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Operational Performance Evalutation of Fixed-Bed Biological
Filter and Sludge Blanket Clarifier for the Removal of
Dissolved Organics

Student : Tinlai Lee Advisor : Dr. Chihpin Huang

Institute of Environmental Engineering

National Chiao Tung University

Abstract

Organic matters and ammonia nitrogen are serious contaminants of
surface water in Taiwan,: These contaminants can interfere with the water
treatment process and cause biological instability in the finished water. One
solution is to employ a biological treatment stage prior to the conventional
water treatment process.

A continuous flow biological filter packed with reticulated PU foam
was used to remove ammonia nitrogen and organic matters before the
conventional water treatment practice. The effect of its operation mode,
namely, empty bed contact time (EBCT) and backwash, on the removal
efficiencies of ammonia nitrogen and dissolved organic matter was

examined.

Also, sludge blanket clarifiers ( SBC ) are presently an important unit of

the water treatment process in Taiwan. Most studies concerning SBC have
revolved around the treatment efficiency on turbidities. In Taiwan, most of

the raw water sources for water treatment plants are contaminated with
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organic substances, which often interferes the operation of SBC. The effects
of organic materials on the formation of sludge blanket and its performance,

were also examined in this study.

The results of the continuous flow biological filter suggested that
organic matters and ammonia nitrogen can be effectively removed up to 30

9% and 959, respectively, by controlling the operation mode of the
biological fixed bed. Efficient ammonia nitrogen removal was achieved upon
the combination of backwash mode with short EBCT or extended EBCT
without backwash. Efficient organic nitrogen and DOC removals were
observed at short EBCT without backwash. The optimal pH for turbidity and
DOC removal of biofilter effluent water coagulated with Alum is around
6.5-7.5 and 5.5-6.5, respectively. This study provides insights into the
function of biofiltration, which benefits the design of fixed-bed bioreactor for
the treatment of polluted surface water.

Humic acid and salicylic acid were-added in water to simulate natural
waters polluted with organie. materials of high and low molecular weights.
The addition of humic acid accelerated the formation of stable sludge
blanket, however, the sludge blanket so formed contained less solid.
Opposite effects were discovered with salicylic acid.

Nevertheless, both organics enhanced the efficiency of turbidity
removal by SBC. Large organic molecules were more easily removed by
SBC. Coagulant addition had no significant effect on turbidity removal
although the formation time for sludge blanket was shortened. To
successfully operate SBC, the occurrence and types of organic materials

must be monitored.
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21 kR § ¥ st
211 kAEP § B ko

KRB AT g RE LA 2 BEAERY 0 F P
KRAi&RkpZING -~ 5 pARREES 2 E S G P
v iE® 21 Z 4 X FR 5 4 (natual organic matter, NOM ) > 4ogdt -k it &
PRI EF R AT EE C  FEALIERRERAL

& = 15 i & 4 (synthetic organic compounds, SOCs) @ &5 7 #4473

Fidol s+ 20 Gt aspa fHe 8 F Bord 4 ag)
Ao deigd gy atm At oplAy — = %7 ‘=(trihalomethanes,

THMs)% (JMM Consulting Engineer Inc., 1985; Ram, 1986 ) » & & % /3
Lenjp 2P o FHF 5 L& 3 84 (Thurman, 1985) & ifl %

FAGVKRER 2 F B B0 ROk EF AR A RARZ B

212 KAY § 5 A5

KAEY A5 B BBERB R TR R B2

(i B o Bl @ s % Thurman (1985)#- k8@ F 84 % A 5 ¢ J2 F ik



(humic acid, ™ ™ @ # HA)% & pi(fulvic acid, FA) e 2 & 42§ (humic

substance) ¥ ik 75% ~ B @ i £ ~ & AP~ B SRR S E AP

2. ¢ M H it &% (neutral simple compound) ) 21% ~ % M-k |E3

¥ (hydrophilic acid) 4 ik 4% = #F > 4@ 2.1 #77

DOC i natural water

| | | | |
Carbohydrates Carboxylic Ami_m:: Phenol
{1[]%"] Acids Acid [[].5?*{:-)
- (8%) (2-3%)

o & (Thurman,1985)

=
N
U
7=
T
e
-y
{EN
T+
~mbe
S
—%—
Ny

Others
(4%)

Grahametal. (2002) 7 34530 » 23E Y 5 5 2 K7 A F Fe f

b 80% ¢ BRI ~ Rk~ K1 E > 2 2LRHEF & 20% 0 & 458K

L &4 ~ Fd F ~ 9% (Peptide) ~ & AP ~ 3 F (Lipid) % > 4o 2.2
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Organic Matters m Soil

|
Nonhumic Substance

(20%) |
H111|11u5.
| B | | | |
Carbohydrates Proteins Lipid Humic Fulvyic Humin
o . ] Acic Aci :
(5-25%) Peptides (1-6%) (Solid)

Amino Acid (Liquid)  (Liquid)

(9-16%)

%] 224 ;{%F‘ E'] ?J,;,ﬁ %*;’ A ‘J‘}?"E (Graham et al., 2002)

KA G F S B B A B E LR T 82 A
E B g B A s KT A BRI A T A SRR
TR B R B R F L 0ASIm RN E R A 0 T LEY LB
f#1+ 3 ¥4 (dissolved organic carbon, DOC) > @ % # isﬁiﬁ L ORE Ak
7 ¥4 (particulate organic carbon, POC) ° {& FhA A RS
B BR G  RE KRR o T D] E A stk @ w o B
FUKHER 0 R B R BE ] U ok 0 T FAJLIE
AR e B AR GUR| N B GUR] 0 G R UIKS e AR NS

A AIE kG B ERF L RKB B F R % (Randtke, 1988)



213 ‘kHE¥Y 3 5 A2

Thurman(1985)F 3 dp th » FHEF - BE B K48 P 5 484 F e 30
o 5P ARKY AR RKR BEAF EEEKFIEKFTFD
(daltons) » 7 k%89 F1& 6 F i A f28s ¥ § T ° Snoeyink &
Jenkins (1980 )4 7 FHE 47 Fr2 1 & o= L gk ik 45-55% > 5 it
30-50% + & 4—6% 0 § ~ AR A 12% - A KL & BHEL T A
= % 7k (carboxyl) ~ = & (phenolic) ~ % fi% A& (enolic) ~ 3 fig (lactone)
f 7k (ether) ~ f & (alcoholic) ~ 4+ # (quinone) frz % 4% 7%
(hydroquinone) » 3% #iim gi aRd > 2 o+ 8 iy TIEp
TR R DHR S BB EARFER S & B RIBAKE
A B3 200 FIAkD AR A R FREET o FEMKZ S

faz A AP it 2ok 2.1 -



% 21 }Z;d.’,‘f_':ﬁ’;a _a-v_ fri&:f?”lf‘-li fL g'ri%&(Snoeyink&Jenkins,1980)

Xy Tt P 5B
e Ak (£E%)
C 50-60 40-50
H 4-6 4-6
o) 30-35 44-50
N 2-4 <1-3
S 1-2 0-2
55 fei% f2 R (pH=1) 3% A
2 ¥ o3 WP PIEH 180-1000
TARA G Tav kY §erib%
# A 14-45 58-65
R 10-38 9-19
p% 25 13415 11-16
Ak 2 4:23 4-11
R =5 1-2

A AT AR RA KT Ty
UV w3 % & | (specific UV absorbance, SUVA) % # 7= » SUVA & & 45 2

Fhrfrstz G WA 35 UV kA £ 254nm 2k m -k ¢ DOC

2 vt i@ > SUVA B2 ~ /] &7 3 #4125 » 40k 2-25 4 SUVA &

RA 4y AT WA R g kA AT ST A S 0§ SUVA
3 2—4p > 275 84

SUVA - % 25 & 77 M-k o] A 533 f214F 4 & % (Bdzwald et al,

1999) -

LEKBA AT EE B ATIRETE E

=



% 2‘2 SUVA f b‘ta 4 ’%;}7’ ‘E‘ ]:J\ z /pa (}»{'i K% %}gc_ac—i Fﬁg l/,/?:(Edzwaldetal, 1999)
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mFER

L
54

u—ﬂ:)@—r%g ?—r‘\___ ’
Mg R E ] A

)

—=\ e
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% Alum = 8 3|

3 "f < >50%
Ferric /& 2| f} %
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3 Kf 25~50% ;
Ferric & 52 ®| 4 B

i % Alum 7 R R
3 "f < <25% 5
Ferric /2 7% f} 3
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2.2 k¥ WA

i Stumm & O’Melia (1968 ) z_ =3k » W48 ik B IF T &k F 4 o
AF RSP FF LS Inm 3 lpme s § FF R EF LT 10pm

BRI Ak RREERRE > A A p R 0 B A8 R PG

SRR - RS T AR R IR LR T 2

‘IL‘} 4&8 ’E ﬁ!‘& ’ l;é >~ ,J‘ %,\}k‘;‘ um E}j\’g % %’\% q/li lx}%ﬁ_m&?

\\

PR R 40 g2 3 R4 Gregory (1993) £EIE U uLAg ik 4
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K fer 4\ s agreaie VIS B e % T

RokATAE § R EATE (4odk s
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N
e
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N
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[
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-
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N

fo3 #13k (4oin 7 ~ %48 ) 1395 Zhou et al. (1995)% Chandrakanth
& Amy (1996)% 7773 kP B3k o ~NMAHF R > HA LR
FIE_ X AR5 185 (NOM ) S s 2 R & d #7300 S 3t 4 b 22 NOM»
R BIFIRAR U > PERARIR TR o FIp p PR 2 B R

BoOF P R AT R R R G XL G B
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2.3 REM T 4]

KARSEZARR ¢ 0 RGBT ) AR A AR 2 e 0 2 BT
A3 R AR S R R A R kS 0 AR
BBRIEY T A S BIFE O AT AL T 5 BAER
FF2 P54 5 AR AR RS 0 R R A ARG

L33 o

4

AR A i g RN I T F i = u)‘a”’*‘f;f% T_o B R
ErB a3 AR R R Bt R AR R S o) 2 R e &
#H R BHIE T “*ﬁﬁﬁﬁx# ﬂr*z ; 12 Stumm & O'Melia (1968 ) #73&

ok Ak 2 R A cE AR (AL(SO.); - 14H,0, Alum ) ~ 4R f% 4
( Sodium Aluminate, NaAlO, ) ~ ® # i* 48 (Poly Aluminum Chloride,
PACl) ~ #rfa4sh (Ferric Sulfate, Fey(SO,); ) ~ #rfic &7 4% (Ferrous Sulfate,

FeSO, - 7TH,O) ~ % % i 4# (Ferric Chloride, FeCl;) %

12



AP 2 REA ¢ FEAELARE B 48 P v kiUT ke

I AL T * 2R A o

1. #rpi4r (Alum)

BBk HEA XL AIOH S &5 » F4FR e » 2 A4
WEBF PR ARM ORI EN N EAF T ARERS > B
TRt A P e A R E D3 P gyl g A
GUEBRERBLEHEF PR ORREHE O RAL L § M eESRD

T (IR AR Bt i S 3L B AT B AR Y 4T

N

BREDREE T 0 WA e F;ﬁﬁ.&pﬂf Jo M A FES AL STk

K "f "534 (Stumm&O'Melia; 1968) -

R g B EeNd AR R R T PR G P B ¢
TR IR G > @ R )R TR TR & 0 Amirtharajah &
Mills (1982)F1 * Fiptdedr fEcrip f2 i T et o B E A I FR A
AFERZPH EET 2 & BH 2 4 &k AIOH); T fr
Bl > f5 AR B 20k B pH i 2 7 chit s 3] 4o 23 517 o #

BE RS ITA R - BEH Y R N paiE e BT o

13



-3 “ + | /
5 \ 1 e ke { A T,’/
= =5l

L AL

ig
/\i
%2 /1 /
|
~J
[

Eé L\ D~ il £/ .
3 ey /A i
e T e =
AI"‘//\\
~
S v i
AlOH / H\\ \
g} 23 fi'—« )J_ z #ﬁ fF-fi" q+ -&F‘”ﬁ& /w‘;;{ﬁﬁ’*'] ?r—' ii\“ g} (Amirtharajah & Mills, 1982)
. & & 1 48(PACI) |
F# “48(PACY 5 B4 i i * cn3p oK f#(prehydrolyzed) B # /8 #
| > 4 NaOH & Na,CO; > 22k AlCl; % 7% iyl F F AR R ehiE

ETEE A o PACI R @84 i< pH EFF > F15 2 4 R B iRk

ETTRS

o BRI T Y fos Ah a3 pHERP > R T
v Al AR B S AR TR o gt BRI E pE o H AR
R fod A d AR B A BT 0 PIA R T S4B GR
EfB g MY fox ® URgFIER 2 Bl #@T'ﬂ* (Yao, 1987 ) o
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1967 # B &Rz B & 4R 2 A B* R > HiVE N
[AL(OH),Cign]m » T2— gt 5 t246 & » #F £ 2 1000 277 » H & 7
4 10~15%:n ALOs > 5 & ¢ %A > o Fo4IE AR 2 AT o 4~
NaOH & Na,CO;*t AlCs A% ® » 2 A4 — 45 KfEF fom 4 &
Sk j24E @ o O'Melia (1989):n 5 1 isfi=> N4 & e @it § P fh
SUET R Sl BARHE Y L F 1 UM E 4T R D en

Al(OH);(s) 7+

PACI e R Z MR (v 4] 2 48R 2 B L& (7% S4enE & o
van Benschoten et al. ( 1990 )3 i o, B PACI ihig i 37k @ - Aljz 0 H 18
§AFALEREORGE > Al » AR HOREH RRE DR
fe OH/AL v 5 B » @ R ARAOA0] ~ 4352 25 TR RIX pHEF -

§ PACI e » AJZ k¢ A gfRps > 53 AH  EHH > B Lt T
Al R ERL ] 2T o FAl R A LR REEREHFE AL EG 4o
e B & P AR e 7 iR % o Dempsey & Men (1989 )iu 5 & pH &> d

A4 R ERMEC] o LEFAEEY Y il BSE 4 ST o
P pH E 4R SRR NITEH AR T fen 2 Al R R

B4 Bifivr .

15



2453 %G B

P ORIEF WS P AR RRIAEY F L0 R
B A B AR AR AT ¢ B

EEARA O AP RGITRZEI G B AY REP BT R 2502 .
241 REI -k 5 PP

,\.

Halletal. (1965) 4% 4% % 22 45 % R @ MR F e pafod o> &

B pH 7 i f AR TR BT R RS ke SR
A 4 7 % e e B 58 (4o aluminum humate ~ aluminum fulvate ) # {7tk »

'ﬁﬂﬁaﬁ?ﬁ)’%iﬁp— ?Bb%ﬁ*’ﬁfg’ﬁypH>5% ﬁ”ﬁgﬁ*ﬁ:}ﬁ-ét)‘
F o 2AE /A A BIE R R A BROURMEH o b

At I AR SR S RERAIL S R R B AR P

BHIRE a2 RF 2 2 A GHER TG L@ HERT

8

Tambo (1979)F 3 4p 41 > — @ & B RIR R ArbF BB R

&)

Z

S0 B R R &G T JonE A £

Edzwald (1979 ) i * #g4r 385 K45 i K HE L TR 38 0 R AR

AR R A3 PR b pHA~6 RS ek A i

EREREREAREREHELT CFEIM G BRI T

16



Bk TR fort o B AR § EY Y AR
Fa R -4r eV BB g 3 (V4R r o UIFAES ROE P i IR EH|
o iRy At E MR BIRG RBRE DR R 4
d 25 (cross-linking) = > g+ B & o mpieps ¥ B84 fﬁf

Wk B 2 FF T ok A b pHAS~65 sk B it o

Semmens & Field (1980)# 3 45 1> 12t 44 2 ﬁ? -k # 2. DOC>» & pH
<5pF A SEd TR fomtES 2 A2 “,f o 3 pH>6 pF >
i d W e AI(OH) 2 T 47 5 4 o o pHS~6 2 ¥ » ]+ it A
BEioF T i kY AR S e Gt 4 5id £ BT B8
Ep 2 K ITH g PRt a F s Bk o A TR

FAsFR et § o AR 2 i 4

Randtke (1988) fUt (L8 &2 72 4ish » 325 § #5 B4
A HIT A ST G RHE M L R R X R

B epH @ R AMMBE e BEE  FRPEREERLE 5B

~—=$

Fro R 5 2 ",’TT o oe S ﬁ;ﬁ_%}ﬁ#'} %% & - Davis (1982):}F] NOM #x #it
ay CEEMAG A B EA G S N AR K S - Dempsey
etal. (1984 ; 1985) 3 Fsg}?f?'fa ’}ffx,,b 3 fﬁﬁ » RN E A pH<<

5P Fif 22 % higd B RO M4 K2 A 4 2 B 8 (monomer)

17



2R EE (polymer) 481t & 4= s 4 | . pH>T7 BF > B R R B
St AOH)(s)2 K * B4 & » & pH & 5~7 2 » Al %35

i

Edwards & Amirtharajah (1985) 35 @ Seeni s 3 "%%}&ﬁ;lj H 4

B gk SRR R L RSB EEF BERRE e
dre 2 g Apl o RERGAPHS RT3 B EREEAFHE LAY
2RSS RN AFERL P otk F s A pHT 2 28
MR T 2Tl o AIOH)s(S)B- "t e ek o m ML iT 5 ¢ Ry H
T g GG R A b et R(pHT~8) T AR At g

kg pLE i TG0 AR R et pH T Ar g d T E F 4P
SOLE SRRt B S R R L R R S VAP VR
AP FL > RTEA TS RCERMREY > A FEKRDOTEY o
2 “%%%H'J%‘r’{i * R AR Y 0 AP SR RS f 1 P o7 (F
2 pHEZ KjgAd A iw > FI* Rib TR f2H > 3055 0% A

it pH4.5~5.75 § B cim ik % (sweep) 3 if ©

Jekel (1986)F1* #74 % & § 1 45Tk 7 & 17 NOM 2 s W 325 £2

e Ao 4 E LAEREE S NOM ¥ il & &4 -
Hundt & O'Melia (1988) ¥ 7 2 f,p 2 NOM 2_ 4] » B H4r T

18



& RREARY  HWA REFERRAF S BF o B TR fo—
SURE ER > 3 NOM AL i3t AIOH)s(s) P332 4 o > @ Fifiase ~ B d it
80~ & MERE S PaR SRR o sp TP o~ w3 R o
F#- A3 H ¢ o Tabmo (1979) ™ 3n i & Wkl & &M 45 chdb 14

THREE vy rqgky | 435 85

Dempsey (1989) RIFEF k¥ T AR @™ » 7 § 4o » i4EE 5 7
AIOH)y(s)4t+ f5— & 453 % > @ 4o ¥ fsriplsd pH BN > §
& Lpd = Ia 3 MR rﬁ—i"ff » T4 £ s ELE i R T
Lzt o Stevenson (1998) Fgwkef SEAr B o B crd g 538 ¥ av G K2
%‘%?&H\ﬁ&ﬁ%\ﬁﬁgﬁwﬁ’ﬂﬂﬁﬁééﬁﬁgﬁé

N A B iﬁ% 2 vl F R #OE-ZF 4 5 yvan Benschoten et al.
(1990) Py R pE4E2Z 46 F ko fie I3 REMEREEF BTEA 2
s £ 47 ay Y 5 54 5 Al(OH),6sFAg6s » 22 PACL & R &
AI(OH),gFAq 3 » 24 v* 582355 F8R SRR J5 f 1 g b 4P B 42

o MAM LS LGRS R b

Yeh &Huang (1993) # 3 45 &} » & @ SLenif & — R &>tk —i8
TREEORARR T o oK G b i AR 2R O il o @ o

K FRApF o LR AH IR A RARR P 2 I F T o R

19



kPG EF AT Rl EEAF RS

Edwards & Benjamin (1991)i& i* NOM = *}F % %7+ > pH & 5~9
T8 12 ¥ NOMz = E £ H 0] (<0.003g TOC/g bentonite) iz AI(OH);
#NOM 2 3% £ » A pH6 P » #wggiE 0.1g TOC/g AI(OH);
B AP NOM B E 2P AR 2 RFD 30 A4 o 4
M7 o A pH6~9 T > 2 3 Fif 7 i+ ( zeta potential, Zp ) /i 3+ -30~-40
mv » @ AI(OH); 2. Zp /%% 0~30mv > ] NOM #— Sk gif it = F

ﬁ '\?_,E L P Al(OH)3 1‘J'NOM ﬁZLEIyL? gl 4 o

Rebhum & Lurie (1993) 323 pok-k Agm ¥ > F 3R ETY 2.5 1
PLEZRET AR EERLGES 7o A{rd » 5 EHE NOM
S B E A TR AR > 7 AU R R A
b EHI G s 0 BHBERERFE o o FIERERS o
Edzwald (1993) " Fifisdr % PACl 2R H » 278 4 B SRR ke
AR % SRR L FR DT AR 0 & pHSS =+
P& mgDOC 42 0.5mgAlR#E% ; .pH7 £+ » & mg DOC B
T 1Img Al R 58] » e A4 588 5 (enhanced coagulation)#2 5 F » § -k
PR a ARG o HIRERZ FREAS B0 2

B oo

20



Mazet et al. (1990) 4+ Cathalifaund et al. (1993 ) 12 & #3455 Al
2 Fe' R GEAT W eIt (T B R Bk 0 P A R GUR L HF

R 2 Bstia i £ Langmuir 308 A2 45 3 o

Istvian (1993) F 3 48 B &2 An R GRA) 2 5 84 (5% 9ril A 4 eni
SABAT 0 4 TSR EAT K JRPE I 28T 0 & 284 £53 fR 0 OH-AL 4 6
Sy WbEs ag B AT BERE F VEEFRY G B
FABHFRE o d SRR G RPERMY F R SRR

o Fh R A 2 B s AL T R PAT B A

Huang & Shiu (1996) #F 45 ¥d & ripesez REF & 5 7 1
Pod B ARAS T E R SRS 5 o AR
SRS Bl S (D) EPH<S 7% # 1 THP R § PaEi
MEELE-THEY feotk G N E BRSSP e R R E 2 4R

mREA MR (2)pH>6 7 41* 3 & E 1A 2 Al(OH); F48
P ko R HERE 0 ok 4 fe(salicylic acid, ™ T # £ SA)2& Al(OH); 748
$r2 o ¢ 0 I AI(OH); B3 4k pe 2 s i B 0 bR R4
' B 6 50-8095 » R R T L ARFAARIRGRE F ORI A R 84
% I3t Semmens & Ayers (1985) 25 /] 2 F 7 #5R 3 G W54

&R 2 A
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Narkis & Rebhun (1997) 531 & #3pF 2 K+ 5 5 SL2 2R
Ergg D (DFRPIELEFEEAF A F REY > PIRPHEPER
TP M- P R G 0 F SRR IR AR (AR E BSR4 )
g BAOFRERALF B P R AFERR2F B BPIE

ZRETEY { RApi 7 QF APILEFERAGTE B 464

AR R R Y o Bl A FER AR BAF REA > 2T 1
FEILARGIEY FA T SR ERT T A AL Y foier LA o

Huang & Yeh (1999) fig® 4csa iR 427 2 > jgd Rk 5 B-mdgdiz
AR RALT PP R R Rk P R R B 2 3 g oS
IO RERORN LA ETEE  da RS LR
FlomyRERET > Fhge i pREps > pH &4 4.5-6.0

AR WS ek o B2 B iE 2 NPDOC 2

“/’.T:“g Jv,{__} P;E ?%}}Iﬁ_‘ ’ ;{,’j\?}\ = .i Kﬁ;/;‘;\ﬁ”i:ri'ﬁ ﬁ-&;ﬁﬂi%}&#l] ’ E]IJ & #L
ERFBHEEF 2 TERITT &G Bt § O ERiTkE L i
B2 4 & pH B2 R EHE 5 M (Dempsey et al., 1984; Edwards

& Amirtharajah, 1985; Hundt & O Melia, 1988; Randtke, 1988; Krasner &

22



Amy, 1995; Dennett et al., 1996 ) -

S E F ARk 2 (E % o PIE Y ARE 2 RBERE 2 pH
% ( Edwards & Amirtharajah, 1985; Krasner & Amy, 1995; Dennett et al.,
1996 ) » eyt 41 * T » Eikebrokk (1996)4p 11 % -k * NOM 2 4 £ i

PHARDRST L EHEF I EZ A UK

242 BT 5 AR SEFF

Kavanaugh (1978) 35 &} » iR GRRgZ $17% f# 15 4 2 2 %ig v
d it 5 F) 3 om0 H ?’ﬁﬁi“f SR R (T2 S ZE pH E 5 B
I EAEAAR I (P AT A n,uﬁgr IS N T C AN e

g LE R PR -

Sinsabaugh et al. (1986 ) #7 7 ™ Frfhis R 23 ‘%f KE-KP 204 R
WA SEFRAFEABPFEDOCL FH 2 A LTS A
BF WP nd THEBER A A FR]A —1%2;_;%;“? > Semmens
(1980) ™ 2 R §d & v i@ P Kiad 42 0583 f %oBIMEFE

RFME B AR E R 0 R0 Rkl A5 B (45
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£ <1000D) % H 7 %i",’fo

Lefebvre & Legube (1990) 1248 % % R 584 11 4 ‘% NOM PF oo BBk
FpH 5 557 » #rEif2 it B E M %5 2mgFe/mgDOC ; @ van
Benschoten & Edzwald (1990) 4| * #rfi4pe B & 4pi8 (7 0 %3 Gi ¥
Fez AR AP A iE R T 0 B2 pH BR L RS FF > Rk AR
22 PACl 2. i B2 M 12355 0.5 mg Al/mg DOC » 2 #2582 pH B %

T TR R sr 2 PACIZ. 1 B B P4 B 5 1.0 0.75 mg Al/mg

DOC - %71 ™ pH B FF > gEF R ER2 ] * »2F g o

Chowdhury & Amy (1991 )1 # 4R st cnFk (7 5 8% 07 - BA
Bl o 305 7 2T SR ET et R R - SR RIR RS 2 A
SRR E N PR N TS S AN TR 2 ER LRSS S L |
FWHEMFELFEFESETAZ IR R 7R

PR Wy kA T o X2 EF AT F RS R AL G o

Edzwald et al. (1990) 47 ! %4 F2Ad 3

EX

IR G IR A 2

=]

B Er gl 4 B AJET 0k ke 4 BT A R RIS A
( biodegradable dissolved organic carbon, BDOC) 7z & - 3k & {s /R 5242

Bz Bt £ @b o Julien & Mazet (1994) 4% 4% % &7 45 5

BFEF WP 2RAEEHE F MRS A AR ARS AR GR
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CER IR E S Al
P B RE R (ZP) EX G RARBITE (¥ 5 +H10mV);

TNOM & § 432 Mcd F2d § e - umgr 2 &

%o 2E3 f2 1 NOM > b i 3 e # ,%%‘Eé*v? NOM z_ itk & NOM w5 ¥ 3%
SEkt o @ AT NOM 2 itk e o fif 2o 3 & F] & 573 7% pH E ~ R 5|

e HE B R R iR X NOM fsg -

Crozes et al.(1995) "IARirkif €7 F B 2B R e RFA F 5 18
FEL O SREABRET W2 kg 3 0#R - Luetal (1999)
BITAEE IR RS ",f@‘téi%ﬁﬂ’{ Fatbpz pfE B R KT 2
B4 4 0f 4400 pHS PF > @ 2ot pHT 2 AI(OH) B 2.2 % >
7 F1i pH B4k B P FHEFTH 2§ R #H 40 @ AI(OH); #73
2 T JE AR FaRA F 2 k4 B 43k Shen & Dempsey (1998)

513 O’Meliaetal. (1989)2 % 7 Hwmdn 1 PACL A £ ™ ¥ R

BHRERK A I AMEFARBREPHET o
Volk et al. (2000) te & {7 4 FR e 48 ~ & 1 427 PACL 2 4¢ 5 3 JE 00 fi2
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252 $ kA BILH Sk RkF 4

KRR AZAEFIAFEFES > HAFEEF 25485 43
BRCL 2GR 2 ERBE o Bp SORRIEZRE 0 5 RE F TR
SZFE AU E SR LFF 5 0 RIS F RS
{ DBPs- ¥ % 5 © #EF ARKEMR? gL F L F
S ~vRE4p M R XL (Stewart & Lieu, 1997 ) > 245 Chienetal. (1997)
2L TR RFIRTRRLIINAZEE 0 Rk 5§
e B E 1-5Smg/Lo 5 F ol @K E L2 kiR R RSO R

pokoK 2 P e dT 2 R o

24

\\‘%

FEVL/ CRERN BN S S R NI LIS R R A
%o 3P ASLAEA G ¥ 255962 TOC 4 shoe 2 g1 o

e AP T it 2 B ( Bouwer & Crowe,
1988)  BLE 4 " W ® * 2 4 P R PLIITIL A S i 8 2 B R
RAom A EPRZETE LY ¥ R e s 2R (Wangetal, 1989;

Yordanov et al., 1996; Wang & Summers, 1996; Kim et al., 1997 ) -

Wap koRASEARRE Y o BRRE A B G A B ASTH A 0 blhoE

(1999) % L_/E./F P2 WORR Bk

‘3\\-

T PRy Aok Y R L Ok

BE ‘e TAREBEBF LA

R-R'

SRR U s T ER )
f
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i 7 it o Rachwaletal. (1996) 7~ 1 A p K-kKad2f i > UIE L 3§

LA E ER > w3 P22V aaEEs > TR P ERE
ARG o AP BRI A AP R L 0 L B AT
W g A3 > A o fR o B R FEF A L RS AL
pcd B0 BB RR TR 2 G R A R BT R AT

¥ o af EiSpptz i % 2 (Kimetal., 1997) o

AR B F RREELR SRR 2541 E S
ZEF NFWHESELZRF o 2P RiE gL PE R TN
FEF P BRERE o R PRI L% e E 53 Img Oz /mg
TOC» & a2 5 22545 " ERJIZKY 55 7280 &
AR RE Hiw R AREZAE K THEBRBALFE AL Lk
FRA - F oA ERRFEL (Wangetal,1989) » Fut 2 4o pjmiz &7 4

FrE R TR Y T FOR Rk AR
251 2 $iRn AL LR md kG B F

pokoR2 ST SR Rdp RGP KE 2 F g2~ B R

L
Py fAyAmwp%ﬁﬂJujif 2% ~7 1% -~ DBPs 2 2 2

|k
1—1
(\T\
ﬁ
%n
]
C\S \
34
§
i
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al., 1997 )- Roberson et al.(1995) = 3 - R +7 2 "% 2 (A
754 > @ Collinsetal. (1986) it 7 & fEAJLE ~ 4 4 4 % 2 i
2 O REHRESFRRA YA TREE A #eF £ 05kD
7w 4 %% 7 i o Logan & Hunt (1988)2_ 7~ 7 &g 7w » fp &
kgL Ag B P N2 w384 E_E § % ) (oligotrophic bacteria) ¥
R ER R 2 T MRS Y 4 A S

BeAFBRERGES > HI PP LA RS AT o

Takasaki et al. (1992) # * i&-Kig/ > f1% A7H 2 2 & 3% {448 -

@A F ez fTE R SR KRR 0k BT Lhro
£ § 2 % % 70-100%DOCHE UVag 2.3 % %55 20-30%¢ Yeh & Kao

(1993) *viB d & kS & R G e 2 4 F 5 RJIT i % o

1

FHRLFF ORI PR RS R 2 BER L AL
300 g NHy-N/m'-day £ 27 » 4 35 &5 § V(5% > 2 Fih g § o0
3 K,éft-ﬁ"i’a% F 909t o AFLF § e A S BRT AR
Br x5y 0 % 1 GPC (gel permeation chromatography ) 4 45 & -k ¥ 3
Wz o3 2 EF R FD BB T E RS2 Rk 2~ 3 & (apparent
molecular weight) ¥ 4 & w 2% > 4 %] 5 3 4,000D ~ 4,000-600D -
600-180D % |-+ 180D * 4 fd ¥ v | A5 B ik 5 e Tt L F o

e EPEG 3 I
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Kawai et al. (1995) Bl * B 2k &t 3 g 0 7 p koK
AP Rk FERA M AT A I TR
e B 1 53R F % (poly-propylene, PP) 5 %48 » # b i 83k 17 o
Yz FEAEMA02mg/L s B % jniE 340m/day (% § f 47 2 60

‘AR

-L,,~L

g/m’-day) P¥ > PHL A F A5V ATE 8000 0 fL G A o

¥

Yehetal. (1995) # * 42 F+pEk—>R R >k >8> 535 § *—
AR e AR R o A Pk Bk R U TR LR ER
A oK BIRA T Sk Mo £ F B § 47 500-600 g
mhwﬁ@w%’§§14%$+%wm’i%ﬁ&ﬂm«gggw
15 93% » X HFTE iS4 MR 2 ik THMFP 2 % 5 5 10% > i 5 i@
AL A2 B 4 THMFP 2 384 02 5 B 32 70% » 1 & & kot iy 0 4t is it

ﬁ}}\p}; Kﬁ» o

PRSI P2 At > FIR Y LS B o A
NIk 22 £ B > Bbde > Noharaetal. (1995) £ Fujiietal. (1997) 5 &
2 BOD % 7 #4 $¥c> Pl H &k 514 BOD 2 4 ",érf F¥ £ 60-70% 2. FF
@ Takasaki et al. (1992) -~ Kawaietal. (1995) ~ Lim & Shin (1997) &

3 (1999) @ * Bl WA PP AFLRERT LW
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a2 % su¥t DOC 2. 2 K,ért?:’;:fﬁ'% A dey ERFV ARk 23
P o AWM B A IR B4 % DOC § F #5410 2 5 241
4 PRk sz B Fat o Sasaetal (1995) M Efq B a® s E 5-7
mm 2 T3 4 0 AT E T30 4~ F 400 2 42 HR 0 UAE L

FRL20024 BIIERL 12048 B 2% FRY RS L F 57

o2 d kg kA 10Tt o £ F 2 4948 7 300-400 g

NH;-N /m’-support-day » & § 2 /T‘—’§ 90% B (5C) %
£ 4055 7 it 809 -
Kimetal. (1997) #7ifdneed i gk > L0253V RP % 5

B ARERT L I5AE S Bk A E 200 m/day 0 56 300 % £ #
BlREEFIR o RRTEEAE 1S3NTU » gJ2 -k T35 & 4 NTU » 4
BARFRTS00 WL A5 109 F 1 BREE L ASH R
M2NTU Z A% > & R R E BRI R 52 P 3 dZis 2 d7nk

HRAHEET &4 50-75% °
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252 ¥ AN Tk

BR-KR-KY 2254 kBRHGFKEM &E4 5% ity
Wi i erp it S 4 p R FEE Rk 2 kgl kY T
Repcd 8> A2 FAILR FHEA N AR FF o ad FRE
Bt oo et B2 RFEBAY R A b HE s v B s oW
RV SRR N R R RS SR ik
FE o RPN A R RN A EREE 2P LR

4 P EJR R R 4 o

Huysman etal. (1983) ## F "8 4 & [ [ 4tilcd ¥ 2 & o1
PER O FRM A G f MR 2 T <) AR P P
AERERDERER Sl BPIR ATIVLEH (B e AT F
M) g2 5 3V Rl (% R -3 L E 5006 ~ gesteie - S 97% )
AP RF LA R % FRESFRAPARERE G
L BRI AHEL G R0 FH s a R

v

PrlmdbiF > BIE Sl mEZ RAF S EMAS > FIPLRI VA F I

\

AT A EHE2E- 4 & FlF . Young & Yang (1989) 7% 4 &

4R BT AR i g o

Fox etal. (1990) ™M # &) ~ B 'E% 2 FHp = 27 b 448 - * W%
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BV EFAFFRET S e L a AN B R AR
SR AT AR M2 2 SO0 M g R 320
Boap B aERFT A AL 2 AR TR A BB 620 1 o
Harendranath et al. (1996) 2% 5 §* 48 5 3 § 34 F » a0 3% o ficd 4= i vt
FAED T M P RELAIT R A A o T A S e T

BFAOL2ZVFEF A HLEER -

i

Breitenbucher (1990) & {7 B 2 3]qt F 4 2 AR R A7 3 (8385 » ¥
TARE S Ba T o BT R T (1) $ef R 4 2
B AR A R S (2 Bk U AR 2 AR (3)
Bt 7 1@l e dpic: (4) 3 FELE Lo RREAT &5

BEAE(5) B3 E ik

T P HE YRR RSEE F R EM Y AFEFY
BARFRCH BN AARKATEIE L B F R 2 B d oy
FAE R RA C CREEA SR EERRRZ B AR R E M e
88 > 4o PVC PP % > — S Bz v 6 fF 5 100 mY/m’ ~ 3L B3 5
93-959% ° ffist T XA S PHTE > L P WAL PR R S B A B

Bilschk > 2 R gttid = ®ir (Bryers, 1992) -

Bk 2 4 RIL A & AR oK AR 0 D W 2 AR
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2T p RRA PR AIL AR Y 2 R B8 AR ST AR
(Matsumoto et al., 1992; Koki, 1993; %, 1997) - & £_i¢ * yt 44 e

T4 FIE A S 2 B SRS Ak R ehr i 0 TR R Rk s

TR PP 0 2 BRI BT B R ARRAG (35, 1997) 0 %

BORCRAIZE S BRRTKELRTAI T AR i ERY Y

P

4

22 PP A RE PRIl R T E R M FE D
WA S 0§ PP F AR SV P IV E ) LG

B35 FMET L ARTR g R AT R

CURES £ 0 B €2 o i

SRER P FAEREML B B SRR
SRR R T R A VR B P F L L H B R
FEEO0Imm~3mm > tHFREIT% W EaFF R L 2000 m*/m
M EEMEAE L T0%E 0 F Y SRR &5 5 1400

mi/m’ > BB - A2 PR P HIVF D ERIDS R EIE

L EEE A . S ORI

/ﬁ"’ﬁ

Lim & Shin (1997) 1% S 51t % & 4 5 421 m¥/m’ 2 jhH 7
B Pl 8 7 HCHESR 0 3R 2 4 B ST DOC 2 # i o R 1

SFEMoF kA B EFRALEO0 A 4 DOC 2 2 “,érfi’$<‘féf]23%° 3 (1999)
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100 DA B 420 A 0 NE B2 3 PR A RFERGFP
Rk 2 Foah IR iRk 0 Rk %8 EBCT 243 448~ ki ¥ ik
R % 0.05-04 mg/L - 2 4k ¥ -2 § st % o e NPDOC (0.93-1.36

mg/L) 2 & 7 & i 10-129 -

N
<

i%ﬁ@gn@vi%%@ﬁ%’k%ﬁmw¢%%@§1ﬁﬁ
A 7 B g f1e0 > Marquetetal. (1999) 1348 7A = 82 F ik
Boodgd R ae R SR RS AR K
SEAREF R R S § RS SRk Sk Tk Y 44.5um = & 5
117.4pm > 3de2 3 £ ol 2 iR Jumk 8 ~ 2 4 g3 iv o £19(1999)
FUH e 5 0 YR ERRGE (7 ERGE®R 0 kY B RER 1S A

7T 0 5 % 23 "%iﬁ % 90-100%.+DOC z_ 3 u//]g;k: 5 20% °
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2.6 a0k i‘i /%‘
2.6.1 Eit

ARG (R 24) AR 1930 & R 2 & F B A

Bt o R SRS R E - RS A £ d RS

‘/‘A}%’:{'{',& I'L“T‘:ﬁbﬂbﬁk—»/ﬂj(ﬁ SF’W?E—/” ‘}iﬂjﬁéigi%,é‘
RS A A e R Bl o KR AR R bR 2 R L R

W T N AT E A 2 5 k| (Gregory & Zabel, 1990)

SRR d e dsde b ARG RS B vt RAFH IR 2
LRERATE A 0 iTE KPR Rd T 3 A P - BRI AR ;{ﬁ“

0o bR SRR (S 2 e BT S 2 AR o BB

AR R EA A BRI PRL S ) =R (B RS J MR e 4 By pEAE P
BEAR A5 R E Y 2 KERARA Ao o ey R A 438 2 b kR
OREAZ TR (F R R 4 NE R S R MR A 2 TR S
MRS 2% w L2k BT TR R RN

“,f o R YA B A RV Ak Y FIRP SRR
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k2 B e o BF kR 4R BORR R BEF S FRID -

BB EFE RS2 A ARIIRBIARAAE T AR

AT REGFE ARG T PR A A T RE G
7# % (Binnieetal ,2001 ) p s § * zZ A vez 2 A~ Py T RE
‘}fg'-‘}é 7 @ f8 - $F A % I Paterson Candy = & #7g¢ B 2. £ & A5 F st T
J& 78 ,Pifh ﬁ‘se 4B 2.5 ”Lr—r ) ?— % 4% B Ondeo Degremont = & #1

®RE 2 Pulsatori’%‘_‘}%‘}”’; T§&3@26 Bl 2.7 AR SR

Bl 24 &§& F KTk (Gregory & Zabel 1990)
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Raw water inlet channel

Raw water inlet trough
Clarified water
vulict wroagn / \
E 1
Weight sensor /¢ \/

Solenoid
valve

Slave sludge
: > 3 >

\tc pne

Flexible hose A p
inlet pipe

Raw water
distributor typical

Pilot sludge cone

Sludge level

(w

S ogmll ek s oy .gm, , ap .. (Binnieetal.,2000)
}%] 25 &£ z‘}_" '/7;;;"1 }%/)E_/%'v“' ’f#l’é

2% oE ) s (D 1991
Bl 2.6 Pulsator & i 2 ffig (Deremonh
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%] 2.7 iﬂ&p —%Lfé (Binnie et al.,2001)

262/‘5/ﬁ'5‘i/ , \)@‘”ﬁﬁﬂ;d

Li & Ganczarczyk (1999)F 3 /5 ik S 72 7 ¥l R A3 i 1"}}3
#0Wms AT RFEARER > LR G PEREE B kY PR
AR S ER T CCEFALLRRAF 0 RIS
FA) = e 2 Bl EHROR Y RSB R R A AT 5 S
Perg o B E oS X PIRGF AR BER (I )RR ()R
BB )P A ke RIFAY PN ZRIER SRR S A
ORI AARE R B ARIT P BRSPS

3,
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Gregory etal. (1969) # 3 /5 F S 2 /g i A2dg 1) » § R-kigd 3§
FACEZ pH A RS » B0 5 IR S RIN - b A 2 Rk R R TT
Ao AP PR AFERISRE > SERREEERAH 0 AL H <
A o B R RIL A A R AR BN A A
i o mEP - B R AR A FAEY T 254 o Letterman (1999)F
LAY RO R A TR e R g 2k o § A

Dok AR 2 TR R G4 AL R S E

3

R ER SO R R AR TR Y LETERY S

t

A

‘?;’f/“ /}:-'. T«; P\ o

d NP 2 RS N 2RI P RR R H M Xl s RgT e
B2 sk B3 E RBEGERTEFEROXRMA > T (GHZ B
fe F]J5 08 S A N EREGRH 0 T 3 8 0 Gt R 2 ETIF R B2

Wtk o Pontius (1990)3% 5 73 F & Fi8 2 2 ot p 75 R kR

A

s IR Y

)1

¥
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Ik

AT LRIDNERPEG) s BFTEFETOE SFLHH

\ga

i

ERRQOFMFL P

2.6.3 & fﬁs/‘5/)%;“&/_\3./'};“ L l;—irﬂ%

AP FRRR P HREE AR ARSI TR

SRR TR E R FR o A Rk SR R ER Y o T ¢ BB R
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2R AR R AR FZ A M k2 4 & B15 (Gregory, 1969

Hale (1971) 77 3 4p 31 » iBIRE R 2 205 0 #5333 2 4p
B ok HNRRER T R B AR R 2 Bt BT AL
ERGRAG L PR TRINER R ERF RS RER SR
TR RERCRAR R DA R HIR 2 IR e > ek R AR FETE P 2
bR > Pl - BRPER (S R RIATT Rk 0 B RO HIR
L REE: AR

Perry & Hale (1972) B gdph » 05 ik S8 5 2 3 (Tahdf 5k &
ERF oa DIRIER SO R I A -, S S R A L SN BEL P )
BB FUPRFRRGASE R KR g2 T & BRE
PR EE > TP FAS AR BRI &2k

Gould (1972) A= 5 R » & AJL f FH s 152 5 R SRTD T -
FAERERT AL BN T A R RGP

F L ﬁi“g%t 6T HERZERLZBTA A 2 o d 33 /ﬁ-éll;i’

hlﬂ'.},g__i?\__}’:‘l/”}i’Zl#]%/ﬁlﬁ%/%}iﬂi’ﬁr—ﬁ E\‘,I/}/%,qﬁ‘?»%i ’J,'
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H-Hg e T WA A 4 2 ; 5o

Gould (1974a) F@ 3 3% % > § i3 F 80 + 2 g 3 4o pr 010K M-
A RB2 RS fIF o Brr B RNETA R E FREFA L
FE RS REFE Y FEFA R RATRID B TR MRAR AR
T (T o R AT B e pE > M P RS B 4 0 A i
ARERAES I R A E L S EER R LRI R T o
e TR 2B K5 IRE BAMR A %2 hRNE ( Kawamura,
1991) o

Gregory & Zabel (1990) jFih#= 7 4p > F iRV 2 1 & 3%
Tk 85 2 S 4582 Bei b5 E 4 R F % - Schofield
(1995) P 3 B > FESEFP SF LM fmpr > > EEEL 2
A i
2. RokEFE

Miller etal. (1966) & § 45 31 » i3 i 55 i -4 2 & (€240 82 fa -k ok
Tz it oo #ed®2 ws B > Gregory (1979) #3 # W > § &

BoREZ AR APEFAMEFAFOLN I RBRETFE Ak
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BHBRAIEFA N R ET 22T AR R KR TR L2
EHEFER o

Gregory (1979) 1353 % ??‘f (Rao,1972 ; Bond ,1959 ;
Webster, 1966 ; Rao & Sastry, 1972 ; Mohtadi & Rao ,1973 ; Hudson ,1972 ;
Little, 1967 ) 77 7 B %iu: » B R MPEF > FIV 25 Brock X P P8 &
jﬁ;? PREEARA A R o Rk Y 0 AR A TR 0 IR s‘zawg_,)g

J\J\)Fﬁ_ ﬁxl‘&P-Jmsi,a225m/hr’m/f@I“’ %Q‘Q}T?#&%ﬂ 1.5-2

s AR P R ET P NGRS BN vk BEE > <

R

ERA4CE 20CH 2 ARFRRER © 1.6 2 27 > wk BiFF 2K

b B A A vk AR T kA B b X HRE B

AR
B ATk A R AL e

Gregory & Zabel (1990) # b5 » Eig» S ¥ FlZ &2 Rk
KFRE FRER KRR FBF 2 RARIDE EAY
MICEF 2R K2 AR RHRZEER  AKAE ¢ B
T ERE S BEYRIEY 2 YR R

Gregory etal. (1996) BZ4# MEF» 2 #F (Trea"gh KK F2L &

Sl a o FIRCKFRERRLRR AR 2 AR

KB RPEKRZ AR S AT ~ IR TIKER KRS ALY
REH B PRFF 2 FeEFARE P25 2HFERET S E
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pFz_ A 2 (P> 0°C23LA =1.79cps » 25°C 2 3L A& =0.89cps )

Headetal. (1996) 7= % 45 &1 % £ =GR P Jf | o 3 (573 8 208
FA o FEEESANE S AT (AL VERR) PR iFiE
BT 0 blde e X KR 25C R 2 B 1FRE 42T 6.5m/hr T o0 7§

A FR A AL (e X

PR ISCR 2 ieind & p'E 3
53m/r > % g4 BRI A KA

g e

Miller etal. (1965,1966) % Miller & West ( 1966a, 1966b,1966¢)
SR IR 3 O

2 Tk

g
Il

s R SR & RERL
HFRER A RETRE 0T TE 3 brps 2 1725 > Miller et al.
(1966) 4p 1 & £ 7 2 ‘;ﬁ;g P et A B SR SR TP o

Taddb s A Bz hw o & AR

—

IR

B2 B o

Hale (1971) A~ 457 % 2 3 (v % dcdy & > pH &5 #t

bt
’J:!é_—" Tt ﬁ ﬁfsli-\[‘i/ﬁ S )3 Bd—;'llf[‘i e T«L\%%

B Flaput s R E F ;&\34“8}\317 n R

Vostreil (1971) 4 8% » 72 % MAJE § g7 k3 3 75 F S 2 AHER

o BT EE- RGBS FMERE 5 BT B A
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FRFBE  aRETLREFE2RELE Br g sy 3raF
WMERET B o
Gregory (1975) A 3 # I » 4ol ST 8Bk — 1% o R W 2 PRz
FOoRNFREL 2 FiTa AL ER I ZARNEETR R

kR RA R 2§ SR & ARk P SR RS R o

33k

N

WA FRSEFE R S RRGRITY 2 kA S 0 ALY

PEFRBFB A %ELTFF o e RARITEFIRAE
FEFBGRER S RMEFANL ERFA A SNE A R
PRFRFTLEY Foflm oA MREAH AR ERTRTLAH 0 2
NGRS FZRPER BT R RES Lk
RAacH B PR T R 2 RS 0 F LR 2 % o (Milleret
al.1965,1966 ; Miller & West,1966a; Yadav,1970; Yadav & West,1975)

Yadav & West (1975) 2. #3587 » M Eefadr 5 R EH > § = FF
L R AR« Sl 3 SESE P/ 8 S S I BRI 2 S BT RS
EoREGRZBRERT B2 BTEREE A EE R oo

Gregory & Hyde (1975) F 3 325 o R 528 %
ARETR O GT A RERTIRE 0 EE B G 2L % % > Gregory

(1979) 2% Rott (1969) 2 # 3 d > if§ 2 R &R 2 e TR
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v F B A B F ok > $51% Yadav (1970) % Vostreil (1971)
ZARRERFF 2 S BEHNHEFTAE LR LZPEFT R R
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FAACORT 22 R A FLE S ABREN S LB F R A 290

FTIR o (o PR AR E R A SERE ff‘#pﬁx”‘ 2 E R Ao

‘/‘n /% )i ﬁx 135 /w &

t%it

HEATA L2333 VR Tk g X &

N

e B K R A EFE UL IRGT L F o QA G BA R B2

b ERT EE 2 Bk o Gregory & Zabel (1990) 4 41T 3

g

HVATET T ER G P RE mﬁw?ﬁ; HAEE > 5 2 A4 &
B4 E A AR TR R R B TR kR
FL(2000) R >S5 32 & % F HgS 2 6o $F51 pH PACl e & £ ~
ZER B R LTS YN PF LR ks s Fy AT R
AALH I~ FRMEE LR BRSNS R LE
AZR 0 AWV UERAFEE 2 fEEN 0 DRI ET RS A2
75 R S T 0 BR(2003)F7 5 3n s Aly(SOy)s iR 4 i PACL 17+ 75

FRRELLF TG FIo o R R 2 3 ik 7 4o PACLE o @ 5

(2002) P] E ¥ | KR ET ¢ BRBL AT BB AE e T o R W A SR 2
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RBpREOEMFEMRDNICRE R TR E pH %?J‘J@IIJHE{; ",/féic%
S SRR | }if’&,fl“’ﬁ 3 K,érjf;gcgc o
4. AL ERZ B R

Sen (1972) AR BF iR REFES 2 Zf /5 M
B 25k H g ivsc sk g o Milleretal. (1965,1966¢)% Gregory
(1979) =3 = Bgx » B 84%% - Bk AHERARG > ¥ ied e
Rz TRk E MRS RS2 TR R FANLERZ FW
£ XS BRI A RF LT RF LA wE kB

B2s
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FAHNWEFKTZRA2FFRRRE > LT ANF RN 23
SR OBRRFHEL FEARYFEZFAMN 0 R R AL SR
R e %3% TR ;};5? IF?E»# 7f¥ T2 5 %“’&%i 30 o & /?./’%‘/Ti’

SRR ERLH AT

PP E

Rebhun & Lurie (1993)F7 7 33 5 & A3 330 5 845 05

'

FHRHERM > AR RELS PRI RGBT o MQ001)F T F Rk

BB ERARZ BB FAEMI F % ) am® > 2L 25k %
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Arm ok om Q000 T RN FRER T AT OV UERAFALED i A
£ Cu(IDz »c% > SEFfEf 4 » £ § 5 5 Cu(lre s g1 0 & &
(2002)ig {735 ik sk s 2 p kP § 4L 0w R pH S-6 P
2.3 K,ért EEG R T

#(2002) fU* A2 & B R BCHS R E R 0 R B E
FESETRPE BENT AR EARAT (B2 ER 025-1g/L)

BT f FMER R R e 0 2T 0 MR AR 4 g
BoH oo MAS ER T (EED ER 0.0625-0.125g/L) » B * e iT-k4 f A7

“iif}@‘ﬁ.ﬁ’;/}?‘}ii‘a bedm TOREGGRERRE ARG 2 2 e B3k % A2

A
=~

DR R VE BRI O RE M Rl o AR F LR 2 T3 B € S TR M35
B X R s AR RCES L6 MO BAlMA > R
RREEGRE R P A ERTESSL 0 b £ Rk

5 #(FR 0 2001) o
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31 Py %H

AFTE L& LA o SRR 2 Pk LA R 2 SR
R IRAL A G R B2 2k o 2 B gk RIRALR 2RI R
Witz o L RFEFPIEFEEFR S FAR IRk~ AR
PU G HH F2 2 4k 6§13 121 B2 2 pocd o e md
AR A 24 TR 0 R AU R R 2 PR DRk
FRTE R AR 2 RoRSundE S BN p oRORE R TG R
ProkiRREIRRE o B A PR BT R RIZAES 0 RSB RE R
AT/ P2 S o PR 0E B edE R Rk 0 11473 DOC & UVysy
%2 SUVA B & ~ THMFP 2 UVysy 2. M 4% 3 42 &4 3 46 - 1
WA PR T AILE G P om0 EH 2 AT K0
%’lbif;”-i“ff*iﬁ‘ AP RAET B AR 4 PRI (ST &
2 THMFP %t 2 2 H gk ? 2 % H & ( biomass ) £ 232

i b AT S IR TR R N 0 ¢ R E KR A b

dRFHRCR TR LB L kRS RS EFE 2 G
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(RS AS E  S b SRR ERE RIS LR U LS By EL Ay I S A
2R A EFRAL R R AR R G TRl K TR E TR E
SRR AECERA RCRMY LRGBS peld B2
Froi 2 ek BT G 24 3 ok o dEd B SUT SR SR 2 TR RUR GUR B
FFE S RUEN TR L R TR KY 5 AG SR
T REER BRI NE N RN E R K B B

Sk A F g EATH R Sl 5 S RIE K AR TR 0

KR TRTRZBE AP FTED ¢4 1Rk R TP
2 R GRPE R R S RS AG Roki 2 f5 B p g B8
iﬁ\ﬁ%ﬂé%ﬁ&ﬁﬁ;2$,ﬁ%ifﬁﬁﬂ%é%:ﬁ%%
A5 PER S50 S FAERR RO AR L 5 R SR o AR s R
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e

TEE - AL PR RS E FHE 0 TR 3L
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{1 F UV e B SUVA B 43
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(Nt rkEndsiin
THMFP# it
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(INFREESH Dok
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32 &>

321 2#imhd'h By kTR

s

AL R 2 A Pk o AiA R RF RG] FtF
SRR A PR E A a F T B AER
2P FREA L R S A2 REEH A o AFT Y R G OF IR AT
RfFrERTARTF AL RBFEEFREFZ RELFIRFT K
A4 KR~ %% ~NPDOC~ THMFP ~ 2 i B 2 3 of 5 247 2> i (3
4 b RIEAH TR R R E R L F PR BB 2 by
A Bl R 2 A E e R 2 P R W SR TR e

F3.245 7
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322 R FR-RB A P gk Nin kRIS R

BAd Bop g ok EnET £ pH s 1P

LR ER S Vo

TSRS EE SR LR e e S FOF D SURE SE

CE S SR SRIP S EY B ER Ve Y

Rz fok B BER 2 R R A SRk T IR T R e

B o
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323 AFMEAF AL R-LRTIEFTR

v

7

Wb RN A R S AR AR R TRRPE o YR 2

i
a1

IR SRR £ F5 2 S R P Ry T

MG R S AR R AR AT BT

L@ B G R R R EN R

r;

FIMRKRETRE > RAREI N 28 BRI00NTUA 1 h-k2 4 m
PoiR P R4 S 3 5 200 rpms 1A 48(G=350s" ) B EF R R R
WA 530 pm ~ #4204 48 (G=255") >

Bk G MR Bk 8 ATIK204 B PFE R R R o
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JoWE AR R R RIR FHE

MWSONTUA I ok ? A ul & e » 2 fEFTERER 2 = K RLE
BooOHEECKHEY 22 R e RRERARKEF AR R

@R FEMRE KRRk B2 f,g}i B R A EAE o
324 FAHEF I rﬁc‘*ﬁ ¥ sy 0

EEF AT R R B R R ] N SRR A R R
T2 p kR AR A Y A REIRATE 2 R-KE RS 0 1% NaClO,
DR 2 T R 1300150 ¢ shem 02X 1802600 rpm#F IS AL 5 M

FALRRKEREZRERE > BLIK -

WAFH RS KEETERL FEREER AR RYHRES R
BB AT R E R BT e Y 2 L1 Rk #F
HREFWFEEIADRE > IHER K SRR T B
ARG B RCKRIRHE G KL ASLE F S (R LR LTS m/hr) 0
BRI R (2 apyReis s VRS k) # Y &
SRR S AP I ¢ 2 B 5 150 pm(G=200 ™)~ -2 1 min
6o FEY 2R R Wk AJLE S (LTS mhn)E 4 il
pHiZ 414 - fddiH ¢ pHip 4| B rpr £ ip) - #4]* NaOH (0.1 N)
£HNO; (0.1N) p &4 4134 & R -KpH > pHiz#[# Dk g 4 i
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e~ B A58 cem > B 150 cmz 5 R g A K A | FI4A R AR 0 5 I IR
BB TR A 1T HAIVEFI4ATE FINA B4 0 # 10 cmk - Pk

R 03K & TE R R R

FrREAu g3 FTOCER 2. FiEf & KiFR L 1 h-kie
o AR E 2 AR R STOCE R S FAMBR A

PERERRAVIRRE R ET O FHF RS EL G B ENER
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WAL L 2 JFIRIAR P RF 2 08550 B33 -
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33 At R R A
33141 Rk W§

AT B AL TLRY BRI KR 5 R S I 2
ok R Rk 0 DRREBRUA T LR ROk KRR G
pokok o HAd Eiodgpd ok k2 ok S et (Granular
Activated Carbon, Calgon, USA ) ¢ & S %2 ",’T? pR-RY 375 24F
2P o BEat ik B > X RBIET T AL T

BRI W AR <500 ng/L o i T Rk s e

RITR ST 0 B AL R R Rk R R AT 2 p kR
¢ AR g il A J1#NaClO, B Ak 2 v T AR B 300450
ws/cm > #R 18 120 600 rpm FEAES P > BIF A I ok 2 Rk i d
Bo FARUR ZF WS FL AT RORPE o RIEAER R R e AT

FIBFFHEE BFAFETRZ L NaOH & HNO; 33 ¥ pH -
332 B4 AR

P BB T REY BA KR PG A B2 (Sigma,

USA) pefllif ARE& R > 53 %% 8 4 2 3l o #Tx 2 S > L
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B 423t NaOH 4 B2 pH> 10 ME T 3EF Ji 30 » 4818
FRIOR > BRI ER O NI BRI OREAFEREIT P I 1Y
2B B AR E T 5 o L HCI B AT pH< 2 F & 30 &
BT H R TR EH R A I REGREDT VS L H D
POUOEA BRI 2 £ o BT RS2 R AL R R E R
P PRI v > #R 15 12 Mastersizer 2000 ( Malvern, USA ) Bl H T 15

BT 5 274l pmo BRER PSS GA4cB 340 R PR ERIEE 2L T B 4

»BBREERR R AR AR ORI K TR

Kaolin (sigma) Particle Size Distribution
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333 F B4 R ia

#(1993)F Fdr > @ 3L R EA A 0 K T
BRI o Ak A SRR Tk G Y BRI A S .
Flot o AT T ER AT R R F RS LT R AE T
oA SRR 2 kPR S AR RReEEy o HEE 2

= .

1. K& f&( humic acid » HA)GE& 2 7% W #

&8 e 5% % i % % e dp Narkis and Rebhum(1975)#7i@ * 2= ;2
B0 e A 2 F e e 40 (Aldrich, USA) i3 %71.5 % NaOHiz 2 » > & 4
%2R 0 15045 umig Mg 0 Jaik MHCIR BEpHI 1> £ 128000
BEA 2054 UM R HFRY R G R T
& (TOC-5000A) =& » ZHT kRS B rEaHiFEa>4Co & *

BwiE T g e kR ERE S K -

HA% w2 5C:52.37%°0:42.69% ° H: 4.19% > N: 0.75% ( Edward
& Amritharajah,1985) > @ # & 3 & &~ ¥ 5 3k-40kD i£57% » <3kD ik

38% > >40kD 5% (El-Rehaili & Weber, 1987) o
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AFT T et % k4P A4 (Sigma, USA) > 5 A 3 BAp$ 3 Fep 5 )
R AR ARG M (148 N CHy(OH)COOH » 4 & $138.12) 0 £
FANOSF A LR e b ik 0 R PR TR
(TOC-5000A) %8 » ¥ 4hr kR {3 4 » EFHEB34C o @ ¥ pr

wORE R ERGE o BT RAERE A KR -
3.34 REREAH

A G P MRS B 2 Y4E2 B E 0 ¥4 mg/LasAli
Hir > SawiEasks 1 0G 2w cup ot agEsEi > 8884

& > EAeT

1. Fift48( AL(SOy); » 18H,0) © #5~123.487 5 2 sifitde (J.T. Baker,
USA) A& » 33— 22 % k7 > Ae=10,000 mg/L as Al&78 5 3|
FEE R R KR BRREF RS AR ER IR R R

S ER R FHMAZER R -

2. RF 4R RPN S F TR B R E VeRBR 0 ER G 53,000
mg/Las Al @& o ¥R & 4 RRHFF LA 5 10,000 mg/L as Al

2B e
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335§ B+

% * HACHZ] 5.RATIO/XR ¥ & 3+ o 7 = i channel » ¥ if * 330.2
NTU~200 NTU 4 FlenE Bl » o P2 7 fe @ §UR 5 Bt 0 R1g &

it = :iNTU-

3.3.6. #gir sk 1® (Jar tester)

& * A 5. PB-7002_Jar tester( Phipps & Bird, USA ) » & ~ ##:# 3
400 rpm ° B f&i# 5 10 rpm 0 FEFE B #E 4 B ( Square Gator Jar and
Paddle Impeller ) » # 2 2R 5. 4. (FE11S5204 0> > § 5212
A) EEFREFETOM T F25cm WHEEHEF LT M
S B % 53 Cormwell & Bishop *t1983 & #7147 7 2_ % %
( AWWA, 1992 ) 4cB)3.5° & o7 fp PFik (= B-kik > & B2 2R

RS ) I

337 WHTRIZ pH

i * inoLab Multi Level 1 (WTW, Germany) > ¥ 3% T B #4140

N RFETRY pHE > WV ETARE =5 us/ecm e
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338 ATk

# * Zetasizer 2000 (Malvern, USA ) » 4R 38 55:E /3 £ & 2
FETHE - EFRRT - SELBHERES  AMREFERY

Ba;ﬁgé_i I A ’tg"}j— %‘K/,,\__ /,E_/’§ o Ju'baﬁxmg @ﬂj"l &vag"%'gév\ r]%*" ’

i¢ * Mastersizer 2000 ( Malvern, USA ) » & /7] # §10.02 pm~2000
pm o 1 GRS T MR BT A B2 TR R

HES SRR SR R P T R Y
3310 BB R TR A ERIH S

i# * Zoom 70 Optical System (OPTEM, USA) ¥ % & kg HcBL R <
< ik BCCDIERS F e E BT~ 45 > 3457 "2 B2 PlIx
o RN DRGS0 B AR - A5 et

REFHRES L -
3311 3 WA 7k

# * TOC-5000A( Shimadzu, Japan ) » & £ P~Anhydrous Potassium

64



Biphthalate(CsHsKOy) fie ] % TOCHE 8% » 112 = L84 § 4 o A 4775
K¢ 2F %50.45um ( Gelman, USA ) &g "iB g » 3 2N e % g -k %
el TpH<2 "EF U F MR F F 7 #1240 48 BITF M3 BRTE
AR 2 A IS R COLE A M e T AT kR > R
A FRAETC A4 3 H % > 2680 CT % it 4 2CO, > o 3%
75 WECO, 7+ I KICK BE - FREEEE SR B HCOy F 2
A R AT REE LR AR 2 B FE 25
¥4 k& (non-purgeable dissolved organic carbon » NPDOC ) » #]H

- r?"

FLHMaRTE IE"FIA“I\}\‘:J ¥t Tk B oo

3.3.12 & ksk gt

UVasss 'k ? 51 3 e fobts 4 8% > il £254 nmps s £ A&
Bo EEER Y R 5 B iR @ 7 U-32104] T A k/H Ak
k& 3¥ % (Hitachi, Japan ) » & & § F] £.190~900 nm > 7|k = [ H &k &

2.0~4.0 Abs » % % % 5 0~300%T » & 0~9999 mg /L o
3.3.13 pH &4 &

$#* PC-330 (Suntex, Taiwan) ¥ % pH ##]/&%k 7 A& F ~ =X
B~ M~ B 3V T pH K%]#@ FyheFiadi w

- i pHmeter > § WP DpHAZFE R TEF p B 4cfid > MK Z_ER] B
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B4k o & pHIEHE S H B FR -

3314 s E§ 7

¢ * Masterflex?] ¥.L/S model 7519-20 (Cole-Parmer, USA) » 3 ik

B4 BJF 0 R eI R e E o

3315 %3 %

R EFAIERRIERT AR RS L 105C a2 18 1R

e W A1 g
F R

1y

Y o FHL T

J4
¥

rEEE LW TR SRE M EEP A
TE W, B o#griz B aredgd 11 105°Cisdc— X (6 0 -H B AR

fp AL 2R FFEE W BF d (Ws-W)/(W-W)) 11875 7 FRE 2

3.3.16 2 $ i ik HAIK &

AR 24 Ak BRI A 5202 SRR R A
% B £ 8 ¥ % ( Empty Bed Contact Time » EBCT ) » #* 2 40 g A 3] 3%
BRE e PEMA (AHBEEARLI 234 ) ¢ Ba s
Lth2 EBCT 51544 AKX A& ¥ 1 528 RkPUR W 5 4410 5 2
RAE 594402 5 pie HE BT 0 8 490.1-3mm > P B F R
07% > & M A % 5709 » F it ¥ 4.3 H =989 o B 254 4o B3.6
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o0 0 e W5 BT 5 22em 0 B A 2 2em o M 5 4.5em’ £ S

28kg/m’ o

F-oRBHATTRFEAAMBEAP T F 0 P2 FRER

PAERTHAPRARUXG Y > F R EH BEL Pl

A

AL B RN AR > BN TERE REED A

BB Rl F bk ks 4 FaE B Rok o B R AR 7RO R

)

SRR R A RKT B2 R B A PR R K 2

23

®

™
bt

S ik o e 2Nk o

B3.6 3 $h A A HR K P AL 5585k PU 2 9 il
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3.3.17 FimNE R ARG

SRS SR A S FE8em B A150em (F § 4kS%A S5 cm)
LA P FIE e B TR B R A R
AR R A R KBS Tomz 53 A 0nde 0 iR |

B3 R Ei s KUKHFILIA B4 s F10emE - B R 0 SRR

AN

i@%é[ﬁ!’}\'\gj—i‘_ﬁ Eﬁ%%gé‘;ﬁL ’ rﬁ %?lsocmijé‘;ﬁLii}%@ﬂ'l;ﬁL o ’:‘;{%?‘»‘s"

L2 P Bk FAC32H0E
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3.4 KA 3
3.4.1 f &k A

Foae LHAKE S AR REEFEFRBEBRFZ KT R
£ (86 & 8 1 i 3T— 5R)¥ E Bk 2 Brok R 4 % /% ( Standard Methods )

F IO A B2 R WK 20 BT RREFELT 4ok 31 4757 o
342 23T a2 s (NPDOC) 4 7

o2 045 um R B RS 0 M 6NHCI g 3 pH<2» £ 12 3

PR FRF S-10 44 o I R R s 17 R T AITF LB IR

B (NPDOC) 2. %4 720

343 = &7 =4 2N ( THMFP ) 4 4%

A

Jin

f 7 2 s ( THMFP ) e i 804 phdp > 525 °C
FEoRs A 7T RsREF2 &S THM &R (2 THMf £ 7 )0 82 R 5k 4
T FBAHPERPIFZATHM LR (2 THMI £ 77 ) 4ppm 1§ & 2
# THMFP = THMf— THMic THM 2. 4 45 23 * HP6890 # 4p % +7
RoMTIHFESERE (ECD) #p > 2@ * HSS 1000 4 p 61 »
% ( Scientific Hightek, USA ) » ™ %378 5 R (head space )§ %8 = ;%72 » >

i~ £ 5 200 uL ; fiz & HP Chem Stations $ir #8385 Jk & -

Er ot
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AN NS S VTR

T
=
9%
g

2o e

EL NS
B oW m =
I o

=
o

AR
UVs4
THM

NH3-N

NO>-N

NOs3-N

Ttk K B 2 -7 &2 (NIEA W424.50A )
% R TR B HROR S E 0 T R 32 (NIEA W203.50A)
B F TR TR BT IR RIS 2 - & 352 (NIEA W219.50T)
BRSO TR - F 03 0 (NIEA W421.54C )
FTRES & i3
EROKE BROREERKE S 19457 2300B 2 jf T2
5% TRtk 47K [ HR RS 2 -EDTA jF %% (NIEA W208.50A )
F R RZE Aok ERER 2 % 19 %<2 Ultraviolet Absorption ;2
Head space-# 40 & 472
T e SRR o B 2 -/ e b SR R (W530.50C)

T Tk RGBS RS LI 1 S A S Sk d R
( NIEA W416.50T)

%% TRk CTK 4P 2 -NED ¢ 2 ( NIEA W418.50A )

F k2 Bk ERE 2 % 19 % 2. Ton Chromatography i
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344 15 AT EER

~F 5 3 % A/G Technology Corporation #7# & z_ UF & 5 » j& #-
FtfE & 5 1k~ 10k 2 100k Daltons (12T D) - &% 4 & 5
140~25 % 25cm’» WA g rd 2 R4 5 30-40psic o — 2 aEds §T
SR KRR - R A ER AR o B
WH oW 3.7 17 o UF e * =215 > F % F%#% % 1 NNaOH 7

TR S LRI 32T =N

[
&

A UF R * 2% ABBUF m ik & ¥ o1 R n§ifFRe
A B2 k5 Bk UF ¥0e 20w dp K > B 3 dp B Arg 02 % i >
TR e

2. kM 045 um g KB IEH F > RTINS HERLFS A E
DOC § # % & ; £ #5045 pm jJjg A8 g K % > 11 0.22 um g A E
JmH* o 24 H DOC & »

3023445 100k D 22 UF #5174 3 » 2 JTf 0 B2 55 0.5 pm kKB ik
2 R AL RS BIF L 35psi 0 Tz fipik o imik 2 M
FI 5 RS L 70% o8k iR 2Rk B -

4. %A 12 10k D~ 5k D~ 1kD 2. UF %53 i7 4 4 0 €479 #(3) -

. /\Jf'?}%’%lr-/pni"t’l”\%g—l’?7 DOC & -
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_@ @J‘?‘,L

b IR

M=

1Z# 4 RPUMP

W 3.7 UE @fefas e~ & £ 2RI 4
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3452 gAY

AP LHEY R Pk Y 25 TR ( biomass )2 Rl
%184 " ( phospholipid, LP ) im fim e kB2 1 & &> > &l F % i A2 ¥
B AR > 2 B RGN > s R PRV R AL R
WP 2% E o 4t 2 2 1% Zhang & Bishop (1994):x 2 p Findly et al.
(1989 ) 7k dh > fmbe ¥ 2 Mg FAIH § -7 FR-RR SR E B SiE A

fado g V@ v a B OEERLHE 0 2R {8 1 4p i 4% (ammonium molybdate )

SRR AR LB Ak R (L 610nm) TE

TR E

2 FApE MR R K Gl R S TR o A4 B Aok

LB~ PU e s 88 - e e % i # 2 0 3e e W2 M

2.3~ 6ml 3 fcd Fz kg r 8 150ml 2324 ¢

320 2 k4R 4o r £ 20mls 7 fF40mly 2ok 10ml( i & 7
PRk ZHHE 1:2:08) R E P ER P24 )

4.7 0 & Sml 2 R0 §27% 0 100 ml LI ALY

S54vx 27 ml eiBAFE4TE VB BB > ENFEEHY Y
103 ‘C4c 4 2 /] P,

6.5c » 0.6 ml 2_ 4pFads B iR B F R

7.0k & 610 nm P TRk R o
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Fr R 2R TAEL R ok

ne p L
Ae 7 g

4.1 F F Rh-kFE

I
“J
"3\-"\1

FHRKP-pEXFBPFFLA Y > T TR R 2 L e
ARk AR KR B ORTEEAITE SR 41 1T o ROk
pH & 4%+ 7.2-87 2. B > T3 5 74 Bkt KB & 17 C~32.1
Co L2525 Co MR FG WP L v v 58T 7 g LR 4
BAER Y RGN 0 b pHUET TR F I Lk

(Dempsey et al., 1984; Edwards & Amirtharajah, 1985; Hundt & O’Melia,

-

1988; Randtke, 1988; Huang & Shiu, 1996; Huang & Yeh, 1999) o {78 &

UK S AR > P pH B3 RGEEAATIR G Y 2 PR o SR R e anph

Bk B A23~48NTU» 355 10.1NTU; £ ¥ (ammonia
nitrogen, NH3-N) 2. T35k & 2 298 mg/L- A L A & % (nitrite nitrogen,
NO,-N )= &' 4 § (nitrate nitrogen, NO;-N )2_ T35k & & 4] 5 0.41 mg/L
2 1.94mg/L - -k¥ 5 42 7 4 %2 TOC 2 NPDOC % % 7+ >

TOC kB 4+ 3.68~19.2mg/L » T 2k B % 8.68 mg/L » NPDOC & &
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i3t 8.7~238mg/L> L 35E 5 487 mg/L>NH3-N 2 TOC 2z T35k R »
PRI AAY K KR-KE NHs-N 5 1 mg/L 2 TOC 5 4mg/L 2 1%
# o 7 % ¥ (chlorinedemand) # % Z-Kj & #7F f4£ehg £ > 43
15~31 mg/L> & 2329 mg/L > % 7 R -k-k ¥ % 5 4428 B ¥ - SUVA
A 1.26-292L/mg-m 2 f&F > T2 5 2.07 L/mg-m> &7 kK3

Wb X R L 033 5 2 0 @ THMEP R & & 4% 100~

480 ug/L » T aiE 5 287 ug/L °
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%41 ARERKOKT

Water quality parameter ~ Max. Conc.  Min. Conc. Average (+SD)

pH 8.70 6.62 7.40 ( +0.37)
Temperature (°C) 32.10 17.10 25.06 (+3.71)
Turbidity (NTU ) 48.0 2.0 10.07 (£9.87)
Alkalinity (mg/L as CaCOs) 395.0 116.0 225.04 ( £ 74.09)
Hardness (mg/L as CaCO) 375.0 184.0 239.83 (+71.25)
NH;-N (mg/L) 6.89 0.1 2.98 (+2.30)
NO;-N (mg/L) 6.09 0.17 1.94 (£ 1.33)
NO>-N (mg/L) 2.20 0.12 0.41 (£ 0.40)
Chlorine demand (mg/L) 31 15 23.29 (+ 6.55)
TOC (mg/L) 19.2 3.68 8.68 ( +4.49)
NPDOC (mg/L) 8.7 2.38 4.87 (£ 1.42)
UVass (em™) 0.26 0.07 0.12 (+0.04)
SUVA (L/mg-m) 2.92 1.26 2.07 (+0.52)
THMEFP (ug/L) 479.95 100.15 287.37 (£ 125.91)

Bl ARERKORFTHEBERER S 1999 £ 5% ~2001 # 6 *

76



411 DOC & UV 2 SUVA B %

B 4.1 377 f -k DOC £ UV,54 2 SUVA 2 B (a#ictf » o i fF A 4

I DOC &2 UVysy 20 B SRR Eﬁf" 254 5 UVy54,=0.012(DOC)+0.061 >

Hl g R 5 054 4p B fhdicr 3 0.74 > UVysy & 3% DOC # 4e @

B 4o chdg % o @ DOC £ SUVA 2 B &t jF = 4258 5 SUVA=

-0.3(DOC)+4.06 » # A=z % # R™ 5 0.62> 4p B hdicr 5 0.79 > SUVA &

FIR% DOC 2 3 4e m *% Mg $ > 4o o -k DOC d 29 mg/L 2 % % 8.7

1.7 Flptdash DOC R R 2 B 7 ac &)

=

mg/L » SUVA & #rj¥ 4.0 *% 1
A Ak = > kg SUVA B "% 4 o

v

R T S W

412 THMFP £ UVgs, 2 ks

B 4.2 31 k2 UVysy vk 52 THMFP 2 B T dicdy 0 d 335?%‘4’\

198 > UVpsy 3 5k 22 THMFP 2 B St fF > &% % THMFP=

—313.9(UVas4)+65.5 iz % # R> 5 0.51-4p b 28t 5 0.71> THMFP
S’_ Iﬁpugi UV254 38 ’L: E’L‘i‘g s “§ ii E’i”ﬁ%%ﬁ‘ °

& g-i ",/f/ﬂ-%‘ \?ﬁ]é_i"”-’»ﬁﬁﬁ#? A =

Rk R RGP
1 2 -k DOC & UVysy 2 UVysy 22 THMFP 355 3 - T2 4p M 14 - F]
UVasg 247 | 0 > B0 7 03 Jg i * UVosy B3 R G (F4 7% DOC 2

THMFP 2_ % % S8 » 5 2 474 (7% a0 2 4
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UV, (cm)

SUVA (L/mg-m)

0.3

0.2
0.1+

0.0 +

(@)

5

6

10

DOC (mg/L)

UV,53=0.012(DOC)+0.061, R>: 0.54 »
SUVA=-0.3(DOC)+4.06, R : 0.62
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THMFP (u g/L)

700 -

600

500

400 -

300

200

100

0.04 0.06 0.08 0.10 0.12 0.14 0.16
-1
UV,,, (cm™)

Bl 42 -k THMFP 22 UV, 2 B % > # ¢
THMFP=-313.9(UV,s4)+65.5, R* : 0.51

79

0.18



413 F PH2 HAFEAG

F1* A/G Technology = @4 A2 UF &% 27 h-K¥ 7 & A
+ & ( apparent molecular weight ) 2_ § %4~ &~ & o #7i¢ * 2. UF &%
Tz AF AL 5100108 1kD 0 £ fe s 0.22 um £ 0.45 um 2
M TRk g SR G RS AT FHERAIVR S B SRk
424775 o d B T FEHEEE A 1T 0 W 0.22um jJg 2 DOC L 355 i
87.399% » & & F & -] > 100 kD 2.3 4 T ik 55.65% - AR

W 1kD 23 84 T2k 46399% 5 B A+ E 825 50k #ioo

B35 R % o

3042 RokpdsH L AT RA G

Organic Conc. Organic Molecular size

&Fractions —_ 4sum <022um <100kD <10kD <1kD
DOC ‘" (mg/L)  3.49 3.31 1.51 1.40 1.24
% 100.00 94.84 43.27 40.11  35.53
DOC ‘¥ (mg/L)  2.69 2.15 1.83 1.62 1.54
% 100.00 79.93 68.03 60.22  57.25

(1) &-KiER -k&EHp B
(2) & KiER k& p B

2001 &# 5% 10 p
2001 # 6 * 13 p
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42 2 Fig ik W RILE T PB4 2 % i

Rokd RopdiEe s 2 FRARE (Bl 34) FHB\ELTF
ARZFHTEIOmM/L M BT F € kiE 3 Limin 4 e d
AETRY2Z AP RA > BHcA bR LE PRI FR R bk

r\

S ST e IS SR R T E IR T L

—u»

Hro PR LR X 2 KEEARA o AF RRR PRI 0 LA
M ik Farfiz fleamt » ZX- ed TERE 2

e K
Bu Az pdged|r bk U B R T ARG

ECENLE S - - %5
Peg (o R () LA SRFF FRE T AR FE FAE
RES A M (FAEHBLYE ) TR EYSRF F P EE R

S VR S - N LSSl AN SUF S
IR RroE o NHRAS IR ALK G ARFI AT E R

EBCT 2.3 &> 22 5 4% 2 EBCT 5 15-30~45-60 245 - % g
g Aok 2 K~ 4538 B & 45: pH ~ DO ~ Turbidity ~ NH;-N » NO,-N »

NO;-N » NPDOC ~ THMFP -~ Break point Chlorine Demand ~ 2 UV,s54 & o
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421 i%/ﬁ,&&ﬁ%ﬁd’i /;‘f K] 7’!“#-’»4 ',ﬁ%‘l""u el

B R F PR L/ EBCT T2 2 $pkk k& J1inok
2_% % (ammonia nitrogen,NH3-N )~ & 8 fi¢ § (nitrite nitrogen,NO,-N )
A Fa ¥ (nitrate nitrogen,NO;-N) k& T35e g W~ B 43 (a) 2 (b)>
HeY T\~Ty T3 ~Ty 2% % EBCT 5 15~30~45-60 4~ 45 > n &

P R B2 R Fe i o

Bld43 (a) 223 phHFEaRFFIFAFFRET28% > 2R
k2 NHy-N 2 T #53k B 5 3.0mg/lL > @ NO-N £ NO;-N 2 T 35k &
A8l A 0.54mg/L ¥ 1:37 mg/El % Fok & EBCT 5 Ty aJdZis > B 4.3
(a)® -t NH3-N ¢ 2.98 mg/lb#%%71.22 mg/L> 2 Gi * % 599% % EBCT
wE 5 T, > &k ? NH-N T35k R 5 031 mg/L » NH;-N 2. T35
L FRE 5 90% 0 % EBCT A Wl F &£ 3 Ty~ Ty A 48R ik ?
NH;-N T35k & & % '% 3 0.13 2 0.11 mg/L>NH;-N 2_ T 354 ",érf & u)
# B 1196%64 97% > ¥ 3 NH3-N = 2484 % o § 2 $ g sk 22 EBCT
F Ty~ Ty s > ik ? NOA-NM T 003mg/L 1™ 5@ g 24 5k
2. EBCT i T4FF > &1 kP NO;-N 2 T35ER P B 3 3 48 mg/L >

BT A P2 TR gp g o
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Bl43 (b) 22y prtRiFirAaFEE T28% 0 2 RK
2. NH3-N z. T2k B % 3.1 mg/L> NO,-N &2 NO3-N 2. T 5k B A W] 4
03mg/L £ 1.6mg/L> B 43(b) &7 » % h-k5EBCT 5 T, /&dZLis o
Tk NHyN %3 020mg/L» 4% 5 5 94% % EBCT#£ 3 Ty
4 i T M- NHyN 2 T 590k R % 3 0.2mg/L 11 > & of i gr 94
%> & EBCT A W&t £ % T3~Ty s > d1im-k NH3-N A %% T 0.14+0.15
mg/L > 3 F £ B I 96%  § 2P gk~ EBCT & Ty~ Ty & 485
Tok? NOyN ™ 3 0.03mg/L 7™ » ¥ = 2itdh o a2 4R
B2 EBCT & T,PF > 3ok NQs-N 2. T2k B B]< 8 3 4.6 mg/L -

B4 bphk 2 mFas iy i o

to ot = AR (TS IENELN S gooic o 4R B R R PR T
z_ 4 $H im0 2 EBCT % JF %30 A 481 & @ 20 Kk NH3-N -] 3+ 0.3
mg/L> @ 3 RFF PR TR > 2 $ Bk & EBCT 5 15 A 4ap% »
T @ ARk NHe-N -] 3t 0.3 mg/L o e pt & fldke (T8 2. 4 F ik
g EBCT# £ 3 30 4802 F > ¥ NH;-N2 4% 5 &ie- ¥ 2

m EBCT £ £ 3 60 &~ 45> H 175K NH;-N JE & & & ¥ €3 0.1 mg/L >

fg;‘j&;g&g:r BEa T o A AEI)01mg/L 2P e
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ﬁ”fﬁﬁﬁﬁ’#*%%F%%ﬁﬁﬁﬁ%NmNii%ﬁ
LA P RAY  FIRPIRE ML P AN PR A

Lo R ath? A bR FRA SR 2 NHN # it e

AT 2 A Pig ko B FIHF L PURW S R 7
4 (EC2 T 28 EBCT 30 & 461 - 357 it 1] 909 6 NH;-N 4 % % »
g A ek RIL kS NHN 2 4 % # i 0 2 Ap B~ iR 2 g ok
fodpd > ¥ 3 42:F (Takasakietal., 1990; Matsumoto et al., 1992;
Nohara et al., 1995; 38,4997 ywufas 2 F gk edZ s st® > NH;-N »

NO-N -5 v ik 2 23 1% ) Sa#e & NO:-N -
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O ammonia nitrogen without backwash (a)
7 L _ _
O nitrite nitrogen T
6 [ O nitrate nitrogen
o -
' 5 e
\E/ ] —t—
=4l
)
g
5 3 °
Z - -
, | 1
1|
0 |_]:_|—I— -
8
I ammonia nitrogen backwash (b)
7 F

O nitrite nitrogen

6 | O nitrate nitrogen

Nitrogen (mg/L)
N

0 e e =
Raw water T1 T2 T3 T4

Fl43 2 b hdest BRFFFEF TS AT T, Ty T,
L u A& EBCT 5 15-~30~45~60 4~ 45 > NH;3;-N ~ NO,-N ~
NOs-N z £ #&8H2) (a) @R F F e F(n=13) (b) 7 R F
F % ik 3k 17(n=10)
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4222 FipA$tT BE R LA R ER

Rk 2o UVpsy vk g 2 2 SUVA {8 > ¥4 kfyit k@ § 42
Fioo@ UVosy RIARY R g+ FHEf2 3™ 580 87 kR &R
ko Hr AP RAERIE ) PG ARG F PRFTHE A
EBCT ™ » 3 d1jfi -k UVosy 2 SUVA 2 T 353 % 5 5 50 ] 4.4(a)
Z(Mb)> H¥ Ty ~To~T3~Ty> A8 % EBCT & 15~30 4560 4

&5 o

Bl44 (a) = g BF A P mEIFHT 0 UVyy & SUVA B3
3 EBCT 2 %354 % F &1t ~ B EBCT & T\ P » UVasy 2 2 5 55
7% > e SUVA fg4r 7 mdigse 10.8%65 *3 £ 5 5 f 10.8% - & 1
“ EBCT 2 48 £ » UVyse 22 % 5 5 S B 4o 4% » EBCT & Ty
HAeF®E 3 1% @ SUVA B2 455§ 18.9% 472+
ok RILES o ok ? 2 B0 SUVA 8 % - Bm DOC 2 4 & 5 3
* UVasg 22 2 G Z o Edzwaldetal. (1999) # 3 4541 » 58 SUVA &
2R M URGURR RS B T ORERSG 23 oy A Y
2 RokEA Fom Bk EIL(S > B SUVA ®/%.2.06 L/mg-m 4% % & 2.48
L/mg-m> JR b 483 0 RO-KGE L Pk adlis > 7 230k B 2 4R

AR a2 o
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Bl 44 (b) 225 RAHFEFRFF FEEFHENT > 3 UVyy s

SUVA %7 fp EBCT 2. T 3ad g X 8L » 3 —‘F‘fi%ﬂ%@%ﬁEMA

=5

(a) 4pkF » LA P imAE R F F i\ ivpy > 2 47 b EBCT
T2 UVasg % 5 % SUVA 3 4 3353 255 @R f F il (040
s-om % EBCT 5 T4 UVysa 2o 2 "ff TR B - 2:£2069% a2 SUVA

ERIEF L 1649 Tk 4§ 16.4% ¢
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15

10

-10

Reduction ratio(%9

-15

-20

-25

25

Reduction ratio(%)

SUVA

-20

T1 T2 T3 T4

BlAd42 b imribt @i F i EmEFrHES > 2T ~To T3~ Ty
A% EBCT % 15+30+45~60 A48T > UV, 2 SUVA
BT RE (@R RS F P RFTE (b) FRF F R E
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B45(a) 2 (b) B2 FREEKIFER K b2 F kP A
RFF I EFTRN e SEBCT ™ » & 4 F kX # 9155-k2 DOC
RARTIOE - Bl 45 (a) HAERF F PR BT B45 (b) 7
Bf Bt EkiTs Y Ty ~Ty Ty~ Ty s 8% EBCT 5 15~

304560 » 48 > n B R FRBZ KR

Bl 4587 2 AEBCT T2 24 % ghkx 4 J1ii-k? DOC £ >
Foad AP 225228 > Bl45 (a) Fgor > 2 4
TRk ERF F PR Feink s 0 Rok DOC kA T35 5 4.9
mg/L> 52 $mhk o EBBCT 2 T 3T, v T3 5 T, ed2 s > Diim-k2. DOC
T30l s w5 4.2~ 3.9 37 A36mg/L - # DOC 354 % 40w 3
18~21~25% 27% - @ B 45(b) kg7 » 2 F Ik HFRF F i afit
¥ir%% > Rk DOCER T5E 5 48mg/L > 54 F gk & EBCT
ST ~To Ty %2 Ty Ad®ts » d1ii-k2 DOC T 3o A ul % 4.63.9 -

3.6 2 3.5mg/L > # DOC L3232 K$3f<l>‘%ljjé 12~20~25% 26 % -

KR ASHFR > 52 iphkHEPE2RF F mEFE T & EBCT &
T, pF > H d15x-k2 DOC T33=E K 49 mg/L > 32 42mg/l 2 % &
218 96 @ F 2 PR R F F (T L EBCT 5 Ty > #4105

k2. DOC T35 8 4.8 mg/L > 1 4.6 mg/L > & ",/TT FRE 12900
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PR g Tl diE2 EBCT (4r 15 4 48) ™ » ZHIERF F k(T
#;4 o 2 DOC 2 2 K$§¢%$ WERF F R ITH - v § EBCT
wE T 30440 S fadk R 2 DOCi“/T‘., I B2 Ly
WE R A3 2 FipAHP-7 AR F F PP ITHG S 27 B EBCT ™ -

AR ERBEAE

AR 4.3 2 Bl 4.5 7 fro pd Bk FHCGOIRT 0 2 i kA F
G IR 0 PRER DI PR R A F R TR 2
EBCT £-B2 B« bldvrt & § 2 4% 3 » FHIBF F 0 iedf i+
HOsU e d®2 EBCTY #rofifidg 2 £ § 4 4 5 o P g
FOF PR TR RS R R EBCE kB An g 2 4 § 4 5 - 4p

Foins FEPERF F Pk THES 0 Rl #pefie EBCT - 1

BE AR 3 o i fEAK (FHCSY 0 4 £ EBCT #57 #£ % DOC 4 7 5 > e
d % EBCT 2 £ @#3 B F4 AR g 22 <+ A i
PRI 5 R5 (5 fA A4 83 ) e F 52247

e R ERE G 2 TR SR FARFIK -
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(a) without backwash

DOC (mg/L
SN
—
7T
—
—

(b) with backwash

DOC (mg/L
»
—

Raw water T, T, T, T,

Bl 45 A3 hhsmit ARG F P RE RS > AT T, T~ Ty
A w4 EBCT % 15~30~45~60 ~48F » d15n-k DOC
ERALZBEA (a) AR FRFEEES (n=23) (b)7 B4 F ik
#FIEHSY (n=15)
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A23 RREA F A AB T 152 § £2 THMFP %1

BPORREARFE 2 RRZIN G L B2 ERARRE
G F e NEF R I RAPE R AL RFMELZ (T RS T
Flm fg kS gAY KX 2 A A R o 2 P gk RIZPTIOAE AT
Kok Rk s md2 > BF Beiai A § AR 0 G o3k “,f’}i“ %874
FRYORCFTEEORBRFTET 2 AFL ATRAF 2

( breakpoint chlorination) » £33t K54 ik rd2w s B F % £ &2

o

THMFP 2 % i > 127 j32 ik 3 %% § 4 2 AgLoc s

F A R-kE A PURA S KL DOC 2 NHy-N 7 £ 247 > &
k2. DOC 2 NH;3-N &% 46mglZ 4.1 mg/L> 52 4 g & EBCT 30
~ 45 % EBCT 60 4 482 (s > B 75k DOC & % 3.46 mg/L 2 3.04

mg/L » @ & 2178k NH;-N 3523 0.1 mg/L -

M RKE 2 R DRk Y e xS F A AL 1B E B AR
EiE 1R RS > 2R % K Standard Method 5710 ( 1998 )#17%
B2 047 TTHMs £ 2 2 /a4 & £ TTHMs 2 = & 2 B (240 F]
4.6 #t500 k2. 3784 & £ 9 & 402 mg/L> e EBCT 30 4 48% EBCT

60 & 452 4 do b b Tinok o Bl R L F4T8Ec § BLA 4 o
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Bl 4.6 577 > 2 ik dink 2 TTHMs 2 = 8 5 5% = & fhdh *c
F B2 BB A R#ENH > § EBCT30 4 45% EBCT60 4 452 24
RAvioR4Ac gy B0 A BHEF I 150mg/L 2 40 mg/L 7 > 2 TTHMs £

=~ B R BAE Y JE o

Hhokm 3o w4784 BEA 2 0 BEARRY NH-N ¢ L 22974,
2 5 F A4 F 4 TTHMs 7 4 2 » o+ 27 Edzwald et al. (1990)
Frg i Sdpiy o B Fl4ck £ 5 200mg/L B > TTHMs 4 & 8 =+ d 48 %
o Bofs A u @R R-kE 2 4 ihk EBCT30 4 45~ EBCT 60 4 48 1 in

k2. TTHMs % % 4605340 21240 g/l » 3 5 % fof ¥y 91 Rk

Ik

A bR P ARIE ST S ok TTHMs 2 4 & > ¥ 3 % 5 Fug ¥

EBCT # £ @ # 4c o
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TTHM (ug/L)
N w
3 3

100 + _ o
] Breakpoint Chlorination

50 100 150 200 250 300

(@)

Chlorine dose (mg/L)

Bl4.6 R-KE2 APk diim-kz 4ok 2 TTHMs 2 = & M 4
o - k:DOC=4.61 mg/L > [NH;-N]=4.12mg /L
o4 % 5 & EBCT 30 min: DOC = 3.46 mg/L » [NH3-N]=ND
m4 % & EBCT 60 min; DOC = 3.04 mg/L > [NH3-N]=ND
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4242 k¢ 2 FFEHRR

;(}A i® 4 47’//@}5]“]?3}{)& ,_NH3-N ~DOC % £ ’b&/‘i 44’7"14 YRR /E'—JP
VhFehd Pt AP THR* BEE  BFAFRAEPN 225 TR
T oK RRF F PR ITHZE EBCT & 2 15-30~45~60 4 48

VL T ¥ L PAR

W4T T2 AL FTE > BF PRI 6 RPR
RFF oA ERGE S FAREFERF PR AP ARG R
TH AR AR EAd TR gk 0 DA AR
FEBCT# L a H e Mgk Bry dFhiphs 225 AL 75

d EBCT 2 %t & P 2 E Efpeghf F v iedfivam 5 24 -

R 43 o F A RABEERF F PR T . A EBCT
lsﬁﬁ%ﬁNHﬂhci%ﬁﬁﬁ%’@ﬁ47?hnEMﬁé159
B FERRFF AN FETRAFL AT EL 602 7 RF
FoA S E T2 AP TES 280 FlaRF F P s
g h 225 BEFE S FT SIR] 0 At bl B Y FE
BT AT L e R P o T NH-N 2 2 5 7 F AR 5 R

ER T VIS Y EERE L
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- BAPRIL E 2 i AR G AP REE AP TEE TR
BiERFF R d WAFT LA Pp Ak TRR (pH 2 RE) &
PR FNH-N2 R R2 L8 7 i L i Bk arid o3
FXPT RN PR/ P2 2 BRI S SR EREA

Bz 7 By (Rittmann & Manem,1992 ; Zhang &

Bishop ,1995) » #7 gk B-m e 7 F » i\ E T R g 2 4

%&ﬁ,,gwﬂ.,g 4;}—,,§4 Mol 4#”/PT'°L’1;F'T/E}J'TL%(NH3-N
FE) 2B AEFEE- wBHH (DOCF tF) 2 10%2 107 % >

AP RAACABETRFEFRVR A P RAT P A REBERS R

¥ HA O FAL QBRI fh  E L i
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Accumulation biomass (g)

16

14 1 EBCT: 15 min
1 § v.22Z) EBCT: 30 min
12 + g EBCT: 45 min
XYY EBCT: 60 min
10 +
6+ ] gw
it 7
2 -4
0 A

without backwash aeration backwash

Bl 4.7 4 % hhhdis G mRF E ¥ iEdE T & EBCT %
15+ 300y 455 600448 7 > e (TN 2 or B 4 24 S

%ﬁ’ﬂ :' j'_r|,
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433 FR B ATEEHS IR GEA o R

BErAPRATA T HANRIZ I BIFIFTL R T A
Hpehatdhk? 25§25 ¥4 - 2L 2RSSR

ROLES » £ § 240555 95914 1 DOC 2 4 % s #:i5 30% -

|
fot.
=
B2
7=
e
e
R

B2 PR S B S UK~ B RJEARR ¢ G
ﬁﬁﬁ*@i”ﬁ&&ﬂ%%ﬁﬁﬁi%ﬁﬁié%%ﬁﬁiﬂ’ﬂ
PUFL I R EE TR 0 k244 pH 5 830 B 5 6.7NTU »
DOC 5 5.5mg/L > 54 Frimh eGL (S MoK pH 5 82 B "%

54NTU > DOC * % 44 mg/ls & % 258 3% 2 mifisr » pHizH 2 6
~6.5 > PR #EE 200 pm(GE % 315sec” )~ #E 3 min > KR
A g 30 rpm ~ #E4E20min (Gt & 5 41,400) > Tk 24 & 48 fs 0 &
FHE BT ERB AL DOC AR TERR > HHUAF A48 2 F

49 -

B 48 %77 > -k afmifhdr®E » %5 0~02-15+2.7~55-6.5
mg/Las Al T TR - Sk 24 A 4ais 0 HARY R R 2 R
AMEEE > d 6TNTUZE BT 1 I4ANTUA S £ 2 3 1 39NTU >

B R R LANTU P2 fifiede A8 5 27 mg/LasAl > @ B 4.9 &
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o0 HA DOC & 2 REHEER > d 5.5me/L iF BT % 3 A
M5 2.7mg/L > S PERERpLsEHIE 5 5.5 % 6.5mg/LasAl > Bt &7 R
KRR A D B MR AR B Y B MR A DOC 2 B 2R EHE T 7 4P

LT RS 1.1 FE R TR TSR

B v g FLEE SR mH » R MG Ea ity 5 o

Bl 48 s BT ARk NI RRARERE S 00251527
2 55mg/LasAl> itk s 75 420 B i+ it 2 R R E 8 Fd 54 NTU
EBTE T IINTU A (58 23 3 1.8NTU > & WA 4% B 1.7NTU
P2 mrpede € 5 2.2mg/LasAle @B 4.9 » &1 H A4 DOC ik
Wz REHEEE 03 44mg/l BT 3 M 1.9mg/L @ (s £
tg = % 3 2.0mg/L 0 & AA4 DOC /2 Frifii 458 £ 7° 5 2.2 mg/L as
Al v et Fjpk k2 pERERARE TEFRELZ R

e DOCL%‘\% °

B Rm T 0 N RR kg A ik Aok o A F Bk MR T
62 & 1.ANTU 2 1.7TNTU PF2_ R 2B & & % 5 2.7mg/L 2 2.2
mg/L > -ﬁ;m F 5 e K3 vf DOC @ 3 » v g iﬁ BB MR T (S

2. DOC27mg/L 2 1.9mg/L pFz_jREHE A B 5 5.5mg/L 3 2.2

mg/L> ZBRHE X 21 B GEFRKGEEFRAFAILE » €HB K
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® 2. SUVA & > 4§ 4.4 #7757 - -k ¥ 2. SUVA - 54 Fp k2 (s o
diin-kz. SUVA & ¢ B % » 35 Edzwald, etal. (1999)2 # 7 &% >
kR8¢ 2 # B 2. SUVA EPF > 1R Tk 2 K,/ths Whv EERE 22
ko MR ROKED P ASLE R TRG 5T &% DOC A
Ao gt 0 VR ERF APk Din-k2 DOC 2§ &2 0%

FoRTREP AR T RILT HLSHRRERET RS2 R
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Residual Turbidity(NTU)

N

Residual TOC(mg/L)
V) w

—_—

8

71 — B R

6 | - A= EPRCR TR REREY
A

5 F .

4 =

3 |

2 |

1 =

0
0 0.2 1.5 2.7 5.5 6.5

Alum dosage(mg/L as Al)
@48 },;]‘(’J(i ﬁm 4 /}E}ﬁ‘ ’31’/@?; :' ne ’J(Ao\ Fdjjgf—/géiim

Pesr MR M AR ALM B2 5 R RE Y LB HA

—B— FRERTOC
- -k - &P IR ATRERTOC

0.2

1.5

2.7 5.5 6.5

Alum dosage(mg/L as Al)

B 49 R k2 54 Pk JILis din 7L/w\ BB TR B2 RLfh
CE

sEA 2

17';’ 5&4 & DOC z

fé

J
25 KRS LR
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VTP NS S EEEE VR -ES E S BN £
TR s R A AR R ERSUTRRE S BT R
Al Bgn & RiERRRFRERVEIEE < Sl ?;#izﬁzﬁﬁwﬁ_/p
3opG Pponi 2 BERE AP LAY 0 A AL Rk R
fetl o iBCEORY 73 PSRN BT R G TRl R E R R FlicE

< B RE o
51 A1 R-RIRFE&FE

Miller et al. (1966 )4p 175 it & & Gi W @ R ITHR TR o &
RIS o Bl I A L B ESe RS o AR ITHIRA T 7 o B uagr
WA o P 5 N R 2 2 B Degremont 2 & #1991
# 11 2 “Water Treatment Handbook™  » % 424573 /L 3R 4 F % > 3%
BN ARANE ERE c FZR KR PR TP LY NEF
oo L Adp o RE AR I R RE A ARG 0 L~ KIS
ik RGBSR 3 E SRR G K 0 R i R R TR

BT 0.8~1.2 0 gk B g Y s R OR Tl iE ] T 0.3
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PR R GRS R ERE o FEW L AEPRIERE > EF Y
ZAGREETNF A mAFTAAS AR E A ERE 0 kg

TR
511431 R-k3 25 BFLRRFE

AFTREAEET 7F WL AT R R REFRFAT K FHRIE
EA kR RKF L2 P %8R 100NTU » pH £ 4] & 6.8+02 5 L (T
B4 530050 uS/cm~ 8 & 23+1 4 A 2 100mg/L (as
CaCOs) > #:i# % 200 rpm (G=500s")E-i" 1 A 4815 > sz 30 rpm
(G=25s")M iR 20 A48 > 2 15 e iic™s 20 A 4aPFB-H F R R 5 BT
B4t o % pnphdn Rl o te R A W5 0205101520+
3.0~4.0-6.0~80mg/L> HR#E L% > 73 F 5.1 ¥ L mphsnd|

B 2mg/L pFo ook AL SNTU > it gk 2 4 tp ok o i ip

PUPFH D RGRGESTIE TR oo RRE SR E (S 0 KR 2.4 FRphariR
A4 % £ (Amirtharajah & Mills, 1982)F2 | » ¥ i F] 7 (5 f ¢ e
BORBEARE N PR HFRG AR Y L P ApAEREE 6 mg/L B o

TR R BB L 30NTU » miphde® £ 40 2 8 mg/L Pk -k & B

4T 3 22NTU » Baor st P2 R4V a0 5 1 itk %% | (Sweep

coagulation) °
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Residual Turbidity (NTU)

Alum dosage (mg/L as Al)

o BEAS T S (7R GE2 FRfih 4R e B
fid
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512 A1 h-ki 7 8H 2 REFE

- BAXFRARM ARl R 2238 0 Pk S b
T35 5mg/L (Thurman, 1985) > @ Andrew & Huck (1993)F 7 4
Do AR AL F AR R F AR FP S LE KR
RokEah A Tim g g 5 (NPDOC)Z £ 9 1-2mg/L & - %
ERFLA KR @ gLk ERKH TS 4 5 (NPDOC) 7 £

I 35%) 2.5-4 mg/L (Huang, 1991 ) @ .1 2 P48 K B %3 L (TOC)

58 T34 354 mg/L (y1993)

LGB PRI BFERZEN OV Lok o fpE TR S50
NTU % 1 R~k » R-k?p 2 TOC 0443 mg/L » 4~ %4 » HA & TOC
JER 5 1.02-214~345mg/L» % 4c » SA ¢ TOC )k A& 5 1.58~2.18 ~
3.54mg/L » NI REHRS N B EE G B ER T LR E A B
¥ o Bigr@skE TaAE B 5.1 A1t o B ATk 20 A 4 pE B H )
B REFELAN O RfAENEE A B 5 0-05-10~20~3.0~4.0-

502 6.0mg/L (asAl) s ¥ Bywik s £l g g o

B52:5:R-kiZFHAZ FEREFRRLIAMBEZLESE 7
o HA ER S 102214 mg/L pF > 2§ A& KT ONTU P2 $ it 8
Fedpsc BE 5 3.0mg/L > AL AR 15 0 A FID L T K Y
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BA P B4 ZE L 42 Smg/Lis§ RV ﬂimsﬁzw,értﬁﬁﬁljx
= m HAJER 5 3.54mg/L pF» H i R &I 14 NTU pF2_ 8 i

Frpihrse ZEE L 40mg/L o AZiE R B TR R P 0 B T4

g
\“‘h

=53 61’1’lg/L & ?ﬁ‘ééi/ﬁﬁﬁ‘}bﬁf%i@ ’ /%fﬁ" B4 %

o H Ak R R B HAER 5 1.02-2.14 mg/L 2 il k5 B e

B S3EP-tuig P kmkicMRERE L2 ARz
S o VAR EF MBS E LN BN LG R IR 22 BT
F HAER 5 1.02-2.14mg/L» 2 ripe4rd i 4 ¥ § 3.0mg/L pF2
BEm hET AT Qmy AuEE S A~5mg/ll > M Ee FET
FTHF 2 0~3mve m HAJRR 5 3.54 mg/L P2 B i ARl 488 53] 4o

HE L 40mgl » HhEFBLES~6mg/L > W ia AET = HD0

e B 54 5 R-KE =4 SA T kR ETRREL IR
Y% 7w SAKR L 1.58+2.18mg/L B ¥ A& ME SNTU 2 s fie
Grd 4 R S 20mg/L o REFA TS KB RX TH 0 TR
A TRl AR R B2 T e SARR 5 3.54mg/l>
BHREMKT TNTU P2 fifedrdb £ 4c 877 2 20mg/L > AL

FHES B KRR P H O EI4EE L 4dmg/l {50 A f‘/ﬂ?ﬁxﬁ-"‘f
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PR RN B AT R

{ra
St
i

STERCKE R e B SAER L 1.58 -

2.18 mg/L p# -

B 5.5 2Bt BRI EYBERE L FET =2

“~

i

5,7 5rE SAER 5 158 % 2,18 mg/Ly H rifedrd £ 4c F§ 2.0 mg/L

2z utefEdrrygElmv, e ZE 5 3~5mg/L %3 4da i

FTHF I 0~5mvedm SAER 5 3.54mg/L > Frpidrd i EE
20mg/LpFEz W do BRiER =48 0mv 4 EE 5 3~5mg/L > %

BEmAETEIH I 0~5mve
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Residual Turbidity (NTU)

60
HA as TOC
X
501 @ 9N —e— 1.02 mg/L
N O 2.14 mg/L
AN
—w— 3.45 mg/L
40 - v.
30 -
20 -
-y
10
O T T T T T T
0 1 2 3 4 5 6 7

Alum dosage(mg/L as Al) )

B 52 *1 kh-k&z HA 7. TOC kR AT & 7RA

Zeta Potential (mV)

2_Frfhhgte BALE 22 ok 20 min 8 2% ARV R OB TR

10
5
0
-5
-10
. / HA as TOC
-15 4 V’————‘
R —@— 1.02 mg/L
S O 214 L
220 - _.~O e _O_ mg
v v- 3.45mg/L
_25 T T T T T T
0 1 2 3 4 5 6 7
Alum dosage (mg/L as Al)

Bl 53 A1 kh-kaz HAZ B TOC kA {2, F E(78
R FrfsE S R BRI R ET 2
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22

20 /‘\ ~<
— / i 4
) 18 A /
|_
Z 16
> | e
5 141
T 121
>
|_
= 10
S SAas TOC
S 8-
3 —0— 1.58 mg/L
x 61 7 -0 2.18 mg/L
—¥- 3.54mg/L
4 -
2 T T T T T
0 1 2 3 4 5 6
Alum dosage(mg/L as Al)
Bl 5.4~ 1 k2 SA R TOC kB FA,T &7 IRR
2_ Fr fadide 2| 52 ik 20 min 18 2% AR N R B %
8
6 -
R e
S
£
= 2
g
§ 0{————— —
£ //vf"
g 2] © SA as TOC
g .
N 41 —@— 1.58 mg/L
QO 2.18 mg/L
-6 —¥— 3.54mg/L
_8 T T T T T
0 1 2 3 4 5 6
Alum dosage(mg/L as Al)
@55&7}1—57}\1__3 SAWPF’TOC/}EET%‘} _@f'p‘i"
2 FrfabE B BRI [ ET M
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513 F #HH 1 R-kRmcEk 2 BIF

d 5112 5122 X1 RRigidsk G v #R 7 75 B2
B ARk ARG I00NTU » B Agiridsk b R -K G R 5 S

=
-9

NTU» pt pFripedede 2 # € 5 2mg/Las Al $2p 2 3 8 R ZH4] 2
M e o B TIHSONTU 2 B 43 A 1 R-RiEAR &3 35 85107
Ty A4 Img/L(asAl) o A B A AL RokA G B
%+ Lefebvre & Legube (1990 )£ van Benschoten & Edzwald ( 1990 )
By AR R 2 "f”ﬁ Wi - B2 M o mfi4E s 0.5 mg
Al/mgDOC > fpde § 2 0 R-KE R G SONTURF > &7 F 5 54
WA ER T R R LA AR R b B R S R e E

R FRSILE 5122 A0 BRI Rk Sk R et 5.

7. 5.1 % »HA 2 SA f4pk TOC k& ™ » HA R E 477 Frphsr

BRENERETGESAZ 1532 21% 2 TOCkRARF H L jE4+ >

T
=
A
f‘m
W
M
H
ok
(w
D2
4o
i

% R ;)»;i; "ffﬁﬁﬁfd% e ¥73% o
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2 51 A1 RAKAET T BFAEZERNFT IR LS

7z HA £ z SAE
Bk 7 (mg/L as TOC) (mg/L as TOC))
ki
1.02 2.14 3.45 1.58 2.18 3.54

R
(NTU) 100 50
p ol - e I S
(g 35 Al 2 3 3 4 2 2 2
[ ol o " A
Z_ P Fh 4 R B 2 1.5 2.1 2.7 1.8 2.1 2.8
(mg/ as AD*
RK g R
(NTU) 5 ) 13 5 5.5 7.5
Wudae Fda i

RERETE L a3V 25 05 1 1 0

(mv)

B Ll dKmt4r 2 DOC 2 - §3+E M R 5 0.5 mg Al/mg DOC( Lefebvre & Legube ,

1990; van Benschoten & Edzwald ,1990 ) -

111



.2 AR HRE LG P42 R

ARG 0 A RF B TS AR /ﬁ/ﬁt‘ﬁﬁfijﬁ-i«‘iﬁi
T T LT IR T ==y N S NET e
Wi o %3 TOC kA 2 FHEE KiFfkte » 41 RK? + 24
§334 5T F D E o d RFHRIRELS A 1 RoRPFE N PR 0 0
*ORRFAAR SRR 0 RPp85.1 FR RSk S % AriF 2 3mg/LasAl ;5 4

£ € > migiE 150 pm (G B 200s7) s BB 1 A 4BTA I E 4 i~ B 3.5

E

2R R SRR K AdRuA L ROkl R 52+4NTU R
KPR 53 R TOC0.44 mglll i i +c » 15k ¢ TOC ik B &

1.02~ 2.14 ~ 3.45 mg/L > sk Eete~ &k ¥ TOC LA 5 1.58~2.18 ~
354mg/ll 0 TR AEEEORE R 11 6B £ s @ 2 TOC ik
B A 32mg/L 2 Rk pHirdl & 6.8+025 1+ 3 HA £4] & 300+ 50

-1
pscm’ o

R RIE T SR - KRR ( AWWA & ASCE, 2005 )
#* 1.75m/hr( 42m/day )» " F RS HAKE E S 8em~ F 150 cm
35 k4 &g PR ( Hydraulic Retention Time, HRT ) % 40 min >

iR e

‘J&&‘s

fo oRiE X F RSB HCAIR G & 0 ¥ BELERDE QR BA &

ARV FIALE F 430 B4 > & 10cm &K - B R 0 77 BF A B2
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g7 TOC ik A 2 fh ik R i 4 3 Rokain o 475 2 s ik
NP FR SR (PR E RS G ) FASPAEERT
AVWERZE FER I THARESE T (5 AESE AP ) I

TOC 2 SUVA &) 2. 58 -

WM R R A PRk B R RE TR 5 A 4
52 H7 Rokw RW £ 7350858 h-k (BNF RN 52+4
NTU » TOC % 0.44 mg/L) - HA, ~ HA, ~ HA; % 7 3% 2385 * Rk
be o FrfEpe 0 ® ok 3 TOC 5 1.02~2.14~3.45mg/L » SA| ~ SA,
SA; % 7 1% IR E Y K deaek WL ® Bk 5 TOC 5 1.58+2.18
3.54 mg/L - H/S R 8 % F e pads K pe iz & 1:1 et 5)(1.65 mg/L-HA
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ok e RW' HA/* HA,* HA;* SA/,? SA,’} SA;® H/s*
Ji 4 it (mg/Las TOC ) 0 1.02 2.14 3.45 0 0 0 1.56
-k 4§ it (mg/Las TOC ) 0 0 0 0 1.58 2.18 3.54 1.55
5L A, g (HRT) 21 17 23 33 110 99 66 50

iz TOC(mg/L) 0.44 1.02 2.14 3.45 1.58 2.18 3.54 1.55
A1 TOC (mg/L) 0.56 0.41 0.84 0.72 0.79 1.81 3.44 1.55
TOC 4 % % (%) - 60 61 79 50 17 3 52

g% SUVA (L/mg-m) - 4.70 5.27 5.01 0.38 0.33 0.42 2.79
d15% SUVA (L/mg-m) - 1.47 2.01 3.72 0.48 0.28 0.29 0.71
Aok & (NTU) 7.0 9.0 7.0 8.0 7.6 9.5 8.0 9.0

RiL: LRW Zrf " K

C 5 1.02~2.14~ 345 mg/L o
A P OC % 1.58 ~2.18 ~ 3.54 mg/L -
Pl fliR & {8 ok ® 22 TOC % 3.20 mg/L °
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5.3 MPF AL g PF 2§ Roxit AR
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R4 520 ¥ UAH 510

Bl S.10 BfF > ok ? 3 3 4 172§ 4% 1 SBFT 3 21
HRT > 4 » > €2 e (4o HA, ) % > SBFT #7& % 17 HRT ; 4
F e ERAER S H 4 7] 345 mg/L (4o HA; ) 14 » SBFT & @ /1t &
#] 33 HRT © 4 §5.1.2 #7if » 4 % % k4 ? TOC 7 £ 4 £2.5-4.0
mg/L > #TrLig * 5k Mg e rJZEoK Y TOC ¥ e ¢ 45 4k (et
Z fEE M o EEAR A ek ter D2 KPR (A0 SA ) (50
“r% SBFT % & i 11QHRT» 2 %c » 4p iF TOC ik B hff fofit “7 /f SBFT

16,6 12 > E KPR E M Aed] 3.54mg/L (40 SA; ) {5 SBFT ¥
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23] 66 HRT» fr 70 2 4 » 4piT TOC kB e /F e fé #7/p SBFT 12 & o

dod Rk P Ao Bt b2 FlER 2 KL 0 # TOC kR 5 3.2
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5.3.2 5% % 3 FHR K & 2 9 LB

Gregory (1979)% ¢ #=34p i » Bk &2 ERYE B R R ’}%UT\
kP 2RI I ITER FE o e d RN A SR FEARZ
FRER DA AP o T AR RF R o ARE KR R AR
TREIFT~INTU > ¥ 5 A8 B3R BFLETl  WHFEL LT F3
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‘t Huang & Shiu (1996)+ dp i | 2+ F 457 JFd ¢ &aie® & 3)
NERBPIRIL o AT AT RN N EAR Y 0 IR T RF R ) @
RKRoERRBSI? AR kPR FSHEE RS L2 FARER

BT S A -

123



124



FEABRAP BRI §3.2.6 2 AR R TR 1T 0 ik

Byl 3

énhn

G B 514 0 RER L SR AL Rk 0 &R

B e RREF RSP PR EHPET &

'ﬁ\

PRELRE FEARY
Feis R MR TRBIE R RGOS M E R R TR
3 (HA;) ¥ 7 % ka2 i3k %32 (SA;) *hEdpd - HAs B3

SA 933 @ FE gL -

LR K A2 SA ~SAE I PR I £ & (R A2 SAS s AR
$HSA| ~ SAyA 3 0 RIFRE B BB BT Rk LA B

Sk R BB PE 0 € % L S

R R R iR £~ 5 R S ASERE 5 H 5 R 0%
33 H/S 2 > ¥ 5 R ph 2 HA ~HA; /5 - %2 4p iy > R IE & #n

P2 T TR L% 5 F B ER -

125



) i"-'“. j
CLE BT bho]

™ -
A '!'!'.'.Tﬂ:h'b‘ Y

B 5.14 B-kZ 57 kB 5 (HA ~HA;) ~ -k f2(SA;~SAj)

A 00 LR G (H/S)BGE » 73 ik SE3K #9722 275 ik LR

126



53375 M3 8 <} A 47

AR R P BRI AR M RN AR R L
L 4p M > Gregory etal. (1996) 4n 81 » % K ¥ FRIGER B - 977

N2 IR EWERIRH R R 2 R R B DRI

AT §2.5 ¢ PR SEFRA Gpd P nd s RS
A 2 R A R EIERREF TR G E R R e
FIUb o B BRI R B B R F AR T~ 2 Mat o B 515 2 B
516 5 Rk 4 @R R HAGZ SA PR 3R 8B 7

T HRT T 2 & 5 74

o

\\\

ORI W SRR N R > 3 R S0 gk 154 3 (0 HRT) »
BRI IR T % B39 B lum o 5 HRT B850 4 5 > R 3

2 UMRIV S N iR S o B S.1S om0 § KR (HAy) 85k

200~300 um = % > B A AR TS A WA, & ISHRT 15 > PR

5.10 #7757 HA, / -k 2 SBFT % 22.5 HRT -

127



6 | | |
— e O(HRT
5L
4tk
S 3l |
()
£
E
o 2| |
>
| |
l.l"rrr ._..l. p
[7 Ny l_l- "
ol . |
1 I | | I
0.01 0.1 1 10 100 1000 10000

B 5.15 Rk & R pe(HAS)E 5 ~ 35 L S53% # &7 F HRT p¥

SR 2 R B ST A

£
“J
gh’{

ZokEE (SAy) R-RiBILPF > BRARIE AT R W
FE A 5 lum T 0 25 HRT 3 4c > 93380 &b ~ > HE
B g s wAcR 5160 R (HA, ) 3~ 2k o g3 R85
45 SO HRT & 1745 » "33 fo & % &5 4 1000 um = & » & o7 4E 253
& enA & S50 HRT 1412 > &7 B 5.10 #7157 SA, R-k2 SBFT % 99
HRT - ¥ j£ 1 5.16 ¥ % | SA; & 50 HRT p¥ > ¥ 33 /% & 3. 200 pm %
1000 pm & B4 & > BEor K s a3t Rk Y B B B B

Wi r bk o WRFALP 3 AL G

128



10 T T T T
—&—— O (HRT)

o - : % |

— A — 50

Volume (%)
N

0.01 0.1 1 10 100 1000 10000

Size (um)

B 5.16 -k 7 -K3F Ba(SAR)E i » 37 - %K & 27 F HRT p*

SRR E1 T

Dulin & Knocke (1989)F7 3 45 11 1 4F2 & § * = B3 jo~ | &
ML FBRE o E- KM FE R FERG AR B R
BT o e FEH R FME R K€ F M o 1L ’fqz K YRR

ProoRR Y G RS S 2 R TSt

N}
e
\Q

BT A R 2 GV WRCK AR R € A AR5 R
LHREEMER - T a0 A AT4 5 (FER) bR

G TRETV RGERAPI R E > RFRL A XL F T 0 ATILF R

129



Gt < 3 (401000 um) G5 & pF2. SBFT vt o &4 3 5 #4 (4o7k1f
) 2 SBFT & /&« & MOk R PF o LR R & 9 - 1 o ic S 4R

CER DEENSERS EE S SNANER EUEES EL5T Iy

=t

3
Jouivd sﬂ%—
ﬂ
g\;»
—
"ﬂ
3%?‘
o~
[x}
>/
=
‘7“
’ﬁ
6‘ v
Ii%
=\
=
BN
I
S
=
)@.\
>
(w
34
A
iy
W

130



534 SR RFERT =

4§51 imFA S A 1 kA AEAEEY § i Bk h

g
o]
A
=
I
=
S
-
i
=,
N

TRALE R IR RN TR RER o
BARZ AL T AT R VSRR RI FoRS 0 S RELT Y
FONF R FFEF R SAT AR RS R ARG B

AR EFRTT 2 FLRETE o R ARS 1000 o

Bl S17 87 Rk ASeZPapiEEFRAD B3 ) R
f2o B R BN 523 mViendi ok (RW)4e B fid 4758 51 15 1858 972
N2 FR MR Zp 2 mve B Rk ¢ 2 RAEAOTRESED
43 JERORS o SEF Bk e Ok R B e (HA ~HAS) -
5 BAERE § AR AR R FE > BRPE L AR E TR
oo & Zp 2 my 'E X —14mv > 851 & A R Sk (T pE 2 R R AR
LEE L 3mgL M A E T A HAZ BG4 FE 5 & Zp S-14my
F_£38 o #5505 R RK (SAI~SA) IR A7) & 2 75k S 3
H7Zp BEF KPRERZ AR F AT A foo 20 851 @ &0 #
Rk SAI~SA; 7 3 HEEARR R E 4 FE L 2mg/l o L g
RS Z B iE 3mg/L s ¥ SA~SAs @ T THEER o &E Rk K

WRERR B A KIPRA T €L BE 4R ® > Zp @05 14 o

131



| —
gl
H
[
o
(w
>
(p4
=
¥
=F
&
44)
=
38
&
A
t
3
&t
flm
NI
—
A

AT oz MR R S B R > R ERY R
BKBS1TE A 52V AR Zp Eee® o AR P BRI AR

MAFR T T TR FELYN DR ET 2F RE I Omy o I

Bodipoadk MRy b dpd BAS R SEFE HYE RS T RS

s 95 o

10 T T T T T T T T T

Zeta potential (mV)

-25 I I I I
Kaolin RW HA1 HA2 HA3 SA1 SA2 SA3 H/S

Bl 517 % 423k Rk i3 kR AR FHERHA ~HA;) ~ KR
(SAI~SAZ A ¥ 12 11138 & (H/S)i&in » i3 ik 3K & #72
2 EEhET LB

132



M
el
ik
-\

gl
%

R
g‘\‘

6.1 2%

Rl

PR B8 Hh VILERNT L %%

I @ H TN T A E R BFE5 8 74 uREFIRAE
3ooed thE30%2 95% ) o

2. G oA kR F o THPR SR R TR R RRL TR R

BREZZARBRFTER?EEE P RFITRESH 2% o

B aK T e R TR U2 3 R RATPE R e

5 E ik (F doE e H ek

o

3. 2 ¥ AT RE L EBOLRB0 245> 7 ed b i § 0 H ek
*oRoRRR AR & R

4 3P A AL R i p g B g i
%é%ﬁﬁﬁ“

5. Fd Wy ZARMEREEF RSOVl gkt L2
g

6. R-KSiEA Fiphk i AR 7 4B SUVA & '8 = &7 %28 2
2 B MEGF T RBRFFEF L @ H e o

7. RokE A FoR kAR 0 o pH 6.5-7.5 T ik IR AR 0 ¥R B

133



8.

12.

B
<l
(w

[\
S
N
=1

4 B pH5.5-6.5 T TR K HT B 7R

o

RS
BRI A A G PR 2 60~80 %2 ik 5 0 A
2R E R e BB oA F D ) Tk
PR T 2 50~28 %4 %% o B A sk ok R up KPR B 4 o
Mo o de R SR R 6 PR R A 2 3 g T d Ry
#1 o

Rz 3 L RAAIF S-S A Vs T 25

o fRA ATA 2 FUREE TGS @ BT 2 KRR R

m ROk GGl A BRI A Rl R AR E o

Rt X R ER T T Y

. ‘},"jtﬁ‘}ﬁ'-.}'wé?']&'i? Zfﬁ/’f_ SR A X2 PR e ¥ ";/‘\/E/%‘ w3 f/%)i

;‘%9"5 )/{“E\-f‘r/‘ﬁ /}:"- {“)- /_E‘/P j»% f% ’ ‘&jﬁlj—%.ﬁ;/?‘lykﬂ 4’5 %}3#7\7%

134



6.2 £ 3k

LR TR FS k2 PR A AILE 58 M FRAE P BRI
REWRT ST PR EFPITLP LT RSk c - B

R R HFAELEA K (conceptual design ) BJIZ w22 4 o

23R WP IIER B2 B A TSR 2 I8 AR 5K
B R EF HF TP G RL Matmd > MR- HFEY o ik

AR E N R R AL 3

o

¥ o

135



34 %

Adachi Y., and Tanka Y. (1997) “Settling Velocity of of an Aluminum-
Kaolinite Floc”, Wat. Res., 31: 3:449-454.

Ahmad, R., and Amirtharaja, A. (1998) “Detachment of Particles during
Biofilter Backwashing”, Jour. AWWA., 90:12:74.

Allgeier, S. A., R. S. Summers, and J. G. Jacangelo. (1996) “Determination
of the BDOC of Natural and Treated Waters Using a Scaled Batch Reactor”,
in Proceeding of AWWA. Water Quality Technology Conference, Boston,
MA.

Amirtharajah, A., and C. R. O’Melia. (1990) “Coagulation Processes:
Destabilization, Mixing, and Flocculation”, in Water Quality and Treatment,
4™ ed. New York: McGraw-Hill, pp. 269-365.

Amirtharajah, A., and <K. M. Mills. (1982) “Rapid-mix Design for
Mechanisms of Alum Coagulation”; Jour. AWWA., 74:4:210-216.

Amirtharajah, A., K. E. Dennett, and Studstill, A. (1993) “Ferric Chloride
Coagulation for Removal of Dissolved Organic Matter and Trihalomethane
Precursors”, Water Sci. Technol:; 27:11:113-121.

Amy, G. L., R. A. Sierka, J. Bedessem, D. Price, and L. Tan. (1992)
“Molecular Size Distributions of Dissolved Organic Matter”, Jour. AWWA.,
84:1:67-75.

Amy, G. L., M. R. Collins, C. J. Kuo, and P. H. King. (1987) “Comparing
Gel Permeation Chromatography and Ultrafiltration for the Molecular
Weight Characterization of Aquatic Organic Matter”, Jour. AWWA.,,
79:1:43.

Andrews, S. A., and P. M. Huck. (1993) “Identification of Disinfection

By-Product Precursors Using Fractionate Natural Organic Matter”, in
Proceedings of AWWA. Water Quality Technology Conference, Miami,
Florida.

AWWA Coagulation Committee Report. (1979) “Organics Removal by
Coagulation: A Review and Research Needs”, Jour. AWWA, 71:8: 588-603.

136



Batchelor, B., and P. Yang. (1982) “Removing Trihalomethane Formation
Potential by Coagulation with Activated Silica and Cation Polymer”, Jour.
AWWA., 74:9:494

Becker, W. C., and C. R. O’Melia. (1996) “Optimizing Ozonation for
Turbidity and Organics (TOC) Removal by Coagulation and Filtration”,
AWWA. Research Foundation Report. Denver, Colo.: American Water
Works Association.

Black, A. P, F. E. Singley, G. P. Whittle, and J. S. Mauding. (1963)
“Stoichiometry of the Coagulation of Color-Causing Organic Compounds
with ferric Sulfate”, Jour. AWWA. 55:10:1347-1366.

Blck, A. P. (1963) “Better Coagulation Processes for Better Waters”, Wat.
Works Eng., 116, pp. 375.

Bolto, B., B. G. Abbt, D. Dixon, R. Eldridge, F. Frimmel, S. Hesse, S. King,
and M. Toifl. (1999) “Experimental Evaluation of Cationic Polyelectrolytes
for Removing Natural Organic Matter from Water”, Wat. Sci. Tech.,
40:9:71-19.

Bourbigot, M. M., and B. Lacamp-(1989) “Advanced Nitrogen Removal
Processes for Drinking and Waste Water Treatment”, in Proceeding of the
IAWPRC Conference , Guildford, UK , 2:17.

Bouwer, E. J., and P. B. Crowe. (1988) *“ Biological Processes in Drinking
Water Treatment™, Jour. AWWA., 80:9:82.

Breitenbucher, K. (1990) “Open-Pore in Sintered Glass as a High
Efficiency Support Medium in Bioreactors: New Results and Long Term
Experiences Achieved in High-Rate Anaerobic Digestion”, Water Sci.
Technol., 22:1-2:25.

Bryers, J. D. (1992) “Application of Captured Cell Systems in Biological
Treatment. in Bioenvironmental Systems”(Edited by Donald L. Wise), New
York: CRC Press, Inc.

Carlson, K., and G. L. Amy. (1997) “The Formation of Filter-Removable
Biodegradable Organic Matter During Ozonation”, Ozone Sci. Eng., 19:179

Carlson, K. H., and G. L. Amy. (1998) “ BOM Removal During

137



Biofiltration” , Jour. AWWA., 90:12:42

Chandrakanth, M. S., and G. L. Amy. (1996) “Effects of Ozone the
Colloidial Stabbility and Aggregation of Particles Coated with Natural
Organic Matter”, Environ. Sci. Technol., 30:2:431

Chang, S.D., and P. Singer. (1991) “The Impact of Ozonation on Particle
Stability and the Removal of TOC and THM Precursors”, Jour. AWWA.,
83:3:71

Chien, T. Y., J. W. Chen, and W. E. Pitts. (1997)“Pilot Plant Demonstrates
Biological Filtration for Ammonia Removal in Water Treatment” in Proc.
AWWA Water Quality Technology Conf., (CD-Rom).

Childress, A. E., E. M. Vrijenhoek, M. Elimelech, T. S. Tanaka and M. D.
Beuhler. (1999) “Pacticulate and THM Precursor Removal with Ferric
Chloride”, Jour. Environ. Eng. ASCE, 125:11:1054-1061.

Chowdhury, Z. K. and G-L. Amy .(1991) “Coagulation of Submicron
Colloids in Water Treattnent byIncorporation into Aluminum Hydroxide
Floc”, Environ. Sci. Technol. 25:11:1766-1773.

Collins, M. R., G. L. Amy and C. Steelink. (1986) “Molecular Weight
Distribution, Carboxylic Acidity:and Humic Substance Content of Aquatic

Organic Matter: Implization for Removal During Water Treatment” ,
Environ. Sci. Technol., 20:10:1028

Crozes, G., P. White and M. Marshall. (1995) “Enhanced Coagulation: Its
Effect on NOM Removal and Chemical Costs™, Jour. AWWA, 87:1:78-89

Davis, J.A.(1982) “Adsorption of Dissolved Organic matter at the
Oxide/Water Interface”, Geochim. Cosmochim Acta, 46:2381

Degremont. (1973) “Water Treatment Handbook”, 3™ edition ,pp. 131-137.
Degremont. (1991) “Water Treatment Handbook”, 6™ edition, pp. 351-356.

Dempsey B. A. (1989) “Reaction Between Fulivic Acid and Aluminum” in
Aquatic Humic Substances Influence in Fate and Treatment of Pollutants,
Suffet [.LH. and MachCarthy P.(eds.), American Chem. Soc.,Washington,
D.C., pp.409-424.

138



Dempsey, B. A., R. M. Ganho and C. R. O’Melia. (1984) “The Coagulation
of Humic Substances by Means of Aluminum Salts”, Jour. AWWA,
76:4:141-150.

Dempsey, B. A., H. Sheu, T. M. Ahmed and J. Mentink. (1985)
“Polyaluminum Chloride and Alum Coagulation of Clay-Fulvic Acid
Suspensions”, Jour. AWWA, 77:3:74-80

Dennett, K. E., A. Amirtharajah, T. F. Moran, and J. P. Gould. (1996)
“Coagulation: its effect on organic matter”, Jour AWWA, 88:4:129-142.

Dulin B. E., and W. R. Knocke. (1989 ) “The Impact of Incorporated
Organic Matter on the Dewatering Characteristics of Aluminum Hydroxide
Sludges ”, Jour. AWWA., 81:5:74-79.

Edwards, G. A., and A. Amirtharajah. (1985) “Removing Color Caused by
Humic Acids”, Jour. AWWA, 77:3:50-57.

Edwards, M., and M. M. Benjamin. (1991) “ A Mechanistic Study of
Ozone-Induced Particle:Destabilization; Jour. AWWA., 83:1:96

Edwards, M., M. M. Bénjamin and J. E. Tobiason. (1994) *“ Effects of
Ozonation on Coagulation of NOM Using Polymer Alone and
Polymer/Metal Salt Mixtures”,; Jour.” AWWA., 86:1:105

Edzwald J. K. (1979) “Coagulation of Humic Substances”, AIChE Sym.
Series 19 water-1978, 75, pp. 54-62.

Edzwald, J. K., and J. E. Trbiason. (1990) “Enhaced Cocgulation: US
Requirment and A Broade view” Water Sci. Technol., 40:9:63.

Edzwald, J. K., and J. E. van Benschoten. (1990) “Aluminum Coagulation
of Natural Organic Matter. in Chemical Water and Waste Water Treatment”
Edited by H.H. Hahan and R. Klute, Bevlin Spring-Verlag.

Edzwald, J. K., J. Y. Bottero, K. J. Ives and R. Klute. (1998) *“ Particle
Alteration and Particle Production Processes” in Treatment Process
Selection for Particle Removal, AWWA. Research Foundation Report.
Denver, Colo.: American Water Works Association.

Edzwald, J.K. (1993) “ Coagulation in Drinking Water Treatment: Particles,

139



Organics and Coagulants”, Water Sci. Tech., 27:11:21-35

Eikebrokk, B. (1996) “ Removal of Humic Substances by Coagulation. in
Chemical Water and Wastewater Treatment” ,Edited by H.H. Hahn and H.
fdegaard, Proceding of the Gothenburg Symposium Edinburgh Scotland

Eriksson, L., and B. Alm. (1991) “Study of Flocculation Mechanisms by
Observing Effects of a Complexing Agent on Activated Sludge Properties”,
Wat. Sci. Tech., 24:7:21.

Fan L. H, J. L. Harris, F. A. Roddick, N. A. Booker. (2001) “Influence of
the characteristics of natural organic matter on the fouling of microfiltration
membranes”, Water Research, 35:18: 4455-4463.

Fox, P., M. T. Suidan and T. A. Bandy. (1990) “ Comparison of Media
Types in Acetate Fed Expanded-Bed Anaerobic Reactors”, Water Res.
24:3:827

Frias, J., F. Ribas and F. Lsucena. (1992).“ A Method for the Measurement
of Biodegradable Orgadic Carbon in Water” , Wat. Res., 26:2:255-258

Fujii, S., C. Niwa, M. Mouni and R, Jindal. (1997) * Pilot-Plant
Experimenters for Improvement of Polluted Canl/Klong Water by
Rock-Bed Filtration”, Water'Sci. Tech., 35:8:83.

Gould, B. W. (1972) “Flow Fluctuations In Solids Contact Clarifiers”, in
Proceeding of 5" Fed. Conf., Austral Water & Wastewater Assoc.
Adelaide, pp. 110-130.

Gould, B. W. (1974) “Hindered Setting and Sludge Blanket Clarifiers”, Eff.
& Wat. Treat. J., 14:3:131-139.

Gregory D. R., and C. M. Patricia. (1986) “Influence of Floc Size
Distribution on Clarification”, Jour AWWA., 80:1:75-80.

Gregory J. (1997) “The density of particle aggregates ”, Wat. Sci. Tech.,
36:4:1-13.

Gregory, J. (1993) “ The Role of Colloid Interactions in Solid-Liquid
Separation”, Wat. Sci. Tech., 27:10:1-17.

140



Gregory, J., and S. Y. Lee. (1990) “ The Effect of Charge Density and
Molecular Mass of Cation Polymers on Flocculation Kinetics in Aqueous
Solution”, Jour. Water SRT-Aqua., 39:4:265

Gregory, R., and M. P. Hyde. (1975) “The Effects of Baffles in Floc
Blanket Clarifiers”, WRC. Technical Report TR 7.

Gregory, R. (1979) “Floc Blanket Clarification”, TR111, Water Research
Centre (WRc), Medmenham, UK, pp. 1-7 London.

Hale, P. E. (1971) “Floc Blanket Clarification of Water”, Doctoral
dissertation, London University, United Kingdom.

Hall, E. S., and R. F. Smith.(1965) ““ Coagulation of Organic Color with
Hydrolyzing Coagulant , Jour. AWWA, 57:8:1149-1166.

Han M., and D. F. Lawer.(1992) “The Insignificance of G in Flocculation”,
J. AWWA., 85:1:79-91

Harendranath, C. S., K.-Anuja; A.-Singh, A. Gunaseelan, K. Satish and K.
Lala. (1996) “ Immobihization in Fixed Film Reactors: an Ultrastructural
Approach”, Water Sci. Tech,, 33:8:7.

Hartung, H. O. (1951) “Committee Report: Capacity and Loadings of
Suspended Solids Contact Units” Jour. AWWA, 43:4:263.

Huang, C. P., and Y. L. Yang. (1995) “ Adsorption Characteristics of Cu(II)
on Humus-Kaolin Complexes™, Water Res., 29:11:2455

Huang, C. P., and H. L. Shiu. (1996) * Interactions Between Alum and
Organics in Coagulation ”, Jour. Colloids and Surfaces (A), 113:155-163

Huck, P.M. (1990) “ Measurement of Biodegradable Organic Matter and
Bacterial Growth Potential in Drinking Water”, Jour. AWWA., 82:7:78

Hundt, T. R., and C. R. O’ Melia. (1988) “Aluminum-Fulvic Acid
Interactions : Mechanisms and Application”, Jour. AWWA, 80:1:176-186.

Huysman, P., P. V. Meenen, P. V. Assche and W. Verstraete. (1983)
“ Factors Affecting the Colonization of Non Porous and Porous Packing
Materials in Model Upflow Methane Reactors” ,Biotechnol. Lett. 5:9:643.

141



Jacangelo J. G, J.M. Laine, E.W. Cummings and S.S. Adham .(1995) “ UF
with pretreatment for removing DBP precursors” Jour. AWWA.,
87:3:100-115.

Jacangelo, J. G, M. DeMarco, J. Owen and S. J. Randtke .(1995) *“ Selected
Processes for Removing NOM: An Overview ”, Jour AWWA, 87:1:64-77.

James A. E., and J. A. Williams. (1982) “ Flocculation and Rheology of
Kaolinite/quartz Suspensions Rheologica Acta” , 21, pp. 176-183.

James M. Montgomery, Consulting Engineers, Inc.(1985) “ Water
Treatment Principles and Design”, New York: John Wiley & Sons.

Jekel, M.R. (1986) “ The Stabilization of Dispersed Mineral Particles by
Adsorption of Humic Substances  ,Water Res. 20:12:1543

Jiang Q., and B. E. Logan .(1996) Fractal dimensions of aggregates from
shear devices ”,Jour. AWWA,,.88:1:100-113.

Julien, F. ; M. Mazet and B! Sérpaud..(1994) “Comparison of Organic
Compounds Removal by Coagulation-Flocculation and by Adsorption onto
Preformed Hydroxide Flocs. > 'Water Res.; 28:12:2567-2574

Kan, C. C. (2002) “ Determination 0f Rapid-Mix Parameters in
Coagulation Destabilization Mechanisms and Aggregation Kinetics
Approach 7, Doctoral dissertation, Narional Chiao Tung University, ROC.

Kawai, A., M. Eguchi, S. Kimura, T. Yasuna, T. Tsuji and T. Sudou. (1995)
“ A Pilot Plant Study on Biological Treatment Systems for Drinking Water
Treatmen ” in IWSA Specilized Conference on Advanced Treatment and
Integrated System Management Into the 21st Century, Osaka, Japan

Kawamura, S. (1991) “Integrated Design of Water Treatment Facilities”,
New York:John Wiley and Sons, Inc., pp. 128-178.

Kim, W. H., W. Nishijima, E. Shoto and M Okada. (1997) “ Evaluation of
Biofiltration Process as Pretreatment of Rapid Filtration for Drinking
Water”, Jour. Water and Wast., 39:5:392 (in Japanese).

Kim, W. H., W. Nishijima, E. Shoto and M. Okada. (1997) “ Competitive
Removal of Dissolved Organic Carbon by Adsorption and Biodegradation

142



on Biological Activated Carbon” ,Water Sci. Tech., 35:7:147.

Kim, W. H., W. Nishijima, E. Shoto and M. Okada. (1997) “ Pilot Plant
Study on Ozonation and Biological Activated Carbon Process for Drinking
Water Treatment” in Water Sci. Tech., 35:8:21.

Koki, M. (1993) “ The Existing State of the Advanced Water Purification
Technology at CHATAN Water Purification Plant”, Jour. Japan Society on
Water Environ, 16:12:854 (in Japanese).

Kranenburg C. (1999) “ Effects of Floc Strength on Viscosity and
Deposition of Cohesive Sediment Suspensions” in Continental Shelf
Research, 19, pp.1665-1680.

Krasner, S. W., and G. Amy. (1995) “Jar-test Evaluation of Enhanced
Coagulation”, Jour. AWWA, 87:10: 93-107.

Lacey, R. F., and A. G. Shaper.,(1984) “Changes in Water Hardness and
Cardiovascular Death Rates”, Inter. J. of Epidemiology, 13:1:18-24.

Lazarova, V., and J. Manem. (1995), “Biofilm Characterization and
Activity Analysis in Water and Wasterwater Treatment”, Wat. Res.,
29:10:2227-2245.

Lee, C. H., and J. C. Liu. (2001) “Sludge dewaterability and floc structure
in dual polymer conditioning”, Advances in Environmental Research,
5:2:129-136.

Lee, D. J. (1994) “ Floc Structure and Bond Water Conternt in Excess
Activated Sludge” , J. Ch. I. Ch. E., 25:1:201-207.

Lee, D.J., and Y. H. Hsu. (1992) *“ Fluid Flow in Capillary Suction
Apparatus” , Ind. Eng. Chem. Res., 31:10:2379-2385.

Lee, D. J., and Y. H. Hsu. (1995) “ Measurement of Bound Water in Sludge:
A Comparative Study”, Wat. Envir. Res., 67:2:310-316.

Lee D.J., G W. Chen, Y. C. Liao, and C. C. Hsieh. (1996) “On the
Free-settling Test for Estimating Acitvated Sludge Floc Density”, Wat. Res.,
30:3:541-550.

143



Leeheer J. A. (1984) “Concentration, Partitioning and Isolation
Techniques,” Water Analysis Volume III. Organic Species, Minear R.A. and
Keith L.J.(eds), Academic Press Inc., pp. 84-166.

Leentvaar J., and M. Rebhun. (1983) “Strength of ferric hydroxide flocs”,
Wat. Res., 17:8: 895-902.

Lefebvre, E., and B. Legube .(1990) “ Iron (III) coagulation of humic
substances extracted from surface waters: effect of pH and humic
substances concentration” ,Wat Res. 24:5:591-606

Letterman R. D. (1999) “ Water Quality and Treatment: a Handbook of
Community Water Supply ”, AWWA., 5" edition, pp. 6.1-7.87.

Levine, A. D., L. M. Mercurio, and J. R. Carman. (1996) “Coagulation of
Natural Organic Matter from Surface Water Using Cation Polymer” In
Chemical Water and Wastewater Treatment IV. Edited by Hoffmann et

al ,Springer, 189-199

Li D. H., and J.J. Ganczarczyk.{1999) “Stroboscopic determination of
settling velocity, size and prorosity of activated sludge flocs”, Wat. Res.,
21:2:257-262.

Lim, K. H., and H. S. Shin." (1997) *“‘Operating Characteristics of Aerated
Submerged Biofilm Reactors for Drinking Water Treatment”, Water Sci.
Tech., 36:12:101.

Logan B. E., and J. R. Klips. (1995) “Fractal dimensions of aggregates
formed in different fluid mechanical environments”, Wat. Res.,
29:4:443-453.

Lu, P., and P. M. Huck. (1993) * Evaluation of Methods for Measuring
Biomass and Biofilm Thickness in Biological Drinking Water Treatment ”
in Proceeding of AWWA. Water Quality Technology Conference. Miami ,
Fla.

Lu, X., Z. Chen, and X. Yang. (1999) “ Spectroscopic Study of Aluminum
Speciation in Removing Humic Substances by Al Coagulation” ,Water Res.,
33:15:3271-3280

Lurie, M., and M. Rebhun. (1997) “ Effect of Properties of Polyelectrolytes

144



on Their Interaction with Particulates and Soluble Organics ”, Water Sci
Tech., 36:4:93

MacCarthy P., I. H. Suffet. (eds) (1989) “Aquatic Humic Substances:
Influence on Fate and Treatment of Pollutants” in Advances in Chemistry
Series 219; American Chemical Society: Washington, DC.

Marquet, R., P. M. Mietton, and A. D. Wheatley. (1999) “ Characterisation
of Tricking Filter Effluent by Particle Size Distribution and High
Performance Size Exclusion Chromatography ”, Wat. Res., 33:6:1415.

Martell, A. E., and R. J. Motekaitis. (1989) “Coordination Chemistry and
Speciation of Al (IIT) in Aqueous Solution”, in Environmental Chemistry
and Toxicology of Aluminum

Matsumoto, T., H. Nagano, and M. Kobayashi. (1992) “ Pre-Purification by
an Biological Rotating Contractor in Water Treatment ”, Envi. Conser. Eng.,
21:2:40 (in Japanese)

McEwen, J. B. (1998) ““Treatment Process Selection for Particle
Removal 7, in Treatment Process Selection for Particle Removal, AWWA.
Research Foundation Report:. Denver; Colo.: American Water Works
Association. pp. 100-106:

Miller D. G,, and J. T. West. (1969) “Pilot plant studies of floc blanket
clarification”, Jour. AWWA., 60:20:154-164.

Miller D. G, J. T. West, and M. Robinson. (1965) “Water treatment
processes-1. ” ,Technical Paper TP 43, Water Research Association, United
kingdom.

Miller, D. G, J. T. West, and M. Robinson. (1966) “Floc Blanket
Clarification-17, Water & Water Eng., pp. 240-245.

Miller, D. G, and J. T. West. (1966) “Floc Blanket Clarification-2”, Water
& Water Eng., pp. 291-294.

Miller, D. G, and J. T. West. (1966) “Floc Blanket Clarification-3”, Water
& Water Eng., pp. 342-346.

Moll, D. M., J. Z. Wang, and R. S. Summers. (1995) “ NOM Removal by

145



Distinct Microbial Populations in Biofiltration Processes “ in Proceeding of
AWWA. Annual Conf., Anaheim, C.A.

Narkis, N., and M. Rebhum. (1983) * Inhibition of Flocculation Processes
In Systems Containing Organic Matter ”, Jour. WPCF., 55:7:947.

Narkis, N., and M. Rebhum. (1997) “ Flocculation in Presence of Organic
Macromolecules of Natural Water and Secondary Effluents”, Water Sci.
Tech., 36:4:85

Narkis, N. and M. Rebhun. (1997) “Stoichiometric Relationships Between
Humic and Fulvic Acids and Flocculants™, Jour. AWWA, 69:3:325-328.

Nohara, M., K. Nomura, T. Sekine, and I. Norimatsu. (1995) “ River
Purification Method by Biological Contact Filtration”, Jour. Japan Society
on Water Environ., 24:7:30 (in Japanese)

Nyanchaga, E. N., (1998) “Performance of Floc Blanket Clarifiers”,
Tampere University of Technology, Publications 237.

O’Melia C. R., (1972) “Coagulation and Flocculation” in
Physico-Chemical Processes for Water Quality Control, Weber W. J. Jr., ed.,
New York : John Wiley & Sons, Inc., pp: 62-85.

O’Melia, C. R., W. C. Becker, and K.K. Au. (1989) “ Removal of Humic
Substances by Coagulation”, Wat. Sci. Tech., 40:9: 47-54.

ONDEO Degremont Inc. (2001) “Superpulsator Clarifier”.

Owen, D. M., G. L. Amy, and Z. K. Chowdhury (1993) *“ Characterization
of Natural Organic Matter and Its Relationship to Treatability” AWWA
Research Foundation , American Water Works Association , Denver Colo.

Owen, D. M., G. L. Amy, Z. K. Chowdhury, R. Paode, G. McCoy, and K.
Viscosil (1995) “ NOM Characterization and Treatability ”, Jour. AWWA.,
87:1:46

Parker D. S., W. J. Kaufman, and D. Jenkins .(1972) “Floc Breakup in
Turbulent Flocculation Processes”, J. San. Eng. Div. ASCE., 98, pp. 79-99.

Pavoni, J. L., M. W. Tenney, and W. F. Echelberger. (1972) “Bacterial

146



Extracellular Polymers and Biological Flocculation”, 44:3: 414.

Pontius, F. W. (1990) “ Water Quality and Treatment: a Handbook of
Community Water Supply”, AWWA, 4" edition, pp. 270-425.

Rachwal, A. J., M. J. Bauer, M. J. Chipps, J. S. Colbourne, and D. M.
Foster. (1996) “ Comparisons Between Slow Sand and High Rate
Biofiltration” in Advances in Slow Sand and Alternative Biological
Filtration. Edited by N. Graham, and R. Collins, John Wiley & Sons.

Ram, N. M. (1986) “ Environmental Significance of Trace Organic
Contaminants in Drink Water Supplies. in Organic Carcinogens in Drinking
Water ” Edited by M. R. Neil, et al., John Wiley and Sons, New York.

Randktke, M.R. (1988) “Organic Contaminant Removal by Coagulation
and Related Process Combinations > Jour. AWWA., 80:5:40-50

Randtke, S. J., and C. P. Jepsen: (1981) “Chemical pretreatment for
activated carbon adsorption™, Jour. AWWA, 73:8:411-419.

Rebhum, M., and M. Lurie. (1993) * Control of Organic Matter by
Coagulation and Floc Separation”, Water-Sci. Tech., 27:11:1-20

Reynolds, T. D., and P. A. Richards. (1996) “Unit Operations and Processes
in Environmental Engineering”, PWS Publishing Company, 2" edition, pp.
180-204.

Rittmann, B.E. (1990) ““ Analyzing Biofilm Processes Used in Biological
Filtration 7, Jour. AWWA, 82:12:62.

Sasa, T., T. Tsukiyama, H. Matoba, and S. Sugisawa (1995) *“ Developing
Biological Contact Filtration by Fibrous Microorganisms Support Water
Treatment” in IWSA Specilized Conference on Advanced Treatment and
Integrated System Management Into the 21st Century, Osaka, Japan.

Sawyer, C. N., P. E. McCarty, and C. F. Parkin. (1994) “Chemistry For
Environmental Engineering”, McGRAW-HILL, 4™ edition, pp. 485-492.

Schnoor, J. L., J. L. Nitzschke, R. D. Lucas, and J. N. Veenstra. (1979)
“Trialomethane Yields as a Function of Precursor Molecular
Weight ” ,Enviro. Sci. £Tech., 13:9:1134

147



Semmens, M. J., and T. K. Field. (1980) “Coagulation: Experiences in
Organics Removal”, Jour. AWWA, 72: 8: 476-483.

Sen, R. N. (1972) “Floc Blanket Clarifier”, J. Indian Wat. Works Assoc. 4:3:
147-152.

Servais, P., A. Anzil, and C. Ventresque. (1989) “ Simple Method for
Determination of Biodegradable Dissolved Organic Carbon in Water ”” Appl.
& Enviro. Microb. 55:10:2732-2734

Sinsabaugh , R. L., R. C. Hoehn, W. R. Knocke, and A. E. Linkins .(1986)
“Removal of Dissolved Organic Carbon by Coagulation”, Jour. AWWA.
78:5:74-82.

Snoeyink, V. L., and D. Jenkins (1985) “Coordination Chemistry”, Chap. 5
in Water Chermistry, Ann Arbor Science Press. Ann Arbor MI.

Stevenson, D. G. (1998) “Waten Treatment Unit Processes”, Imperial
College Press, pp. 139-149.

Stewart, M.H., and N.L: Lieu .(1997) “Nitrification in Chloraminated
Drinking Water and Its"Association with Biofilms” in Proceeding of AWWA
Water Quality Technology Conf., CD-ROM.

Stumm W., and C. R., O'Melia .(1968) “Stoichometry of Coagulation”, Jour.
AWWA, 60:5:514.

Stump V. L., and J. T. Novak. (1979) *“ Polyelectrolyte Selection for Direct
Filtration”, Jour. AWWA., 71:3:338~342.

Takasaki, M., H. Kim, A. Sato, M. Okada, and R. Sudo. (1990) “ The
Submerged Biofilm Process as a Pre-treatment for Polluted Raw Water for
Tap Water Supply”, Wat. Sci. Tech., 22:12:137.

Takasaki, M., R. Sudo, O. Nishimura, and H. Y, Kim. (1992)
“ Simultaneous Removal of Nitrogen and THM Precursor by Developed
Submerged Biofilm Process for Drinking Water”, Wat. Sci. Tech., 26:20:21.

Tambo N., and Y. Watanabe. ( 1979 ) “Physical Characteristics of Flocs — 1.
The Floc Density Function and Aluminum Floc,” Wat. Res.,13:3:409-419.

148



Thurman E. M., and R.L. Malcolm. (1983) “Structural study of humic
substances: New approaches and methods. In Aquatic and Terrestrial
Humic Material” Ann Arbor Science, Ann Anbor, MI, pp. 1-23.

Thurman E. M. (1985) “Organic geochemistry of nature water”, Martinus
Nijhoff and Dr. W. Junk Publishers, Dordrecht, Netherlands, pp. 15-17.

Tsang K. R., Vesilind P. A., (1990) “Moisture Distribution in Sludge”, Wat.
Sci. Tech., 22:12:135-142.

USEPA (1999) “Enhanced Coagulation and Enhanced Precipitative
Softening Guidance Manual”, EPA 815-R-99-012.

van Benschoten (a), J.E., and J. K. Edzwald. (1990) “Chemical Aspects of
Coagulation Using Aluminum Salt—1. Coagulation of Fulvic Acid Using
Alum and Polyaluminum Chloride”, Wat. Res., 24:12:1519-1526.

van Benschoten (b), J. E., and J: K., Edzwald. (1990) “Chemical Aspects of
Coagulation Using Aluminum Salt—1I.-Coagulation of Fulvic Acid Using
Alum and Polyaluminuin Chloride™, Wat. Res., 24:12:1527-1535.

van der Kooij, D., and W.A; Hijnen. (1984) “ Substrate Utilization by an
Oxalate-Consuming Spirillum Speciesin Relation to Its Growth in
Ozonated Water  ,Appl. Environ:Microbiol. 47:3:551

van der Kooij, D., A. Visser, and W.A. Hijnen. (1982) “ Determining the
Concentration of Easily Assimilable Organic Carbon in Drinking
Water > ,Jour. AWWA. 74:540

Vijenhoek, E.M., A.E. Childress, M. Elimelech, T.S. Tanka, and M.D.
Beuhler. (1998) “ Removing Particles and THM Presursors by Enhanced
Coagulation ” ,Jour. AWWA, 90:2:139-150

Volk, C., K. Bell, E. Ibrahim, D. Verges, G. L. Amy and M. Lechevallier.
(2000) “ Impact of Enhanced and Optimized Coagulation on Removal of

Organic Matter and Its Biodegradable Fraction in Drinking Water ”, Wat.
Res., 34:12:3247.

Wang, B., J. Tian, J. Yin, and G. Shi. (1989) “ Ammonia, Nitrite and Nitrate
Nitrogen Removal from Polluted Source Water with Ozonation and BAC
Processes”, Ozone Science & Engineering, 11:2:227.

149



Wang, J. Z., and R. S. Summers. (1996) “ Biodegradation Behavior of
Ozonated Natural Organic Matter in Sand Filters ”, Jour. Water Sci., 9:1:3.

Wang, J. Z., R. S. Summers, and R. J. Miltner. (1995) “ Biofiltration
Perfermance: Part 1, Relationship to Biomass ”, Jour. AWWA., 88:12:55

Wen H. J., and D. J. Lee. (1998) “Strength of polymer flocculated clay
flocs. Advances in Environmental Research”, 1I, pp. 390-397.

Wu C. C., J. J. Wu, and R. Y. Huang. (2003) “Floc strength and dewatering
efficiency of alum sludge”, Environmental Research, 7:3:617-621.

Xu, K.Q., H. Tsukura, and R. Sudo. (1997) *“ Purification of Raw Water by
Biofilm Processes for Water Supply ™, Jour. Water and Waste, 39:8:66 (in
Japanese).

Yadav, N. P., and J. T. West. (1975) “ The Effect of Delay Time on Floc
Blanket Efficiency”, WRC. Technical Report TRO.

Yasuhisa A., and T. Yoshikazul (1997) “Settling velocity of an
aluminium-kaolinite floc™, Wat. Res., 31:5:449-454.

Yeh, H. H. and S. K. Chen. (1988)“Packed Bed Filters for
Ammonia-Nitrogen Removal from Raw Waters ”, Water Supply, 6:3:219.

Yeh, H. H. and H. H. Kao. (1993) “ Testing a Coke Biofilter for the
Pretreatment of Polluted Surface Water in Taiwan ”, Jour. AWWA., 85:5:96.

Yeh, H. H., W. J. Huang, C. J. Hung, and S. C. Wang. (1995) “Advanced
Treatment Processes for Disinfection By-Products Control when treating

Polluted Source Water”, 20th International Water Supply Congress, Durban,
South Africa.

Yeh, H.H. and W.J. Huang. (1993) “ The Fate of Dissolved Organics in
Water Purification Processes Treating Polluted Raw Water”, Water Sci.
Tech., 27:11:71

Yordanov, R. V., A. J. Lamb, M. A. Melvin, and J. Littlejohn. (1996)
“ Effect of Ozone Pre-treatment of Coloured Upland Water on Some
Biological Parameters of Sand Filters” ,Ozone and Its Application, 1:35.

150



Zhang, T. C. and P. L. Bishop. (1994) “ Density, Porosity, and Pore
Structure of Biofilms ”, Water Res., 28:11:2267

B AR (1987) “4 $ 42 R F i T A AL p ok Rok2 7 7 g7
AR KRR AP LFERL Y L FE L

b2

FHAEE (1988) “2 4§ A ASLiF 4 KR FFT” SAE P koK
,)}—ﬁxfl\ﬂi»ﬁ]fai_‘glﬁ fﬂ;*

B (1989) “p %k Rk 77 A b i GURERT S K B %ok
USPE I ONE S RS o

R A (1993) “HE KRBk 5 2 2 ",f%b%?ﬁ” S R ¢
Bl LHm~.

B E(1995) “HOR BT & A pRAE S 3 B9 F B FIZ AT VR
i = §£ﬁi;§nv °

w2 & (1997) RGBS RS A 2 XA BT
Rz asc Bhg1fF fEdw- .

220 (1997)“ 5 %% N KRAL B2 4 3 AJim B 5 i 2 55
Fj‘” ’Bj\J\ng,%: 6‘5 ALI;/E!PO

E2B(1998)“A 4 p KokokiR e 3 iRt e 02 A2 g Rk
i_f_g';»‘fﬁ—ikﬁz-‘{_}ipj:,é”;/% E j\}\ \4 ' \‘::ji;_ﬁ,_&]:.];\';j"
CEPTeEL.

3R (1998) % 7 i B8 T PR Rl fok A ) 4 @
AP DERPFAGEBLFET LA A FREFE LG

MEE~I2E T Fhe (1998) “BiFP 2 BT E RS RFHEEFL”
SLIER RkFETELAEHY 0 301-314-

ER: (1999)“4*”/@}% w._/.\z_/)a b 1%3& v oKk 2 57{'” K = = 7
~ERBIFET TR LHT o

#E%E4(w%)%awwaaﬁx SRR (F - #)
cEE R KRG AT L FERE I H S FFTHRL

151



e EEr A (1999) “H R REHER R B ponk ey
$o e BACKASLHFEH §% k.

ZH 4 (2000) “&c * -k & mﬁﬁ—Féﬂwd%C?ﬁ%%%iéﬁﬂ
2L AR F BRI R THRLG .

Fﬁﬁ?_‘ (2000)“ a/) ,éix/a /-5,ﬁLL.]w}%ﬁ‘ Eﬁﬂ” %/%45_;‘;3;@%?
ﬁ?@“wm,m

ELHR Q001 RS il KRICURGERFE ] (52 %)
RS U S REEEE SO b

K (2002) “5 BH YR PFEFLAEIE 2 PE £ F
CSTE SN X SE v BN

R (2003) “w bR AZELBEFLY AL
B1REF TR Lk.

Frcksk s W F (2006) “FRBLALE T

152



153



I

|

kol

;‘i
ok
=
e

i iR
N A

s A:50& 110 17p

B ORAREEAR

CHRAEL AP P RN R R FP 24885 2850
.~ B #:(04)22515701 (H) > M.P. : 0933491627
(04) 04-22244191-352 (¢ O)

-~ F A

LA RE9E et ¢ e BAE
CARTBERF A FREIRYF LI X
CARTSEAS A EBRB 1SR T ALIIE ¥
CAFER U A ERE LRSI A E LR ¥
~F R
CART3ESBA RS RBE IR Z R (7328 F 55495)

CARTOE A R B L HRBIAELZ R (T62F F $29250)

154



LAR82&EZRB L HLFFESL (S 1% F 51091950)

2.3 WB2E T oK RJELHFR FE (82 F'E F ¥ GA00003%5L )

NRTIETR2EESSAERL GFTFERT AR
2ART4E-TS EE A S A ERIFE] AT BAIL

ARTTEIY? —83 & 9" T LAY p K-k P BTl 42EF
43K 83E9 P —91l & 12 T4 Ep KK P I Thd AR

VROl E 1Y —92% P ERFEEp kKPS % F kA
Bro(A 31 sk w)

6.% F92& 11"
AL

TR L TR LR LYY S ]

C‘\

7AR4E 127 5 E AN Kok P Bkkd AR AR B E

(a.

Lo FEF VR
. L2+ 8 TEZEB AP 2 2% (80£10" -81#67 )

2. MM A F T RE RIS e TEFZ LIPS 2 Y (82£10°
83&11)

1. £8% 8 Rk P B 1034753348 TN Es  FY s

155



2. (718#3727p-474p)

2. EHE P KRS PR I DR HIS3W T AT | AT Y ST E(T8
£9120p-27p)

3. AME D KPR VRATEH3668 T TR E | Y LR E(79
£3713p-23p)

4, LB A KRS P R I RAEIT8Y TR AR BEEE | A
VTR E(79£59 22p-67 87 )

5 EARBEALARAT Y T2 Fhepa | FEriiE £(78#5
2P -13p)

6. AL E AR AN T F M H I | TR £ (8047 227
512p)

7. GEASNE AR PNTTIRE R L ¥y SIS £(80E
102 7p-18p)

8. FRIik FF BB FEA R RT THRB R F A R RAIF 2
IR FLE ¥ (82249 19p -82.5% 22p)

9. AL ERSFNEEBFL (2 ERE VA IE P Rk

2P TR v AN T 8% (83&674p-10731p )

10, £% A k2P E1 456860 TAAE =1 g7y 51k
#(864£1% 29p -317)

1 £8%p k2P B 1T 7314 TRTA B RER ATy | 51E
¥(86E127 1P -6p)

156



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

SANEEARET Y TR F Y ST ¥(87ET7 20p -24
P)

FHE D FOR2P R 1R ETOON T F I 3R I (87
£8917p-21p)

B "%k 1%k 3 & I (Taiwan International Institute for Water

Education ) " Advanced Surface Water Treatment ;| % % (February

25-March 1 > 2002)

B% -kt ¢ (Intrenational Water Association) % = /& & ¢ (2002# 4
»7p-11p > Melbourne)

%k 4% 8 & 12 (TaiwansInternational Institute for Water
Education ) " Design . Operation & Maintenance of Urban Water

Distribution Systems | & % (December 2-6 > 2002 )

S ERY% R KRR € I s ®%(IWA-ASPAC) 2003 & 34 ¢ 3
% # < (13-18 » October » 2003)

EAREEARFAL Y o131 T kA garine s ¥

(93£5% 109 287 )

FZERER KR g RBHMTF G g A AR (3d
Leading Edge Conference on Water and Wastewater Technologies

Sapporo, Japan. 6 - 8 June 2005 )

"%kt ¢ (Intrenational Water Association) % 7 & & ¢ (2006%9
*11p-14p > Beijing)

SR Y WA AS Y Byr2 TR ERE g R P

157



A B R 95 E TS F IS IT A BT | B E95E6
" 15p-10% 21p)

22 YA KRR P R AR F123 TR IFLE (5 Bl
Pk S Bl Rk )R ST E(95#10% 30p -127 22p)

23. EAE P KRS P R RATHOI6H T e B H R YR SR
$£(96#27 5p 27 7p)

24, EAEEARFT Y S H131 TP A L A E | B E(96
£479p-11p)

’

ﬂ
i
ks

Ak
I ¥ FARp AL G RTEE ¢ B( ¢ R %%NO7T00505)
2. ¢ EARp KokingRA € R (T6B ks € %3 %43605L)
3. ¢ FARBRBE AT EAA ¢ BI(80%RE AT $03115)

4. 2 ®p k-kt2 ¢ € B (American Water Works Association
Membership No 00554884 )

5. W% ki€ € B (International Water Association > Membership No
00827460 )

N

ARA R kR EFE e BHFLTEARAE 5T 2L BR
ﬂiﬁgiﬁﬂiiii*%mé#'%iﬁéiﬁ%%*
2 MnfEo phesdadep RoRHGNZ B 2 FE > TR LR MR K
TRk, g HWERP P R RKEEZ ERLE PR

158



- Ee R

1. Tinlai Lee, Chihpin Huang, Hueysong You, Jill R. Pan and S.S. Cheng
(2007) "Operation of Fixed-bed Bioreactor for Polluted Surface Water
Treatment " accepted by Separation Science and Technology on July
12,2007 ( Manuscript Number:2991)

2. Chihpin Huang, Tinlai Lee, Jill R Pan and Jaiwai Hon (2007)
"Operational performance of sludge blanket in clarification: effect of
organic matter " Water Supply: .Research and Technology — AQUA,
56 1 3 163-169.

3. Tin-Lai Lee, Nan-Tzer Hu and Chi-Nan Hsich (2003) "The Kaohsiung
DBO Advanced Water Treatment Project" Technical Report of 13th
IWA-ASPAC Regional Conference , Cebu, Philippines, October 13-18,
pp366-369.

4.D.F. Juang, T. L. Lee, T. J. Kao, P. C. Chen (2005)" The Operational

Experience of Cheng Ching Lake and Advanced Water Treatment Plant
During Its Commissioning Period" Proceedings of 3rd Leading Edge
Conference on Water and Wastewater Technologies Sapporo,

Japan.June 6-8.
NP3 L

Lo27 % T paRg itk AJLR Ak 2 f ) (L% 0 &
R75&6" )

159



2. %°

FORTPRRERBRT FRILHMTY ) (Frker H 2 2R SR
B RALZ R 42 > AE84ELY )
3 % <FK4EWK“LT%§§33 _gg,ul,,ﬁ;rj(a\@qgl_&gu)
427 %o F Ak FRA TR RS B LS REF B R
FL7 ) (938 N5 H AT 4R 2325 5
ZCRPFTEFAF R

FlLEEE 0 AF93E2Y)
* = j\ " BK’J\/‘ =

P % op RFRIEA
g AFTIET?

’§7J()§JIJL, g%:lo
2037 % R FEREA RN R EE T Aok TIN8E Y
1 # > XxK®79&F 10"
3. 37 R " BRI E R R 4 F "
38 > A FT9E 127
4. 27 %

%;J{H T % 8%
"R EMRE R F
o A K8OEG6?

-~

Biesk "o £k T %8E %9
5047 % " RBAEHZERZEE (20 T) " ok 503
¥48p 0 AF8LIELY 2 %9% %58 - 81#£27 .
6. 27 Kk " EMBRZ A pEgr LA ARiEr s £k T H9X R
68 - A W81E3? .
7% 3 Fom 4‘2%/#’%7 0% g B n,i,];g;njif;l()géb7ﬁp ’
£470
CET R g RoREET

X K82

BOLH AT "o AR AR 0 A KEE

160



PR 12% R58  ARB4ETE .

9. 27 k " FEEFP RRORFERI A (T ER kB LS
Bu) 73RS 5L " A KET TS 138 53 0 AFS8S
£3

10 27 kK " d P B 1 X FTEFAH ALY ER BEFLLEAR
"o AR T K 14% $38 0 A RB6E3Y .

I 27 % " Ekek 4% 22" KB T[% 158 51 > 2 H86
E110

12. 37 % " FRACRHEET R " foRE TIF15% 52
N S YE SR

13. ﬁ " /ﬁ/}i “’Brs ‘»k,a:’J\ TE’-*E— J}A,L‘l ﬁi“"—i f_‘ J\%”
T F15% 534 > ARITE3E,

14, 27 K " B @7 (7T p KR g7 %548 > p63-71 0 &
R84 %5

15 37 % " Ferk AP R RALZ 4R "o B koK € T 5568
pll1-16 > XA K84E 11" .

16. F 7 % " EEHMRY 283 "0 op Kok €715 578 p40-52 0 %
F85E2Y

17. 27 % " o) A S RSR R "0 p kR € T %588 plls-121 >
L R85ESY .

18. 27 3k " 2 kPR RAITGEEEY "o 1998F A bR A Kok
2 TR ARE FIRETE € 0 p72-85 0 A RBTE3Y .

161



19.

20

21.

22.

23

24.

25.

26.

217.

28.

%—:ji

o H e
R AEEL A AL R

+ R Fler FicE kAR F " kS
¥ I O g o

¢ LE88ELLY

LA ko HAR
R PR BRAT T B Rk §ARTN
pl03-118 » X F88E 117 .

%

F A s 2i0E HA G " Rk

20 ko wEE S F AR " FESAZRBEA " B LY

BpkokEiaA g AEIIELY .

20 % w ek BT " B BRILX K B A2 DBOS GlHEH
"B B AKETEAE  AEIIELLY .
CEIRE S s M Imeda b0 20 k" L HIE Rk

Tz & "> p KRR g %83 > p65-76 0 X K91 £,

%

30 F o d b T B s AR K BRRMRAIE A"

A%k g T 5828 » pd6-55 0 A FIIESE .

%—19‘&

 F R BELY " B EF RREE R RIZIEHE A "

LF P ERY B E IR g 0 p58-T5 0 A R92EST

R T
7‘:-—3 ;»{ 1A} By

BHEE CPUEP ~ RIE -~ E 7k " BCOREE k2 R HRET F2

"o g KoK €T H8TH > p64-77 > N F92ER .

e R 1 RIS

7] % 884 » p23-38 > X KI2E 117 .

2 %o,
?ZH”;;/;:

» FEA AT 0 HRE o BHEC T "ELOR LR B (b 2R AT
BdkokET L E > VE2ELY .

162



29. iﬁ-’%w’rrs

8

% T tuﬁ" " %H'ﬁ"’ I‘E_/'ﬁ /ﬁ‘ i‘* I)g_/%‘ K/ﬁ“\ﬁgji—iﬁg
Bp kokAmgd 4 g AHE2ELY,

30 37 R " HEFPERSHRF R LRRILRE LRGSO BB
142 €T F 15 $24 0 p20-26 0 A RIZES Y .

3. 27 kB BILP o WG o BT " EGTP R BE R
2 APEREH " v - Ep R kETEEAE > ARI3EILL

A

32. 27 ko 2P G IR K EK T RRAT
pokok €T %928 - p87-100 » % E93E 117 .

33027 %0 ZEP o SR adRleds " R RS SRR T H R
2 ",ﬁ‘?i%ﬂ?éq‘ "o R SR A MGRIE AL R T DI HE A Sﬁgpﬁ
€ 0 ABI93E 120,

34, BBEE 20k EERE " REKEABTIES " p Rk E T
948 » p89-97 » X FO4ES5 T .

35, 27 k> FFHE " ERRFRERZARR " 5 - L C K Rk
THEE > AFIM4ELLY .

36. 27 ko E AR BRISE R Rk L R
g iwkgm | %928 > p87-100 » = F93# 117 .

37. _3?“_ AW S TR Flas TRk R b2 B 23

4T‘ " p koK gJ'J v 24:3:69-78 > A ®94#E8Y .

38. % L~ F TR "R IVEORHE 1 B 167:164-171 0 R
F96#E27 o

163



10.

11.

12.

13.

14.

15.

16.

17.

$s fBRpE/ 1 F2 £ R 1233
TEFPERE20F CMD HE e 1420 AR T9 E.
TRFPE LI R kf i, 0 ARS8l E.

TRFEOKERFRA AR 0 AR 8] E.
"BACRERFREIAR 0 AR Sl E.
"WERKERFAAIM > VES2 E,

/i‘”/*]\i%‘}%'J\“l«f” LY ’%7ﬁ§_J’E"\@QT}82-&.

T zel B E* ks 34 % LB BRI AR &,

TRFP R R RO T RIS RE 0 AR 84 £

Mg (U - ekl e 142 0 AR 79 £,
FEE OB k3 - P RRF e 142 > AR 82 £,
TR R R SR 14 0 AR 83 £,
T R L 142 0 AR 82 E.
DT 4E RSB OR BRI F ALe 147 0 A 84 £,

S EAERH B RIZK H e 148 AR 85 £,
R A RRIBCR T E L R AR 86 £,
M35 % - S RBREITR E e 148 0 AR QT £,

r,’}g_,); PR EE K IR B R R 0 A RRTE.

164



18.

19.

20.

21.

22.

23.

24.

r@_zﬁ s FEE T

PRZ'Z‘J’ X K] 90 & .

ol
?.L
-~
LR
=
it
e
=
i
&

'JJ’ %@87-&

2 R p Kok 1At A RBIE.

r/’}:.qa P FEER

K 91 £.

‘f'] T # & R F-K %ﬁr

2 BIE KSR B R RIS L e

TOFIERFH K F B E R RIER A AR A

i_T AJ’Z&W92—&

v —

MimeEig kg B oL REF 1 AR 92 E.

=t

R Koy

3

] IR R A ) AR 93 £

165



10.

‘Ei %bﬁ’v —%.L%

"ESARRE F AP F VRS N ZEEL ) £ K TR ATYEE
AR 8l # 1 82 &,

TEFFOKERF KA I AE TR 0 L35 A R TPHE 0 R
B 83 # 1 84 &.

"HLCRERFRELIARRE TR 0 AR SR MPHL 0 AR
83 & 3 84 &.

TR RR G R B LA EER > A3 5 AR AT > AR
83 &# 1 84 &,

o E -k R K2 PRIDK BA 2207 350 0 2300 X R #7
7412 > AR 83 & 3 84 &

R SR T A g R KRN R A Rz 1 AR 0 £ 3R S
ALATyEE > XK 84 & 185 E.

"I RCKRIRY BRI B S P A 4TE MG E KRR HE
4 kR 2 R 0 L0 H AR GPAL . AF 8T £ D 88 &,

’B—’F TR B E R EIE WA RGERAT (- ) 2 (2 ) F3a 4
B3 TPHL 0 AR 88 £ 3 90 £

TR RORRRAMREE g 2Y (- ) 2 (2 ) e d
A ATyEI® 5 % K 87 & % 88 & .

CEA R R R AR 2 WA RGERF L (- )~ (2)
(Z ) £35 X RT3 > AR 87 £ 1 89 &,

166



11. rr—gi }/‘}’i &ﬁ%/é’—[‘i/ﬁ%,ﬁ?#’” J’i%‘"%"‘“l'—”%}"%
> AR 8 £ I 89 &,

12 "REF4 kKRB GrdZfmmy (- ) 2 (=) 2322+ %
1 PR A K 88 # 5 90 &

13. 288 V5 Ao B F 2 AT £33 ) EAINL 01 FFIait
1 PRE ER AL E T kP BT AP r SR H R Y —
KPR G IR T F 5 LY a2 T T BioNET A2 $#iFF
F—Rok DRI * TR A R P RJT R Y EF Y
RLE 87 £ 89 &

14, Tiz= p k2P kB wb iR 3 RFET 235 (- ) 2
() %203« Thadhrysmm s @ o4 2 5 96 &

15, Tp doRI@E i 2MA fedd rizc A AR 2T 9w
2 AE 95 & 196 &

16. I—ﬁ.ﬂ?g’ﬁ ’}\—E_;LLEHE;L%J i)““‘ﬁﬂ}lnﬁzlﬂ o FPEIE R
95 &3 96 #.

167



