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ABSTRACT

A Study on the Tertiary Treatment of Sewage Effluent

Paik, Ke-Jin
Advisor : prof. Shin, Dae-Yewn, Ph. D.
Department of Environmental Bioengineering,

Graduate school of Chosun University

This study was performed to search the appropriate processes for the water
reuse from sewage effluent in Gwangju metropolitan city.

Water quality in influent and effluent of Gwangju sewage plant 1 stage 2
was Investigated from January to December 2004. Concentrations of the average
BODs, COD, SS, T-N and T-P in sewage influent were 172.1 mg/L, 111.1 mg/L,
235.2 mg/L, 37.765 mg/L and 5.028 mg/L, respectively, in 2004. Concentrations of
suspended solids and organic carbon were generally high during March to
August in a year. Concentrations of the average BODs5;, and COD in effluent
were 3.8 mg/L and 9.4 mg/L and removal rates of BODs, COD, SS, T-N, T-P,
POs-P, and NH3-N in effluent, treated by biologically from influent, 97.8%,
91.5%, 98.8%, 63.6%, 47.9%, 47.3%, and 475% respectively. The average
concentrations of color, turbidity, Fe, Mn, pH, Cl, hardness, and conductivity

were 26 degree, 0.8 NTU, 0.030 mg/L, 0.040 mg/L, 7.1, 83 mg/L, 78 mg/L, 595 us/



cm, respectively, and harmful heavy metals as Hg, As, Pb, Cd, Cr were not
nearly detected. Algal species investigated in the secondary treated sewage
effluent was totally 45 species during 2003 to 2004 and the organism appeared
during summer season was 38 species including Cyanophyceae 5,
Bacillatiophyceae 7, Chlorophyseae 14, Euglenophyceae 3, Protozoan 3, and et al.

Poly aluminium chloride (PAC) showed the optimal coagulant, with effective
dose of 80mg/L, in treating sewage effluent and followed by Alum with 100mg/L
in the range of 0 ~ 350 mg/L and ferric chloride was not the proper coagulant
because water quality of the effluent was not bad compare to contaminated
stream water. The treatment efficiencies of color, total phosphorus, and total
organic carbon(TOC) were proportionally increased with coagulant dose of Alum
and PAC up to 300mg/L and 350mg/L, in which the treatment rate of color were
60% and 66%, each. The removal rates of total phosphorus(T-P) were 90% and
92% when Alum and PAC dose of 100mg/L were used at each system and the
optimal pH was 5.0~7.0 in coagulation process.

Two kinds of adsorbents as PWWL, coal base, and PWPL, coconut base,
were used to execute adsorption isotherm experiment by checking the removal
rate of TOC. There was some discrepancy between the data and the theoretical
result in predicting data using ideal adsorbed solution theory (IAST) and
Freundlich isotherm.

By using 0.4% NaOCl, 4% NaOH, 1% HCI solution, membrane cleaning was
performed according to the solution’s properties. Powdered activated
carbon(PAC) and calcium chloride were used to avoid membrane fouling.

The membrane life time was prolonged 10 and 30 times after treating
coagulation and coagulation/adsorption each and it was also longer, when pH
was 10 of alkali state, than acidic treated situation, because zeta potential

reached to around zero.

_10_



After treating coagulation and membrane, weight average molecular weight
was decreased from 950Da to 465 and 396Da. This suggests that materials
over 400Da were easily removed by coagulation and adsorption. However, some
materials under 400Da were not nearly removed by the two processes. That
means natural organic matter(NOM), not removed, can affect to the formation
of harmful disinfectant byproducts(DBPs) after Cls treatment. Using this hybrid
system, it can be possible to use the sewage effluent for water reuse after

solving the problem of nitrogen and microbial.

Key words : Advanced treatment, Coagulation, Adsorption, Microfiltration,

NOM (natural organic matter)
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moshbel sozA Agate] HAFEH F BYA Aol @ floco AL
Feth 4712 A A FelDd SAAZ AHgHTh A58 37
N ARRE FagEe Fo W 4712 AAd U SHEA} Am Aolar)

aluminum complexes, HA-Aluminum X34 ZH33I¢E FA 2 Aluminum

hydroxide 3 A& Afolo Ao F23t FAolth #7189 $gol FFL v

e
of

FolAE {729 T
A pH7F 5~658F1 39 tH(Edzwald et al., 1977).

3 Mangravite 5 (1975)& humic acid 5mg/LE A}-g3le] A &3 Ay &4

Tt E G4 mE FHoRY fUlE AA d9om S v FAst
Al AA FGo e F mechanism= LFuE3e std T3l wE
AAdE FAd 9 F71= AAE Hote Aoew F712 A7 BE Y pH ¥
4~552ka1 39 Th o] 2 & mechanisme 542 pH ®H7 F2

= F=S A4 SRA FAF Aol st deAome] AV AH

22
oy
NG
3

At 2832 F WA mechanism % 9-& sweep coagulation 9GO Z A HAAA
o] AI(OH)37F 24 d W, §7]15L pH 6~8 HYolA AIOH);e] Hwd Fzdo
22X AAFHA NG Ut o9 2L mechanismol WE F7] &3 gEo Ao
AL ol e} o] AAE F71 At F29 sweep coagulation®] 2] g+ mechanism
FAoAM e g AAE durygd oz AIOH);o 93 E8 4 AAGT A 23
o] Fol Ao, MApe] A9l adFstet Ao UdME gHEd FHE dFE

o @ Qo] BegHE zdste] v gpagorA Bd A7 AAR
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AstE R AT ol FXGEANA AAE Tt T FERo= o
- =3Fo] oF gtt}(Letterman et al.,, 1973).
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AI(OH)s9l A2 o =23 1~7% Afolol dojdt}(Letterman et al., 1973). =L
Huz Ayt e ow dojyr] HaiAe 45 el SH-AE 0.dsec s

Az w27 BAA7]= o] AAE = 7R Tol FRoJ=EE S4AZ A7

ko] Ranntke(1988)% pH7F 5~6Y A% Z3tv7lyFo] §& stdF3r #
b Bk vp gloh 3 o] 5(1988)2 Aol o)at FElupA oA wpEEe =
olo] Y EHA o]Eo] UAHOZE pH 4 o]d7tA] AA 7= ALo=2 HIs}

Sweep$ A& SHA LTF ol 4] Ao SHAT FUs sweep A8 (F Y
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el 4554l 2

Sweep &Heo] kAHAA FA
o] Sweepd ol Yol ot AAHE AAEF J5FFo ZEo= AAE A}
ojol &= EE A FazE
=R 1,000~10,0000 BE HEs wHol oloja 1~7x Wel wWEA HHAEo
P A Ak (Letterman et al, 1973). wabA o] &

%
N
L
o
=
-

Ir
il
fu
s
[
fo,
oo
N
2

= EPAE 19799 854 THMs9 +27]F5 0.10mg/LE A3dtGom, o]
% 0.08mg/Loll Al 2002 ol = 0.040mg/L= 2EF2Ach. 22y vl EPAY THMs %

2

oty 2t HAAs(Haloacetic Acids)ell thall A= 0.06mg/LelA 20021 0.03mg/L=Z
Foth. U= EPA= THMs¢ HAAsol e 7|EAE wbs7] del Added,
Enhanced coagulation, £, GAC (granular activated carbon), @ < o=
TOC, THMs, HAAso| tg A5 35927, Enhanced coagulation(7 3-8

)L o]2) g DBP (disinfectant byproduct) =49 FHo F&XZ =ZAZ & 2

s

V4 43 71<(BAT; Best Available Technology)® A A&+t oo ulz}
19981 USEPA% Stage 1, Disinfection By-Products Rule(DBPR)<S %3lo] A

A A¢ZFo] el DBPsS AA Aodtr] 3 Wy 22 Enhanced coagulation

AEe Edtol NOMS AAALE A5 a7dqrh o T4 F4 SHL
359 $HATL FALNA G= AA Tz Abgsle] goh A% $HEAY

BN
o
o
o
Qﬂ
2
B~
i

FAabEe] AFEASA NOMA| A o]&d = JEH At
(USEPA, 1994). Enhanced Coagulation®] &%+ DBPY HATEAL AAsE=E A
o]11, TOCE olAS YeleE AFZ A5 o2t} Enhanced coagulatione

NOM #AIAE stiA adAor grt AAs7] s 842 du, =4, pH



il

H3lA) A HAAYE A 835 doto]t}. Enhanced coagulatione 2@HAZ A
Hol o, 1dA= @Al FAHANA AR = 459 L Ee TOC#HS ©]

gsto] AAstLA = TOC w=9 Hxgks 246, 2aAl= 1 1A A

l:}:l

Awgel TOCE AANT o e Aol Jar test® Bote] $HAE AL§a
of Qe A wel WE BEG WF pHE wF7] g5kl YA Ao

olulsl pHE At) pHet st ol& #9459 FPelwel wet v e sl

TOC AAZE HE ZA3E ERZ o] 10mg/L &H/A FAFT TOC 0.3mg/L
o AAA X WA Az FddE AT AdFer 24 S

5 TOC Wl Alum FY %o adxzE %S w Curve slope <(TOC 0.3mg
/L)/(10mg/L Alum)e] H+= Aol e A FUHS HAH 1A FYHFo=E
AA3 Aoltk. o)L Point of diminishing returns(PDR)o]#} 3t1 ojw A AR

TOC7} 1@ Ao A #AAE TOC A A7]|EFE =5l ok Fhr}),

Table 1. Optimum pH for Enhanced coagulation according to alkalinity

Alkalinity (mg/L as CaCOs) Optimum pH
0~60 55
> 60~120 6.3
> 120~240 7.0
> 240 75
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Table 2. Point of diminishing returns for Coagulant

Coagulant Molecular weight C.oagulant dose Point of diminishing
(g/mol) equivalents(mg/L) returns(mg/mg)
Al(SO4)3 - 14H20 594.36 10 0.03
Al(SO4)3 - 18H,0 666.42 11.2 0.027
FeClz - 6H20 270.30 9.1 0.033
FeCl3 162.21 55 0.055

Table 13 2= dZ2=o] W& HA pHe A @& FUF thr] TOC Al

2]
AEeEs BolFa

THARA P dibdor AgH= FAY
(amorphous carbon)& 7FA31 9low, ZAF}
e Azxste AR Fo G435 TAA o Gzl
o] WAstH HEF 1g@d 500~2,000m e AFHAES 7FA I Ao Al A7) wet
Macro-pore (¥+7d o] 1,000~100,000A), Transitional-pore (20~1,000A), Micro-
pore (0~20A) T2 = YFi, Micropored] AFE&4L 01~1mg/L, B EHZ
2,000m’/g oo ®, F HZEWMA FT 95% o= AAsta dvk. webA F S
o] AAL Microporell A WHEE o|Foxa Ao wE ETIAES

Macro-pore’} Z waro] du JAFAHELS Micro-pore’} 2 @ xlo] 9lt},
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=), Ao Zgolulol=As} F2 AAEHT o, 0F S AstA e

H2383t7] 93 PVDF, PAN 59 A8% AFS5 3 9o} 71ZAo] ujs# ot}

—~

Z&d A 1999).
dEYQle FTHE F=9 A7VIE E7F3H microfiltration (MF), ultrafiltration
(UF), nanofiltration (NF), reverse osmosis (RO) 522 #F& 4 dom AA

A% W, A 98, 949 A7) 52 Table 391 tehRh

Table 3. Membrane properties for filtration processes

Filtration process Pore size(im) Dalton ranges(Da) Pressure(kPa/psi)

MF 0.01-10 100,000 ©] % <200 (<30)

UF 0.001-0.02 1,000-100,000 100-1,000(15-150)
NF 0.0008-0.002 100-1,000 1,000-2,500(150-375)
RO 0.0001-0.001 100 o] s} 1,500-8,000(225-1,200)

2. Aoy

ol AAEALLS o FH(pore)d 7] FL EIHEAFMWCO, Molecular
Weight Cut-Off)9] 7ol we} ER/ET. ALddFMP)Ie 59 vA=d
(micronsized materials, 10 °m)& A AT 4 931, @I (UF)IE S 2 &

A (Nanosized materials, 10 'm)& AAZ 4 vt MFZe A2 0.025~10m =
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Table 4. Wastewater Treatment facilities in Gwangju sewage plants

324 9 3

5 194 F5 29A o 1, 294
T &
42 Y =p 1991.6.7 1997.5.15 2002, 1. 1
A1 &2 (Hton/da
300 300 120
y)
A A} A| B4.2xL22xH4x4A] | B3.4xL18xH4x47#] | B2.2xL15xH1.1x47]
g =3 B24x1.27x17 B9.5x1.29.2x17] -
PR HZAAA D37xH3x8%] B7xL39xH3x32% D24.5xH3%8%
a3 A
° %l¥ 7] z|BSxL805xH5%x247%] | B7xL81xH5x32% | B7.5xL55xH5%167]
HZ 2 A A D44xH3.2x8% B7xL60xH3x32% D29xH3x8%]
o] 4~ 53} % | B3xL348xH3x14 - -
Zax|F = %| DI165xH3%x4% D17.5xH3x4% D11.0xH3x4%
g
T A x 3} = D20xH12x8% D20xH11.5x8% D19xH9.5%x4%
EE2d=HAY
=] 2] i s ErgASHAY | EEEAHESHAH
MLE¥ A +3} 8t 2] ¢
3] A ml g A ek 2 Hlo] 9 HE EE 3 o] & HH
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Fig. 1. Systematic diagram of sewage water treatment in Gwangju
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T B FAA Wags Epar e 78T Az Arg5
HEHA HEHA HEHA HEHA
o 45
oty & A oy A ol & A ory & A
FRAA
- 0.2mg/LolAd A 0.2mg/Loldd A - 0.2mg/Lol4d A
(23%)
o] §27F B TS o] § AV BEAHEE o] S EHTE o) & AU EAGES
93
72 ety d A =7A ofyd A =7]A ojyd F =7]A ojydd A
. 2NTUE ¥ X INTUE ¥X INTUES ¥4 2NTUE ¥ X
SR
) FuE A Ju T 7 FU T A U A
S 10mg/LE 4 A 10mg/LE 9 A 10mg/LE 9 A 10mg/LE @A
R 82
(BODs) oy e A olyad A oly g A oy g 3
235 YAt B YAt =g WAk =g AAN 7t
WAy
Uz oy A yA ofyd A A ofyYd A YXH oYy A
pH 58~85 58~85 58~85 58~85
2028 94 202 94
A - —
oy e A oy g 3
3} 20mg/LE 9 A 20mg/LE 9 A 20mg/LE 9 A 20mg/LE 9 A
A9 T
(COD712) oy e A olyad A oly e A oy g 3

T F47]E< Table 60 WeEFW AT F-2rhetol A 464
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Table 6. The Criteria of reuse water in Japan

3 5 o 9 71 & A
o) At 5 (71 /ml) 10 ©]3
o] 2 - EstA] @&
WA - st @&
ol A UG A (mg/L) 1.0 °] 3}
AL ) = - 6.5~8.6
COD (mg/L) 20 o] st
THAFE (mg/L) 800 ©] 3}
(AR FF o) &3d s A A A, 1999, A F )

Table 7. The Criteria of reuse water according to departments in Japan

A A A 3 A A %73—_“:‘
P i © =NAY®
= }\/\1}4 2~ 2~ 2~ /\/\1&]' }\/\1/3! 2 Zo]'/\a]
agige  Arer 2ase GHd. TRG IS
pH 5.8~86 58~86 5.8~86 58~86 58~86
BOD(mg/L) 200] 3t - 10°] 3 -
COD(mg/L) 300] &t - - - -
= o] A~
Gl #7 0.401 4 - #4 #4
2 gaaa  weA  BISA Basx B
ol
“ He A v Y Fe A Fe A
HE(=) - - 100] - -
A gaaa  weA  BISA Basx  wIeA
He A v Y Fe A Fe A
4t 5 | AEHA AEHR 5 5
Ol weos GRS RERY w09 1oer s
(A5 55 71T Feba T, 1994, AR )
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Table 7€ A2 55 $E¥ $4712% Jepd Aotk F2e $iehe A
o §AE W, Solage R JF] ARHH rhs Aol thAFE R
A 919 - 2003)

Table 891 Qo] 4 $x¥ F£A712% et %8859 $4758
R $47F% A FATS 5 Atk BEE5Y P A} 5E o]l
i, AEESe) A9 AR 105 old, AFAL 02m/L ol 4o FARL o] 4
FRANNE GarSo 2 Doy Fxsu U

Table 8. The Criteria of reuse water according to the usage in Japan

7 % mage Augs A AR A5EE HALES
4 ARE) Selsh 10013 20008 3003 300]%
A EECE) 5018 150lsk  150lsk 1508k 1503k
pH 58~86 58~86 58~86 58~86  58~86
7 % (mg/L) 300015 300013 300018 300013 30003
N A A (/L) 02014 02014 02014 02014 02014
B oasolemL) 200018 200008 40008k 400018 400°] s
" ABstern) 05018k 05els 10018 10018 10e]s
i S FEmg/L) 500008 500018 500018 1000018  1,0000] &}
T A 03018k 03°18 03018 05018 050
%7+ (mg/L) 0.30] 3} 0.30] 3} 0.30] 3} 0.50] 5} 0.5¢] 3}
' KMnOs2 % #(ng/L)  200] 8} 200] 5} 400] 5} 400] 5} 400] 5}
Togwmazoimy 100008 1000 3t - - -
A gmEIolmd wAE  wasE leld los 1ol
(A: F4 ol &TUE AT AALd AT, 1999, 573
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Table 9. The Criteria of reuse water in USA EPA

F A (USAID)S A7)+

°]§ & e Aol +=4 A #4574
- pH :6~9 pH : 7 13
EASS - 22k A
- BOD : 10mg/Le] 3}k BOD : &+ 19
(27 - AR -3 o (R
g 2NTUo] 8 g A%
A xg-yne 5
- AT - EHE/100ml 21 R ST T )
T ) - asAd
- ZFEA  Img/L(H %) AFrAL AL
wolg e pH : 6~9 pH : F 13
(A &A= - S - BOD : 30mg/L°] 3} BOD : & 13|
- 27 A
R S S - TSS : 30mg/Le] 3} TSS @ md
- 25 A
FANE - FAS o 1 20001 8/100ml - oA v
=Au-8) - FFYE2 D Img/L(H D) AFrda AL
pH : & 13
- 2z A4¢ B A%
A 85
2 oAE (H HEIYE T3 AFIFF - g dL e

) e HeEE FAVE A ZHREA AE
QT oZogds
- o3 = Fefop 3 HdeE FEVEY
k)
1% A3 22 271E 13
7B FES 94
(A}& : Guideline for Water Reuse, EPA/625/R-92/004, 1992)
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@ SEAAS ol & AR (hHE, 2002)

(1) elLi2te] ste+x2| 22 0|8 HE

of

)

2002 % V)= Aol 7E T steF U A A 20104003, Al GRS
19,976 A mY/ Lol o] T AZF 671E o] ks H 1907/ Held s

< 16,8198 m’/ 4 o] t}.

Table 10. Present conditions for the reuse of sewage water in Korea

(unit : 1,000m’/yr)

o] 4% % o] 4 ]
SRt EERE
o gF  olg8 A AR A

173,559 116,406 57,153

(100%) (67.1%) (32.9%)
261,926 193,067 68,859

(100%) (64.3%) (35.7%)

2001 5,884,974 173,559 2.95%

2002 6,128,730 261,926 4.27%
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20029 717 AF HEAAF HFFY o] SHFL WW, A F AFHYF 61

olm’ 5 4.2%9 2.629m’c]tH(Table 10).

Table 11. Present conditions for the reuse of sewage water according to the

usage in Korea

o 4+ =
TR 30 AF 34 W4 894 v ad A5y 7] e}
= A %
&% & 8% &5 HA A £ T
ol &5
Am®/d) 173,559 7,491 62,729 492 19,268 6,982 19,934 35523 1,204 500 19,436
Hm'/a
2001
¥ &(%) 100 0.03 3430 589 1572 272 393 2255 0.76 - 1410
o] &4
At 261,926 13,004 101,086 - 21,302 8582 10,206 58653 1,170 800 15,159
HAm7/d
2002
v & (%) 100 5.0 38.6 - 8.1 3.3 3.9 224 0.4 0.3 5.8

<ARD 2002 strF A YA A 24 A, 2003, 73>

2002 %0 ol 4¥ SFEWFHFSF T 643%% stA Y FHAA gL L5 AL

T, 9AEF, 4% &
35.7% % st
45 A tH(Table 11).
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Table 13. Water quality of treated sewage water in INI steel company of

Incheon
3 = A&+ BRT DDF V-FILTER RO e
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SS(mg/1) 50] &} 20 20 <6 ND = 3}
COD(mg/1)  6°]3} 11 11 10] &} ND = 3
EC(gs/cm)  3000] 5} 1219 1219 - 40 iy
Cl (mg/1) 500] 3} 456 456 - 13 iy
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Table 14. Water quality of sewage treated water according to cities in Japan

o] & 7H& THERM HR e S
T B 713
O ol A=

Z T | B Al Te | =g | AY | vE | =Y
g = FA | FA | 72 | FE | FEA | FE | FE | 2| FE
WA TsOl/mL) | - ND - ND ND - <10 | <10 | <10
ARrdamg/L) | A& | 14 | <05 | AF | 004 | - | AE| 31 | 12
BOD(mg/L) <7 1.3 - <10 | 46 - - 26 | 25
COD(mg/L) <77 | 48 - - 101 | - - 71 | 7.0
SS(mg/L) <33 | 06 - - - - - <2 | <2

B (%) <3 [MZA| - <10 - - - 1 <1

A5 () <8 5 - - - - - 4 4
A - - - - - - 'S P e

pH - - - |58~86| - - - 75 | 75
T-N(mg/L) - 15 - - 318 | - - | 201 | 191
T-P(mg/L) <0.8 | 0.06 - - 058 | - - 1097 | 091

ABS(mg/L) <0.06 ["SA| - - - - - -

A2 Table 140 vebdl wpep o, 552 7ibRace] o gFgAoR

N 1Y
sl
o,

Bl F AL 48kmeo| . wig e AL 75~300mmeol L, #FS HEEE
E ol EA] gold Hetd Fawo] AgHT Ytk 5els aFe FF FAA
E a3 glon HHFHo=Z 35649 /m o] th

(2) OI=2] st+XElSF 018 Atd

(O1) sksciSc YR+ WX2IANL(0tFH)

QolZ N AR onul A Yo = Honouliuli Wastewater Treatment Plant

(WWTP)= EEEFAI7F 9381 strAedoz2 A oF 307kr A oA A sk=



g AR Agsta vk o] Aege 19849 11€9 £9& AFPgor, Fx
o= 94600m/del a5 AewHs ZFol 1A A § Mamala®t A% A#E

= =
[¢)

ol
=

WRa, ool F 143800m /Y TEE AAS s, st AEe dAA
g, 12 A, 22 A, ¥ 2289, 1¥8= A, dAAA 59 #HoE o]
Foj Ao Qlt}, o] Aol Ae] WFHF o]d HAE AR, Honouliuli WWTP
o 2aF AYA AL sheolF HAwH TEEFA ghol] 1993d A AH shefolF
B gofel oe Ad=NoH, Fofo] 59 H4L axmEded sl
22 AgrdE AdAste] S o] fste Aeolw, 19960 T

2ol 22k A Al o] AAFE I, 1998 H-E oF 7500m'/ LS o] &317] Al #el S
ok Atk rE 19959 AW Y 374 25 A (EPA), stetolF H A (DOH), &5 & FA

7kl &= 309 Consent Decree® &#|zl g oFol]l st =, o] 4L 35&EFA

AN AEAY g ALWS AASE AL o YRS i gtk oo e T
FFA ARAE 20018 79744 AFAAG FFRFE 8T F e AL

Aok P, 1998 149 FAbel Zsto] 2000 o Foll = sk, 8¥FH

7Vt 7] Al Fsl e RS A A2 A1 A S Honouliuli st 2] F-A o] A 25 <)

o oF 5779 Yol A% %1, US Filter Operating Servicesoll A A &3t t}. A

Al AdZE QA HEZA, oy AE(EE STxG S1x), Add &5

A, wpol AR Bl AR Hule, AR, FEH IR S50 gl
™

19 45400m'/94 9 HFTE A
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ol
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olr
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o
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M
-
R
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o

L a9 sg HIs R-159 FPLoz A8 5 9= daEu A7 5 (RO)
= At Atk R-14% 19 37,800m2 A4ks 4= 9l 5
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T Wailuku <A = lao WF&Fol 7y BHozRY A5w AT

wRaL 9tk Kihel sted2A e G4 &84

Ao AeggorA 17l daA HYE&FS 19 30,280m o]tk o] A A|A
& SR, FEA Bz, BRST ARGA, A9 A5HA o

Aot AR gko] o]FojA dtelolF BAF] R-157 FZ7|Fo HE3 sz

Z Aasta vk, BACl wf-o]le Kihei st g ozRE A7

,ﬁ:
TE NE AREAANARA EFH Fed B2 vlgo] 257 wiel AL

= "
$A4E REd BE olded Ao, w4 AF2% 544 5L 2gse B
R4 ol gAzgol AAsol o & oI it APEY LTE FENY £

A HAT. @A Kihei steFEA A AgEH= sk 40~50%9 14

6,056 ~7,570m' 2] F7F 22 e 2 A LT ToE o]&H i,
HA RFEE st A Y FAo AXE F YA (injection wells)S &3l Ast+=

(CH) ZelELIOI: Q@I XIIIREl ™Water Factory 213 2 Abell

A Yol dio] 93 Orange County:s 2,067km’e] W2 o] 29877 (2003
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=42 ICP-MS( Agilent-7500A, USA), T-P ¥ T-N< T-N/T-P Automatic
Analyzer (AACS 1, BRAN-LUEBBE, Germany), pH+ pH-meter(520-A,
ORION, USA)E, ¥gx+ EHX7(2,100AN, HACH, USA), A7AE=E H7dA=
=74 (NeoMet-40C Istek, Korea), M=+ A=A (TC-205, CENTRAL KAGAKU,
Japan), TOCE TOCE 4 7] (Phoenix-8000, TEKMAR- DOHRMANN, USA)Z A}
4ol on 7E dES EFFEA(UV-1201, Shimadzu, Japan)E AF-& 35} %t

Table 15. Analytical methods for searching water quality of sewage water

Items Analytical methods
BOD Azide Modification Method
CODam Closed Reflux Titrimetric Method
SS Gravimetric Method(Glass fiber, Dried at 105~1107TC)
T-N Ultraviolet Spectrophotometric Method
T-P Ultraviolet Spectrophotometric Method(Ascorbic Acid Reduction)
NH;-N Ultraviolet Spectrophotometric Method
NOs-N Ultraviolet Spectrophotometric Method
NOo-N Ultraviolet Spectrophotometric Method (Diazotiation)
PO,-P Ascorbic Acid Reduction Method
Metals ICP-MS
Color Spectrophotometric Method
Turbidity Nephelometric Method

A E¥ 9 Ao Al&3 HPLC- DAD(Agilent 1,100)5 Fig. 201 YEF A
t}. Protein pack(Waters, Protein Pak 125) Z&d S Alg38tal, o] 54 o2+ pH 6.8,
0.IM o] %2 4mM phosphate ¢5& A S AL&3 AT, ol WY 7[EE A

Ast7) ste] o2 JpAE o] fdte] o I52AE air spargingS A AE A, AlE
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TN ZEEEE 9 40CE FASUT AR S 34 AlgH EFAEE
PSS(polystyrene sulfonates, Polysciences, Inc.)@®A ®apze z+zF 210, 1,800,
4,600, 8,000 % 18,000 dalton®]™, AFA|7F(retention time)d} A} HAITAH S

o] g3t AFe BAY BEXE FAI

Fig. 2. High performance liquid chromatography system(SEC)

ESCREER 2

AlEE 20049 49 (F), 11€(AR), 20059 3€(w), 6€9(015) 5 F 43 A3
Sow, 2005 64 A= WAL dls FuA HAFHAA e Zol 3l
T o]Ede Tl AHs

=9 AHLE Net(Z7 30cm, 2o] 100cm : mesh pore size 25um)E LTo] A
AAAB, AR 2002 AFste] e AYFOR 100mE sl AN
Azels 24dds 94 F3, AFAHA R 3~-56% 22 SHo2 uHgAzZ

=

wketol EA6ke AAAARe] Ay x=2dd 1A A 27, 94
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Fig. 3. Jar—tester for coagulation process
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AA s AT, 2744

g4 € (Union Carbon co. -

Tegdde] =94

S, obAA gAE A HxUAS 1,047m /g, MAlE S 43.3A, AlEEA
= 058m'/g o], MeA FAe] A HEAALS 918m'/g, MAlFE S 335A

AlE -84 056m'/g ol t(Table 16).

Table 16. Physical properties of PAC

o Coconut based PAC Coal based PAC
Specifications
(PWPL) (PWWL)
Surface area(m”/g) 1,047 918
Mean pore Diameter(A) 43.3 335
Micropore volume(m®/g) 0.58 0.56
3 vhie A9
2 AT A8d 2 ZgdEd QAo FFAY(Hollow fiber) Aol 9

He AgE S
%% Flux® 02~0.3 m'/m' - day°ol™, £
Fe7t am, Ak Aol A Al

] E/ﬂ ul w1 o]] 214 A] B A o] coating® 9 - }\|.B.*0'- 9}\3 . Aﬂ
- AL A o == g = <]
7 Q

pHoﬂ o 92~ 11
bSm/modulec]t}. W ekEA ol & 3
Algk 2o S=w o gudojt} (Table 17).

Table 17. Microfiltration membrane properties used in this study

T W w2 AE7d FaxHd pH Flux 7]
0.2~0.3
Z3Ate | Polyethylene 0.4um  1.5m'/module 2~11 AT H
m/m - day

_53_



¥

_.AO

43

A 34

< Fig. 40 ek

44

A ©] Lab-scale

e
£ 22 10~200L/day©] t}.
Az 60Lol ™, 99 A

J )
-

&z
=lan!

;S—

olo

e

7K

N
A
oo
i
ol

N
o
_EL
.l
Mo

ol

o

o0
w-

T
mp)
UAlO
%
g

B

—_
o

3o,
g ¥4 9 Lab-scale 2432 5L &2 Pyrex Hlo|A ¢ =4

o

A B

o] F-o o

shsieh,

A A

Al

]

Z
=

I A5 02 on/off= ™,

K

p/]

A A o]

A
i

=
Nro
_Lmo

o

A

3!

X
o

o
)

X
Ho
4r

e

i
ar
<
) ﬁ‘h
I
~H
olo

_54_



Fig. 4. Experimental apparatus of small scale coagulation

/adsorption/membrane
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} 5= Table 18

Table 18. Water quality of sewage influent in ond stage of Gwangju [ plant

(unit: mg/L, WA+

70 /ml)

14 |29 |34 |44 |54 | 6¢ | 74 | 84

ook
Jf

9¢

104

114

12¢

b

fak

R

=

e

BOD | 171.0| 78.0 |270.0 | 195.0 | 306.0 | 312.0 | 100.0 | 198.8

144.0

98.0

106.0

1721

312.0

78.0

COD | 935 | 75.7 | 148.2 | 148.2|195.2 | 171.5| 53.7 | 95.6

63.3

90.4

91.4

1451

1111

196.2

53.7

SS 141.8 | 120.0 | 355.0 | 295.0 | 446.7 | 188.0 | 180.0 | 334.3

156.0

140.0

256.0

210.0

235.2

446.7

120.0

NH3-N| 9.673 |10.864|43.918(31.976|37.869|29.228|27.583|17.442

20.020

28.109

35.242

24.738

26.389

43.918

9.673

NO,-N| 0.046 | 0.022 | 0.013 | 0.037 | 0.004 | 0.044 | 0.149 | 0.154

0.015

0.004

0.043

0.188

0.060

0.188

0.004

NO3-N| 2.994 | 3.002 | 2.978 | 2.035 | 0.000 | 0.342 | 0.153 | 0.165

0.047

0.030

0.180

0.165

1.008

3.002

0.000

T-N 29.009(32.028(49.952|44.489|39.432|43.549|29.582|40.946

27.117

30.343

46.030

40.699

37.765

49.952

27117

T-P 3.031 | 3.399 | 6.456 | 6.568 | 6.022 | 6.855 | 2.976 | 5.589

3.686

3.860

6.310

5.581

5.028

6.855

2.978

PO4-P | 1.887 | 2.956 | 5.194 | 4.053 | 3.360 | 4.021 | 2.076 | 3.220

2.159

2.860

3.408

3.673

3.239

5.194

1.887

DO 1.3 0.1 0.0 0.1 0.1 0.2 0.3 0.2

0.1

0.3

0.7

0.7

0.34

1.3

0.0

12.6 133 14.8 188 20.1 22.6 24.8 26.9

238

18.2

135

19.3

26.9

126

pH 7.0 7.1 7.1 6.8 6.8 7.0 7.2 6.6

7.7

7.6

74

71

(us /| 543 639 749 636 684 736 659 810

686

719

744

810

92,000 . . 140,000

140,000

11,000

140,000
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A9 24L& BOD 78.0~312.0mg/L( 7 172.1mg/L),

COD 53.7~195.2mg/L(%



7 111.1mg/L), SS 120.0~446.7mg/L(% vt 235.2mg/L), T-N 27.117~49.952mg/L (33 ¥
37.765mg/L) % T-P 2.978~6.855mg/L(¥ v 5.028mg/L)ol At e F&5E ¥

Sk oRgE w0 vehd A dAAESS FEa0E GRS AU5E A

500.0
= 400.0 —e—BOD
£ 300 —=-COD

i ——SS
(@)
¢ 200 o TN
© 1000 B TP
0.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig. 5. Monthly variation of water quality in 2" treatment plant
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Table 19. Water quality of sewage effluent in 2™ treatment plant of Gwangju
(unit: mg/L, SN 0 71/ml)
g5 | 19 2¢9 3¢9 4¥ 5¥ 6¥ 79 8¢  9¢¥ 10¢ 11€ 12¢ | H | Hu  HAx
BOD | 47 i 63 33 31 43 40 33 40 28 38 33 23|38 63 23
COD | 80 1131123 99 126 95 78 70 75 84 88 96 | 94 126 70
SS 3.3 6.0 1.7 3.0 3.0 35 30 ¢ 20 25 1.7 15 2.0 2.8 6.0 15
Aﬁg 23 0032 23 030 0 29 25 25 2 24 24 28 27 | 26 32 23
B
(NTU)| 06 0 09 08 09 09 09 08 05 07 13 08 09|08 13 05
A +r +r Fr Fr Fr r +r fr Fr Fr Fr +r r Fr Fr
el S e A Y S Y S ) e M LY - ) ) = ) e ) i B S B 2 ) =l B - Y )
BT o4 03 05 02 08 08 04 04 02 03 03 02|04 08 02
e
= 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O:‘i
o2 | 75 77 64 92 8 8 8 79 59 77 89 133 | 8 133 59
T-P 109702612 1.112:2.708 : 2.059 | 2.694 :11.500: 1.795 : 1.066 : 1.825 1.320 | 1.724 | 1.782 | 2.708 ; 0.970
T-N | 20722 21207 19293 | 20759 | 22.835 21693 15237  17.976 | 15.802  18.350 | 21.820 | 19.267 | 19.580 | 22.835 | 15.237
ABS | 0.01 1 077 £ 0.00  0.11  0.00 | 0.00 : 0.00 : 0.00  0.00 | 0.00 i 0.17 | 0.08 | 0.10 = 0.77 = 0.00
AT | 80 64 0 60 78 0 9% 80 8 8 69 78 77 . 81 | 18 . 96 | 60
Fe |0.013:0.021 0.026 0.065 0.019 0.053:0.078 0.000  0.000 : 0.009 : 0.015 : 0.017 | 0.026 = 0.078 = 0.000
Mn | 0.019 0.026 0.037  0.067  0.036 | 0.062:0.086: 0.000  0.021 | 0.015: 0.084 : 0.017 | 0.039 : 0.086 = 0.000
Hg | 0.000 { 0.000  0.000 i 0.000 { 0.000 i 0.000 :{0.000: 0.000 i 0.000 : 0.000 i 0.000 : 0.000 | 0.000 { 0.000 i 0.000
As | 0.000 i 0.000 : 0.000 i 0.000 : 0.000 i 0.000 :0.000: 0.000 : 0.000 : 0.000 : 0.000 : 0.000 | 0.000 : 0.000 i 0.000
Pb | 0.000 : 0.000 i 0.000 : 0.000 i 0.000 : 0.000 :0.000: 0.000 : 0.000 : 0.000 : 0.000 i 0.000 | 0.000 : 0.000 : 0.000
Cd  ]0.000 i 0.000 i 0.000 i 0.000  0.000 : 0.000 :0.000¢ 0.000 : 0.000 : 0.000 i 0.000 i 0.000 | 0.000 : 0.000 : 0.000
Cr | 0.000: 0.000 : 0.000  0.000  0.000 : 0.000 :0.000: 0.000 : 0.000 : 0.000 : 0.000 | 0.000 | 0.000 = 0.000 = 0.000
?(:%) 117 1132 156 191 217 230 256 27.2 246 225 181 145|197 272 117
pH 7.3 7.3 6.9 7.0 6.9 66 {70 | 69 7.7 7.1 7.2 7.0 7.1 7.7 6.6
8;5) ?C?"') 572 1 522 1 523 | 612 | 542 | 671 | 604 | 671 543 1 617 | 636 | 628 | 595 i 671 | 522
7. BOD ¥ COD
20043 = FFetrA e HRS9 BODE 2.3~6.3mg/L(H 1 3.8 mg/L), COD+
70~12.6mg/L(F T 94mg/L)o = € H|AA7F wfg 23 AZH FE7F & =
b4 Aol stk
FrarA e AFHe BEEAEAAPL Adetn oA AR o
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g A=y A ago] wdgedl HE FEF wF7l= A AfHow dF
&= "t E 5 9t BOD/COD M &2 404%=A B2 o f71=o] wAE

g AARD Aee & 5 9l

BODSH CODE MR+ +471&31 5 #2770 AgaAn, 5471
20049 19 19 o] F 54AG/1F9 48
A AN dHEE FER ol §hEd £AS Fnay] gAAE 44T £
g7b ATFAY meAd SFEANY FRFE FFE AR AL T4 &
wo] meh Y FRot HRY Fo FEHAY 2

ot

Sewage Effluent

20.0

baBOD COD

15.0

10.0

Conc. (mg/l)

5.0

0.0

Oct  Nov Dec Criteria

Fig. 6. Monthly variation of BOD, COD in 2" treatment plant

Ard BAe A 34 5 gAHoR we BAERA T4 FAVE v
a wf¢ W FEEolvh. 53 FH FE2 O vIste] @sA A
Foll T2 48dE F Js o Ardd
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Fe and Mn

0.100
AFe MMn
0080 7
= i
S 0060 T
E 2\
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/
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Month

Fig. 9. Monthly variation of Fe and Mn in 2" treatment plant

2. 7le} ER(pH, A%, @40l AJNAEL

Sy
N—

pHE 66~77(H+ 7.1), 94022 590~133 mg/L(H ¥ 83 mg/L), =+ 60~96
mg/L(B 7 78 mg/L), A7 A EEE 522~671us/cm(H 7 595us/cm)o] 1tk pH, &4 0]

&, AE ol B T4 sAIEed A sl
B2
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and hardness

Cl

treatment plant
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Fig. 10. Monthly variation of Cl and hardness in 2
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Fig. 11. Monthly variation of conductivity in 2




3. w71=, SS R F¢AF Ada e

2004

YFHEALY 29

AAO FAF Wl BRF AYLEE

BOD

978 %, COD 915 %, SS 98.8 %, T-N 479 %, NH3-N 475 %, T-P 63.6% %

POs-P 47.3 %°] A tH(Fig. 12).

Conc.(mg/L)

Conc.(mg/L)

200.0

160.0

120.0

80.0

40.0
0.0

140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

BOD

‘ [ Influent 1 Effluent —A— Efficiency

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

COD

 Influent I Effluent —— Efficiency

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
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SS

Influent I Effluent —@— Efficiency

300.0 120%

2500 109 909000 0 0 0o 100%
< 2000 | 1 80% &
2 5
E 1500 | 160% g
Q 4
& 1000 | 1 40% £
(@] L

50.0 | 4 20%

(o0 [ M S I S S S T 0 S S — ¢ 177

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Fig. 12. Treatment efficiencies of BOD, COD, and SS in sewage treatment plant

Conc.(mg/L)
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—Influent [ Effluent —m— Efficiency
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50 1 100% o
40 1 80% 95
30 {60% £
20 1 40% 8
10 1 20% W
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Month

(a) Removal rate of total nitrogen in sewage water
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(b) Removal rate of total phosphorus in sewage water

Fig. 13. Treatment efficiencies of T-N and T-P in sewage treatment plant
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7t 130.2mg/L), COD 65.3~94.2
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BOD 94.2~162.6mg/L(
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mg/L(% 3t 74.9mg/L), SS 54.0~168.0mg/L(H v 107.1mg/L), T-N 22.206~36.933msg/L
(FF 28439mg/L) 2 T-P 1912~3809mg/L(B ¥ 2.846 mg/L)ol™, FhA -
28,000 ~300,0007H/m1(¥3 +* 131,6677§/ml) = ‘}EF%ET}

T BODEE7F =2 A7tdlE &% 1A, &% 44 2 9k 10414 o2 oA
2 ok, A4, AY AAF F AN A A Aol A E= A GERE T wEE o
7 e A Al 44 ~64] 4 o] /L)

COD/BOD #H 4] &2 57.5%, SS/BOD H &L 823% =4 AEA4Y F71%
ol e g 35S & 4 At (Table 20).

WRTe f71E FEE BOD 2.0~53mg/L(H# 37mg/L)2A 95 % iy

A EE& 97.2%0] 11, CODF =+ 80~9.7mg/L(F  89mg/L), A& & &2 88.1%°]

l

Ath SSEEE 1.0~43mg/L(F 1 2.0mg/L), A2 A& 981%=2A w2 AJaes
Btk T-N¥ %= 21.380~23.893me/L(H # 22.531mg/L), A @) & &-& 20.8%, T-P

= 1.853~2317mg/L(B 3 2.067mg/L), A2 E&L 27.4% 2 YEpwt. ST
& 56~2,20070/ml(=8 ¥ 92470/mD =AM AAIZbdhell ZAA SA yEbsta, A

Azl E 4gse

!
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Table 20. Hourly variation of

items of

treatment plant of Gwangju

influent and effluent

in 2

nd

(9] mg/L &, F AT/ me)

&= BoD COD SS T-N T-P  FUd#ET
Ao FRE ERE A AR AU RS K0S BRS 495 BRE AUF wRS
W0LIZTI1134 52 750 93 1420 24 31925 21.804 3482 1.910 300,000 800

Ilhr [1362 53 810 96 1220 26 3359 21911 3495 1.904 110,000 1,100

12hr [1530 52 8.0 96 1540 23 36933 22063 3.809 1.925 230,000 800

13hr [1626 50 872 93 1100 20 35258 22090 3.624 1.935 130,000 600

l4hr |1413 50 758 97 1540 22 30179 21.757 3.143 1.948 210,000 250

15hr |1266 44 760 9.6 1240 30 29973 21380 3.054 1.949 92000 160

16hr |1548 41 942 91 1680 14 29467 22637 3.063 1.995 160,000 230

17hr [1161 40 722 93 1080 43 27046 22.134 2533 2.106 97,000 56

18hr |1395 38 752 90 740 24 27536 22152 2871 1.853 280,000 1,000

19hr |141.6 33 738 87 1140 22 27085 22148 2.634 2.108 100,000 360

20hr 1269 37 742 85 900 24 25512 22789 2454 2.013 220,000 610

2lhr |127.8 33 768 86 1020 28 25459 22.324 2535 2.088 35000 1,320

22hr 1452 38 730 87 540 12 26176 22278 2500 1955 74,000 = 1,200

23hr 1371 32 686 81 580 14 26382 23893 2587 2.138 66,000 = 930

24hr 1290 3.1 680 80 1180 1.0 26185 22711 2618 2.080 49,000 = 760
042811407 36 720 85 540 1.8 27.805 22533 2750 2.071 76,000 = 2,200

ohr [119.0 20 664 90 900 1.2 29144 23144 3.043 2.171 300,000 660

3hr 1305 36 678 89 820 12 27895 22.865 2683 2252 29000 640

4hr | 942 33 662 93 770 16 26739 23101 3.020 2174 28000 1,700

Shr 1061 24 653 85 720 20 23760 23550 2396 2188 44,000 2,000

6hr | 980 26 676 90 824 16 23847 23056 2127 2183 140,000 1,400

Thr 1362 26 784 88 1380 12 22206 22.869 1912 2183 110,000 1,000

Shr |1134 33 768 80 1400 14 29411 22208 2713 2169 120,000 1,300

9hr |1356 26 816 82 1440 2.2 33006 23342 3.255 2317 160,000 1,100

Ad 1626 3.7 942 8.9 1680 2.0 36933 22531 3.809 2.067 300,000 924

B |1302 5.3 749 9.7 1071 4.3 28439 23.893 2846 2.317 131,667 2,200

A4 | 942 20 653 80 540 1.0 22206 21.380 1912 1.853 28,000 56
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Conc. (mg/L)
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| Ax e
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Fig. 14. Hourly variation of concentration in sewage influent
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Fig. 15. Hourly variation of concentraion in sewage effluent
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TAY] TE&ES EAGE AERA FASIY. M AEZQA Fol LParameciumn©)

ANERC BATERO A &3

e HEsEE Add ddcES A4
S golom wel EWMAUAE WEe BAYH) JofArh AnHoR #FF
o AAFE 9 e %

dAT=ET Ava dHAd o, 2AEY dATERY 4
=

2 ZAE AL, 495 = Aeratella, Philoding, Lecane S °] 9lt}h.

[¢)

4. 28 A E

A ELS AT Balel zAE Y

=
ow, =Y ALY £2 44 #

©
offf
f[&{ﬂ
o
of)
Hu
ol
Lo
of\
Hu
fru
ACH Y

39
S 1As 2 AARAAN 5 2EE Solnh

20043 4ol 1x ZAE A3 G R2F[/ Oscillatoria®y D[RS E Arcella, Vorticella,

FEpistvlis 53 A TF Zoogloea 5o FE A AT, 2FHE FE APAH Y

GZF7F Tl A =dT B gE %

F59 =92 vH 3R (Table 21).
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Table 21. Microbial and algal species appeared at 1% and 2™ investigation

i =d& i =d%
Cyanophyceae Oscillatoria U&= Arcella
Anabaena sp. o}-ul] v}
Phormidium sp. Vorticella
Microcystis Lpistviis
Bacillariophyceae Cymbella LParamecium
Synedra A5 A5
Chlorophyceae Coccomyxa + 7 Lecane
Pandorina Aeratella
Micractinium Phirlodina
Stigeocloniim Lepadella
Al 5+ Zoogloea
5 = o Tokophryva
w 176 T

Atz o7 1zl FAI Zpistvlis= FAEo] *Fud ujiy &A= Azt

sHAl YEIUY | Zoogloeas FLI FE FAAMTY YR YRR EY
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Table 22. Microbial and algal species appeared at 3 and 4" investigation

= ! 32} 4=}
A= Arcella sp. 46 48
Fuglvpha sp. 8
of | v}
Vorticella sp. 5
Epistviis sp. - 1
LParamecium sp. -
AT A - 1
o Lecane sp. -
Aeratella sp. -
Philodima sp. 4
Lepadella sp. 1
Al Zoogloea sp. - 2
7] E} Tokophrva sp. - 1
Cyanophyceae Oscillatoria sp. - 16
O. limnetica 1
LPhormidium sp. -
P autumnale 140
Anabaena macrospora -
sprrulinag
Bacillariophyceae Cyclotella sp. 28 10
Navicula sp. 5 1
Nitzschia sp. 1
Gomphonerna sp.
Melosira granulata 4 1
Synedra acts 1 1
Fragilaria crofonensis 1
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AeEF = 3k 4zt

Chlorophyceae FEudorina elegarns 3
Landorina morum - 1
Pediastrum duplex 1 1

P sunplex - -
Qocystis sp. 6 2
Coelastrum sp. -
C cambricum -
Dictyvosphaerium pulchellum 1 -
Micractinium pusilium 1

Selenastrum graci/ -

Staurastrum sp. 1 -
Scenedesmus sp. 2
S, quadricaud 22 3
S acuminatus 1

Closterium sp. -

7] & -
Euglenophyceae T rachelomonas sp. - 1
Phacus sp. 1
Luglena sp. 1
Chrysophyceae Dinobryorn sp. 38

20043 114¥ 23 ZAFA = Ao dFFo] W Basle] WA ALAGA ]
AEQ G E2F/ Oscillatora7t WAsEal JAth 129 2349 ZAMA A7 A2 o &

AL oY 89 F AMHY BF 8 A A A4F Ao AR,

ol
-
22
£ w
—~
—
o
=N
—
oD
[\]
\S]
~
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2004~200517kA] F 43] AAIF ZAAT A Adaglel e Ede £
G2F Oscillatoria, %5 Syvnedra, QX &= Arcella, Epistvlis, 71€t Tokoplrva
& AFH solth 1= 2RE YT dAFEELE AF AL

2005 3¥ 34 2AAY 352 9AFE Arcella, Euglyphast A &2 d3aE

9
b

0l = X[ Scenedesmus, TFEF Cyclotella 5° T °olFJY. 28y, 2 A
=53] A %o FR ZAVEAC. Arcelia, Fughpha= A3 A Fd $HF
o2 yelyy, T3 AR5 FAEY ZdHsle A EAEL. A2 ATE &

O

rlr

S5 Lecane) A3 Tokoptrvadl A% UQY. Zokoplhrvas ZE AT ES
FrotH = LS o, do7lE Ay At A gel SS7F Bs wWhA 4
A #AZEH = Folu),

2005 649 4x  ZARSte AAAEAAY FFAH O AE2FYA Naceula,
Gomphonema, Nitzschia 5 3 A4 G259 Osallatoria, Phormidium 5 )

Wsl WAsT QA FEFH GERFY 4 FA4e 2R RAY 25

S

FZH7E Phormudium autumnale, Oscillatoria limnetica 5-& =350 WA=
A9l Geosmin¥} 2-MIB(2-Methylisoborneol)s A 8t 3L, Anabaena macrosporas
Geosmineg A v}, Anabaena= 5,300cells/ml, 200units/mloll A WA E st
Oscillatoria’= 53,000cells/ml, 3,000units/mlol A WA E Fatstcia delx 9l

g, AGY E2RE Y YA e B4 i ASUN W, YYEE

AL 2F BAAR AF A Wee]l RA¥ £RE g2 APeA 2

ez st 7] wel £423% Fx2Fo AAF7E A e
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Table 23. Target standards estimated for the reuse water
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¥ DOCE m=9 AEA g 7|Folx, T-PE Q&5 295 27159,

a8 AHlo] AujHog -yl BES ugste] 28245 AR =
AEFY AFEEFE FTEFEEANES 2E v 200693 o) F A =dH
9 - dr a=2Xg3A F2 S A5FAH EdverE o]fo] sF
3 Ao R FUdHY(Table 24).

Table 24. Target standards

estimated for the purpose of usage of reuse water

T ® 2885 Aggs T ® 2885 AgsT
pH 58~86 58~86| ., | ME(E) 50l 5 o3
7 % (mg/L) 300 °lsk 300 °]st :L g2 (NTU) 05 o]k 2 o]3}

e ) R
A AFAamg/L) 0.2 o1 02 o] A [ ¥A AL A A A
7 | Gael&(mg/L) 200 ©1& 200 o3& | ¥ | KMnO&®#mg/L) 10 ©]8 20 o] &
» | ABS(mg/L) 05 °ldk 05 o8t | A | AwkAlF(H/mD) 100 ©]d 100 °] &}
7 | TEAFE(mg/L) 500 °lak 500 elst| # | vt (/]/ml) A= "=

2 (mg/L) 0.3 o3t 0.3 o]s}
w2+ (mg/L) 0.3 o]3F 0.3 °]3}

PHFE o8] e FEREEAL, T-P 2 #Ede §7185 AA
A SHFAS =dstr, A=Ed 2 dAEEAS A7Er] o @S
mQaty], vl vtew A4F i 3AL =gete] B Aol 4 F4 &
E5del FFE L o]g HHo) Aedts L FREoof drhu AlgE
A3 S AT
1. AAY FYF WE Agas vu



2 AFgA AEH A= Alum, FeCls9} PACEZA Alume AlO; o]
8%0°]aL, FeClse AlLOs; o] 14%, PACE AlLO3; &aFo] 10%°e A4 S A o]
A gos AfE= TH SHAE AES)
3Fo] Jar-Testoll A}-&3F% o).

T HugRons B ME(od - F), DOC(EHAF71ea), T-P(o] 3}
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T ol 300mg/LolA MEEde] HYFE2 60%0]aL, PACS FU

A A Ede] AYEEe 66%°] AHFig. 17~18). 22jy FeClE A3
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Coagulant dosage (mg/L)

Fig. 17. Effect of Alum on the removal of dissolved color
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Fig. 18. Effect of PAC on the removal of dissolved color

o}. pH

W 459 pHZF 70004 SR AE FYsA =W Al A Alume A4
PACHRTH pHO #Aa7 AX 2& A3 4 Atk Alume 4% &3 A 100mg/L
Fld vl pH7F 035 A% #7493, PACY A9+ 02 4% 7428t o

rie

Y] pH7F Alume 3.1¢1 whd, PACE 4224 pH Asto] HA 93 nmzl

Ao ZAHAT FeClel Z9E A9 pHI 18]35t vj$ W km, A7}

f
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ey
2
fr

350mg/L F4E RS wl= pH 4.274A ol H th(Fig. 19). wakA FeCls
ALgs A= pHE 243517 Y8 $HHZAZA NaOHY Ca0 5& FY3stx
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oA DOCEZY AHAHYEEL 20%0]U 1, PACS AHLdS ] &84 T2 80mg
/Lol Al DOCEZ ] AHEa&2 23%od. 1
DOCEZ 9 Az E &L 38%c]il, PACY %9

Alum?®] F ¢ o] 350mg/Lol A
350mg/Lol A1 DOCE 2 o] A g
&8 44%0] A H(Fig. 20). M =EA Rt DOC 249 AAEE] $HTAANAE
A

OE, kil

2AE =, ol DOC 22 TolA 5ol sl AAHA &= 22 4

FF AL Q= AS AXE Eo wekd Sl o] AAHA &=

5 100
-
S 4T 41 80
£
c
3 <
= 3t 160 &
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% 1t 1 20
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Fig. 20. Effect of coagulants on the removal of dissolved organic

carbon
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Fig. 21. Effect of coagulants on the removal of total phosphorus
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Fig. 22. Effect of coagulants on the removal of dissolved phosphorus
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2. pHO W& W Agre ¥

A Wi pHE F2 6.0~80 Helel da, 44T SHA FJ 2ol
A pHO @S Z37] A, Alumd FAF2 100mg/L, PACS FIFE 80mg
/L2 dAsAev, pH 3.0~120 WA g M= T-P 5o APa&s =
AbetdTh SR A Al 27] pHSF HF pHE ofzbe] Wskrh gld],
st pH B Hlel 2= 0N NaOH §-°f3} 0.IN HCl §-°§& o] gsto] =34l
c}.

o5 o)

o,

4= pH7F 6.0~10.0 H$ WelA HAA7E Ha, 53 PACE $F
AR ALEe Aol Alumes AFES ARG HEEgo] o L& o= UE
Wth(Fig. 23). 18y S5 o83 A= AALSE 2
747F vk AlumS AbgsteA oS edeitha B

7 70 WA HAA AgEAL, 2
ojelo] WM o] MEr} v w2 o Yelyton PACY A pH W
A= 5.0~7.09 Aoz FALE A tH(Fig. 24).

GEAY A HH S$HAA FUdF 242 Alume 4% pH 50~8.0, PAC?
749 pH 4.0~80=2 e, o w §E490L 0.1mg/L o]3t= A7t 7k 3
o2 ZAE A vH(Fig. 25).

UV-2545 A 23, &SR] F59 fAd A4S B FU1, 7 F

5 =

#ol SPA e A4 3 pH WAE 24+ 2 oHFig,

26).
FtAH o2 Alumd PACY HZA &3 pH HAE 50~7020 Aoz ZAE AL}
olx= AFA YA HAA pH G 6.0~652 WYt FAEA e
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Fig. 23. Effect of pH on the removal of turbidity
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Fig. 24. Effect of pH on the removal of dissolved color
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Fig. 25. Effect of pH on the removal of dissolved phosphorus
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Fig. 26. Effect of pH on the removal of UV-254
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Fig. 27. Adsorption isotherm of DOC for two adsorbents
90 90
80 - [+ 80 | . N A
* b A
70 - < - | A
o * — | | 0 ‘A - = [ ]
60 (4 = L
- 60 |-
q g W,
50 g 5 50 —‘.'
0. 2 " * *
E 40 @ . *
30 @ 200rpm-color plor : 30 la® .
B 200rpm-TOC PC #
20 @ 300rpm-color plor 20
W 300rpm-TOC pC r
10 400rpm-color  plor 10 : égg 25;{“ gjt
. 400rpm-TOC pC 300 mg/L g
0 &
0 50 100 150 200 0 50 100 150 200
Time{min} Timetmin}

(a) PAC dosage : 200mg/L (b) Mixing speed : 200RPM
Fig. 28. Adsorption isotherm of TOC and Color for two adsorbents
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714 AER GEY AL Bade] WA BEstn 9
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o AlZFo] Z# = 580 Dalton H¥olA ®WEZo] Zo= RS B 5 g

(Table 25, Fig. 29).
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(b) Diluted on a quarter

Fig. 29. RMW distribution of TOC after PAC treatment according to the dilution
amount of sewage effluent
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Fig. 30. Variation of relative pressure in the
initially used membrane module
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Fig. 31. Variation of relative pressure after cleaning by chemicals
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Fig. 32. Variation of relative pressure vs. pH on MF membrane process
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Fig. 33. Variation of flux vs. pH on MF membrane process
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Table 26. Variation of zeta potential according to PAC and CaCls dosage

Condition Zeta potential(mV)

Wastewater pH 3 -8.22

Wastewater pH 3+PAC 1lg, after 2min +11.58

Wastewater pH 3+PAC 1g, after 160min -10.13

Wastewater pH 10 -5.45

Wastewater pH 10+PAC 1g, after 2min -19.92

Wastewater pH 10+PAC 1g, after 100min -18.2

Wastewater pH 7 -16.24

Wastewater pH 7 + 0.1 mol/L CaClx -3.12
Hoge U+ YE E OE Sdus WHoR A5 CaCLE A7l 37
ZARAM ] AT Al FOF A Zeta potential e 0 F o2 BISA|A 1o
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Table 26> CaCl& #7188 A%, pH W3E = A%, g2 d71E 4% Zeta

00 A7NARL, o= AT LABAL $HOR A7E FUAA Gl Frhe

g g Fridom Hrbstd @RS ASAYgE A M- 2 s F T

A& Aoz AdEH(Fig. 38~39).
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Fig. 38. Variation of filtration pressure according to CaCl: dose on MF process
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Removal (%)
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Fig. 41. Variation of pressure according several processes
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Fig. 42. Removal rates of color, turbidity and TOC on MF membrane
process
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Log(MW) = -0.3193 RT + 7.7618 (3)

o714, MW : 2% RT : Retention time

2, S43 WA B3 Foli 396 Daw, $UI FAH W Fia v
4% (4747 01h0el = 360 Daz, 183 FAHA SH, BH, Ao B
12A1 7o) Ak Fol = 337 Da® ZFAsAA T wWrgd T3 5 16A]7ke] A

al
A BRgel Fbeha QE AAE B 7 ATk ot BB FEHEY o
D

Table 27. Variation of RMW and polydispersivity according to processes

Treatment Number average Weight average Degree of
process RMW RMW polydispersivity
Raw water 526 Da 950 Da 1.808
Coagulation 318 Da 465 Da 1.465
Coagulation 292 Da 396 Da 1.356
+Membrane
Coagulation
+Adsorption 346 Da 360 Da 1.039
+Membrane(0.1hr)
Coagulation
+Adsorption 357 Da 337 Da 0.927
+Membrane(12hr)
Coagulation
+Adsorption 357 Da 398 Da 1.115
+Membrane(16hr)
Coagulation
+Adsorption 365 Da 404 Da 1.108
+Membrane(30hr)
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Table 28. Water quality of finally treated by coagulation/adsorption/

membrane (unit : mg/L)
R=R H} B2 2= =2 ZxiAr|E =~ o]~ = 2 >~
g AR L35 SELTAT wesas azaas
BOD 20 0] 10 o] & - 33 05
COD 40 olsF 20 o]a - 88 08
SS 20 o] - - 15 01
A () - 20 ©] 3} 5 o] 2 1
g = (NTU) - 2 o5 05 o] 08 03
G B .
o A - EFAEaA " 1) e
gl "_uil' _ %ﬂf%}% _ oo]:i oo]:j)—;
PR K= P - 02 o4 (0.2~ 4.0) 03 -
EC g 3000 A& A =
GhimU) | olal gen  EUE 0 )
e i i - ) )
Oi/mL) 100 of s
PN - - 200 ©] 5} 89 59
T-P 8 ol st - 0.1 o] 3 1.320 0.005
T-N 60 ©] 3} - - 91.820 18.957
ABS . . 05 o3 017 0.00
P - - 300 o] &} 87 7
Fe - - 0.3 o] 3 0.02 0.02
Mn - - 0.3 o] 3 0.084 0.038
Hg - - (EA%) 0.000 0.000
(0.005
A - - : 0.000 0.000
° o 3})
pb - - (0.05 ©]3h) 0.000 0.000
(0.005
Cd - - : . 000
o4 0.000 0
Cr - - (0.05 ©] ) 0.000 0.000
DOC . - 1 ol&t 40 050
oH - 58~85 (5.8~85) 72 6.65
KMnO,2 = 2 10 o] st - 2.7
ZUARE 500 o] &} - 112
Cond. - - 636 507
(us/cm)
% () e Mg £8779
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Table 29. Requirement cost for the secondary treatment facility of 50,000m'/day

i TR (] o) W5 (%)
EE/A= 55 17.2
wee A 190 59.4
71 A 40 125
A7) A 15 4.7
A 9 A 10 3.1
7] 10 3.1
3 Al 320 100

o 19 50,000m'e] AAHAAHE FHe=H LadeE FHAHES AAG A3

Table 303 #<.

sto] THLF R o]Lslm 9 (F)INI STEELALY A A L9914 3059/m’

- 113 -



Table 30. Operating cost for the secondary treatment facility of 50,000m’/day
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