol gy,
22| 4-2] BODsE Winkler azided} Wi o2 ZFsle] coDote] A|BAE 18
4-50] Ueljgom M3AL 95 90xolgirt, AEBHo® ZA3t CODL BODE X
4-12} Zo] HFUAAE 2 o314T)
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X 4-1. &Abs]<4=2] COD U BODs

D
i‘“w—r 7127 (ng/ £ -« sec) BODs{mg/ £ ) CODCr(mg/ £ )
B e L1 B B
10 -0,672%107* 426 392
20 -0.930%x10™ 770 901
40 ~1.55%10™ 928 2077
60 ~2.01x107* 1090 2861
80 -2.51x10™ 1616 3920
100 -3.28x10™ 2080 4361
slope = 0,374 + 0 028 * Wastewater Conc.
R = 0,997
3.5 1 T e
l//ﬂ
e
3.0
e
e
A
2.5 - Vs ]
| _/
' yd
o 2.0+ o
5 o’
5 15+ L
» Ve
/
pe
107 o
Ve
I'e
054
o 2 4 e 80 100
Wastewater Concentration(%)
O 4-4. ATl N Hakwle Run|et 7]&7]18 A
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R =095¢9
5000 - /
-
4000 .
/
3000 -
= L] /
E
S | .
Q 2000 v
° /
1000 A s -
|
s
0 T T T j L T v T v
400 800 1200 1600 2000
BOD,(mg/l)
3% 4-5, My rzrofA o] BoDe} 7]& 78] AdHA.

A 3 A FANE AF

A1 3 ANe

COD =-517.78 + 2.55 * BOD

w4 AT 200
7] Aol ¥ HYY Fof

pH, AEE &

& &7)0] o3ty fistel Fakslle A HolA %
A5 Biabs d4553
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vl A58 FHo] grth. & AT 7S dF™ U] 948 AEFeR B
U siewl YAE EUste] HUH R 4712 848 FAlo] Hojstazt i)

A 2B FAUE A BT A45F A2EY =

e % AH BiAbs A45F AaHY Adse 38 4-63F Zrh D0, 2E,
o, AEENMFEZRY 2238 tolel& wol o AFEo B A3} vastod
Jhedle] Tz JHlE HH2AoR Aoyt F APURY S UoRES
A& Frh 2#E WHEV] 9 2)= AP2E Y A 4+ A HEn, &

WE(V3 W V) ERREG M2 BYY 4 YEF Bz

Y 4-6. ARG AF B d45F A2" AEE
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AP FRolAL] FAE T} 0 W LR A% © A
stelvh pi W AEE A%5Y 2 AAE B F 4742 ¥

W Aol 4 Sl THsdE BT

A3y FAE A FUASEHE Ala"
el 2 z710l osl7] #iste HAlwlg Ae|goA wRE
Ao F& AW Fol ALF BiAHs AEHHAH AlLHE& AAste] Do, 2=
BUeste] 428 A 205 Hol 3pdY o4& Xzt
sl A8 Ho] glrk # A V& A 4714 f4F PEHAHeE B
A FHoR 4712 f&5 FAlo AHelstaxt gl
27\ RN B9 Zizbe vha W7 AZARL 2 5o gte Ag 53¢
W Aoja]Aglo] AFAMA FEZ Azo] HTEo] AlAEY P
< BV Ol whAlel gl AEAHE AAHolM FHE AL AAUYS)
t HolA AVl LAE thh RS Sty A A55F U Ao

£
a
oY,
2
lo
%
oL

>,
e
4
rl‘l
E
Ju

2 oj4tdrt.

2] A% 53U AL5FH A&HY JEEE 38 4-73 o] AT
D0, &%, pH, AEE MAEZHE 772 dole g wolEo] #AFE ] ¥AH 3t
I wjasle] zZ3z7re] AR Ao] HEE D0O-AQUA, Heat =2 Compressor, Acid Tank
E& Alkali Tanko] 91ZA¥ Pump, Dilute Water Tank & KC! £M& wh& Tank?]
Pump7} 2}5-3te] FAFelo] AAH HAHRA EHIEE 2AEsiH, HHzAd =
dotAl = Zhzte] AlARE 7] Aeft "ot

- 137 -



DO senxor

Thermo Controller

=

l pllmeter DO meter
DO-AQUA

Compressor

(
o e
Sme
e

Conductivy
meter

i;Jkall
ik

Zol 10, €%, pie] ASEHE 6U7 BINY A 94T A
2o A%z W Holg A

Ved& Bt o Felct.

- 138 -



i

28 -]
26 - Teraperature {C]
24 - ’
22
20
18 -]
16 ]
14
12
10

Vaues

tofing

Mong

P
6 )
4 -] Digsolved Oxygen {ppui]
7
) . .

¥ k3 Y ¥

Y ¥ Y T
40000 spono 20000 160000

Elapsed Time [sec] * 5

¥
0 20000

- 139 -



A 4 A AHHY sy 2o Ay

A1 38 AL

E Aol st AME B Abg d FYE& £ZESole DO, %E pH, A=
28] U7tA] dloleE AMERE $3ste] UA AlZtuict PCO 1= r]AFo] A%
U rjAZ o] sh= WA o susigrt. ol & $IAE Ha 42d o]t ADER
Az 71 st=ge]g Pestadon, £ ool s AdvantecAtd] 16bit ADHH JI=&
o g & XA P 7EHA stELe] F4S Id 4-9% Hrh

DO 7’“ = ’I‘

& = P 1C t

| = 16 Channel AD ersonal Computer
> Converter & Host Program

pH 7| & 5

AEEA &S | —

0% 4.9, BY A% 2F A2 dold 24 AWE

AFol A= AAZRE +10H dole§ A A2 E AD convertero] Hijsl of
ZlolA TlAd AEE A#Ee] AFE WY wReldl JFHI e EAHe ¢
TElEes 2R ustaat siolct ol &3] ARSE = RS-232& WIRR ¥
g Balo] 3t diolele] AFrcl, wlaF ded Ao TRIRLE HLEF
|AEg FASE Aol olrth &, RS-2320 2% uojE A WHE dwt Al
| HEo BAlg A sk stmdlold 947t dosht, AD converteroll 2%t %

S

N

EE
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Atg), KZ(AEZAS), K3(Hdoll 23t BOD Z4&), K4(SHEEHEol o3t 4k

24 &) T 71 HSAFES FAYsIA

¥ 4-2. 349 QualZe 232 UL A<L

44 3 el 34l
HhS A Tt 9] Reach | Reach | Reach | Reach | Reach Default | AA7]2d2g
1 2 3 4 5
Ky 1/day 0.005}0.005|{0.005[{0,005|0.005|0.02~3.4 | 0.004~4.24
Ko 1/day 0.0 0.0 0.0 0.0 0.0 | 0,0~100 -
-0,360. 3
Ks 1/day 2.0 2.0 2.0 0.1 0.1 5 0.0~5.0

K4 mg/m“-day | 0.0 0.0 { 0.0 | 0.0 | 0.0 |Variable -
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(2) o’ shae] 7 =3t 3%

100.0 e B
= 80.0 -+ ———  Calculated BOD
=
2 - - - - Calculategd DO
S 60.0 X Observed BOD
2 3 Observed DO
C
Q e
O 400 - y
S e x
% 200 —
3 _ x
@ 50 ‘““ Kol v
e A S s S N R A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Distance (km)

I3 4-11. viitehde] Aed BOD W D0&) ¥z}

wtat sholl el o] o|gA HMEsh=71E MHE D R Aot AP

FANEUE AL #3517 lsiA Lot WRIE EAsIATh X 4-300A4 B
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® 43, SPoIN T3 £U71F

co | ol&=EE - 7! < B
oT L Asu pi | BOD (mg/1) | S (mg/l) | DO (mg/l) |
AEAE 1T | o : : ,
I Aol 2 7 5 A 6.5%8.5 1 o}3} 25 |3} 7.5 o] 4]
el 2
11 Fi84 13 | 6.578.5 3 o] 3} 25 o]3} 5 o)A}
S -
gl 33
111 | $4tg4 23 | 6.58.5 6 13} 25 o]3} 5 ol
THET 17 R
UL 27 i .
v °§§;¢"’ 6.08.5 8 o]} 100 ] &} 2 o]
Fg 33 . i 2:97] ol :
7| amenea | 0085 | 0O Tqeagen| 201%

LA SHROIN S AL II5F o]doR ST NFALA o)A Hatt 2.2
th ¥ d-doME ol9pTe EAE ¢
& w1 ke A0E A W3

oL
4 32
12

3} 0.2 cms 7}

FE Lehiglch
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BOD Concentration (mg/l)

15.0 e

120 4
9.0
6.0 e

.

.
e

3.0 e e
‘ Upper limit of BOD is 3 ppm
00 |y T T T T T T T T

00 02 04 06 08 10 12 14 16 1.8 20 22
Discharge (cms)

o 4-12. 71 EA A R whE st s
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X 4-4. 71F AR WHRAHE D Aelo] =& BOD ko] W}

AL |Aw 71 8A A R (cms)
& |(kn)| 0.2 10406081012 ]1.4/1.6[1.8]|20]22

1.00(0,97(0.96|0.96]0.96 1 0.9610.,96|0.96|0,96|0.97 1 0,97
0.9810,93,0.9210.920.,92|0.92(0.92]0.9310,93/0.93]0.93
0.95]0.83|0.88,0.88|0.88|0.88|0.88|0.89,0.890.890.89
0.93/0.86(0.84|0.84(0.84,0.84|0.840.85|0.850.850.86
1.23{1,03|0,95/0.91|0.890.88|0.,870.87|0.87|0.87|0.87
1.45(1,1611.0310.97|0.93]0.91/0.89/0.88|0.88|0.870.87
1.60{1.2611.10)1.020.96 0.930.91 (0.89|0.880.870.87
1.7211,34(1,161.05{0,9910.95|0.92|0.90|0.89|0.87 |0.87
4.1213.03{2.46 12,121,883 |1.72{1.60|1.50{1.43/1.37|1.32
5.56 1 4.19 {3.42{2.9312.59 (2.342.15|2.00|1.88|1.78|1.70
6.88 5.304.3513.73|3.29,2.96|2.71 {2.51 {2.352.21 | 2.10
7.90 {6.2015.15|4.43|3.92|3.53|3.22|2.982,78|2.61|2.47
8.69 6,96 |5.84  5.06|4.48 |4.04(3.69|3.41|3.18|2.992.82
8.777.06|5.94|5.16|4,58(4.13}3,78(3.49)3.26|3.06|2.89
8.8417.15 6,04 |525]4,6714,22{3.86:3.57(3.33{3.13]2,95

BOD
(mg/1)

[ R e
el vl el el N N 2 R S R

A 6 A Fasle A A A5 2Y HEE B}

A 1 g e 4%

BgdE A3A deHel 2%t Sl MR Wit Wie §9 32 o+
e dole dkm ojn & &8} B4E AFHE urhia rtHId 4-13 W
4-14 F=x), Fol A7 107 FU=E she] F4 Het vl Aol 43 @
o] W37} Asta AFEHE 292 ALH] FYULR FEHE g AT jtolrt
Fible Azlge] dd A &Y 1ton o wi&sEE BOD 20ppn o], FA4 4
0~70ppm, <1 0.23ppm ©]3I2 fAJHTE Ae|Ao] S XE FHLE A 4
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FTFE SRR T A HolA A% fE SHSIUCHE 4-5 HR),

e WM3kE B SlsiA 241 e A3 {EE
=2

dx, BOD, 71", dEuol, opdal, A, A, 2F(EERI a)

az,

tisia = e eE 2ASIYch

F 4-5. spH L) Al Bg3 AT 2y ¥R

2t Zo](m) A5 EHFF S3(n’/sec) The 3 (o)

5
(A ) - - 0.00125 0.025
2| H1 537.5 0.01824 0.096
A 82 737.5 0. 02462 0.1065
253 962.5 0.01925 0.0367
2] 54 1167.5 0. 00964 0.1927
2|55 1392.5 0.02262 0.1840
2|86 1597.5 - -
2|57 2192.5 0. 04880 0.1632
2| &8 2730 - -
279 3342 0.39775 0.9823
2810 4005 0.09941 0.4244
EFFAE 4805 - -
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o) Yo =8 UEF HYS AT

Aaeade] SEakao) 597 vyt F AlRe] §EAILY AolE YEFY-oX =5

o}Ujo}, ofdabyd AA Aard AL 52 Auto Analyzer I (BRAN+LUEBBE AACE
5.23 Continuous Water Quality Analyzer, ©]3} AAIl 2 3EA]) Hagsteic
@ A9 (POy)

AR A8}t
® 284 a

TR Ao FHFEY LR S

A 3 % FAES T8

SR 2UsY e Ao o Fol, MEOUY Aol ¥ £UYW Suio
2 olgElir] +uT AABL lgslse] BEY WS WAL gk T B
WAL FANE RS Sgsked] dloine] WAR 2 npESES AdaelolA

i)

I:i

& Bl U xstal glo] siA Azl tigt AlgE AFe] Hasirh
b, spxa wste] TS XS] ¢1ste HEEH mulo] U= girh USEPA
L QUALZ2E Rdlo)] Egy1E3 7] (Monte Carlo Method)3t UXpeXREA71W(First

1wy

r

) £9l8te] FERY QUALZE-UNCASE 7Nwtstelict,
ZyglEz NS B4 HEEEE s OB NEHOR WANAN BYe] Tyt
o onagte WA weluold WS Fi= slolth MME Wl o5 2 o

Order Error Analysis Technique
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W o2 AR E WEHOE £k 4 k] vt A dd=e] AE
o] @ojXit}. EPAIL] EFHAUGS MEAMIEA nle] 18 SEPLRFE ¢
2 ARH EHHY EYUYS ARl HYEA EYY AlEHeldE 3o
FYHoRN ARHcEL I WEAL] +3PEdrhkd o] A W Al iy
By MEERI} A EEY ol2eR BAH $3I FES FUULL BHY
Felo} niAiie] HELEIL GRSk A EEEL A& 23} FAHe=R

ENEeS

A4y EY RY IE

A Al E B3] S BEYES EEPEE B3 RAHo ok e dAES
EYSIAL 913 o] AHI Rzt Aols} M3} o wiybA] Jfo] WiFHch R¥e
RS AFAEE F 83l Bl TUH 4% WAFE St AU S onizi,
B2y A2 BPY WUASES thE 2A4slA H84E AFshe Helth. By
BN AFE siste] 99 39 4%, 54 13, 74 139 AHAgE HEely, 2
W 4-139] 21, 23, 25 A[MolM el ROHANE UHA 9} vlsiirt.

Eyo] A2 thdEE duitt H EARRIAL el AR ks futeg s

o] 2ol AXAL( R)7} vl ARASE E¥el o3 dud 4 v ¥&5AEY F

i

At wlEE uERdTh o)ZZ 0.000A4 1.02] 9918 R lof LHUSE o7t A&A|
£ & 7lestal 35S HnlEitt

3.(0,~ 0XP~ D

R=| — ~
[ gl( 0,— 0)1%9 gl(pi_ P20

1 (4-1)
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estA wska 2¥ea) Bz viglEel Xoldis E2hslch ol#t AR <l B
o] HAMS SE A 7|&Y 9 the Hol NFFUT) o]& FH3I/|¢3 AAH vhebl
AT Wyl b HeAE olf3he &AL £ BYUAE 7 dth Nash o}
Sutcliffer} AjQret EAS Ee TeERY +3¥E B ¢j8) AgEolex ok E
g2 Fatjoll A 174 ZkE 7B 1ol JIRETE SARE Bojug efnliith

i

ff(O P)*
E=1.0— (4-2)
f(o o
ok TR ofEAe] B3 Bare] olo] MUSITIS Mol PAH Sl

Wil lmotti= Aol 7128} Stlo] B&z} ol &x|e] BRIt Bate] xolo] @ Uzt Ag 3

B3] $)3) TR <5 AUSHCE

(0,—P)*
d=1.0— =1 —— =1.0-N5F (4-3)
S(1 =01 +10,-0)
PE= 3:(1 P~ 01 +10,~01) ™
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MSE= N1 gI(Oi— P)*

o7|M, MSEE Hi-4E x|, PE(potential error)& ZAfEQl exlg 7t

o] HEo|M (0,—P)?e] Hagpolth BYIRAEE 0.0014 1,071
Bzt o W 7t 9
2 BHAAEE AR ol

WSk 2 3k BF
Ui VIENTE EEA FAAEIE A ATl vlsiA BE
FA)o] chsld= FestA RIzisict

N

A 5 & HANSAT

EE UAIAA R o g ZolH HAibsel tfsiA EE&AF FREE ARSI
A WS ATE 3t



A 6 %

(1) BOD(ppm)

44 57 23}

> T saq) | osae | sae | saw | s 7
1| 205 | 12 1.8 2.2 0.453 | 0.252
2 | 27 | 1 1.1 1.4 3.020 | 1,359
| 3 | 23 | 22 | 19 1.6 3070 | 1.910
P 1.35 2.3 1.45 | 5638 | 3.7
5 | 495 | 1.9 2.6 1.95 | 7.450 | 2.466
6 | 35 | 35 3.4 365 | 4.430 | 5940
7 | 32 | 4 3.4 3.15 7450 | 5.688

(2) ¢ obd A4 (ppn)

3]

" ) | s€ie) | s€G) | 3wl | s€ 74l
1 | o000 | o000 | o000 | o000 | 0000 | o008
2 | 000 | 0000 | 0000 | 0000 | 0000 | 0082
3 | o000 | 000 | 0000 | 000 | 009 | 0136
4| 0000 | 0000 | 0000 | 000 | 0020 | o012
5 | ooz | o0o0u | ooz | oo | 0198 | 0112
6 | o005 | 0088 | 0110 | 0134 | 0000 | 0.89
7 | oss | oms | oem | o7 | 034 | 027
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(3) obdabd :(ppm)

A i 3%4(1) 3%(2) 34(3) 34(4) 54 | 74
1 0.116 0.424 0.130 0.000 0.077 0.239
2 0. 000 0,232 0. 408 0,000 0.074 0. 2;5l—
3 6.702 0,000 0.378 0. 000 0.638 H“E.Ei; |
4 2.396 0.130 0. 301 0. 000 1.759 2.301
5 0.826 0. 000 0.142 0.284 1.308 0.246
6 3.081 2.814 1.623 2.104 0.070 2.272
7 2.631 2.885 2.834 2.471 7.921 1.926

. N 34(1) 34(2) 3%(3) 34(4) 54 74
1 1.408 1.427 1.354 1,358 | 1.349 1.648
2 1.765 1.506 1.583 1,656 2.038 1166
3 2.438 2.498 2.371 2.360 1.202 3004 |
4 2.539 2.756 2.579 3.626 0.977 0.822
5 2.997 2.996 2.975 2.715 2.292 1.763
6 2.880 2.836 2.807 2.698 0.360 3.602
7 3.204 3.026 3.173 3.115 2.022 2.641
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an T sga) | sa@ | sue) | oswe) | osw 74
1 0.001164 | 0.003286 0.00137 0,000 0.1411 0.0125
2 7 0. 006036 0.000 0.000 0. 000 0.1681 0.0119
3 0.000 0. 000 0.000 0,000 0.1680 0.0108
4 0.660 0. 000 0.000 0. 000 0.1565 0.0113
5 0.000 0.000 0.000 0.000 0.2723 0.0125
6 0.001154 0.000958 0.000 0.000 0.1188 0.0119
7 0. 0})—1;;54 0.000 0.00308 0. 000 0.3215 0.0109

A& aeste] AA 22709 Fe® el 7 Ftmjet Ao
AHe) A7)9 FE ASFUlElE A E3te] BE FYsgIrt. BYS FIHA W

n}
ox
do
12
tlo
+
1)
B
.3
.ﬂm
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¥ 4-6. B3 RAS ¥ dYA®

ZE | BOD |87 | BErol |87 A| NH4 | NO2 | NO3 0 | &

(mg/1) | (mg/1) | (mg/1) | (mg/1) | (mg/1) |(mg/1) | (mg/1) | (mg/1) | (mg/1)} (C)
5

0.01251 0.252 1 0.650 | 0.000 | 4.217 0.239 | 0.084 | 1.648 | 7.40 | 18.9
(ZBA) - o |
251 |0.0119| 0.554 | 0,552 | 0.000 | 4.320 {0,235 |0.082 | 1.166 | 11,0 | 19,2

3 10,0113 | 1910 | 0.368 | 0.871 | 5.240 | 2.301 | 0.136 | 0.822 | 6.6 | 20.0
254 0.0125| 3.171 | 0.746 | 0.000 | 4.435 | 0.246 | 0.121 | 1.763 | 6.0 | 215 |
2|25 [0.0119 | 2.466 | 1,062 | 0.000 | 3.833 | 0.257 | 0.112 | 3.602 | 6.6 | 19.6
256 [0.0109| 0,755 | 0.981 | 0.000 | 4.101 | 0.452 | 0292 | 2.641 | 6.7 | 19.3

=

k=5

2 10.0108| 1.359 | 0.997 { 0.000 | 3.731 | 0.2880.236 3.294 | 6.5 | 20.1
- —

ar

=

A7 10.0146 | 5.940 | 2,453 | 0.080 | 0.427 | 9.171 | 0.890 | 3.087 | 6.0 | 21.1
s | - | - | - - - - -
Z479 [0.0157 | 5.688 | 1.680 | 0.085 | 3.323 | 2.272 | 1.347 | 3.620 | 6.3 | 21.2

A 510 10,0157 | 5.738 | 1.566 | 0.021 | 3.614 | 1.926(0.941 | 3.383 | 7.2 | 20.8

* 8 A Fz A =Aols FAlE Yo ASAE AR} §sE,

U g B3 WA Ee]l £AYH J¥E AT A 7t #AUES oA

L
2 150 EajArel dUE e AR uelyrh, A7 £AYPEoR Bl 2R
%3
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>
H
(o]
=
rir
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=
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do
N
ey

e Relbs, POy = f710le] Balsws) o)
o RN Qo BEAE, S/AAE BAGE, gEUohd Wit opustorel 4

o} s e REY fE4E, obdald daw dEUoM] A4l AsEE, Wiy
S




QUALZE o WHE A E9IE ATslel BHAEE ABdeldos £ANS ASES
Bap) WA RS st 2 el Azl i) TEAS E S B2 AE d 7}
B 70 o) A9l Ths WAl WS BHATE HH WSALE E o d
IV g B9 grew gt
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“3“33
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T 08 |
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(c) 3 ApH=] 2o
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oee
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E5
(d) 7d 29

7% 4-15. BOD of tj¥t EEAF SR EL JABA(ELEAS, dFAXE)
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78] 4-15% 233 =]EolA] BoDol| tisha Rejgt Azje] FEASL E o FAXE Jd B
EAIRE oot o] &2 A¥du A BE THEA Skl AUE R
SR R= 0FE 171212 HeUolA FZol=t]

dcth. TEATE =2 AFE 17,
W A& e SASES HA WA FolA A2z

oh Lt

e

3 4-79] (o) E 9 d 7} Toxol el 98] WkEAISS Wflela, (d)& E 2 d7t 7}
S wfe] RESA Zloluh MIZAe] AAFQl WL QUALZE 2] ®HglolA] AA
HojLjr]= = 208 Uelylch
F 4-7. AT U
NHg A (a) QUAL2E(b) | sSWa(c) | #=nH-gAIS(d

zZ8e] AT 0.15°1.83 | 0.13°1.5 1.0

| 2R AAST 1.03.0 0.82.4 | 1.5 ]
259 AE4E 0.050.5 | 0.7°1.3 | 1.0
BOD Bsigs 0.020.3¢ | 0.022.22 | 1.5

| 7ol oJat BOD ZaAsE | -0.360.36 | -0.29°0.29 |  0.05
71 Balas 0.01°0.7 | 0.01%0.5 0.3
71 MAEE 0.001~0.1 | 0.001~0.08 0.04
S71A L Bel4r 0.02°0,4 | 0.020.4 | 02
§7)AA AREE 0.001~0.1 | 0.001%0.08 0.04

NHie] Hals s 0.1.0 | 0.010.27 | 015
NO2] Eal&E 0.272.0 0.05"1.8 L2
25 Hygol 23 Ak Akg 1.471.8 1.471.8 1.6
ZF2] ZFol 23 At A4S 1.672.3 1.672.3 2.0
NH:2) AbEo] o]at Abae] Amg 3.0™4 34 35
NO:2| AtBlol oJ3F Alro] ARG 1.0°.14 | 1.0°1.14 1.1

Shab ArA @ 7-8(VSOD) 0.07°7.0 | 0.0574.14 20
st A Qle] BEEE — 0.010.1 0.05
Shdoll A Ao gaae - 0.01°0.1 0.05
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ARE kAR 999 3ol Al A&l AX ST A ARE o] &3l BHFE
RAT A3LE 719 4-160] ZA|8E uie} Po] Beolol HSAIE= tHE dx]t)
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Computed(mg/l)

Computed(mg/l)
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- 163 -

Computed{mg/1)

008

006 1

004

002 1

o]
O
3 4

Observed(mg/l)

(b) BOD
G :

002 004 006 008
Observed{mg/)
(d) F71d



)]
S 5
&
kel
[0]
3
(0]
E 4 ©
O
3 : :
3 4 5 6
Observed(mg/)
(e) F71-A
QB oo e w0 i i
05 |
3 04
£ 0 o
3 03
2 o
o
5 02 o
O
01 r
0 - . K
0 01 02 03 04 05 06
Observed{mg/l)
(g) NO

- 164 -

Computed(mg/1)

Computed{mg/I)

3 4
Observed(mg/!)

(f) NH4

L

3
Observed(mg/l)

(h) NO;




11
> e
£ 10 |
kel
Q
3

9 -
& 0?
O

8 L

7 .

7 8 9 10 11 . 12
Observed{mg/l)
(i) DO
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Computed(mg/l)

Computed(mg/!t)
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Computed(mag/i)
(o))

0 2 4 6 8 10 12
Observed(mg/l)

% 4-17. 2o AFAI (999 3¥€(4), 74)

BAY AR 39 ] Hal AEAEe} 742 Ahgol ¥ ASE AW AL

170 ZA8ldck T3l 4-163 4-17& Hlaste] B HEAde o2 23
FETH Bo] #HF o dAFET oS ¢ 4 stk ole thRYd §93H
B AT fFdel 100 ojm ZEA|EA] QAL A=Al LERA] o2 wH-ETRe
2ot vl de] o] glo] R Sl FUIs] wiEd o= wetEdl

t}.
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A7AH AE

ZAE 28y AF BT AE5F5Y Aav 9 S&IlE MUst] $lste] W
A F2w4e] 0D FFE& ¢ AVt HEbdE dstloh cheket 3au)
2 AZ3 ZA4e] DOASE D0 MAE RUE R8I Winkler azided}t wiwog
BODE &73t3ct CODE IFYPLE FHslo] BOD:2te HABAE ALE22HN
Fatwl|4= coDe] M 7)5EE &3 JHed & A

FAEE A5 BEYALEFH A% S 9ste] JEol AFH U] 24 E A
Ao T RUEAM Y WS Buste] HYH o 474 94F FAld &3 7t
ST A EUAT dE55F AA¥Y HAE gEste] Alavle] OFAHE Brtst
9th. PCE o] &3le] Qd&ZAo] Wayt =2 1US sustdct dHoA Yol
AA LR BAEESE Z2ogsigdon, D= A d Al ARE dE 24
A ISt WY ARE (A TAdE 4 EF vk Hdel= Al At

1 aJAElo] 2EI F FTE A7IE WA EAFHEES stelon, 3H AR tool

2 g sto tf
FREE A 22708 FReE WA b Finivt Ao} AFY A RYE A
Fstolct. B T HsE &

A
s ey
5ta, EUEEE oF 24|17t 2t o g AA|slgong 24
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2

4>*3u

o
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>
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1
o
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of
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1k
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(i
jabid
Moy
3’5
(i

E7HER Agdelder A
S A UAXA RS sslal, RFH MSASE ASAERE A
Az RN 2o 3#E w7 ojiE o 4 AUsTh ol oY

G BF AFe 4ol 100 Folm, AR YAU A EJo] LERA] ofE
SYETEL 3ot vEedY ] el glo] Bl EFAUGe] S wiEd
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TEA Y AFAEFHY ALY HAA AT £

BE AR FHo] o] 8 4 glE ALoR JYhE it
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A5 & SolE XY £MEH HMS BE =8
A ASEY ALY JiY U otEN Y|

A 1A 0D A5 AlAE W BOD AUTA B

213 AL

Al

FAEMo] Qlold Zp J1EAH] FFes Fo shuied e AbAR4H
(Chemical Oxygen Demand, COD)= §3}3}# At @ 7oF(Biochemical Oxygen Demand,
BOD) &Awo) uiste] HHA|Zte] B FAHe| 7} chd golste] ] L8 X
of who] o]-&=al glrt.
coDY] Z ol HAAME FHRY, Wi, AT Py Fol glrh
FAEAE, PYDALE 53 T2 FYT AT FIE(LEE-)E ol
setael BR AM3AFlen HRT A ARYLE Fohle FAAE AP
& ZA A Zto] 1~2X| 7] AQEH, ZYF ArstAje] o3t 23} 2 Edo] viEH
ThHe thdo] glom, Atsix], Fnf, Ao F4 BF3 2 71714 wxe

7} golstA] Esirt.

e iR f71E0] A S F4Y 4 ke FHEE o8t ARl 4
Ak wpake] AR FHAA FHH G& 0]&ste] (DE Fatshs WHLE A
Hel A7} oshy, AEFo] ZUH EEIPYEN 5 & celld] FHELY ¥
zhah B el ol wial eyl 2 A st "alE 0D AEF ol wWel A
5] k3 glel.

A7)t wbHe 2212 ¢i¢le] o] ¢l e WY &HFo] shesial, At
st 9 FHARLe F71H RFol Wagle BH

~
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Hog B37} 7bset §7180) tiel $HaElof BODE CODO| 0.7~1.00] 2k wle
& 7P, FRuee TR0l wrel AA Xolrt UAvt B 0.4~0.6& AR
th & dxaAeld AMEEE FHibigls JPEsteel SR wlddeE sHc
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Z7] COD AFAIARE OH ele]| g WA A7)58d Wye g4 o
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o] Af #AEA oM FAdAEE Zge] AU, 5= e BoD} CODE U
& uEUAE VIR EZ BOD AFA ARG o]-&3te] COD AZAAHE F&3)ac)
ol & #13to] Fatwapof iyl wHEF el BODS} COD 24 APL Edto] ofol rjgt A
BATE 7ol ol& AZFAI AR FH-&AZch

A 3 & COD AHE& AlA% W BOD HAAA ZAF

Sl D F3E& AT A2
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40%, 60%, 80%, 100%)8te] Fu|¥ 2z} A 8& thi] F7|H7|59 (A& 30 : F
71Z74 70)8te] ARE Aol FFsiolcth

DO WA E o]&3to] 6712 HEH AR DOAEE 1A% 5 BUEPEE d3,
% 5-1of R ujel o] zhzhe] AR AJZbef] ube}l AXIA LEAtaTt 24t
= AR Rgon (Xte] AR BE AR DoFle] 027 oA ¢iotom

QA3 MEAHE Kol L7H150~3600%)E Aeiste] zt Alg¥ o DOZH(DO:)}
njzniche] DOZHDO,) e W] &2 UEhd A3bE 28 5-20] Uehlgich 10%, 20% A
o] 7% pogre]l ALl AR gk ol A3t A|7]7} 1240]7] wiEe] n]

gEo] Wyl WolA 97| mEolek AZFATH wehd 717]9} BODS] AHUBA
Mo M= 40wold A& ulolel& o]-&slgirt. DO o] 7]&7]2t BOD:S] F#
BAE AP At 27 5-30] HolRo] ATt 99.850] STt
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WasteWater Conc.
10% - 20%
: = 40% - 60%
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T ¥ T T ¥ T 4 T T y

T 1 T 1 1 i 1
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gl 5-1. vkt HAMulR Az FAWeA R A7) ulE poghe] wiz}
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1.4 WasteWater Conc.
0% <« 20%
v 40% - BO%
+  B0% -+ 100%
1.2 4
1.0 +
O.M “
g
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2 S —
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BOD, (mg/l)

BOD, = 1868.29 + 1432.051 * slope

R = 0.985
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CoDE ZEYLE %’36} on I A3E o]§ste] BRODSHY] HAPAE T3t

¥ 5-4o] Uehiglon GéASE 0.990 ojgrh E 5-1o] AFPAANE L8ty
2 A3} 2le] Aol & 4 JRo] e 5 A

T}, COD.-&} BODs®] A3 ﬂla FalFsd
84.& Ueiglen, A3AsE 0.

& viepiglc

oo

2 o] EA AT 0.7 ol olehs FARY Zz}

X 5-1. Experimental results of BODs by Winkler Azide method and COD by
KzCr;0; method,

Wastewater
Concentration 10 20 40 : 60 80 100
(%)

DOi(mg/ £) | 7.50 | 8.21 7.90 7.70 | 7.40 7.60
DOr(mg/ £) | 2.48 | 2.94 2.74 1.42 2.75 2.79
A ul&(P) | 100 200 400 500 800 1000
BODs(mg/ ?) 502 | 1054 2064 3140 3720 4810
COD(mg/ £) | 989 | 2214 3220 4315 5580 6272
1&7[s"] “_o 0 |-0.186x107*|-0.746x107*|-1.460%x10*|-1.980x10™
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CcOoD

COD,, = 670.63 + 1.21427 * BOD,
R =0.990
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A 2Ad dx 53 A 2" g

A L3 ol WAL A W AEEY B}

AZ7lel 2% A& B ol AT, AFIFY, 294-AY Sol U
7k o] & Mol WA 89 Mol HUdE&
ol dlojA FaT 24 da

4& 7= AZEA(ionophore) & Aejste] HAZE =2 A e} 7t
A 2t o] & AEld wlr g A}sHs Zolct.

FAH A 3} o] A A2pHE AFut 2AHEAL Fo] 200 mg f wE JE
o % £uf Tetrahydrofuran (THF) 1 mLol] &<l £94& Fejut o] AN AA
22 o] fre|do] Fol stpFE AzAZc oL wWHog AH AI3ue A
#)4] Philips ®Z#] (IS-561: Glasblaserei Moller, Zurich, Switzerland)o] %
Eof I d7sisty B4& dAsiadch

ol 7]ofl A o]-&8t MZEAL2 Mn(III)TPPCI, A|A]AZ polyvinyl, 7}4&A|E DOAE o]
ottt AEEEE AT AFALEL A=A v ATt WAsh=4 9] 2}
et A (10200141 2] Thde AYHE FAlo]
YAAE o]&sto] AlARIE P43t

3

2w BN 9 4 9l
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A2 @stol o]ty
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A B (42 7)ol 500 oM o] 48] 43} o]Lo] &R E 3} 0] & 600 mM 7}X]
o] 7-&8-& RS A3t ol 2AuY HHILS BHE o] tigt el 2
22 3o A HEE EXthe BEol2oE A4 WeS& uE 4 gt o}
2tA ole} T2 WHAEE FHY 4 A AT ALHE FU] 3 gl A
Exste Yol Zol2F 5] iy EEE TA ZAHACE 0.05 M Tris-HpS04,
pH 8.1 vl &oolA o] EAste= o8 7R Fol2go] Y AgEE&
ZA1gE A3t @3} ol o] T3] ZHg J1&rle 2 Aol o7} glont 600 mMe] L

&
=712 3 Z4eAdE RYES o 4 ort). 5,10,15,20-tetraphenyl-21H

¢

23H-porphin manganese (I111) chloride (Mn(III)TPPCl) = A}&3%F HI2 L4451
3} o] 2 & 71&719 b8 HEEE Bojn BFolo v Y ¢
sol e Mej g UEhdS & 4 gtk 23 5-59 X 5-20] IS A3} o]

93¢ uehigch

o2 o2

r.t
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250 - \

200

150 [ ]

Potential,mV

100

50 - \

¥ 5-2. @3} o] 2AlEly Ao o] A"

Selectivity Coefficient, log K*% ;

A=Ed
J = HCOs' j=F J = Br’

(Mn(1I1)TPPC] ) -1.99 -2.19 0.34

a! Separate solution matched potential method,
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a3 578 Azlo] w2 74g 718718 WG Uehigith iy fYow o5 o]
o] TRE A Q& Q1E sl AT 10 mM - 600 mM AHx| ) 7787 E
FASTh AF A8 g wie ALold AF slfo] Hasich A3
& AHg7)70] Holu

A8 Thst

E 2% N&I 234 EU18ks A¥E BRYdon 30 o

00— — — —— ——
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60

40 -|
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20 -
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F 5-3. ALY W AFsgel Y SAA RS 24
Ion \
cl 500
Br~ 0.8
F 0.07
HCOs™ 2.3
S04~ 28.2
H3BO3 0.42
Na" 320.7
K' 9.9
Mg” 53.3
Ca”' 10.3
Sré' 0.9
che]: oM, calibrantolls @3fo]2 2ol JAFslF 74
o

B0 XA UL,

E 54 Q% w4 AR @3 ole &Y T 9 0%
azgy |49 e SN A
(Mn(TII)TPPC1 ) 500
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A1 AL

24042 QY $+UeAS 270 oYty st Halsl4 Mol YHE
7l Aol ¥ AYY Rol BE HUAF A42F A2"g MAshd D, LE,
pH, SS, COD, BOD, &%, HEE 5& RUHsI +3 23 272 o} 34
o 2AL thAtRA sh=ul A7 EFol dul, B dAfE 7| A7H By
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£402 Hv5e $£U0de A%E5H U Holdt 5 g o dyHr)

A% U3 HiAbs d45% Ala¥e MidEs 29 5-83 Zrh
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st=gle] 3 21 5-99f Zrh
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Temp sensor “Am
pH sensor ~ *——L_ Meter 3 }‘*
oot s J——| s
Comme | wews
BOD sensor | ———— Meter 6 i»*
COoD sens@ ] Meter 7 |>—
ﬁrbidity SeNsor W

R8232C

a3 59, By dd 3 Aawle) dol £4 A=
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A4 WE ASEY A9 9 ARAY 28 Bt

AP FERME] A G Fgstel WF HPabs d45% A2k F 2 5-11
o] as} bof A et Zo] DO, &, pH, AREe AATLS HHo| shedial dFUt
o] FA/Z B WML EHYAE Halct

2% Y S-1lcolA &t Zho] S T HAZEe R b FHo] I}

A=)

b}

w=3leivh, SSe] A= B Y Bxe) ss=
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ol A& Ete AFAlavle] FrbAel 3B E MASEE ©Eel S8 Uoly} TDS

& S8Y 5 A ASALEE AF Jhesith & AFolA 73 FAlule] 1)
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Monitoring Values
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(a) DO and Temperature
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Monitoring Values
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0 e
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(b) pH and Conductivity
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Monitoring Values
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Monitoring Values
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