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(‘OH)Q] 2X}9H-2-4F2~(2nd order rate constant)’} of2ff O A|A]&E]o] QUct. L£ANSE 2t
ZF 9r2.8 o| 835t £2]stA A FAIZHHRT)O| 10221 CSTR (continuously-mixed tank
reacton)f| A AAR& 95%E5 Y7] ¢ CSTR W9 H4fet iz 5= 5 =AEE
274 FHAIR. CSTR2 Y JHli(steady-state) 2 +FH=S 7HISHAI L. (154)

=3 2R19H-S34(L/mol-s)
methyl tertiary butyl ether (MTBE) 1.6x10°
n-dimethylnitrosanmine (NDMA) 4.0x10°
trichloroethylene (TCE) 4.2x10°
Hint 1: pATst fojZ22 o] &st= CSTR ¥r3xoA G4 dE=t &2 a2 WY
AANS 24 s=%T otdezt At 2tz s ESE AJgtof] AR
L A2 2olgh
= ol _/;\_ % =y

= C.
Hint 2: RA&8 = {1_ &
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W IR 99214, b =kl on

O 7]A] k& PAH AFEFE 3 (pseudo-first-order rate constant) 2} E-E2LC}

IRPRSAIS nj2 i YRS 0] o] ROlAJE B )] CSTROJA 0199 4o] §H5 02,

AAeE 95%E &7 H el FAHAPIS YT k2

1[G )_ 1 (100 ) .
k= (C =05 " |75 —1]=0.0817s

- onl= Lol g, Z1zpe] 2Fo ofojel A7 &S 95%F 2] £t OHY K EE

0317 s ! _
MTBE: |- om] = — 20317 —2.0x10° 1 M
1.6 X 10° L/mole — s

-1
NDMA: [ - 0m) = —208Ts — _7g 1071
4% 10° L/mole — s

-1
TCE: |- o) = — 20317 s =7.5%x10 2 M
4.2x<10° L/mole — s

2AF8E 2 Z(-OH)S o] 83t 1w Atstg 7 (advanced oxidation process; AOP)2]
o2 T (persulfate) @ O 8 LEAtekE A0l WP ARH L ok 3}
= o|&st neieggeor &0 HEMY fUILEEAS At dYE

=)
IFSRRFH S 0] £5F 17 ERFISIEF S peroxymonosulfate (PMS, HSOs) %= peroxydisulfate
(PDS, S,05°)& 0] £0jo}, UV £AL 7}Y o2 Uyx|E 7jelo2x wfghit afr]
Zhpersulfate radical, SO, )S YHA)7] 17, o] 2lO)ZFE TR {ISIAZ ol HEofY 2
SoGREe HANIE WHolh HE FLE 28 SOPUG kL 32
N e 9oL g it SOl EH =5 £F i HYEE 0P
& WS PES P} U2 2gEel oE £alse et e 2
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Ze o[ 8e FF sl BFln, 0 mepls B epZ oj2)e] {alA]
(9 OH, CI, COs, '0; 57} ¥} 2888 Ao 2 g2 & 22 Y}

3. t& AEdA staxg]sAdo diste] ¢f d FrE2 FHs] AESHAQ: i) rotating
biological contactor (RBC), ii) upflow anaerobic sludge blanket (UASB).
(10%8)
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) RECE HT5E FHOR Al o Ao @pos 7YY oo
ofs~ ~HEL oFZE PO RIAIeIT. O] Y& HE #A T YEEbiofilm) =
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i) USAB= 718 S79) YIS0 Y8 557} & 225 Sblanke) S EH]T,

5172 offal £ WoR EYEIA $o)Y 0]YEe Fgo o5 BT
WA HFOT G0 Yo SEY YR JYLES 2FE UFEo2H
25 £2 Yol ofF et F¥e HYLE FuE 5 B SYNE £

ojstT) Q7] E0] DS HajA] ojEF FpATF HHHO] i U @S2 BE oA

2 ke 2 o 0] 2

m f“lo

g TR ALE Kbl 9
o= =%7} 100 mg/Lo]al °C
2 sior 2 o, chgl HetAlS.

k=0.80 g phenol/g VSS/d
K, = 0.15 mg phenol/ L
Y'=0.45 g V.SS/g phenol

b=0.08 /d
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1) 20 °C =AM 029 HisS A3 Zo5HA] ot 3FLo 28 E Fd(wash out)
SA] 9471 19t &4 SRT S #3HAILR. (57%)

5)

K, < 8" ojoZ

1 1
Yk—b  0.45 g VSS/g phenol + 0.80 g phenol/g VS8S/d—0.08/d

SRTmin -

=3.57d

2) 10 °C 27o|A U= H=z5 A§ oA Xstil 5782 8E {4l (wash out)
SR 7] 93t A4 SRT %S +SHA] 2. Modified van’t Hoff-Arrhenius relationship@]
AZY 6= maximum specific substrate utilization rate (k)9 ot 1.07&, decay
coctficient (10 THotol 104 AFGeE, o] % 4% olele] oAl ARl TRl A
BE 2ro] @47} oldg FPAsIAI Q. (107)

=/,

kg = kiyg » 010720 = 0.8 - 1.077 ' = 0.407 g phenol/g VSS/d

by = by - 01072 =0.08 - 1.0471° = 0.054/d

SRT,;, = = 1
min = yE—b  0.45 g VSS/g phenol - 0.407 g phenol/g VSS/d— 0.054/d
=7.74d
3) 299 Aebs ABAIZHHRTE 24 b, 182 ARAHERT)E 8 day2 SHE
ATt ojml, 20 °CeF 10 C ZRHA Z/dS2A] 349 mE AARE
C, _ .
R= [1—% =100 (%)} L7] X (aeration tank)O]|A]Q] U]A-Z(active biomass) ==& Tt

stAlL. (157)

5)

i) 20 C
_ K,(1+b - SRT)
- SRT(Yk—b)—1
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0.15 mg phenol/L - (1+0.08/d - 8 d)
8d - (0.45 g VSS/g phenol - 0.80 g phenol/g VSS/d—0.08/d)— 1

=0.20 mg phenol/ L

[, 020 3
R—[l —100]x100—99.8%

(SRT)[ Y(5'—5) }: )

Y=\ Txe - srRTT 1506 - sBT

a

_8d 04bg VSS/ g phenol - (100—0.20) mg phenol/L _3 3
=14 170.08/d-84d X 10" ° g phenol/mg phenol X 10° mg V.SS/g VSS

=219 mg VSS/L

i) 10 C

. K,(1+b-SRT)
- SRT(Yk—1b)—1

_ 0.15mg phenol/L - (14+0.054/d - 8d)
8d - (0.45 g V.SS/g phenol - 0.407 g phenol/g VSS/d— 0.054/d)— 1

= 6.47 mg phenol/ L

[, 647 B
R= [1 oo }><100—93.5%

X =

a

(SRT)[ v(s°—S) } $'— 9)

T 1+b- SRT| 1+b- SRT

_ 8d  0.45g VS5/g phenol - (100 —0.88) mg phenol/L y

14 14+0.054/d - 8d 10~ % g phenol/mg phenol X 10° mg V.SS/g VSS

=235mg VSS/L

5. A7|1x9] Lg]stA A EA|ZHHRT)O] 24 hro]lil, H&2X] S=F(waste sludge flowrate,
Q%)°] 855 m¥/dayQl ofH E/d&2|X] F7A0] bsCOD 5% 2,000 mg/LQl 1R}&|2] 4
1000 m’/day2 &2]3}1 9ict o] ¥A9 mUHY Ayt L7|x9] MLSS T = 3,300
mg/Lo|1, S&20] TSS 5L 20 mg/Lo|H, ¥t&&8(x]e] MLSS =% 10,000
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mg/Lo]1, 574 UW+¥e MLVSS/MLSS B|= 0.800]cth S-<A49] non-biodegradable
VSS (mbVSS)E QICHE betm, ofel olgE AT s QxS olgslel og
=20 EshA L.

k=12.5mg COD/mg VSS—d
K, =10mg COD/L

Y=0.40 mg VSS/mg COD
b=0.10/d

f,=0.15

1) o] &7d°] SRTE +3HA| 2. (6%)

g)

29 RIZH] active biomass 9] Cjolo] = Z{FE SRTS H L TSSoje 02 A& Js
ofcf Z2{H.Z:

VXrss
Q- le)XeT'ss + Q" X7ss

SRT= (

V= Qr=1000m>/d - 1 d= 1000 m®

B 1000 m* - 3300 mg/L B
= 3 5 =3.84d
(1000 —85.5) m”/d - 20 mg/ L+ 85.5 m>/d - 10000 mg/L

2) o] 78 #E4Y COD 5=5 A5t Q. f&4 TSS9 42 374 Uw9 +/dat
=osict 71gsta, TSS & VSSE 3184l CH,0,NO.2 B 7F5slth 71 6}HA]
Q. (10%)

=/,

2&79] bsCOD &&=

_ K,(1+0b- SRT)
- SRT(YE—1b)—1
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_ 10 mg COD/L(140.10/d - 3.8 d)
3.8 d - (0.40 mg V.SS/mg COD - 12.5 mg COD/mg VSS—d—0.10/d)— 1

=0.75mg COD/L
RELY VSS HEE
20 mg TSS/L*0.8 mg V.SS/mg TSS=16 mg VSS/L

S}SFA] CsH,0.NS 7IA]E VSSS) COD/VSS Yl 1.42 mg COD/mg VSSoJ2.2, R&79]
VSSZ} /45l COD+=

16 mg VSS/Lx1.42 mg COD/mg VSS=22.72 mg COD/L
&7 COD &=& o] = COD 7]ojR9/9] ghoja g

0.75+22.72 =23.47 mg COD/ L

3) o] 379 F/M H](ratio)E g bsCOD/g VSS-d T2 JL5IA| 2. (474)
)

Qs" 1000 m?/d - 2000 g bs COD/m’
VXyss 1000 m? - 3300 g 7SS/m? - 0.80 g ViSS/g TSS

F/ M= =0.76 g bsCOD/q VSS/d

6. UEHe2 MALZol A (clectron donon = AMSSH UBE 2 vESo] AMA WAL o
S Zol EFSHACE WSAA B 2 9ol AN o (itrawe)s FAF $8%
(clectron acceptor)®9t of2} U2 €49 AYUORE FEHCh of YSAO
Bl oheg TatAle.

0.1667 CH, OH+0.1561NO; +0.156LH" —0.00954C,H, O,N+0.0733 N, +0.3781 H, O+ 0.119CO,

1) 0= ¥rgo] A& COD tfd] Airel COD Hls, &, (84rd njAdE9 COD)/(&
2E HEE9 COD). HEEY Ataof ot 2r]Eset ¥ha2 e £k

2CH,0H+30, —2C0,+4H,0

(107)
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g)

o ojEreo) Wepptgo 2 RE HE2e] 25 COD Fe gy 2] At Il
3x32g 0,

2 mol methanol

Ethanol COD:

=48 g COD/mol methanol

SHE, OJE biomass 2 LJEIE CsHONS S5 COD e L6 Z9R1R 18%] 22/9]
Lo Uof Q= Of 2 5x32=160 g COD/mol C,H,O,NO]EZ Z,
(HRHE O] E2] COD)/(2EE HjE=22] COD)

0.00954 mol G;H; O,N>160 g COD/mol G;HO,N 010
0.1667 mol methanol < 48 g COD/mol methanol ~—

2) ARE AA| AAM A A(NOs-N) TfH] “assimilatory nitrate reduction”©. 2 AR

A
4 AA49] v|&1}t “dissmilatory nitrate reduction”C. 2 A RE AAMY A 49| H|E. &,
(assimilatory nitrate reduction® 2 ARE AA] A4A0] Qy/(AA AAY AL AR
), (dissimilatory nitrate reduction® 2 AWE AIAMY Al4A0] OF)/(AA| AAE AA
P
(10%)

5)

Dissimilatory nitrate reduction& nitrate | electron acceptor 2 A}EE F-L2ojo, o] mj &
Y HARE L TIANY 2 SHHEEE P PRSAIofA HRY HLIF & 0.1561 mol
AL HPE o dissimilatory nitrate reduction© 2 £ HE[E Z2E (0.0733%x2 = 0.1466 mol /-5
o~ go. mapA]

(dissimilatory nitrate reduction ©Z L2 PE ZJRFY A0 OB/ FA] ZREY L L2 22))

0.1466

= Oaser 093

L}O]R]= assimilatory nitrate reduction© 2 £ P&/ 00 &

(assimilatory nitrate reduction O 2 £ P& ZrHY &AL9 P/FA] HRFY F2 2 E2ZH

= 1-0.939=0.061
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£ assimilatory nitrate reduction 2 £ HPE HL{E OJAE biomass (CsH,O:N)©0] &/
=,
(assimilatory nitrate reduction © 2 £ P& ZrHY &AL9 /LA HRFY F2 2 E2H

0.00954
0.1667

=0.057

= Y 2F Radly, ARghS FHofofof oftf £olfl BREAIS] At AT F&
AP AIARE] 222 GIAFEPre 2 ok o] FYoHs QALZ oF7Ie] Afo[E B Y



