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(ol go] o 4, Sasl, 24, 7|SIstAl fro s 0%9l)

1) F&-&(butanol, C4HOH)> AT A Q1 (hexadecane, CieHsy) BT} =0f & ==}

) O

2) 29 & (turbidity)= Al&of] RAISH 7FA]dA 9] &S (transmittance)S Eof 7 SH
o}

5 X

3) =93t &% BOD (UBOD, ultimate BOD) %S 7IAl= % A]89] 25 ‘C RZ0A|<]
BOD;s %2 15 °C &710|4]e] BOD; ZtEr}h =}

=/ N0)
4) BEFZ.0] COD/TOC H]= AAHA|Q19] COD/TOC H] ¥} Fcf.
=/10'¢

5) Multiple-tube fermentation H2 AE 7hsohA|eE vjYdd 4 Q= UJAIZ(viable but
) 1

LIRS o
nonculturable microorganism)& E$Ioto] AT £ Q= 0| E ALwHo|t.

5 X
6) el SpE AMINE H FRAYAEY ARgULRS A A GR|FL
ARIABFLLYOR L o2 AP

) O

7) 5420 A ajo] ALLElE AT0] & T7|(opening size)’t 242 2FEA (headloss)
o] F7io] W3},

=D
8) Struvite A ¥hg-o] Fo{shH= Mg®, NHy', POs" 0|29 ZH|&= 1 : 1 : 10|t}
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9) AN (persulfate) S ©] o)
o] WAYSHA] ¢t= EPAISHA ofstAl 2] -‘378015}-
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)X

10) A AMlt(filamentous bacteria)2 == P/ Alf(floc-forming bacteria)ol] H|5l &
B4 T, I RUlE 5E, B2 QUERERAE, ) = 240N FGREHA
2 Zrect

5 o

1) 5384 HMEHS(polymerase chain reaction, PCR)2] ¥2]E offjof] MAIH 7|HE=
Z8sto] dYstAl Q. (8R))

Template DNA (5% DNA) PCR primer (PCR Z2}0|tH)

DNA polymerase (DNA %53Fa 4) Nucleotides (F=d 2E L)

=/,

‘£ DNAS] FUy§S &EoF o]g7159 #£2] [Denaturization] — YOjFo 2 e 2&
A4 DNA &gro] AJAFE o] £= PCR Z2o]0j7} & DNAOJ A} [Annealing] — &7/
YE9 LE0)4 DNA Fglao] 51&o] 9/5jo] £ DNAYJ DNA GFAQ 17522 &
cop EA 02 Zelslol A28 ZFEF & [Elongation] 9 cycleS of2] Xf2 vFEs}o]
Al 20] FAJoH= DNAS 9P 27 SEA|A FEFFT F42 &0l g

2) skeAAlEN R E(flow equalization)S = 9] A BHS AAISHA L.
(67d)

=
§F: 28 0GRY FEY Al GE WEL Yoz YEFY Az, JHE o
BA, S88 HelE £ FH AYFYY GIHL G L FFE Eofu] dEF B2

X—/;/E = OO:IH/_Q_Q X]OF

! o=z 477

e £ ZA 20, 9F 2 FoF RAEE 22 2y
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3) YA A Z(particle settling)?] Ul 7Fx] S&o] thstod Zhzt 7hers] AlwstAl Q. (84

&)

[2 3 I: Discrete particle settling]

o5} e SER02 HE, YA 09 HEAE L

[%& II: Flocculent settling]

QIAI) TJERLO BN A2 SAHESS T} AA FY HPEEI} 57

[%% 1Il: Zone settling]

OIX} =7} A5 =O mf YPAE= O&loZ 9x) 7} AFsAFLo] AFo] 2 oISk
ojozs YA} HENOE FHLP R YA B} £ EF YES & 219

Lt AAZ FXcF7 T FAAZF FAF Y2 os FEjE F o] BRY
[5% IV: Compression settling]

R2F PG O YA FEI} EORA(S YA IF 2HF 0] Fopk) YAFER AEEH FE)
SIEHL YGRS FEA ol FS7T) MALIEA YAISo] s FEE Y

4) A0 349 3H=S 1eln, o] FHAM DA o s Lol Uels A
LR

(b) Anaerobic/Anoxic/Aerobic (A?O) Process
NO, recycle

l Secondary
X — ' clanfier

\ Effluent
Influent ———=| Anaerobic Anoxic Aerobic -—U—s

Return activated sludge

Sludge
{containing P)
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R KA S7]F (aerobic tank)OJA] FHRFSF YA O 2 NH,-NO] NO;-NOZ UYigle]
oj]Zio] HZRFXF (anoxic tank)Z LJEUFL L Eofi] Fg, grFo] BRilclo] FRTFA

gz A7

ogh Jou

ol XJAH: &7]F (anaerobic tank)E Fo5F% PAO (phosphorus accumulating organisms)”}
polyphosphate ] phosphate 29| ZF325) UFSE oA H 02 A}E&5} A VFAE PHAS/
SEf 2 AEO] XFSFHCII] SI]F (aerobic tank)OJA] PHAZ 2ofj5}Bix] Z@ixo g
& 4), phosphate’Z polyphosphate FE|Z CFA] AJ3EO] X]TF5FPiA] 012 7Y%/ F o0 &2
RE 91 AA. FHEH 02 Y022/ A] (waste sludge) O] FE|Z A|XEOJA FE A7

5) OJA-& A& X K](microbial fuel cell, MFC)Q] anode compartment?} cathode compartment
ANA Loyt opstgrgof tiste] dstAl . (57)
5)

Anode compartment: U]§ZE o] R7]FF 0] {lef, JAP) F=F02 &

Cathode compartment: Z0JO] AFLO0 2 (JIL7}F [FoJA] FGE FAE Zgelol &
(H0) 2 2¢

i o2 B+ #AE &= (mg/L)
Ca** 40.1 119.4

Mg** 24.3 27.8

Na* 23.0 8.1

HCO5 61.0 268.0

COs> 60.0 2.0

SO~ 96.1 116.0

Cr 35.5 61.0

Si0, (&%) 60.1 1.5

Total Suspended Solids (TSS) | - 13.5

) 2t o]29 =g mmol/L (mM) T meq/L THZ 5L, H7]A

~] O
549 wAe

28Y APAoE ol BAQ| PP AFHAIL. (10%)
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)

&5 o2F EE BAF |

(mg/L) (mmol/L) (meq/L)

Ca** 40.1 119.4 2.98 5.96
Mg 24.3 27.8 1.14 2.29
Na* 23.0 8.1 0.35 0.35
HCOy 61.0 268.0 4.39 4.39
COs* 60.0 2.0 0.03 0.07
SO/~ 96.1 116.0 1.21 2.41
cr 35.5 61.0 1.72 1.72
SiO; 60.1 1.5 0.02

Ycation) = (Ca*" )+ (Mg** )+ (Na") = 5.96+2.29+0.35 = 8.60

Ylanion) = (HCOy )+ (CO; ")+ (SO} ")+ (A~ ) =4.39+0.07+2.41 +1.72 = 8.59
A&l Al | X(anions) — X(cations)| < 0.1065+0.0155 X X (anions) /&

| X(anions) — X (cations )| = 0.01

0.1065+0.0155 < X (anions ) = 0.10654 0.0155 < 8.59 = .24

A G FolFl A2 UFEora g Felyo] ZEE

2) o] B AlR9 & 1Y E =E(total solids)S FHA] L. (58)

)

TS = TDS + TSSO/1 TDS+= AAE o2 % && Si0, 529 go/Bg AAH &4

o b sl = s . .
52 BE POl & 7FE £E ISE 7Y+ Y

T5=119.4+27.84+8.14+268.0+2.0+116.0+61.0+1.5+13.5 =617.3 mg/L

3) o] & Alm9] EtAtA 7 T (carbonate hardness)S mg/L as CaCO; T2 SLoHA| Q.
(5%R)
=]

=)

Total hardness, TH=(Ca**)+ (Mg®")=5.96+2.29 = 8.25 meq/ L
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Total alkalinity, Alk=(HCO; J+(CO™)=4.39+0.07 = 4.46 meq/L
TH> Alkoj] 2 2 CH= Alk (CH = carbonate alkalinity)

CH = 4.46 meq/ L <50 mg CaCOy/meq= 223 mg/L as CaCO,

=

& 7o) TRTh AHASZ Bl DRl ZAP] AlRRRE dzto] oA Y
o} oL uiao] 2A417F B9t Irj2 HOlSQTh o] D& Aaso] 27| SR
27} 60 mglY U, 2417 & GEAA Sl AvjelA] AAStAl. T YRS
S3d  batch reactor2 ZHJotal, E3IFEEAMA =T (saturated dissolved  oxygen
concentration)= 8.3 mg/L, SLZAXIA(overall mass transfer coefficient) =
1.00x10% m/hS AFRSIA] Q. (157)

4. HAOJA TSt 250 mLS0] “iAEk AtAaLrES ARA UWE Aol 8 em?l HE
4

A wd /4 7w (8em)/4 .
a=—= = =0.201 ecm
4 V 250 em?

K,a=1.00x10"*m/h - 100 em/m - 0.251 em™ ' =0.201 ™!

“Desorption of gas in a batch reactor” 71082

GG (ap
G -G,

G=(G—C)e " 40 =(60-83)mg/L- e 020 )M L3 g/

=42.9mg/L

(biodegradable soluble COD) =% 200 mg/LQl GU4 4000 m*/dS | 2]5to] YHEY]
3 Ut} 8-AU49] VSS (volatile suspended solids) =E= ZAIE £ QS Az A

5. #E7]X(aeration tank)?] H17} 1000 m’Ql of® ALK FA0] bsCOD
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o, s o AR offet #E o, 3 =50l BsHAL.

k=6.0 mg COD/mg VSS—d Y=0.4mg VSS/mg COD
K, =100 mg COD/L b=0.05d '
f,=0.85

1) A4 AEli(steady state)of] 4] A2]4 bsCOD =% 10 mg COD/LE E7d5t7] &gt SRT
W= FOMA L. (6])

_ K((1+b-SRT) 100 mg/L - (14+0.05d" " - SRT)
SRT(Yk—b)—1  SRT- (0.4 mg VSS/mg COD - 6.0 mg COD/mg VSS—d—0.05d ')—1

(SRT in d)

FolFl Ge BE oUW By,

10= 100+5SRT
2.355RT—1
SRT=5.95d

2) o] 5749] mixed liquorolA] & VSS TH] active biomass®| H|-&[X,/X, =X /(X +X)]=
PehA L. (5%)

g

X, =X, +f,-b- X, SRTO]OZ

X 1 1

a

X, 1+f;-b-SRT 1+085-0.05d '-595d

0.80

3) W 22 Wxo ngom of 3 2elA
3
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Ab Ao =EstS ), ZA 9520 bsCOD bl Aoyt @ ZQIX] of| E51A]

SRT=1=0.25d0] 2 Z,

_ K(1+b-SRT) 100 mg/L - (1+0.05d " - 0.25 d)
SRT(Yk—b)—1 0.25d - (0.4 mg VSS/mg COD - 6.0 mg COD/mg VSS—d—0.05d ')—1

=—245 mg COD/L

UIQ

o] Zol2HE] 22l SRT=0.25 di= SRT,., OJFFYJS o8 & I
AAF el 23,

1 YES? 2.4d '+ 200mg COD/L

= —b= =1.6d"
SR, K, +85° b (100 +200) mg COD/L 6d
SRT . =0.625d> SRT
LpefAf 0] 7 E A wash-outo] Yol B E QLS FEE LS FEOF ZHS 200

mg COD/L ¢/



