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Arrhenius eq © 213 K¢ ¥4 (Temperature ¢ < 3F)
Kr = A exp(-E./RT)

Ky = A" exp(-Eo/RT2)

Kr = Ko0"® "Van't Hoft - Arrhenius model”
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A HP
% ngY{( = RrTz " Van't Hoft equation ”

K : thermodynamic equilibrium constant

AH® ¢ standard molar (reaction) Enthalpy



% BOD bottle A2 w3 Bi% (BODs ¢ &A41H)
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i) phase 1°l412] oxygen utilization rate’} phase 2 Xt} 10~208) 7} =t}

ii) A&3A AR s B8 (ex. sugan)S EF3E #H5E 18~36A17F ool substrate
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i) RE AddassE nAEd o3& oxidation H 7] oJH@ 7)o EA Y Hao acclimated
F bacteria seed (fllEEfH)o] & Q 3}c}.
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¥ non-biodegradable organics
1) AR 7} olF HH3 dojtr}. -+ Tannic acid (poly phenol®] 7] 3}+&%)
lignic acid
cellulose, (phenol) & <«
refractory 2 7+ 38k},
i) A&sr A8 HA Feth
£3] 73t A3t polysaccharide
- benzene structure (Al#]¢] alkyl benzene sulfonate, ABS)
@ 'ABS'¥  surfactant®ZA AEES Lo7)a, colloid PAS HAZAP o7 A
turbidityf& S 7HA1 21t}
© petroleum ¥ refining &4 olA LA = benzene 3 73T E
i) ol %4 YeEl = organics
organic pesticide (7] 4At=#] - chlorinated hydrocarbon(aldrin, dieldrin, endrin,
lindane))
herbicide (A% #| - chloro—phenoxys (2-4 dichloro phenoxy-acetic acid,
24,5 trichloro-phenoxys—-propionic acid))
some industrial chemical
424 - hydrocarbon compound
ex) trichloro ethylene, tetrachloro ethylene
iv) non-biodegradable organics 2] #2419
@ COD (chemical oxygen demand)
© TOC (Total organic carbon)
© gas chromatography -+ specific organic compound
v) COD #4-& aromatic A& A3 organicol ¢ 3slc}
@ & 4%l aromatic A¥°] 912 W COD = THOD(theoretical oxygen demand)

BOD
© biodegradable wastewaterol 4] COD= 0 92”

BOD
non-biodegradable organic &% = COD— 0792”



1) A8 3229 (dichromate, KoCry0O7) FE= 3i7hard (KMnOy) o=
Al A gkt COD¢r > CODwmn

i) FAke e Aies SujE AREstd gt f71E 92%E Fob ¥ 5 Atk

iii) COD= A d# JFAAEANY F71E5s 3 S+ A

example HFEsZT oS3 Zr}

150 mg/L ethylene glycol (C:HgsO)

100 mg/L phenol (C¢HsO)

40 mg/L sulfide (S*)

125 mg/L ethylene diamine hydrate (CoH;oN20O) (273 3 nonbiodegradable)
(a) CODE k.
i) ethylene glycol C.HgO: + 25 O, — 2CO; + 3H0O

_ 2.5mol0, _ 3280, .. 1molC,H;0O,
COD= TmolC,H,0, - molO, I 622C,H,0, 1x150mg/ LC,HyO, = 194mg/ LO,

(223 0y)
i) phenol CeHgO + 702 — 2C0O2 + 3H20

COD— 7(9?;1” «100ne/ LC,H,0= 238nz/ LO,

i) Sulfide S?+ 20, — SO4°

coD= 232 «y0ng/ LS~? = 80ns/ LO,
iv) ethylene diamine hydrate CHioN20 + 2502 —  2C0: + 2H0 + 2NH;3
cop=-2382) 1950/ 1.C,H, N,0= 1280/ LO,

"non-biodegradable organic”
Total COD = 194 + 238 + 80 + 128
= 640 mg/L
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(b) TOCE Kk

. C,HO,F CEA=
i) ethylene glycol 2626]_[6202 e x150mg/ ¢ = % x150 = 58mg/ ¢

(CoHgOo)

ii) phenol 24 x100me/ £ CH,0—TTng/ ¢
(CeH0)

iii) ethylene diamine % x125mg/ ¢ C,H,yN,O=39mg/ ¢

(C2H10N-0)
Total TOC = 58 + 77 + 39 = 174 mg/?
(c) BODsE k3FAl 2 (¢ Kip=0.2/day)

BOD
biodegradable organicel] 3} <] COD:WZU

BOD, = (194 + 238 + 80) x 0.92 = 471 mg/ ¢
BODs = BOD, {1 - 10"%"}
47D(1 - 10°°%9)

= 424 mg/ ¥
(d) AETH A2 ¥ BODs = 25 mg/#¢ ©]Att. CODE d53kek. ( Ky = 0.1/day)
BOD
BOD,, = {1_10(,3_1%)} = 36mg/ ¢
BOD
biodegradable organicol] W3 COD= 0092” = 0332 = 39mg/ ¢

& COD = ®allAd + v

=39 + 128 (®2] 1ii) ethylene diamine hydrate) + residual byproducts

!
if nondegradable organice Z 7|4 ABESH «— 1) F7]1EQ AEE ] o3 BAE
A E P& A +9 COD < % COD ¢! ii) PAE AT T WA= FRE

A7t ek
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i) Protein + Ml —  NHs
(Organic - N)
)
TAES st 2 mEEZA FAAsFgE AU 4
ii) NH; + HHO = NH,y + OH  ———- @

NH; . NH4 : ammonia nitrogen 2 43}3E SollA 71 g9 &)
i) W82 @ oA NHz  NH, ¢ =A%FS 2%, pHoll up&rh.

100 0
NH3 =2 XK NH4
N
0 100
6 12
pH
iv) A3} 74 (nitrification) - E714 ZA A
NH; — NO; — NO; = 2t3}sl= 34
@ 2NH3 + 802 - 2N027 + 2H+ + ZHZO
"nitrosomonas group” NO; (o}& A+, nitrite)
© 2NO, + O, —  2NOs NO; (ZAF, nitrate)

"nitrobacter group”
v) 92834 (denitrification) -+ @714 TFelA NO; — NO; — Ny & #d5= 344
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PN
i) AasgE=z da 2dd 52 F7148 2 dEYol ¥ nitrogen FEIZ EA F
o] =T}
ii) 3N NOs-N HE 9 nitrogens 2 ol 298 RAoE IS A}

i) But, 24942 A& F550] 27 (algae)®] WA
NO; + COp + =44= — @nd
Thy (8]%-3)
% A7 f71E0 oF BOD| 3}

(B2 + 240) |I1200 2% BOD

BOD

‘ ultinate
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e Ha o N A7

(M A=) HAF T A A4 FEE organic - N 7 NH;-N 3 g o]},

1) air stripping

@ o] 232 system® HFAFSE organic-N — NH;-NZ& $23] 7 abA| Rt

nitrification ¥ 7)ol EF 2l webd e NHsE Al A Fojof g}

© NHs = NH; + H (pH 11 o]4e]¥ ¢#3] NH; Jej2 &&5 o] gt}

pHZAE& %3 Ca(CH); & 33t} — hardmess ¥H8-o| A CaCOs Hg(OH) 59

AHdE] A7/ FE% Ca(CHLE 7t
sto] #J e OH 7} EAst=E gt}

© NH3 2¢] d3to] Eud stripping or degasfication(¥H7])2 NHzZ th7] 5o €& A7

gttt — 3712 WA= “Countercurrent spray tower’S A& 3t}



i1) nitrification - denitrification

@ nitrificatione 2nd treatment processel A BOD #| A2} S Ao 43

@© nitrification bacteria ~ nitrosomonas

nitrobacter

© denitrification processel A= &F 247} 0o]ojof alH, &7 A vt golo] BA2d FF
- 13} effluent®] 4H-ES bypss@Z @@ H Ao FHF — unnitrified compound’} ¥+
SN BAdoR WEEs HIF AHS W
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N,% €O+ H,0+ OH
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NO; +-3 CHOH — —

71 whe g o}

phosphorus (%)
phosphorus®] #4%<] $& ¥EE phosphate (214+4, PO, Y)olt}h. Z orthophosphate©] th.
>

i) orthophosphate

ii) poly—phosphate - A A Ao Zo] ¥ &

iii) organically bound phosphate - 1A A& & 21F #H7|E(22 A 7A7])

v) i), i) & <A el e = FFolA hydrolysis Ho] 1) FHZE WHIFEZ HF F
9] =9 e+ ‘orthophosphate’ & 7}43%+t},

<>

i) orthophospate ‘-- NasPO,, Na,HPO,;, NaH:PO4 (NH4):HPO4, HsPO4

[PO, ]
i1) poly—phosphate -+ Nag(PO3)s, NasP3019, NasP-07
[M(PO3),2] 3 Elf]

<A A>

A" + HPO, — AIPO, | + H

Fe + H;PO, — FePO, | + H

5Ca(OH); + 3HsPO, —  Ca(OH)(PO4); + H:O + OH

- Al, Fe 52 alkalinity®} ¥-&3Fo] Al(OH)3;, Fe(OH)s, ¢ HAES LA EE FE
g s T

- SHAC FE FASE {Al(SO)s;, FeSO, - TH0}2 colloid, @82, AAA S A AA



O 39 Ay - Fad
o 3}lA o] A (ferric chloride) [FeCls]

Al(SOy; + 2PO,° —  2AIPOs | + 35S0,

FeCl; + PO, — FePO, | + 3CI

Al(SOy; + 6HCO, — 2AIOH); | + 35047 + 6CO

FeCl; + 3HCO, — Fe(OH); | + 3Cl + 3CO

@ A= A

anaerobic aerobic

[ppm] ‘
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i) T7184HdAE 24 S2A7F AdHow 1
s 578 F A

— excess sludge o] FE|Z & A|A
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=
= 3 Bl HEAIA 35 ~ 37C 2412417 wjgstol A7 colony (WA AT

LUl

AlZ 1me 10HH 314 10%2bHH 5|4 10*38H SI& 10«44 5|
5%10%4me 5+10%3 5%10%2 5%10 petri dish
\_/

(2] fecal cohform group (Tt &%)
1) tryptoseZ #33to] acide} CO.E= A= 3714, 54 714 o
o =

i) MAdds Be Adeld g25e e v Aer Sl EAsts B4 A
Twel TRERYH edH o] vha 7 e,
< APFF>

i) Presumptive test - tryptoseE

H — 7t AASHA €v didTE EAT F da, gl Mt
T At

ii) Confirmed test -+ H5AFA fAAE Pl A tryptoseE #E3fiate] 7k~
s AetE AF - G549 (e PollA a2 S8k 7t

2 B
iii) Complete test -+ gram—negative (& no spore)d < 223l tryptoseE Eal|ste] 71~
BAyS A gelsts 2 — gram ARl A positive , A
gram ¢ o)A negative, FE4 (ex, th)
iv) most probable number (MPN)
ex) 100m¢ T a o] 1m=E o] 23 49 - 5/ EF positive
0.1mE o] ]f& - 57 B positive
0.0ImlE o] 23k 75‘—‘% - 27l positive

0.001mZE o] 23 AL - EF negative

g Be #e A8 2



