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Fe(OH); (s) = Fe* + 30H", pKs = 38.57 (at 25°C)

1) 7k pHollA| 281% Fe** 0]29] %52 mMit mg/L B2 75HA 2. (10%)

=)
[Fe3+][01f]3 — K; — 10*38.57 (1)
[HOH |=K,=10"" (2)

(2)2XE] pH = 2.0, 7.0, 12.00014 [OH |= ztz+ 107 %Y 1077 102" M.
o] (1)o] thustH,



[457.210A.001] &% 23t ootmA 382

=

= 2.00]4]
[Fe*"] =2.69 %10 % M=2.69 mM

= 7.00014]
[Fe* ] =2.69x10" " M=2.69 <10~ "> mM
pH = 12.00]|4]

[Fe2 7] =2.690x10" % M=2.60x10 % mM

3, FeCl; 1.0 mgE 1.00 Lol x9S ©f &3l 7hs& 2|t} Fe™ o]29] =g o}
H(Fe YAt 55.85, Cl YA 35.45),

1.5mg/L
{55.85+ 3 < 35.45 } mg/mmole

=6.17x10"° mmole/L (mM) < 2.69 mM

ThetA Fe'o] sr:
pH 2.001A] 6.17%10° mM, pH 7.0004 2.69%107"° mM, pH 12.091A] 2.69%10™*° mM

ol mg/L=2 4Fstd,

= 2.00]| A

6.17 <10~ mimole/L * 55.85 mg/mmole = 0.345 mg/ L
= 7.0001A

2.69 %10~ ¥ mmole/L X 55.85 mg/mmole =1.50 <10~ 13 mg/L
= 12.00]A

2.69 <10 % mmole/ L < 55.85 mg/mmole =1.50x10" % mg/L

T2t Fe¥'o] 555 mg/L ©9 2 B,
pH 2.091A] 0.345 mg/L, pH 7.091A] 1.50%10°"® mg/L, pH 12.09]A] 1.50%10* mg/L

2) 7 pHollA A" Fe(OH)9 22 mg D=2 #3kA 2. (%)

)
Y 1) ZoE &5to] pH 2.00M = A0l AFHA ¥om, pH 7.01} 12.000M = A
FEl= Fe¥'ol wlste] e A2 dople Fe¥'v ofe njojsiite A4S & & Qlot ot

2tA, pH 7.0, 12.0014 &
AME Fe(OH)0l 2 2 = H7I5 FeClel 2 2 = 6.17 X 10 mmole
0°] YAFF 16.0, HO ¥AFF 1.0S o] &5lH

6.17 <10~ % mimole < {55.85+3 % (16 + 1)} mg/mmole = 0.659 mg
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or2bA, pH 2.090A4] 0 mg, pH 7.03} 12.094] 0.659 mg

=)
pAeEE9] Sofle= pHO Ao mel G435 F7ictboz, EQo] AMJStE RS 49 5
F40] galElo]l 1 ool A YA FolthF, §50] WAL Foldh)
(A1 Bo] &dR0]g o2 FAFo gt F4do] Astoz 4b/dulo] ojst & Ru]Eo]
852 42 1A 59 2 Ylo] "
A A HHypochlorous acid; HOCL)o] AFo]A RALS Foto] 2ofiE+= Fhe=
WArste] th39] Auts At

Azt (day) =% (mg/L)

0 100.0

1 73.2

2 47.3

4 19.3

8 4.8

12 1.1

S stAle. (104)

r
In(Ca/Cao) = -kt (Ca = AIZHO] T2 AQ] 5%, Cp = A9 X7]E5E)E S &
Aon, GEtA t5 xF, In Cas y&5C2

127 kS AFoRM 1ANS P4 kS 1T 4 9

4

)
AF2E t-Cion BHO| EAISIO] ARME Thed} Lol A2 2 Ytk

10 ol
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wreba], 1RPEES Abas k= 0.378 day .

2) o] RFgoA HFaqte] W7 E HstAl L. (574)

)

In 2 0.693
t/9 = = = 1.83 days
V2T kT 0.378 day ! Y

3) 10 mg/L vpFAAT Mo A2 RANSHY H=7F 2.5 mg/L= H+= H 22
+ AlEE dIEstAl . (5%)

)

St 1742 He Holls v71o] F df vhEe] Ato] Z2jnz 3.66Y

pi
=,
ol
o,

rr
=
Q
L
N
N
£
)
o]
1o
Q
&
5
Q
S

|
2
Q
=
8
o
ol
ogd
o
o
Sl
)

o
N

=9
=
7

Pt
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I stotal 7gshAL o] Ble2 open systemQ 2 £ *lﬂoﬂ oh&et Jg
HA 9 o] 28} A4 Z7sH ®At EXRL o] Hstof, FA7]A
(electroneutrality principle; $8% ZollA (+) A3ste} (-) Aste] T2 &5%L)o]
ARt o] BlEolA 9 A7IA S0 Al o Aler meld.
[H'] = [OH] + [HCO57] + 2[COs*]
(FAste] €) = (845t &)

L=y
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T35t 29 sfig]At(water dissociation constant, Ky)= 2= 8000 AEL|o

8
2, o] Wl U K YalRIeje) WA, olee} g4, F7IA FHO A, B

fejo] yalo uje}

[H2 003*} = KHPCO,Z =10 147 M/ atm - 10735 gtm = 107 as

EHATo] ol @8t 4ol upat

1+ [ H,CO,*] B 10~ 635 . 10~ 500 B 10~ 1135

(7] - [HY)

K, - [HCOﬂ 10 10:33 | 1~ 11:35 B 10”2168

_ HT[HCO, ] (HCO-] = K,
A0 B V7
Ka2 = w — [0032 *] —

[HCO; ] (7]

29| sf2fdaol w2t
Mo — R R (U
[#7]loH ] = K, [oH"] 7 5

&3 RE NS A/H 349 A Ysta,

[H+] _ 10~ 14 N 1071135 N 10~ 21.68
a7 [H'] (72
o] A9 55 519,
[H']=212x10"° M
pH=—log[H "] =—10g(2.12x10" %) = 5.67

ol

6. = Alas &4

(H]? (]

fol Tt AT Ak S 290 PolAle.

d= o]-2&F(ionic weight) Aq}

" 23.0 13 mg/L
K* 39.1 0.7 mg/L
Ca? 40.1 15 mg/L
Mg** 24.3 5 mg/L
CI 35.5 8 mg/L
HCO3~ 61.0 77 mg/L
SO~ 96.1 16 mg/L
pH - 7.5
Temperature - 25 °C

1) o] A]&9] o] &7} % (ionic

strength)2 JL5HA] 2. (10A)
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)
H. 2 oleo] b& TS BLE2 uho} &,

concentration (in mg/L)
ionic weight (mg/mole)

concentration (in mM) =

= o] 2%F(ionic weight) | %(mg/L) | 5%=(C, mM) | A5t(z)
Na* 23.0 13 0.565 1
K* 39.1 0.7 0.018 1
Ca® 40.1 15 0.374 2
Mg?* 24.3 5 0.206 2
Cl 35.5 8 0.225 1
HCO5 61.0 77 1.262 1
S04* 96.1 16 0.166 2

ol AlROIE HCOsof a2jol ofatol 4] O gt EAJEITh. Teitt pH7t 7.52 ©
H(H,CO0)2) pK, 0l 10.3302 pHL pK.Br} 525 WoBR, COM o EAJFL vlo]
sich. @o] AArg siar,

_ [co} N H']
“  [HCO;]
[HCO;] , 1. B
[cO? =K, - [H+]3 =10"1%. mj}f#: 1.87x 107 M=1.87x 10" mM =0.112 mg/L

02 HCOs 9] %wzof vla] 10008] 71 WSS 2913t 2 9lr}. wala], COL 2 A|Q)a}
A AlibstE,

Zc 2=~ (0.565 x 12 +0.018 x 12 +0.374 x 2% +0.206 x 2° +0.225 x 1* +1.262 x 1> +0.166 x 22)

=2.527T mM

o] Alg9] &z & (alkalinity)S mg/L as CaCO; ©@¢l = FstA] 2. (5A)

o] Alg= &7 pHoll 7MteE=,

Alk = [HCO;] = 1.262 meq/L = 63.1 mg/L as CaCO,

&901S Qato] HY, OH, COs" 2 2% matsto] AXs] 23,
=107 M=10"* mM, [OH]= f 107 =10 M=10"*mM o]B=2
(H] 107 M T

Alk =[HCO;1+2[COZ )+ [0H | — [H'] =1.262 mM+2 x 1.87 X 10 > mM+10"* mM+10"*°> mM
=1.262 meq/L+3.74 x 10 ° meq/L+3.16 x 10 * meq/L+3.16 X 10" ° meq/L

=1.266 meq/ L = 63.3 mg/ L as CaCO,

o' Adte Aol FYsitt.
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- Al

vH(bacteria)®] NZ7]¥ & ¥R (flagellum)e} g (pilus)’} $8st= 7152
eS| dgstAale. (107)

LIS

2)
Ho: vERole] £F 7152 Y. Welop} YUY Tt L 5 oA HASsh: o
A Afo] Yt WPO2 olFHT S & welelof Fof meprE Wt A

1=
o o
£ 52 PAEE 715e s @

o = o -
A5 vre|e]oprt JRAl Asitol] & St 52 98-S Holgst yHoz
A SHXAF WS ‘conjugation’olat ). ESH
gtefejobrt 1A B BANE 4 Qe & 3 g&of ot urge|oprp oA
L c}
o o

o] EHEZ 1 7]

He2RE ojE 24 AS AlAsH] Yo vFeEE AAISHLAL ¢t o] 242
acC
o ol A 2RHIT-S-A dAZ—k‘CQ of ot AMA"EGL ot} o] o, o3 2|0l B

SHA] Q.

Completely Mixed Flow Reactor(CMFR)9]| tfjsto] =4 Ao tfjst vr2x ZA|9]
SA A Al(mass balance equation)S 415t steady stateo|A] &5 W =
A A9 =% Chrows 8FH2-A9] hydraulic retention time(HRT) to9} U5 W
=4 A9 5= Cunl2 BIISHAIR. (10%)

)

Mass balance equation (CV: 8F-gZ& FA))

CA ,out

dt
Steady stateof|A],

0= QCA,m - QCAmut - kc}l,out 4
kt, C5,

V-

= QCA,m - QCAmm‘, - kOj,(mt Vv

+ CA,O’UI - OA,M =0

=1+ P+t Cy,,  — 1+ /1+4kt Cy

‘A,out = tho 2k’t0

out
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2)

Plug flow reactor(PFR)OJA &2 =4 A9 =% Crows ¥H2E9] HRT to
S U 242 A9 5% Canl 2 BASIA Q. (104)

)
Mass balance equation (CV: 322 me} o]=35t= 9F2 O] “moving plug”)
ac, )
AT~ =0—-0—kC, AV
dt
AV =Cve Bo; (C; =CV Yy 24 A9 5.
dC’A
k2
Cdt Ci
CA.LM dC fU
/ L= f dt
Cin CA 0
1 1
— —kt
CA,m CA,o’ut 0
1 71
OA,ouf = OA,in +kt0)

2RPEES. AFA K7} 1.3%107° L/mg-min, ¥+ %E HRT to7} 30 min¥ off, t}29]
F 7Y 5% Cainol Histo] steady-state CMFR 3 PFRO] E74 Ao tjjst A|

- o CA,out o -
Hag R—(l— x100(%)& +6FAl L. (1074)

C,in

i. 100 mg/L, ii. 1000 mg/L

kt, = 0.039 L/mg

i. 100 mg/L
CMFR:
=14+ 1+4kt Cy ;. —1+ /1+4-0.039 L/mg - 100 mg/L
CA;()ut = = =39 mg/L
2kt, 2+ 0.039 L/myg
39 mg/L )
=[1— =2 |« =61
R ( WL |100(%) = 61%
PFR:

1 —1
CA,out == (W+ 0039 L/mg) - 20 mg/L
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R:( B 20 mg/L

momg/L)xmo(%):égo%

ii. 1000 mg/L

CMFR:
— 1+ 1+4kt,Cy ;.  —14 /144 -0.039 L/mg - 1000 mg/L
— v — :1
OA‘out 2kt0 2. 0.039 L/mg 50 mg/L
150 mg/ L )
=(1— 2= g _
" ( 1000 mg/Z | < 100 (%) = 85%
PFR:
—1
Chrout = (m+ 0.039 L/mg) =25mg/L
25 mg/L )
=(1-—=—"2 x1 =97.
R ( 1000 mg/ L 00(%) =97.5%
9] Zo|o} £ AZFY] =02 BE] theof thato] LASHAQ. (Fote THgoRs
)

Ade e Fgste, L oAl d2]of disto] Axz S| FAITH) (bR

i Ao A|AH gF2o] 2xF vr2Ad of, steady-state CMFRY} PFR & A|AH&

HolA Fejet vhg-Ro] JEj=?

Alo] A|AH gF2o] 1A} ¥r-&2 off, steady-state CMFR1} PFR ZFZhof| A

% 2o T2t Al a&2 oBA ZAE7H?

iii) o™ =49 A7A whSo] 2%} ¥ ), steady-state CMFRa} PFR Z}Z}of| A
w85 ol Tt AlA as2 ofgA ZtAlE R

e 2AF ¥hg2 ¥hg &= dCy/dvt =9 Alwoll vlsh= v

o
aT I
PFRE R4 99 & ¥& SE0l4 2Wsto] 20| 550 y-go] NYH o] Hw7}

Sol502 AUE 52 5& AEE CJoIA WE WS dCh/diol Lojd. Jejut
CMFRE 47 98 ¢ ¥heso] Sort We S& a7oA Ag3e v3o] <
oz Ze ARAZ /IE0E W A& dCy/dU =B L] ¢l

ii) WekstA] 9re. 20lA woldt WA SjA o2 el 1%} Y32 PFRI} CMFR @5

L.
O
a
AAZ GOl SUEE &4t olde L 4 L.

o

=
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9. Oi7] 59 ©HAE g9 ASHR olsA7]= 714
biological pumpo]| tisto] ZAbsto] {ttds] AYsiA] 2. (1074)
)
Solubility pump: 814 &l W2t Zo| o] ma} &g oAateta BjwE JHA
7] 9] olitettAags &ofAl7]a, x| oJsto] sHEE o] s o=k O] Fo
O A S Holl2 o]F
s BHO Alg/d ZFdAE0] 7] 9 olitetHAs ddES &5t
folujA)g2 Agtstal, o] AA|7} 7hefetoHA ©HAE A=

Biological pump
of AAel R7ITA(H

o|&



