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AT ol &84 n2
2.1. AESH ALAA

ALY AaxAAE aA vAE &34 8 (assimilation)Q] Aol <]
st Al A<} AAsH(nitrification) 9} & A 3} (denitrification) 29 wbRo =2 HF
E4Q HA7tAN)E HSol o3 AAR FEE & 3lvh[25,26]

2.1.1. F A3} (Nitrification)

Aot datsl egolgt fEYolA A4 (NH;-N)7F Ntrosomonasttell 2]
& stol=54 oWl (NH:0H)& 714 obdAAd dANO, -N)Z  AFshs
Nitrobactertt el o]3] A4bd AANO; -N)&E AbstsE = A4S @avh o3
22 (D~0Q)4 M AEE 199 4 IUrh[25]

_Nitrosomonas -
ONH; —N + 30, 7 > 9NO; —N + 2H,0 + 4H' (2 1)
9NO; —N + 0, -Mitrobacter y onn-_ A 9)

[ Overall reactor]

NH{ —N + 20, ——> NO; —N + H,0 + 2H" 2 3)



A el Tz GBS WAL AdE G
) gmujobyd Aast obd by Aol FE

Nitrosomonas®} Nitrobacter¢] A& ZFZF NH3-NoF NO; -N9o =
Lo oFEH dukz o g H]Z=24] &£ E = Monod? & WETH[25]

po=HARE (A
un = HT WAFE (A2
S = AFAAT VA v (AF/EHF)

|E42MDO) F=E Z71xE ddl 20mg/Leld ddsHAl EEEolof
s o] Aabste F APEA[2627] =G A
AA Aikst wkgo AAsEs O.ng/L Aol th[27] 1mg® NH3-NE& A4F
A 717] flei = o] 24 o= 46mge] Atar) H st [25]

AAksk=s 5~35CaA dojube Aew delAd Ao 28] ©

Aikstetel HA4 A pHe d7AEe wel va g2 AAHA N
dutdgox pHe 75~900=2 AAsta  9131,[2930] Villaverde S[31]2
pH 82 ool A= ditstat o] &do] AstgS ®Harstal Uth

kst B E Ho Aoz dste] AU pH7E #ZaE=dH, pH
o] &S ¢Fsty] flstel Sz =rt e sttt Imge NHz-N& AFshA] 7] =



ru&

o 283t dAeEE o]EA o2 7.14mgCaCOs0] th.[25,26]

4) BOD/TKN H| &

Arbsiat & SYIFAT R A YFLol UG A el &
Ak, BOD/TKNS| Hlgo we} AA nAdE Fol dist #5471 244
t}h.[27]

2.1.2. &3 3} (Denitrification)

A3l F59 %A 7el Achromoacter, Aerobacter, Alcaligenes, Bacillus,
Brevibacterium, Flavobacterium, Lactobacillus, = Micrococcus, Proteus,
Pseudomonas, Spiuillum sl ¢J3] ZAiHd FANO; -N)Y ofd ik A4
(NO; -N)& AAFAAQ] F71ES ol&sto] HFAox dATA2N)E A3

| €& (CH:OH) S AAEAAZ o] &3 75 &4zt gt
S 2 G)~Me=z 1xdE 5 Urh[2526]

3NO; — N+ CH,OH — > 3NO, — N+ CO,+2H, 0 4 5)

3NO2_—N+J%CH30H7> J%NOQ__N+§LCOZ+%HZO+3OH_ (% 6)

[ Overall reactor]

CH,OH —> = NOy — N+2C0,+ &

5
3NO; — N+ ; ;

5 H,0+30H (A7)

243t Ao F2 JFe 1A

s

Qb the} 2o,

D 7=

gBA43E el #7] gAY (organic carbon source)¥} & HApEo] A zp &
a3k, olgd fFrIEAdeRE BAheade wel WFEA9  (internal
carbon source)¥} ¢]%-¥ka 9 (external carbon source) &2 FETIH, U FEEA

Ao 995, MAYE F71%, SeA] WASFA o £71%, 269 &



3) pHet &Zel =

g HAHolA dEY=e AHdor pHZF Frbshyl wWEel dEE =k
pHE F 83 AARITE[36] duba o=z &4 pHE 65~759 ®eloly, &4
Hosts g2 Tl wel A9 pHeE tha t=th

Focht 5[29]2 pH 7.0914 HA L& #AlAlsta Q).

g4 B4 A NOs -N Img 9 3.57mgCaCOs2] &z =rt A @
o} [25]

H

2.2. BE3ZF < A A (Biological phosphorus removal)

A AA MAES F7] st AFEW A% AW Poly-PE #3l
& u] B3 AUA S o] &35 Acetatedt B2 F713HS AFH I F PHB
2 A#sta 2% Ortho-phosphateE &2 WEA 7t 74NN &
71402 vy E Ql AA wAES A FAY PHBE #3lste] ATPE &
A&kl o] = o]8&3}o] Ortho-phosphateZ 4]# 3}o] Poly-P2 A sto] Al X
of AAstth o] AAFS <19 3}Y4F (Phosphorus Luxury Uptake)&hal 3ht},
ol¢9} Zo] WA= ARt QFEE & o] 1S T dEelA A
Al sto] 1 S AE AVIANH 2N Ao AL o] Folxlth

AESHA 1 AANA F AAZFE (4] 1E ol &3t ALte npel o], &

A E ArkeRe] et B Aow 23 HYA EA #A7)el gkl AA
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ofof @l <le] AT F4F AL 2me/l o4l DOZL A3 DOV
Qo] FoE F7bekA wow[39] LR 15-20T,

2.3. 84 <8 A Flocd 543 AAA

EelA e AAS SdEHA process A S Foto] MY FoTAE B
4

Tetar WA E W Be AA7F Bejstrg sl oYtk I3
FdEJAE A e stA Figure 213 2t}

[ i Ry

Soedes

PN
v

—|  Satfleret [«

Figure 2.1. Sequence of generalized interaction as an

explanation to the sludge settlement.
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2.3.1. FlocY 34

G454 A Floce flocculation &2 A4 Ao dojA vl L3}
H =onojx i 9 Ede they)
(1) Zg v 7} 29 (polymer bridging model)[40]

(2) AHEA =2 24 (filament backbone model)[41]

Hm

Zyw 7ta REe nAE gHo A WAYE polysacharidedt #2& 1

3 ZEd mAEe] FAV|A R Thu
skl 7+t flocs WHEAINE ojWl 3 o]o] =™ F4kg PH(dispersing effect)
s 7Y 2dolt. EAadE JHAE dAFS 5mg/L as ECPs

(ExtraCellular Polymers)® <e#] 9lt}.[42,43]

F

zooglea) 9ol S ME FAsk= AEA el obrt flocel 2
dzz1e] mpH o} floce

(sludge bulking)®] <¢lo

ofN

)
o
rfr
d
i
o
o
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CASE 0. Filamentous Bulking

Extended
filament

&

CASE 0. Nonbulking

1. 000 000 00

2. 00O0O0O O floc

3. oo ooo

4.00 sSvI(QODO O0O)

/FMm%t 1. 000 Ooooo
Backbone
flocOO OO0 OO
2. 0000 O floc
3. 000 000
4. 00O svI(@OO O0)

CASE 0O. Pin—Point Floc
v

Figure 2.2. Type of Flocs as affected by filament level.

000 000 00 00
0000 OO0 floc
000 00 00

00 svi(@OOO 00)

p wN PR

2
S AN ZIAY BAE floce] FAE WAStY] AR FETFE AMEUE
floce] JElE Hola Jrh

Case T+ AMIA HAET floc B4 VA= zooglead ol #HS o] F&
B A7 ddstal 2 flocx AET Aot F 5 JAAES Hol

AL floce] & Ejoltt

o

= o4
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2.3.2. Floce =719 dH

EH A floce] A7+ 9] wjANA, Z7] 0% 22 XA, WA A

SN a2 Sz wet Wtelr] witdd 543kt ol @k

Floco] =Z7|s} ARdAle] Hol= A3} dids] AT dA7 = AL
2 A Akl A MAES dYEAY =, pH, & 59 ¥4
g HE, R &AL 5 59 ol R DAt Adom SeA Bt
o] f]le]l HAvh. 2y} HFFe] A HAES floo A =49 4TS
sto] dgl floce] S v o= 484 Urh

APAA Aol SVI A9 AL % (Zone Settling Velocity) S0l @H 3 &
del glot 10%m/mg MLSSel A& S@Aolw 107m/mg MLSS &#% 7

sto] Fo FEH ALkl Ak 52 FHEHA F APFAFol 107m/mg
MLSSH == EAste Aol Fil 34 AP nA= &5 Fotste Ao
= A Aqste] 455 9l Fastta Rk vp 9l [45]

Floc9] Z71%& AMGA Zdol7b 107m/mg MLSSE T 2-&ujgk R734do] g
S m A, 1O7um/mg MLSS oldoll A= ARGAle] Aol7b F7hshel whel w4
& floce =<3 SETh ol ARFAIY] WAL floc & EWA
AE7F Ha oA o] wpEAAGS FukstA Ho ARGA dolrt A Alskd
A}7% f et [46]

g floce] el F7]x9 A wet gefA=dH Erickson¥t

SHA

o

Hardin[47]ol 93t 2474719 floce &1 3 o X593 FEHE
stal glom, AAEdEH O flocx T3 ol™, SVIeH Y4B s EolA AL&udts o
H =43 SSVI(Specific Sludge Volume Index)7Fe] =}o]l&= floce] & Efol 7]
()

Aghar s T[48] 5 [49]=> i}ﬂ
ow  Li®} Ganczarczyk[50]+=

(fractal theory)o. = EA3} 3t} ?jlx}zg%w\] nlxE e Qxle] FwAMg o

Ji _l
o
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mErg Qxte] FA2 WA dAET Lerman[5l]el o8t iAo A
o gk mpEE ol AE= B g floco]l T flocoll thal 2uf o]
T 7Y, 4%, veY, d9F Y £o 8 Hadta sy
S A floce Fal&Ee A=< AguEaz=de 93] -10mV~-20mV ¢
FEHASE ], SVIZF 120 ©]dY W= Glucuronic acid’} £WHAS A5}
743 #AZE Ao [5052] A9 arAbEA
B3 Qb [42,43] A RS Hol 2] %
Oﬂ/ﬂ FstiA AAE o FaL e MAEEY =
ol oM, F vAE <o) EuE Ak
(e)

7Pus AN oZHA floc BES e A

H
N
N
)

1B

r
r (o]
>
N
—_
i
g
3
&
=<
2
P
315
s
o
O

3 BA 9 Rew
A9 flocB g e E7) %
ﬂﬂﬁl—ﬂ

Aee] %A floc Aol

e

>,
i)y
v}

{-'O

il

A Qlar, o]l Bacillus, Eschericha, Paracolobacterium, Pseudomonas,
Nocardia | floc @/ #Hofst= Ao® ®Hay o] §r[53]

webs] Ao uiEAsde 2 skl wet floce] RYS WSHAI7]AL o] A o]
A7 AAEH= 7HE S 7hsskAl @k

2.4. Fractal dimension

FAY e HeAy AN HAAE +
L 7] wiEel] olEel e st A S-S UEde e B2 O%E%%Ol A
t}. Fractal®] #3149 Aol #elo9 fractus® 7Mo)H oz A= a1, 7|8}
4 dAolAe wwstA S AGUIEA ge BRI A e FA

o REH WY, & 37

rlo
e
=
iy
o
bl
_1
_>L
ot
=
&
ol

= =2 HER WA 23
Mandelbrot(1983)< 4784 #xlel A olfl &EqFx 2l T xE Fractal
dimension(dF) &2 g atqlaL, AAFAHd S 7H o]&9 AAHS 739 o
5 dAska

Ao fractal M(R)oIA fractal dimension(dF)= F Al =7] Reol
Hlgstal dFe] Ao s yebATh[50]
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M o« R* “9)

o] Wf 1<dF<3e]il, 3¢ 7M&5E Fdo 7H7k¢7 dds x5 AY
W, 1ol 7MheEss Al ke AR cr wdd FxEE AdH
Fractal dimension®] 7§32 F3+3] & Zolo that Fato g HoHr}, 1A
g AA EACAAE B 3AY A EAT JARA A A EAEk e Ae
A A G A S s, AA EAGE AE A SdnAg s s

7.

O

A0EA Q1 fractal o] Eol e A 5348 s e
Scale?] power-lawol wel dojx]= A FAUA, ¥H

o] 9] packing density, connectivity 59 WHOoRE

o <¢J3dF power-law, photo-sedimentation, small angle scattering(x-ray,
neutron, light scattering), 33%r#<l dn|AH S ALg3t floc A7]o] A}
sucrose &N° buoyant density®] =74, laser diffractione AF&3F volume

fraction®} floc size?] =4 59 B HHo| A A F AT}

2.4.1. 715 A
228 ZAA A AAE fRrEL A
A

HA e @Al dojdn A s

52
e
ool
o
5
p
QO

o

-+
S
ox
0

o= AAEA = 7Y

i,
i)
il
kl
A
]
=)
Ip
bt
|
[
~
i
¥
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o o = R¢ 2 (é} 11)

Tl ol AgAl ofs) wWAIGE, 3Adoew EAsta thgat 2ol

M o« R' (D=C+D) (4 12)
T (2] 9ol A AAE Ao A e w YEhlE D=C+l1e]th
21 9)3} stokes WA A A FHEA Y settling velocity= (2] 10)9] 4 C
22 FdHAT vt FetAel A o] fractal® FFETH, Hie
AN J3A el A7]el] oEstx] ek oleld FHF{AY TR 49
fractal® E# 7t} Table 212 settling test®} F7]-EW=

dimension® 7|& ABE A AT}

—~

E o

o

A7 2] fractal
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Table 2.1. Size-density Fractal dimensions of aggregates[50]

effluent

Type of . fractal dimension,
C or equiv source of data
aggregates dF
activated 055~ 1.0 Li and 145~2.0
aggregates Ganczarczyk
ferric 0.19~0.39 Lagvankar and 961 ~2.85
aggregates Gemmell
alum 0.676~0.668 Boadway 2.302~2.324
aggregates
alum Tambo and
aggregates 1.03~1.41 Watanabe 1.59~1.97
activates 16 Tambo and 14
sludge flocs ' Watanabe ’
. Tambo and
clay-iron flocs 1.08 Watanabe 1.92
clay-magnesium Tambo and
flocs 1.09 Watanabe 191
activated 151~156 Magara et al 1.44~1.49
sludge flocs
activated 0.93~1.30 Mitani et al 170~2.07
sludge flocs
particle in
trickling filter 1.27 Zahid 1.73
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2.4.2. AA FAHA

o] ¥ L3 JAeA 2= AAFAY fractal 718FSte 2 YERIITE [54]
At A AL fractal dimension> ZHo]o] w@ejW 7l A gk o] SA o). L
A olEE HdE e HollA o] Hlth AA|FAF fractale] AFAS] HAlE N
7 FEE 849 LE YEd F s W o5 22 Aoz yEd

_ log(\) x
F = log (L) (*13)

714 N2 A Y] HAE A&, L& 59 Jd3A9 HAdarie o
ERJ T},

HEA 9 fractal models AA s+ Fgh %
kAT AN v e A ]Oﬂ Ae g 288 F gle dHo
ﬂ-@ﬂi~7wm4+iﬂ A aL,
o] FALAPow AAmE v —’F gith. o]+ fractal @%Liﬂ-‘ﬂ Tx7b B
3= P el (power-law)e] F+x2Z ¥ 4

é
=2
=
o
_|>i
2
E
>~
>
%,
O,
e
s
poau)
2
a2
e X
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(1) 3—diameters (2) 9—diameters

(3) 27—diameters

Figure 2.3. Three stages in the construction of a simple

deterministic fractal model for particle aggregate

(Ve] il gAEe wAE Fejw Aol gk ol wAge 5 25
Aol 44z B d 2 aAde AU (), L 249 BRNA Aol
WAL P4 AT A 4S54 Fstn, AEAY A7)E 34 Ftel
ek,

o] Wl fractal dimension< dF=log(5)/log(3)=1.465%} o] YElHTY,
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2.4.3. 4F-4o], gol-Zdo]g}e #A
Fractal dimension< F3A nab 40 Aol 279} #dFo] Q). o

714 n=1, 2, 3°]3, D& nxF¥ 9 dimensiono|th. & &5 FHgHA 9l fractal
1}

dimension< 2294, 34 o2 53 o] YERHATE[55,56]
A o< LD2 (51 14)
Npoc LY (4 15)
A71A L& A HAarlE Ui, Ae F9HEA, New= g4 9
A4S YEhith ne Euclidean 718t8to 2 Uk w 1A o] SAHZS

ettt oW EA4o] 95 YEWE fractal dimensione box =53 7|(
o} A&A AAHEL box wae F(NLE o|&3% box methodE A&
a.[5657] tho3 2 2o g et

(-
SN—"

],

ol

=
Eg AHeFoRn EHEGEFEE Add SFRAYS ol gk )

H )
Po LY 217

o174 P= A A5 =27

o] ] fractal dimension< F&A|7F A7]o] wE WH3lE EA3E = 917
] H

iz 259 AV|E A JH 2 FdFH Stk odE EW D9 B9
Aol Ao U3t AFA = GdLdEA R A} o9k FASHA 23934, 34}
AA FAgA e fractal dimensionS LWl AR F=o] ZFA LERG
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" E Ax JAAEEe e AL dFg¢S 7FH S
AT},
2.5. Small Angle Laser Light Scattering(SALLS)
2.5.1. SALLSY ¥4
o] REAE fractal dimensiond TFFE dFst=d o] €5H+E= Small

Angle Laser Light Scatterig®] 7]¥2<l A& & A ALz}t sk

Figure 2.4+ SALLS®S| /=& H ot}
FAe A goA beam¥ falle] FEf= H o
22 QA= =

AlBE HFE

At
2+ beam® Fdy thE2A AT

Fourler
tranzsform lens =)

" o o | Phgtodetector in
| \ focal plane of lans
: [ L
ikl

r
He/lie lazer |
—

()<

. s
| |
|.I ",
Hal iy |
Faratlel
' ]
monge hromic Hght \ |

Baam
BXpanoar
collimator Sl |

Figure 2.4. Schematic diagram of Small Angle Laser Light

Scattering
AEe] FxE ke FA(scattered beam)?] 7% (intensity)E A48k,
o] Bl 7r ZtE Qo] Arl} o &FE=A2 vpehdich, Weo] 2eke "o
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ol AlZbel| weElt A&7 o} Lo EorAstE
Tl W stdozy A V&S T Hit A9 AV EXETE AA
A=

2.5.2. Light Scattering from Fractals
Weo zbge A A7bel s FHSwrh ol Aol el we

scattered Intensity I(Q)= AF&+E SsWE o 42 Q = p,—f = YEHWL

I1(Q ~ ¢-P(Q-S(Q (*19)
o714 P(Q)= FE Q& Aol S(QE T84 18I o= AFolth. &=
A= 2o spgru Aol o #Z7] e FHess ddAow AP
Ahebd dle] s Frasek dA ok dv F Qukol A ¢ power-lawe] A
|8 EAl9 249l fractal dimension¥} U= WA FZ 54
EA Al Aol #3& Figure 259 AAE wle} o] Artfz el ZHol&
T4 5A4ES Yyed Power-law scattering® 5213 492 double

logarithmic & o2 A A]H T},
ZHe Qzroll A scattered Intensitys LA stch, kst 2 Zolwhg

S

o]
A&



= A2 AR HlEdge] 40 585 A &7 wEelt
stz o4 JAAY AA-FAASd FHe dFEe Y
O

fractal2 A ¥t} = (Intensty)= T3 2ol YeEE 4 St}[59]

ot

el

I1(Q) oc Q (1 20)

BT YA cluster7b @34 S 7H9 S cluster®] (mass)fractal
dimension®. & YEFATE cluster 27| 2] 4-$ power-law =9} fractal
dimension AFe]¢] A7} ©A] cluster Z7| 27} power-law HA1S wEcid
Fold = Ut

Scattering =4S A 3l7] s EA9 W 2SS HdE= Ao

I~1/R

(Guineir regime)

I
>

[~ Q-dF
(Fractal regime)

I~1/r,
(Porod regime)

Scattered intensity, Log I(Q)

Scattering vector, Log(Q)

Figure 2.5. The different structural features
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seAe grge eAs Bo| 3 ARFozRE nAYAE o3}

H
3t o]ZAlomRE 5% H]AEZk(specific residence) O & A

HIAS S8 AR S SAsts AR2ZA b2 Hem 78 &

2

¥ ’\]ﬂ(tlme)/Voﬂ o gk 47%74]31’1\194 7127] (sec/cm®)
= ool HL (poise, g/cm * sec)

c = o] @RI uH =2 F&= (g/ml)

ofdo] @RI G 1PFEY TEE UEHUWE cite EZFA A 7] %81
T F oy 1 dAr E¥cstal 1@ E dxo] uE oA ksl
21e] Christensen¥} Dicko] A Ak o me} thgo] 2o 7]xste] 4835
o T35k 3ivh[62]

(Total solids of sample) - V
Vy

C = (* 22)

Vs = &89 A5 (ml)
Vi = GFAFA Vol t/VO] 2= A Ao 7o)

Lz Aol AMoAA = Aol el o f7k (ml)

A9 Ea54de S48 Add= AR 29, CST(Capillary
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AmME 494 2 499

3.1. A¥AE

A AHgE Hge £d AR AR56]9F @El At HAA ks
7t dEsE A A8t dEAQ A2 D FAE T el A
LA E = Aol BAAMIE do R gt FAbstA AT Qs FAH T
ojth HiF-Ee FAE VMFH e AMERZ daEH Wt o EWs)
7F Ao, 7t st vlE #rlEY sEVF =1 dFE T 24 <
o] LR ¥ AoE FAEJTH E AP Fd W e JF
= Haststa, A9 dFS gotstr] f& e FAHTE A S A

Table 3.1. Characteristics of seafood wastewater in Literature.

COD¢ BOD T-N T-P NaCl
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 1930~2210 | 1050~1150 | 463~543 12~16 700~1100
2 - 2680~5060 - - 3800~5900
3 194~1300 | 562~3370 - - 16700~17978
4 109~3180 | 570~7630 37~252 - -
5 246~1633 - 32~175 5~47 -

Table 3.1 At 7he#l9] Aol ¥ Hd =g W8T d54%

= UEhd Ao, Table 32 AAl S s Zteade] daE A4 =

N

N
4 4
2
o
N
ok
ot
1>_14
o
o
>
ofo
QL
rlr
o
P
i
X
2
=
b
=)
e
)
uls
&,
)
o,
-
(S
Lo,



3600 mg/L, T-N 275~810mg/l., T-P 30~238mg/L, n-Hexane 470~
1180mg/Le] Hlud nFEe F7E5S 73 dFz ZAFEJT. T3 170
0~7000mg/L2] NaCl& shf3altar vk 28]a 48 7FH <59 BOD : T-N

: T-Pe] u]%& ZAbalE w100 188 1 560 AYAF Al 9l
giol e FHE AR Y v FYAAS 4 nEEY F7189 =
o AxAR ZEH AAL FLF ATYY FUAe T 5 Atk

Table 3.2. Characteristics of seafood wastewater analyzed

at the coast of Kyungsang namdo.

CODwmn BOD T-N T-P n-Hexane
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
A 1280 1150 555 200 470
B 1200 2680 810 238 1180
C 1360 3370 395 95 -
D 520 3600 275 77 590
E 399.5 849.6 308.5 30.7 -

* COD : T-N = 2.03 * BOD : T-N = 4.97

* COD : T-P = 743 * BOD : T-P = 18.18

Table 3.3 Adol AL AT FAASF] 448 el Aoz 230
AL 9FE CODeel 1000~1200mg/L, CODMno] 500~600mg/L& ] a4
Fr7lE Fekrh m=an Aer] C/NHZE v gk s dwnr] 9k
T-Neo| 3& mkg-7]o= 500mg/L, &= t& w-$-7lol= 250mg/L&E 54 &)
C/NH]Z4 COD¢ : T-N& H]7} 29} 47} S A 2439 e T-PE 20mg/L3A
o aEa dR wEe Wt dig dFS AHRy] g5t M x7)FE
NaCl& 3000, 5000, 6000, 8000, 10000mg/LZ GAH o2 F7AA FY3l]
S8kt #He CODE 7o dte] F/MHE it 0.34kgCODcr/kg
MLSS - day(0.17kgCODmy/kgMLSS - day) = &% 5 At

BN
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Table 3.3. Composition of synthetic seafood wastewater for experiments.

Ingredients Concentration(g/L) Remarks
Fishmeal 1
Sucrose 0.4
(NH4)>504 24 /1.2 CODe= 1000~ 1200mg/
KoHPO,4 0.084 CODww= 500~600mg/1
NaHCOs 0.5 T-N= 500 / 250mg/1
MgSOy - TH20 0.1 T-P= 20mg/1
CaCl, 0.05 NaCl= 3000, 5000, 6000,
KCl 0.02 8000, 10000mg/L
FeSO, - TH0 0.001
NaCl 3, 5, 6,8 10

B Ao o]gy AL IE2A WkS-ZE Figure 3.19] YER AT

AAEA 120, 284 10Le ASHA degz Ao paddled
W15 whE 7o Fobol stk & Qhell 2719 SBR& AXA|st o &
£ =& TIANA T2 20CTE FA8EAH. Figure 32+ & A3 #&%
SBRO +HEE=E yehd adolth &4 AAEAHGL2 PLCE o] &ate] Ao
= Aot o A A FA 7o
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7he 5Rolulo] o] o4 wjEAZLES wE e stA] ghg)o R o] FolHrh
mjol Mm-S zol A AAT XS H|EdE FEE SRTE 1092 543}
Rz, W3-z o] MLSSE 3000~4000mg/L& % 8t 3t
2 A AREFE S8 A= FAbE TFe A D A e #eA e e v
FEHAE AFst AT FAA ol 39T AR F oF 4008 F A
skelvh
Wyl —hilowar
RXR
e Pising ] kixing infuent
."_“:. . st .m:ul:.;-* - {*"*1
1 | |
Ball=vwalye ,.-:'_ ;-. - .-'_':“ :. Eall=vahs
—=] ) € =
effeent |l | T effluent
-y A
'\..\.‘.\-\I\..\l !

-1

.,
T

207

o
™ biser paddie

Figure 3.1. Schematic diagram of Sequencing Batch Reactor.

Fill . Settling | with
Reaction (11hr)
(0.5hr) (0.5hr) | draw
NAx NA (5.5hr) Ax (5.5hr) NA (0.5hr)
.Shr .Bhr Shr
(0.5hr)
No . .
.. . . No Mixing
Mixing Mixing (11hr)
(0.5hr)
(0.5hr)

* NA=Non Aeration, A=Aeration

Fig. 3.2. Operational mode of a laboratory SBR unit
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33. 2%

331 3 &4

Q9RE AAEE 2 AASAE #FE] 919
2} CODwm, T-N, NH3-N, NO:-N, NO3-N, T-Pe] &
BAEEl CODyy BAA] AgSOE AlE3le] I8 Fwo o3t 1a)

At} [64]

off

3.3.2. FlocY &Z7] ¥ EXN BA
A& fractal dimensione ©]&3te] e AT} Floc

=
Floce] 7] % HHE
=]

o] A7|E= floc Z7] ¥47](Model-Mastersizer E, Malvern Co.)E ©]-&3}¢]

=439 1 fractal dimension®] 4L L3 7715 AFE3e] Small Angle
Laser Light Scattering(SALLS) WS #-83Fo] #4353t}

24

33. &£8A9 ETFe4 - JETH S|
A9 E8steA aea AEETH 54 o=M SVISH ZSV 18 A ¢

7225 A (ExtraCellular Polymer, ECP)E =74 &} 9]t}

Jm
oX,

m

(1) SVI (Sludge Volume Index)

e xd 2ol FrlxAd W EFEYA ILE EFTT F ol 1L

NE ALE EAA 25 (L)

:
SVI (mli] g) MLSS(mg/L) 1000 (* 23)
& 50~150¢

Aol &zl 200 o]el¥ sludge bulkinge] ¢ of
Wil & 4 Qlth SVIE AREAF HElAd ditol] ®ol AEF o, WA
Sé‘_fjr(wall effect)9} 434 o A4S Ueld 5 ¢gle IAES 7HA

al
Uk M gyes AYUret SH AW =(sludge bed)?te] 7haAtgom A7

[
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&2 Wxe 4 Avh[65]

ol

]

I

EACLS= !
(2) ZSV (Zone Settling Velocity)

Al7bel] W& AW olFEAYE 1gi=stst Fo] Figure 3.391 YER
A e Il &9 A Z1el= FE A glel sHA
(discrete settling)dtAl ¥ a1, Fak ¥ o] iAo §&=7F oA H4
A JxF pFo] EHSAl Hol IHE A Zr(hindered settling) sk Al =™, o] w)
MAAH] YAA XA (zone settling)©]
T YA fAe A EEA A= A
A LR Fopxlt. o] § AFo JAIt 59
AAE st eIl e A A (compression)©] dojyt}. Figure 3.30 A £
A3}t v dAE5EE 7S A9 el gka o

o 2 734 % (Zone Settling Velocity, ZSV)2FaL 3t}

el
o

pARS

w b

>

_33_



Slope = zone settling
velocity (cm/min)

S0mun settled vol.
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N
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Figure 3.3. Typical activated sludge settling curve

(3) A ¢ aF-#= A (ExtraCellular Polymer, ECP)
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Figure 3.4. Experimental procedure for

Extracellular Polymer extraction method
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3.34. €8A g4 534
EH A GFEAHLS v ASAF(SRF)® %7]& %S (Initial Thickening

Rate) 12]31 RAAFAAIHCST)E S4 skt

o)

(1) ¥] A 8A4=(Specific Resistance Filtration, SRF)

A9 g9 AeE Uelle= o3 HAFS 5857 fsto] AR
FA = A E58S 5T F = buchner funnel A3 7% o]tk
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Figure 3.6. Schematic diagram CST measuring apparatus

2 A3 A= stainless steeld| 2] 47 1.0cm®] cells resirvoir® A&
sE AL, Al AlFS "AetE Al 1 ZA 7 (sensor )& FA4 oA 1.5cm, Al
kel TRE FASE Al 2 A7) (sensor 2)& FAAA] 2.5cmell 9] #] 33 T

Figure 36014 R+ #pe} o] &8(A] T4 F(resirvoir)d]l EH A A&
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ANVZ A3 4 1%
41. LHEF AAEA
411. &7 £ 9E3 AAEA

SBRE o]&d d&FTH dHAFd AgA K7 LEdEHY AAR
CODvin AIAZE W24 Yetudidoh Figure 4.13% 4 o]
3000mg/Lol A1 10000mg/L7HA] A S7HAIA FYAI71WA SBRE #3413
Suje] C/NH] 29} 491419 CODwp ol F=Walel AAZEe] Wes vepd 1
#f 3z o] T},
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Y,
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o
ol
32
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Figure 4.1. Variation of effluent CODyy, concentration
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Figure 4.2. Variation of CODy, removal efficiency

7] d&sE £ 3000mg/LolA 4% 7] AZE Werls dEsREE
5000mg/L, 6000mg/L, 8000mg/L, 10000mg/LE S7tst] F4g F AAZE
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Qi’igfﬂ NaCl 6000mg/Lel A= C/NH] 29] A$ 269, C/NH] 49 A9 22

, NaCl 8000mg/L F¢A C/NH 29 79 18%, C/NH| 4% 7% 1599 <t
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5 Wz Ul MARFY T F FEIGAT, F 4918 T 718
2 VAo ol g MAR Fo| AAsE Mt /] WEA AoE AR
e}

Table 4.1. Effect of C/N ratios on CODw, removal efficiency

CODwi removal removal total
saline removal reduced recovery stabilized
Con(cent/r;mon efficiency(%) | period(day) | period(day) | period(day)
mg

C/N=2|C/N=4|C/N=2|C/N=4|C/N=2|C/N=4|C/N=2|C/N=4
3000—5000 | 916 | 91.0 12 7 30 23 42 30
5000—6000 | 92.3 | 96.3 5) 4 21 18 26 22
6000—8000 | 919 | 92.2 3 3 15 12 18 15

8000—10000| 879 | 87.6 12 9 30 36 42 45

AAZES] HAZF H+e=d A= 7172 NaCl  3000mg/L el A]
5000mg/L= S7HF9A C/NH] 29 49 1249, C/NH] 49 A5+ 79, 193
6000mg/L=E ZS7Fe 25+ C/NH| 29 o 5%‘, C/NH] 49 wf 4%, NaCl
8000mg/L= =714

T5 Fotd H#H<F
Oé

N
=
LS P S

o
5

-
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Figure 4.3. Variation of NHs-N removal efficiency
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Figure 4.4. Variation of NHs—-N removals
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C/NH] 29} 494 5% Wsle] mE NH;-No AAEAG #3s A4
ZE Table 4.2°1 A& 34t}

Table 4.2. Effect of C/N ratios on NH3-N removal efficiency

NH;-N removal removal total
saline . removal reduced recovery stabilized
trat . . : 9 i
COn(C en/rf)lon efficiency (%) | period(day) | period(day) | period(day)
mg

C/N=2|C/N=4|C/N=2|C/N=4|C/N=2|C/N=4|C/N=2|C/N=4
3000—5000 | 51.47 | 53.22 7 7 60 52 67 59
5000—6000 | 61.26 | 68.34 6 34 42 40 47
6000—8000 | 55.31 | 68.64 5) 43 47 48 ol

38000—10000| 47.94 | 48.09 | 11 64 55 75 64

O | = | Ol

Figure 459 4.6& C/NH|E ztzF 29} 42 P& v 2zt A 5ol AHA
AHeEf o] 1 cycleol Al NH3-N9| 5% H 2]
A Z2AANA AR Fro| wE WEsh A ol & gloy Aoz

=~
e G sl A NHs*NPJ TEF S e A
N

A9 fishmealol] g% 712427} :

AR A =Eol li EallE T3 EalEHWEA AEd dryolrt Alx v
o2 §EH= T olE 1Hd F doy F2 A 7RI Ao AR
. 2% ALHE 714 NHy-N 559 #Zas F2 Zdatsis A%
gl og ZAog FoudEr AR ¥RVt =555 NH3-No AAHE7}
g2 Jdow yuy die] distd AdddS T des & T 3
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NH-N concentration(mg/L)
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é 500 |- —%—Na(1 8000mg/L.
2 a0 —0—Na( 10000mg/L
(=]
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Figure 4.5. Variation of NHs-N concentration

for a cycle in C/N=2
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300 y e
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Figure 4.6. Variation of NHs—-N concentration

for a cycle in C/N=4
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Figure 4.7. Variation of NO2 -N concentration
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Figure 4.8. Variation of NOs -N concentration
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Figure 477 482 &4717F 549 F&579 NO, N7 NO; -N&J Fx&H¥
st& dEbd "otk

NOs; -Nell H]a] NO; -N¢| =7t ofb =4 dA&9aL
FEFE7F S7HH FHEFE =4 A
t} Nitrobacterol © & # 8] 2&
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o
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o A gdEe TRV =S545, O/NH[ZF ve4E At nAE

Nitrosomonas®l] 2]3F NO, -N¢| AFs}hdk2-o] A sfa o] YElvr oS &
T A

C/NH] 29} 4ol A 5% Wsle] wE NO, -NI NO; -No| = 3slo]
st A A3E Table 4.39] A2 st

Table 4.3. Effect of C/N ratios on NO; -N, NOs; -N concentration

selitue _ Avg. NO; -N conc.(mg/L) | Avg. NO3 -N conc.(mg/L)
concentration
(mg/L) C/N=2 C/N=4 C/N=2 C/N=4
3000—5000 22.8 22.6 22.2 21.1
5000—6000 24.5 24.6 25.6 27.9
6000—8000 29.3 26.7 28.9 25.1
8000—10000 31.7 255 23.1 22.0

Figure 49914 412+ C/NH|7} 490 Z7AA ZF A8 5% 719 1 cycle
A NO; -N¢ NO; -N9| s=¥3E Yetldoh FA4ka 2383 2714 g+
2] NO2 -N¢F NO3 -N7} A A= &4 wAdzo] thgh o F3fo] vl
A AR Fue As & 5 U= o

aglal SV Ee A die] =TS NO: -No| s%7F =4 Yewe
NO; -N&= Z2tx] ZFo]7} gle] ¥l Nitrobacter?] A4S Adfstal 3120
1 cycle?] sZ=Rsto] = Qg 4= ATt

Seue gawgd Aaste] 58e FUAAY AAAE AREES}

_47_



NO:2-N concentration(mg/L)

NO2-N concentration(mg/L)
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Figure 4.9. Variation of NO; -N concentration

for a cycle in C/N=2
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Figure 4.10. Variation of NO2 -N concentration

for a cycle in C/N=4
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Figure 4.11. Variation of NOs -N concentration

for a cycle in C/N=2
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Figure 4.12. Variation of NO3; -N concentration

for a cycle in C/N=4
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Figure 4.13° = &% C/Nolo & T-N9| A ARE, Figure 4.140
= T-N9o AAZ HaE Yepd. T-N AAZES F718 AALEY] #
AL &S el e 9% 10000mg/Lol A o] 7 =LA e
Stk A E A = 60%0] k] BlalA e AAEES UERAL e 2
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Figure 4.13. Variation of T-N removal efficiency
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Figure 4.14. Variation of T-N removals
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ol Hlaf ol 7[te] AQHAT. o= AAst mAEY AHAEETE 5
Gzl Hle =dHA e Ao Qs dEFe] A EE
2= JEF vy =4 ety o 73 e nteE A o F
UTH

Table 4.4. Effect of C/N ratios on T-N removal efficiency

removal removal total
szling Ti'N, removal reduced recovery stabilized
concentration | efficiency (%6) period(day) | period(day) | period(day)
me/L) 1 N=2]C/n=4] C/N=2] c/N=4| C/N=2| C/N=a | C/N=2] C/N=4

3000—5000 | 51.16 | 49.82 | 13 7 60 50 73 57

5000—6000 | 51.24 | 54.24 7 4 33 28 40 32

6000—8000 | 56.81 | 59.99 9 5 28 23 37 28

8000—10000| 46.91 | 42.04 | 10 9 50 48 60 57
413. & AAEA

Figure 4.1591 = Ztzte] C/NH| ¢} diFEoA T-PY AAZES YEIUA
o},

T-Pe] AAGELS C/NH| 24 4Y 7ol B3k AAE HIow, §7E
o gHelAe B AALES AR Yo BAW v FRBw)
3000mg/Lol A1 8000mg/L7HA &= AHbA o &2 k7l 7FAdtE FA|S Holal o
W Al fabebgth et GBS 10000mg/Lol e Al A Eo] Al
A A AREEY 2/4EQ] A% AALE] FA gaS Holht A
A HNHE Ao® §71% B A2 S48 4T Holw Yon, JRFE
7 FAGE F%e] W wARe FhE dRsmd Han e o
T AR
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Figure 4.15. Variation of T-P removal efficiency

Table 4.5. Effect of C/N ratios on T-P removal efficiency

removal removal total
saline T-P removal o
. reduced recovery stabilized
concentration | efficiency(%6)

period(day) | period(day) | period(day)
(mg/L)

C/N=2|C/N=4|C/N=2|C/N=4|C/N=2|C/N=4|C/N=2|C/N=4
3000—5000 | 51.32 | 51.35 7 7 63 o7 70 64
5000—6000 | 49.59 | 50.50 7 12 35 30 42 42
6000—8000 | 48.97 | 49.80 5 5 35 28 40 33
8000—10000| 46.15 | 47.39 6

Figure 4167 4.179+= AQgEo A 2 didsXolAY 1
T-P¢ WstE YHeldoh dsiyd & HEex27] 49 v&7F 2S5 <
= ° -

o FEE WOl FAkA vge] QWAL
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Figure 4.16. Variation of T-P concentration

for a cycle in C/N=2
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Figure 4.17. Variation of T-P concentration

for a cycle in C/N=4
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Figure 4.18. Variation of floc size under

each salt concetration in C/N=2, 4
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Figure 4.19. Variation of fractal dimension under

each salt concentration in C/N=2, 4
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Table 4.6. Effect of saline concentration on characteristics of

floc size, fractal dimensionin in C/N=2, 4

e C/N=2 C/N=4
concentration _ fractal _ fractal

(mg/L) floc size(um) dirmension floc size(um) P
3000 155.4 2.04 172.2 2.07
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6000 231.3 2.08 161.4 2.04
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Figure 4.20. Variation of ExtraCellular Polymers(ECP)
in saline concentration 6000, 8000, 10000mg/L
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Table 4.7. Effect of C/N ratios on CODwm, removal efficiency

- CODy, removal | removal reduced | removal recovery
concentration efficiency(%6) period(day) period(day)
(mg/L)
C/N=2 | C/N=4 | C/N=2 | C/N=4 | C/N=2 | C/N=4
3000—5000 91.6 91.0 12 7 30 23
5000—6000 92.3 96.3 5 4 21 18
6000—8000 91.9 92.2 3 3 15 12
8000—10000 87.9 87.6 12 9 30 36
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Table 4.8. Effect of saline concentration on characteristics of floc size

saline period of period of
concentration floc size(um) deflocculation reflocculation

(mg/L) (days) (days)
3000 155.40 - -

5000 196.78 18 o 28 o
6000 231.27 12 4 20 ¢
8000 216.00 74 354
10000 164.85 11 ¢ 45 o
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Table 4.9. Effect of saline concentration on characteristics
of fractal dimension
saline period of period of
concentration floc size(um) deflocculation reflocculation
(mg/L) (days) (days)
3000 2.04 - -
5000 2.04 19 o 3H
6000 2.08 6 o 24 o
8000 2.08 6 < 35 4
10000 1.97 15 ¢ 45 4
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Figure 4.21. Variation of Sludge Volume Index (SVI)

under each salt concentration in C/N=2, 4
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Figure 4.29. Comparison of Capillary Suction Time(CST)
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Abstract

Effects of Salt Concentration on the Pollutant removal and
Characteristics of Biological Floc Structure

by Sang-Soo Kim

Department of Environment Engineering
Graduate School, Changwon National University
Changwon, Republic of Korea

Advisor : Byung-Hyun Moon, Ph D.

Effects of salt concentration and C/N ratio on pollutants removal
efficiencies and characteristics of biological floc were investigated in treating
seafood wastewater by sequencing batch reactor (SBR). The synthetic
seafood wastewater containing salt concentration of 3,000 to 10,000 mg/L
NaCl and C/N ratio of 2 and 4 was prepared and treated by SBR under
operating conditions of sludge residence time (SRT);, 10 days, hydraulic
retention time (HRT); 20 hours and F/M ratio; 0.34 kgCODc/kgMLSS - day.
The salt effects on floc characteristics were evaluated by the fractal
dimension and size of floc under unsteady and steady state conditions. For
analyzing the fractal dimension of floc, small angle laser light

scattering(SALLS) method was applied using Diffraction Particle Sizer.
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Removal efficiencies of CODwyn, T-N, and T-P were decreased with
increasing salt concentration, but eventually reached a plateau. As systems
adapted to salts concentration of 8000 mg/L, the time required to reach the
pollutants removal efficiencies of the steady state was reduced. However,
the removal efficiencies of pollutants sharply decreased and the time
required to reach steady state was increased as salt concentration rose to
10,000 mg/L. Removal efficiencies of CODy, were higher for C/N ratio of 4
than for 2. As the salt concentration increased, the efficiencies of
nitrification decreased due to the salt inhibition on Nitrobacter. Effects of
salt concentration affected more severely on denitrification efficiencies than
the nitrification. And effects of salt on the organic removal were appeared
faster than the nitrogen removal and the organic removal more quickly
reached at steady state. The removal efficiencies of phosphorus also were
reduced as the salt concentration increased, which more inhibited the release
of phosphorus than the uptake.

Fractal dimension and floc size decreased with increasing salt
concentration, but eventually reached a plateau. Removal efficiencies of
CODwmy, also showed similar trends with changing salt concentration. Main
reasons of reduced removal efficiencies were the deteriorated biological
activity and settling properties of floc. The biological activity was affected
faster than the floc characteristics by increasing salt concentration. The
deteriorated settling properties were explained by the decreased size and
fractal dimension of floc due to increasing salt concentration. The settling
properties of floc such as sludge volume index (SVI) and zone settling
velocity (ZSV) were better related to the fractal dimension of floc than the
size of floc.

Good result of Sludge dewatering can be obtained at lower C/N ratio
and salt concentration 6000mg/I. by Capillary Suction Time(CST) and
Buchner funnel test (Initial Thickening Rate).
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