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AEEEDE

1= &84 14

%~ THMs 2 72  §* USEPA 2_ ¢ T &% A &

Group A~ P THMs #7424 4=
Group A A RER R e AR T Ry &L
LR ¥ ez
Group B1 (I:kri)i)(abﬁl’jg AR T REERT T
TR A AT REEy A TCM
Group B2 o AT RS BDCM
( Possible ) A ¢ TBM
R o &
S AT RBRESR R
A 3E R - o e S
Group C (Ei;hali);t BAE TR PR DBCM
s
PR e [P R B RERT
GroupD |# L F# & AIF4R n‘iﬂ:i 1 ’ F
. TmEiierame
2 X XE 5
Group E RE R g A M5 s R b
% = THMs & 8RG8 5 3 2 By
Chzmc Data Set Data Values Reference
Dose .
N | Incidence
Moderate or | (mg/kg/day)
TcMm | Mmarked fatty 0 27 1 Heywood et al, 1979
cysts in males
plus females 15 15 9
30 15 13
0 50 6
Mouse/B6C3F1,
BDCM female 50 49 10 NTP, 1985
100 50 19
0 46 1
B6C3F1 mice,
DBCM male 25 49 2 NTP, 1987
50 50 9
0 50 0
F344/Nrat,
TBM Female 25 50 1 NTP, 1988
50 50 8

FL %R ¢ IRIS, 2003,




FWWJ‘FT'IU';? 4 = E 9 1S
Az AT ERRBTRER B SR

AT 70 (year) x365 (day/year) USEPA,1989
BW 64.8+ 10 kg sl iEd ¥
ED 70 (year) USEPA,1989
EF 365 (day/year) USEPA,1989
ET 20 (min) McKone, 1987

TCM : 0.15
BDCM : 0.0867
H DBCM : 0.032 RAIS
TBM : 0.0219

IR 2.48 (liters/day ) X R2A5, 1999
EF 365 (day/year) USEPA, 1989

KorA 0.019 Little, 1992
PC EEALAED AR AR USEPA, 1997

T AR o

QL 0.032 (L/min) Leeetal., 1993

Qas 50 (L/min) Little, 1992
SA (4BW+7) / (BW+90) USEPA, 1997
VR 123 (m’) 2 R, 1999
Vs 6.6 X RS, 2000

R A 80% 7B

A Rl T F 100% My EK e

3 THMs & #7243 52 A %15 Gk

Chemicals ?j (Eyg)t
TCM 2.14x107
BDCM 1.39x107
DBCM 9.36x10™
TBM 6.24x10™

744 %R - USEPA, 1997.
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#1 THMs & 472 4+ 52 BMD &2 BMDL i&*

. BMD BMDL
Chemicals (mg/kg/day) (mg/kg/day)
TCM 1.69 1.15
BDCM 2.28 1.35
DBCM 1.88 1.20
TBM 17.6 10.3

*Benchmark Model-Multistage function

+

=
=~ T

cELF RREERGTERNRE AL ERBER

e
TCM | BDCM | DBCM | TBM BW IR ET
%
AH 3 4 5 7 1 6 2
o 3 4 5 6 1 5 2
adid 3 4 6 6 1 5 2
377 3 4 5 6 1 5 2
W 3 4 6 7 1 5 2
L 3 4 5 6 1 5 2
& 3 3 4 6 7 1 5 2
50 3 6 4 7 1 5 2
Z 4 3 4 5 7 1 6 2
EAF 3 4 6 7 1 5 2
e 3 4 5 7 1 6 2
% 22 3 5 4 7 1 6 2
B 1 3 4 5 7 1 6 2
i 7 6 3 5 1 4 2
%= THMs & 72 3 2 & 5 75
&L % 71+ (Slope Factor, SF)
Chemicals (mg/kg/day) ™!
PN - =3 ] B
TCM 6.10x107 3.05%107 8.05x107
BDCM 6.20x107 6.33x107 6.20x107
DBCM 8.40x107 1.40x10™" 8.40x107
TBM 7.90x10 1.32x107 3.85x107

4% iR ¢ IRIS, 2003; RAIS, 2003.
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e
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v/
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-pww T (2R)
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TR (e#)
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A B Clarifier PACI 280 500 4
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Solids contact reactor
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, TR L
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e
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g g 320 Elarlﬁe§ Alum 210 <250 0.9
) fpi: ’ % e Flat botg(?;léfl)clarlﬁer Alum 210 <250 09
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(1. B)




Fricpfen= 4 = 55 20

R PR A e e
1 ;I/};”,:’ﬁq‘ °

RS 2% TRt

o 35 A e L URU SRS P
SR I Xwﬁtﬂﬁ pL @aﬁ'ﬁ&a
AR Hy AR (R
BT P s P 2 [*‘Jfé, ;?B&“EEEH{% o
(F1- e SRR~ RIS
AR E 1PV HT R Ef%ﬁﬁ'“ﬂﬁﬁ’%ﬁ%
E[J et R o s (g e R iR

T o KR (LS AT 07 | B4
e BB B P 55
W‘Eh*{p /ﬁﬁ’([ﬂ ﬁﬁ%fﬁm%ﬁ)%lfﬁ =
5 2 PR AS R DI RS gR R

Rl I’f_? S E;ﬁlﬁ,’»é%,# ]f[z[gj'} 0
JE[ ’FL%' FORT TR ~ TR Tt e

ft= AT PR o 0 (R
TREEG TR o SE RIS P
BRI T e 2 R T
T TR R R s
’;’rj PITVIET BRI > AR
PRI IR 7 R R R
TR [ 5SfE S o

SR THIE LR R
uales S e Rl e i T Jﬁ*ﬂq#
PP A= (B2 R I e Ryt - iy

[SERLEERRLAS TN = R BT ﬁ[”i‘ﬁ'
I BRE (1] > F) S » 2 4

TSRS © PRSI

H VA S [ O AR
E_I(qu 1) E 2 VS EE VST | B

o (R PR e e s i R fRE
R o ,5[ R YR P o PN VES
A
W B SRR A e R
PRSI M IR B R —
ST R - Y
BT rve g ] 5 Al > 3 T A R
B i BRI PR @ e e
B RS2 T 0 S
1.’EL"J<§: ("SRR pH @E&J‘%X
iz EYE ?FL‘LEE#_HHWWE?Z[ E" H
FI B =R gy
PV BPRER RN « 2.0 AR &
YRR e TR e e~
R ST ] T TR

“
od

vowvy » 2

7
i

Yo © s 2 @g 0

©

Maximum velocity ( not to be exceeded)

The sludge mass behaves like a spring

~ WV W W
Ve~ b Y

J I Bk

Velocity

q\gﬁ[l Y5 s = £ @



PcE B A SRR
BT [‘Jﬁf‘ﬁ?{%’ B -FI’?%T‘U/ g0 RYTE
CIAGIPER S Iaaer s P SN I | Se b= 2ot
oy BEFN o 3R~ U5 A
FIT s oA IS o U A fﬁ e
AT B AR
i FRETSTYEEY AR A
=R fiﬁ%ﬂr’ﬁﬁﬂ/%ﬁjﬂé fel
£ 17 HE(settling) > F5FY (entrainment) > *
MR i (particle elutriation) o AfIHEER A
[T S [ R [ Y [‘Jﬁﬂiﬁ il

B IR R S R R

(flocculation) > #[# (entrapment) » &k
¥4(sedimentation) ¥ - [y p L SR
*ﬁ‘%ﬁ’”ﬁiﬁ?ﬂg 3{3 BT > SEHEYSEE
B TR Y ﬁé*ﬁ‘&‘ﬁkﬂi FlI T S R
(deep-bed ﬁltratlon)&kﬁfﬂ = Rl ERES AT
[% (mechanical entrapment) » [ ‘?{
(straining) » ?'l 'J‘%Ei{'ﬂfiﬁ]iﬁﬁ%iﬂﬁéﬁ\ﬂj y
Fk ﬂijaﬁﬂ%ﬁg [Ci|E SRR 1?45‘? XERC = Y 5
o TS TS Ay P TE
'E%JJ%% I R R s
SEPH PRSI ] B T
AIFHPHELI =S 1 - BRI ok 05
R TR ORI FEAY Fe] BB ST AR R 1 T
(FFEIRES ~ PL W )iusy e - S
ﬁz"—ﬂf’gﬁﬁ{[’ ] iR S e
RT3 PR S
B AR R F ]

glqwrﬁiu:ﬁ: 4 = Fapa 21

FERETY SRR R ER R [
[RIGEIF o

2 ‘F}{ (interception) * F &
(agglomeration) & 2 375 15 Vil i U Puzpl A,
FRES - B4 RS AR -
SRR ] ST LS SR
V5 [ RS I B B A % (mechanical
entrapment) & i “F]f (straining) i’ fj Rl
= RIF PRI e ISR
TS B T IRl R e By 1%5{*
S B2
PRI 20 0 Y0~ Behill 3 Ry
STV VRV [ 1o (RS
4 @fyﬁ[Jg’?H%ﬂﬁﬁ (EGZ I A
MARHETNR ST o 102 0 VTR R

JFF}J/ L (=T ?'[ UM 4 =

%“i‘? TREED ol rﬁ DL P e 2]
i 2R UV

PSR Pjﬁﬂ’i@% PREA =A<y F
S VI » i A
Y 2 AT O P 7S
PTG R SEEL = A
[ﬂi(@[‘q‘?ﬂ[ 2) o T HET RS
o ST (B B 5 [
EIC B+ T L
I % B S P ) 8
xSpEN(A B %ﬁ'f}? 2) > [
ISR S RS - T
[ 1 RARg o sy e e

||



P**ﬁwmiﬁz%mW% 22

b2 [ SRR > MR R SR
w’#ﬂiﬁﬁm*w B - C SRR L)
RISETE] » PR SRR (7120 S e
A O BT o e SRR o
i R PES -

. i
3 % ® | Masimum
e C Flux
B sty o e domm e |
g § E | [
] | I
§ | |
1 |
! t ]
! I I
B ! ; i
14 r ‘ !
4] J '
& ! I ]
S A . ] 1
e ® _i_,__,._q._i'
Upflow velotiiy Blanket-floc concemation i
i ) 1
3 I
= { {
O\
2 [ {
| i
| i
-—-an—-xﬂmj

Blanket-fios toncantration

[ 2 0 E R T U
f%@@uwﬁﬁﬁﬁﬁgﬁm

ERN 3 TFa 28 SRR T

VA RIS 2 S
A RS R R SRR
HFEPETE Y AR T
3
(- R(ERSTE
LI Bl

PR L B R R L

VBT B

FRR R R o AR R
o~ [T RIEH Mﬁili}"f}*:‘ﬁﬁl
BHEFRETERIE 55 o O B
(s U RSV PIs = JE
PR R TR o (SR
IPEEREL Y HCE R R N T L
PR de (SO RIETY (B
o %Fbﬁrﬁ Bl 23— PEL

O o T I el AR LR
3 UHEE RN Sk RN N ER
Agh > Tt E‘Jﬁfgi‘];‘]i @E{fj’_ﬁjﬁL BLI‘[j}L—»f
G 3T (e R | g i)
R E PR VR ECE
R T PR RN AT
B RGN 5 ) 1 O R
EVIRREY > || 7&{*@$w;m%¢[w
[P S B (RN T ERRR
FIR SR oy st (B sl Bl > (ERL
AT ERERE Y BRI FERE VYRRt > S
2 PRI € P megaﬁru
A VAR R T RLE IR T [l
S PEEE I IR R e
hLE AT L S IRIR
AT (R R AR A ST TR
o Ty g R R L
BN W%Wg AT T [P R R
L R NG ST ST
BE TR FRLIEAT SRR 1
e

E



2.pH lgﬂjﬂ”rﬁﬂ
157" Jﬁf‘lﬁ IR IS i Bl eV =
Fgh] B > S ESEAE pH @i

AL P R LRSI /%H’
VIS Y F%%J%fé URTI Gy
fif e [~ ERh ) Hﬁf@éﬂ%ﬁ?mu@éﬁé =3

o B RIS - S 7 S R

B VB PIERTEA S o 7 bbo pH
B o FIH %  RPS RE
W pH RS 6.5~7 [ A
RS RIS E L o I
TSI R 1 SRR
HEEFLD 2 3= pH sl - 3
2y WE*V%% [EABELH 1> pH. (% e
(o AR |1 0 T e R
SIS 3&1@3 e AR -
E[l‘:—‘EéfE'[{zjugh I/%%—L[i ER L ‘[,ﬁg’gﬁ;
FIP YRS SR A S B o (R 2 ]
[PR EPIRTIR AR BT~ 2 T
)RR SAERLY 5 B% - T RSy
R W B I RS N S g
pH TR L I M P T i3
(B4 pH 5-6 [N » P R fsf[ 1% |15
Ipp Ty SSRR Y o A A R
R IR VOV s T F R
FRRLRLD Y= W ] - i (™= pH =
9.5 YEVUE SRR I S R R
FedtlA| I [ RRPRESE R LG L FEIR T | b
f@? SR VR o R R

glqwrﬁiu:ﬁ: 4 = FapiE] 23

E‘T\”I‘H"ﬁj PR, [ AU AR
= %j]}dj\ ﬁ%@ﬁ[ﬁé[t pH I'J#H
4wauwﬁﬁ%mwaw%EWﬁ%gfﬁ

% o
34

PR R
FEPLBE A B S B RN
&HF ’Fr»jvl/ﬂ‘dﬁ s VE VLB K
A PR D RS S
fﬁ” Bl ) 7w 1) FT][FF” Ty (e -
F G ﬁ%ﬁ?ﬁ%’%ﬁ?“@ﬁ/ =
YR (SR B A T
[ AR e AR R
o IR Sl e i
A ['EIF@I 372 A RudaR i Tl
V- QR PIEE F]  eAE
FIE 1.2~5.0 m/hr VU] F TS dEE
TR PSS Al - S 7
i (SRR PR
BV AR [RE (2~ JETRY REIPRCIET R ] AR
PR RIS B - TR
RN S A BB e
VIR L RS TR VPR E = 0 (1)
IRt SE RS PER R Eae® T USRS
HIRNENEA L TR A TG
D Q)P LY R A
5 PARE A gl e B e
G R T ALV A R = Y
B T [T B



Fricpfaen= 4 = s 24

= RG] ST PR
oo FURFITB SR 2 Rk
fier> HrELRIPE MR e
RIS e
ALV E R PN RR L S
TSTMRIP LV B Sy VB
Ao P EFRVERF TR BN
W%ﬁﬁﬁaowﬂ@ﬁﬁﬁwﬁﬁw
TR AT » S ST BT -
=T S 1= O 18 A i
A fha¥%@ﬂa@;laﬁﬁﬁ’%ﬁa?
T R EPTROEIVIE] > SR
T SR gl == ey v S [
2 sy =02

TV R A o ]
IR EVRYEY o SIHEIER R RS
[“SEPETEIUBEERE PR (> S SR
I PR N VY e
R AR [ 1 R TR
SSRGS T B TR (=5 |1 R s
[ZANE I AL R L
(o [0 A [F8 (oeogly ™ VSVl v &
«*&@ﬁﬁ%ﬁ%ﬁﬂ@%i%@o
B [P T L TR L Eepg)
0%06%24%)'ﬂﬁﬁtrfﬂ?put

H AN R R (B R 02541
glL)> ﬁlﬁ%l ‘Pﬁf TRV op) T T AR
Seropnserop > 2 SV T s py
Tl g o [%gﬂﬁaiﬂwﬁﬂiam

0.0625-0.125 g/L) > & H (L (Vinax)
@ﬁ&ﬁﬁﬂﬁﬂkfﬁﬁﬁ%@wm
N IR B 2
W (LR R R TR R S
Yt o 3l BB TS 01T
%%@&ﬁ%EFW@Wﬁﬁﬂwﬁ
I T L R AR
HELp TR VAR [ 3 FlIET A SRR
PEFRAT R P E S P I R B
b B ()= AR P (b) BRI
PR R [ VB PR, 2
f3E 1~3 mm o [l PEr &) {1
PUPAPRRE |
r MAPET o ™ Rl s sis s b 1
A7 DR a2 R AU I s PP
2V it b = e i N O 1
ABPRASERE IR ] 53 R PIES
HYE VAHE I g (ERY B 1 AR RS
TRV B A A 55 s AR
EF j?g?ﬁwwa # 7] (1.58-3.54
mg/L as TOC)I @ ST S14E Vgl
T RS PR N R (45
m/hr)fiu A S i SEEREEER T [
B S DSy EAE ﬁ%ﬁﬁ‘
fwﬂ?#umﬁﬁi“*“%?“~+¢‘ﬁ
VIR E A F FJWJ‘??AHH\NH 3]
BFPIUE PRSI ﬁ’ﬁ?’l’;ﬁl AR
@4@ﬂf7WPL¢WW‘5@ﬁﬁ
R AR S ) P SR



TV A L T [ T
YLy FHF’ JFU‘J‘ [fH‘E*ﬁL[(S)

B3 KSR T R

VB

4. 91ZERIF 1 G ~ t PR
S SR PR

RS

Foh o BE(EN] B AT B R

(velocity gradient, G) - [ﬁ’lﬁ]" Eﬂj il 5y
| Gt 2t

2o BRI

gl?]wkﬁiug'rj 1= 5pE] 25

fes ﬁﬁiﬂiﬁ’fﬁtfll s PR uﬁggxm
IR A =R T U
HiErH e Jﬂ&“ﬁéﬁ VGt [;g"lif{‘
10°~10° [ fi] » ¥ P2V TR VD o4 2

TERERE) » [T G R )
] BES IR 3%”%#4\1‘% PHS
ETRE G A 50 s (PISERS Fig
iRV E#plG[ﬂﬁHIEHE 557 i
B Gt ISR IR T
TEVAEE RS -

TSR VDIV B R R LR LA

1 P A B )
BRI R G i 1 %#ﬁfi LS
RSP MR [T RS o - 3] [RLETE
K3 gi;oqaﬁm Flis ’gl @(350 )4\4\]3\3]:,
SRS U PR T ] P et e T
TSI LSRR Tl (ETSTUEESETE
VSRS F[l@ﬁﬁﬁllG@“ﬁF"‘ B
(=5 A G ffi gk R
(30'~150") > (P By S VAR
(ESNRSe I LI BN R S o
FRE o~ Jﬂ&f‘ﬁiﬁ B EEZR] AlL(SOs)3
P .wiﬁi@qﬁj 3&@%@ A A E@
a4, ’g 1F‘ /ﬁﬁrzgﬂkﬁ S
B BPIpRy = o B I ipEsste e
VG PR T o (e
EVHE',S HEPEER [ | PV EE =] FF'S‘"&JJD
e R I Eaa ik SR LA R R
T A TR S TS VRS - IR



Residual Turbidity (N TL

DL EDERES

)™ TE i) sy VIR & - ) G
P RBRT IRAELAR 1 ' HiE
A A T Lo ﬁ’ﬁl’ﬁi
rg,&gkﬁw;iy I/;{ j&lfﬂ*:-ﬁ%d@ I/;f [ﬁéﬂ }
B % 1 (RSP B I e ys
VABE Ve o MY 2R A 4
EPSEREE F RIS (> STy S YRS
Y EBE S A PEUEIH L 3

1 5 5 S D 1 9 8
@,

YUY 26

T Y S
%k %ﬁl&ﬁ%m;g@ U S e
R TR (R LS
£ GtC = constant » || gi:ﬂjﬁl@ Byt

BV TR BRI (). By

120

100 4

204

a0 4

0 4

20 1

Time (HR T

4 Tl G RS L Syl
SN

(& Y RUETRBE BN U U RYS
1383
T R TR R U 35 T A
10 NTU - i 2 5& P47 F ]ty 4 Ejﬁf )
&E}F ,i‘@ﬁﬂjﬁﬁ [Fm}—t\ [ > ﬂ,ng}!ﬁ
B R D o (TR 3 AT
E N DRI A =R
NTU - [l s 2 ﬁﬁJfFL‘F“EwEﬁ
PRIV o S SR T
PRSP IAE VR R SR J?F%Lﬁ
& U e b B 53 g
JE PR - 25T NTU RHG
U e B RIS TR T (AR T
NTU ; FUNMEE puAdgh = *lp»;&y [ L
FE PR g RIS S P (0 (RIS
VAR F 0 T LR
o BEDRIRURERIAE > [HEESY D
TE IR RUATRIPY 2 T3
B R WL EIRVRET o [T
i N > AT SIEAR LR > -
TR | R R AP R e I LT
WEE T -
2. laZg
IR U ot 90.4% -
E‘T“I"E’ﬁ:fﬁp' JD&WF‘ F T
[P iR e 58 % IR RURE U
BTRepPas e i i o e =
FAIF V5(THMs)~ (i PREI(HAAS) )3,
P70 o S50 * R 2 ot e

A HZ
ikl



%ﬁ¢5$%
b
E P PR il e J L
FETEIFI AR ~ T ~ Yl TR
AEDE o T R R T B
R 55 =72 RURLAS PR - -
VHERS > [0)] o3 =7 B 2 it
F o (19 1 s e R N 2
PR BT TS TRIRLTS ¢ (59 > 35
HETHIEE R P SRR R -
BRI ER e o TG B CRiER (e
?%ﬂiﬁzéw%,%ﬁﬁgpﬁw
i’;w’ﬁ AR L R BN
i v ARSI -
HEFR TS TR T PR
T B o R PRSRRE IR
PLIEIEF ™ (pH<S 7Y 6) [ Bt it f 1 .
gk o P [’*ﬁ‘&‘ﬁfﬂg VI r}ufp‘/Fl
G4 P?F‘Zéﬁf?ﬁﬁ' ) %F‘ Rl A1
%  (complexation-charge-neutralization-
precipitation) I/ 7 V= SCGRE | B Fﬁ' fi
H PR TR L R PR Ty
AR BT S B o R [ PG
W2 I P S A
(pH > 6)5f E #5121 . RIS [0 415
ELFIIE | el 1 SERT 7% % ALOHD; [i!
PR I SR L s e |
P T R R TR R )
53 E P IR BER L Y ]

/;cﬂ_ﬁf”g/, £ — If!j @%Uﬁj

P e o = s o 27
73R B PI AR R E iﬁfﬂ‘l‘iﬁ T 3="E
PP pLS B4 T b o AR
PSRRI WA R E
Pokgm BRI 53 P ®) o g
KA E RS Pupv A IR AL JL'%‘I%
TR SN NARR R H I SPRIT
L o By T SR R Jﬂﬁ%
AT Ul B R P S PR AR
Eo WA RN RN AP R lifigiffﬁ%d
@(7) o
3%

TRVEALE F <1 & s i |
B TP IR T
P [ IRASH AR SR 0 2 rkLifof
%f:*?#?ﬁ;e’?’rweﬂffriﬁ%‘% ° = g [ER
VP LRLESHIGERES o S SEE- I !
M BRI ‘{I@I’E@iﬁ%?'@
ey » =R B ARL Y 155 k=
PRSI e o AR SR “/4%55
%ﬂ%%%ﬁﬁ%%ﬁ%@ﬁ%ﬁT*
W 5 GIRLARE el A 2o e
RAHpog=d 32| Fﬁ% » BRI A
Rl R ST P e o e

U RIS T o S5PIE ey PR
RISV IR
I 0 7] PACE SRIREERN - ok F
i{FF{I £% 249 mg/l as CaCOs » [ [K= !}
WAL EL 215 mg/l > A 5.3
NTU - Hif pH {fi% 9.5 [ - 0%



FroogeIens A = s 28

[ {%Z 83 mg/l as CaCO; » i = 0.7
NTU » 5y %ﬁﬁ BRI EEE VA
[ T E S o PR R IR
FFENET > IR Alum ERLEEAR o T ]
ﬂﬁﬂ pH [ HFEET Y LR Al
ﬁ ik 150 mg/l as CaCO; » % i’ [ = 3
NTU =7y > [o~ EUK] pH = 9.5
LA ™ [ = 95 mg/l as CaCO;3 12
Ay SRRV 30 NTU %2 0.96 NTU -

[l 5, 6 @F'Jj iR PACL Y Alum [*=
FRIFHERAR - ,fl ARESEAE T P pH
RS S ]?1' LRLAERS > g
AU gy - [0y % pH @*95
pjl?fﬁdiﬁiufgu 5y Q%Jlgﬁ EIE

TP EE S Y R ’fmﬁ”gﬁﬂ
pH % 9.5 [l 319 iﬂ?szﬁ
SEPEE AR A

A1 6. iR pH 7 e R R [ 0 PR (LA KD Alum)



S

TSR M B AT
BEFIE » IS g 4R R
SRV S UL T A SR
FESE L IR - iR R R pH
= 9.5 (U [ ARV S
gk o SRR SRR S LTS
B A R RIS R R A [ 5
@gli\ﬂﬁ"éjﬁ&}%pf@ = > EE }f”;ﬂ‘.gw
W= pH 5-6 F H R NE BT RIS
o (HEESHERET S T P
£ 7#?%;"[3& SRR S R TR A
B TR H VG AW 3 stk FH[M
(AT PSRBT I L BRI~ 7 4
PIRRE ST BRLATHAESY - (R
B EATTAE PV YR AR &
SRR AP "E'@)LH % i 1

B0 RLE PRI IR ETURE uﬁfb fl
Fi}?[—,j/ﬁmﬁi}k'rﬂbj TRV AR
53 o

LA e SO B TR
g Y /¢@”aiﬂEﬁW
TRFEEARAE L
249-264 > {i4% > W] T F A -
F_J °

2.Degremont, Water Treatment Handbook,

pp-131-137, 1973.
3.Gregory, R., Floc Blanket Clarification,

glqwr%’ﬁf-uﬁ: 4 = Eapii 29

TR111, Water Research Centre (WRc),
Medmenham, UK, pp. 1-7, London,
1979.

4. Letterman, R. D., Water Quality and
Treatment: a Handbook of Community
Water Supply, J. AWWA, fifth edition,
pp. 6.1-7.87, 1999.

5.Pontius, F. W., Water Quality and
Treatment: a Handbook of Community
Water Supply, J. AWWA, fourth edition,
pp- 270-425, 1990.

6.Gregory D. R. and Patricia C. M.,
“Influence of Floc Size Distribution on
Clarification”, J. AWWA, pp.75-80,
1986.

TIRRYE + o I - S 2
Y E i{}kﬁﬁ R B e

FhTb A SR T A AR
W%ﬁ@%@@*J%ﬂ%@“ﬁﬁ
STt SN CE
pp.149-170 » F 3 » N/ o JuiF oA ~
F_J °

My F E RSP
%ﬁﬁ@b%ﬁﬁamgyaﬁwm
T - RSP A A
R o ] 2 - F]

9.Miller D. G., West J. T. and Robinson
M., Water
Technical Paper TP 43, Water Research

treatment  processes-I.



Fricpfsen= 4 = 55 30

Association, United kingdom, 1965.
10.Miller D. G. and West J. T., “Pilot plant
studies of floc blanket clarification,” J.
AWWA., 60, 20, pp. 154-164, 1969.
11069 %5 %L’ré]]ﬂir > Bk > 5 B
TR A R A
SRS VSRR B > 5T
IRSNEE SN T
321-336 > HE > N FA - F]
12.Gould, B. W., “Flow Fluctuations In
Solids Contact Clarifiers”, Proc:5"
Fed. Conf., Aust. Water & Wastewater
Assoc. Adelaide, 30™ May to 2™ June,
pp. 110-130, 1972.
13.Gregory R., “Performance of Floc
Blanket Clarification”, Personal
communication, sixth August, 1996.
14 Kan C., “Determination of Rapid-
Mixing Parameters in Coagulation:
Destabilization =~ Mechanisms  and
Aggregation  Kinetics
2002.

Approach”,

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

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

17.Schwartz B. F.,

Nephrolithiasis:  Effect of Water

“Calcium

Hardness on Urinary Electrolytes”,
Elseivier Science Inc. Urology, 60, 1,
pp-23-27, 2002.

18.Sauvant M. P. and Pepin D.,
“Geographic Variation of the Mortality
from Cardiovascular Disease and
Drinking Water in a French Small Area
(Puy de Dome)”, Environmental
Research, Section A 84, pp. 219-227,
2000.



AP AR L EREEE HLT
(Ozonation by-products) 2 ' »c 2.

E |
F -

# &

Bl 56 lai‘%iﬁ[?ﬁ?’ﬁ’ﬁ‘ (GINGES ?’J?ﬁ
TRV F > Biological Activated Carbon,
BAC) S5y (=<l Y > — Hp
e FHBPRE (B2 = T LA
[AEREFIER, T‘?"J‘H'??ﬁj@‘[‘%?]%
P PO RA IS PR
3 PR RS EP - WAL R
AR RS T I R £
R PIBAT PSR RS BAC VTR
5753 B A= PRl 2385 IR 6 8
F B S E?U’FE'J_’}*?’J“ HFPERR L f i
E3E

NG o A T ﬁlﬁlfﬁg 11
a2 [ TR 2 1] 30 SRl
FUSEIRT S AR Ef=its
(dissolved organic carbon, DOC)(ii &}
@RV - DOC &I
§ I ERL I GACHI 1)
TV Poply A ZTENTE T GAC *
i AR B P e ] o T
350 ik 0 GAC Wik VA& gl
DOC * %4 Puf A’ FIHE &\kﬁ? (‘assimilable

v R~ BB 148 % fl Rz
2.7 kfH A ERBE I LA

I WA

glqwr%’ﬁf-uﬁ: 4 = Fapai 31

3 Rl A
3

organic carbon, AOC) =!3F iy A8k
Il > C/Co i+t 0.45~0.61 ~ 0.33~0.69
Ef g - SHEWRRRD T DOC M
AOC i [R5 55% ~ 62% - %9k
B FIE R SEERRCR AR T
Lo FHRE WY GAC S
s S (SEM) [ufsmadiN - [E R
PR D GAC = £ R P
P FIEE PR - i i
FIH o AR R0 & P

Fhmth > W% BAC [ i Popv feBf
e f R R (OU) ~ i
(OUR)~ Fi& 3 (SOUR) B4 GAC
P Bk P e U SRR » PGt
SRS FIE P 20 4-2 W fn (2
4-dibromophenol, 2,4-DBP ) &4 [* |/
e iy 55 B > B BAC Y(F & 2 o
HESCI VR 3
P SRS 95% 1) e

4-dibromophenol

SN

B[ RIS SRS 3 ERAL S
7#@5'%?@&1\%@%5%%El@iﬁ]%ﬁ'@fﬁﬂ
FORIRE = ERER P ] s A



FricEIsTT A = s 32

<y H G > IR B S R E R
SRR > LR o BESREL S
W2 el (= 5 (THMs ) JYy i
(PP (HAAs) 3 [~ P s
©8, (EIEvEr B SR B E S )0 [

S RIS GO R E Pk 2
"_I&}' ﬁkfj" ’EJ 'i‘f[i Jﬁ - (Br>|EUJFL

e HE ﬁi&ugu;ivﬂj@ ) F‘TW'EE Ry Ed
M 2 F'J@ Prooow ?ﬁ 5Pk B
(bromate ) ~ 157 ( bromophenos ) ~ 5
i (bromoform )~ J5 f%ﬁﬁfﬁi( bromoacetic
acids ) ~ i (aldehydes ) ﬁﬁﬁ’bﬁﬁ (fatty
acid ) ® F Pl |t R EAS R
(assimilable organic carbon, AOC) =~
©-12) |

Pl= o 3“[* TR |7y R
o EFE S RPE | ALV RIS
SURCHN S VAN A R vscif%fﬂ B3T3 ’EL%EJ'” =
FH o SERCSRTIS L 2 PR ﬁ’,ﬁ
Apusfizg Y o R E‘%ﬁjﬂf&*””
E3 ?”ﬁ'[‘ikﬁ%i R [P 2 Pl ]
AHVE RSPy pL ST & RT3 - A
HINF R L SR AR R T
oo DRI GAC AL R
- S APy R o e BAC
VRO Fl 2 POrEdi = oI e AR TR ~ Bl
PR R R iﬁ"{lﬁ’ﬂiﬁéﬁé P
R R 2 Fl ?Eﬁ WAV E
BRI Y s PR A Pk

TS o v ERRCR e L PR s R
%mm“ﬁﬁﬁ%”“w~%w’&w
e FRFYRCME 07 328 RO 2 Fl VT ol i —
o U GAC Tt i) e
F‘ B P E AR
[ EP Tl 2 EE) ALY
WG]~ 5% pH ﬁ%@ﬁjt‘ﬁwiﬁﬁ'ﬁﬁi
I Y ]
[ESE] ~ ALY s 1% R P fiffpe o~
SIS KBV -
E'ﬁ'}[ﬁ“f’/ﬁj%ﬁ BAC Yl B 1
BEPI IS/ 53 i 1 AR R I'?J’FE‘E'"
% ; Janssens = Vg B e i [ 22 2
PARTERLY = Gl - FIH RS P
EARN: 08 = T A P E
NPDOC - §} Miltner 3% % 7 [f] fL &
BIEE i A SR o
O3/TOC§[ iU 1R OSEJJE formaldehyde
R EIEE Hﬁﬁ EFF Orlandini = ®&}-f
PRI E S B SRR R S
B} 03/DOC E=1 5 0.35 [ (J1 42115
0.7mg/L) > AOC 2 55 BHEI[1» SR{fy A7 fL
SRR = 4mg/L [ > AOC JRE ™
e N TR 2T M R
R A e U PO g
ST (Biodegradable Organic Material >
BOM). V3 [f - a0 e g ] 5 4
fLAL2429) Servals(%)? £ T R ]
(EBCT)Rf it 10~30 5388 » & P53

0.5 mg Os/mg



- ANY fﬁ i 1% F) £% BT (Biodegradable
Dissolved Organic Carbon > BDOC) [f&
EBCT V[t o (! Price &¢7
72K BBCT 5 GAC 5 [ BOM .V fy
P DA EBCT K 4.5~225
STV B AOC VAR - jEE LT
R o AR 2

4-dibromophenol £i%f44 - ?%ﬁq‘ BAC &
SR VS RS ARl B ”J‘E@ﬁ
‘F}J A5 %?TJ‘&"JD 2 » 4-dibromophenol %
e -

BT R ETEORLA I B B S P
TS %ﬁﬂ“ﬂ‘mﬁ [RFPIL IR BLEA
B B FLBRERT
Y PIEAIAAIET | SEM R e
BT - B - SRR
#5(DOC) ~ AOC - aldehydes
* 2,4-dibromophenol > FREERIF ?Tﬁﬁf
PR el ik -

- R %

2-1 FPRIZEE
1. Fif
FPIE I PR Bl R

FLITF lﬁﬂf’ﬂﬁ%ﬁi{ By A< ﬁﬁﬁ M

DEVRUID SR TR - Rl Rt
5% 1.23 mg/L » NH3-N & Brjf] fifi I {547
(ERHRRIELE > S =P R sme -
BV VSRR AT 5 o HRREUIEL 5)

bromate

DD

H[J?Ztﬁjui £V bromate (100pg/L) ~ IEXi
(40 pgL ) ( @ & formaldehyde -

A= E i 33

f 1
acetaldehyde propionaldehyde
butyraldehyde valeraldehyde  »

glyoxal ) ~ 2,4-dibromophenol ( 150 pg/L )
* AOC(55-82 pg-acetic C/L) > 55 I[F53F
R TR (IR A 250 24
HEH5] (PE FIT) et -

1. SRR

Parameters Values

pH 7.4
Alkalinity 105as CaCO3
Turbidity < 1 NTU
Conductivity 214 ug/cm
Bromide <0.02 mg/L
Chloride 4.3 mg/L
Ammonia—nitrogen | <<0.01 mg/L
grss;llved organic 123 mg/L
Hydrophobic fraction [0.53 mg/L
Hydrophilic fraction |0.70 mg/L

2. i

T TR TV RSB T B ) ~ 9t
AR R U R i F
2 RLE U GAC(F-400) LA P[4 ET -
3. ip‘réﬁli&l?ﬂ‘%ﬁﬁ

= IRRLAER L I A (R 1
A=) o R £ 10x150 cm(IDxH) » fE%
3ﬁ‘[‘f§ﬁ%i%% féq@ £ 120 cm o 2EEERELA



PRI A S S 34

SSELE I - S AR )

e 3.iﬁ‘|‘§ﬁ%§m%+§ﬂk N GAC?EL*I%JF(

B U IEEY B ( Peristaltic Pump - K (B
Cole-Parmer » USA ) » Z¥i&* %‘iﬁ@ parameters Pilot-plant
SRR o BT T R Column pack length (cm) | 120
el | ﬁ ( Peristaltic Pump Column diameter (cm) 10
Cole-Parmer » USA ) » 5] * fﬁ'[‘?@i e it GAC particle size (mm) 0.9~1.2
D] A A o Mass of GAC (g) 2450~4900
AV TR R A Pack density (g/cm?’) 0.3~0.52
A IR LA D o R 3 RLIRTR R Flow rate (ml/min) 630
[ - EBCT (min) 12
i % ge FIJ*“F}‘:{JQZ]:[ ﬂ:ﬁrLj‘Q(GAC) E‘L
=R -
FP [ =
specification GAC |
Qrigin Bituminous T -5
Iodine Number, mg/g (Min) {1050
Surface area * m’/g 1000 ES
Moisture, Weight % (Max|2
% ) -
Abrasion number (Min) 75 Ozone Ozone  Retention GAC/BAC
0.55-0.75 generator contacto tank Filter Bed

Effective size, mm

Uniformity coefficient|1.9
(Max )

Ash Weight % (Max) 6

Density > g/mL 0.44

Acid group|30
(meq/100g-GAC )

Base group|60

(meq/100g-GAC)

B 1 PRSI VR PR

4. P

S BRLA [ P 5
[~ (aerobic respiration) Tt 5J H&S R4
SR R e RS
A R R HU lSEatE]
RN lge RPHFRA | CES RIS P
HADZPE G (UL 2 Fr ) H
REROA LS * R 0 RE ¢



e BRI 5 5 SRR E )
LY AR i o SRS > 2
?JFE"?“”FLI* IR G4 [EFFTF%TQ} eyl
R pEgJP— [ B /7 P RO
Iﬁ“lﬁj? QPE , [@m[iiﬁgﬁ' [/ﬁjfﬁﬁ q\/ru F[,»
B2 Rhe s S RERSGARLT
T AR 2 e e i Fﬁ@%
TP EERE - {50y Rk E RskEF) 3
[EEREIE

k4

— L

[

o] I

B

8o:ﬂ_j =]

o3 R
Al 2. 38 BV R A £

2-2 L7

L. U

EE e o U [ R
B~ 35 m‘&bfﬁfﬁ VFRINE > Rl
B %U?%a%&hf o TR
o g o A8 YE A B ( Standard
Method » 19th ed., 1995) + £ [i Br

I ey
Bromate F[| ™[ #5¥E A ek I BEST b
(Ion Chromatography ) 3 53 7 » Hifi = |
E98 1% (Dionex » DX-100 » @) ]T‘
%%T*ETE ( Guard Colume > Model
AG9-SC > Dionex ) ~ 75 #&iyF= ( Separtor
Colume > Model AS9-SC > Dionex ) &
EFHL (RS - AR B (TOC) #M]
AE B3R5 #riE (Total Organic Carbon
Analyzer > Shimadzu » TOC-5000> [ ' 4 )»
FE S 477 R A A R
% 1945* Liquid-Liquid Extraction Gas
Chromatography Method > I'| ¢ AV
(GC-14B > Shimadzu > [ % ) > }"&IEI?H"
AP ATIVEE (25QC2/BPXS) W]
RIS (Electron Capture Detector ) 73
Proo dPup FIPE | 5 i< (Assimilable
Organic Carbon » AOC)fv5j#7 » {fiH [V

A= E 3P 35

R tL Pseudomonas fluorescens strain
P17 % Sporollum species strain NOX
R > = BT R R ER R T
B SERE 19 49 -
SFFEERLIV - 100m] = B
I"] 10N NaOH %%‘?_ZpH = 11.5 J‘JJ‘}I%’?J‘
e NNl p ™ 30ml MTBE »
ﬁ@ﬁ%ﬂ’@‘@ﬁW—Mj%m
[fxZ= 2.5~3ml > I} J""’T@ﬁr +Jf§4,ﬂ’§wﬁ

faE l’ﬂﬂ%f[[!,fi% j‘ll £ F Uik 2ml = Vial
fI1> 9 MTBE & 2 Sml o $#13 JUpY
i?ﬁ’??‘zaJ GC/ECD 7347 » L= A1 fEas

2,4-dibromophenol



Fripfen= 4 = 550 36

AL H[ﬂ-ﬁrﬂ i+ 220°C ~ 260°C -
2. SRR (SEM) B3

Eddes ﬂﬂﬁ?ﬁliﬁﬁiﬁﬁ # AL
iﬁ';ébﬁ;@ﬁ R FP i 2 [ES“'*[FT
EJE{I] flres®is SEM e » £ 5
Wﬁf/['_‘\ :

(R 2.5% furs = Eéiﬁirﬁ
Fls & 4°C?j"£f?[' 25 TH ﬁ%ﬂ‘ﬁfj‘iﬁﬁ
24 PR -

@)r} o.M W‘Qgﬁ%@ﬁfﬁrﬁ (pH=
7.0) FIRNSE = TV BORH ST

GF] (T IRl E‘Ui@*%??‘ﬁrfz g
— YRS o JPUREIRR PR [~ (AL 30
% ~50% ~70% ~90% ~95% ~100% -~
100% ~ 100% » H 7w o B OER
410 554 -

4 I i Eﬁzﬁé%’i (critical point

dryer LADD28000 ) 3 i i {5 <
(SR B fifs | S B R B il

b A A 200m -

(OO BT SR gy
B% 0.5~40KV > Eﬁi‘[%é ]+ 3nm > FV*]%
10~300000 X

= 2L b 2> 2
= ‘..s,-,-%gl?‘\—,“ ‘-,ﬁ

3-1 % ?”7?[ [E(BACHEH fﬁ%ﬁ'ﬁ'»'

1. jﬁ}*’,:h%-&%% (SEM) e
FPFEE R S O W i 0 o)

HIFVIRCH T RIEAR T D GAC E5R

I SRS AP N
HART A (SEM)B % GAC A paffid =

1% EII GAC .V SEM [fi!([ji! 3)&f
Iiﬁélﬁ’dﬁf | GAC A4 & ik Pafiff
T IR 3 ] B P PHEEE LR GAC
R POIRE  EHRR S 10em
AT %o BT RFERER o AR
SRR AR E SR
2. T RS PrE S e

WRIFTF, ik Pul 435 (OUR) » #5
P R [P 2 PO et AR
SH TR | EmRel B f
ST ((NaAC)RLET » [} b A2
U BRI AR (GGA) BLIT > (B
UL ]R3 P BB [ I R
S BRI B LS 1 90 J B -
BT (i 4) 0 1) GGA BLETY
RSB (OUYR ) » 1] NaAc HLETH
HIT I 20 10 me/L 7% % 9ot e
PIp lqgﬂ 5 7 OUR % » NaAc ﬁi@ﬁf}"{l
G o FEHE Y OUR @ - il
i1 OUR ﬁﬂ*i@’ﬂ%{l‘,&ﬂﬁﬁﬁf ¥ NS
P 6 LRI E I T -

PSR (19) 4 Pl VB
P BERGES  (R ) SR 4
Pol Frge sy Pon R I P
TS SRR G 2 Py i

T o



15KV .BBKX :.MUE 6506

Ifi' 3. BAC JlF [ NP TG i 3.0
e BRCEH(SEM)[ < (A)New GAC > (B)
VEA =11 F] e 2t GAC» (O
P11 i F] 3¢ 10em GAC -

E'l?{wkﬁf—ué‘j: 4 = EaaE) 37

250
GGA=10mg/L
200 - Y
=, 150 ¢
g NaAc =5 mg/L
= NaAc,= 10 mg/L
& 100 ¢ Y
50
»® NaAc =0 mg/L|

0 10 20 30 40 50 60 70 80 90 100
time (hr)

[fit 4. BAC i f=t 1.V 355 BH(OU) R
N5

9
8 |-
7 |-
6t 4—NaAc=10mg/L
ERERY
g
Z 4 NaAc =5mg/L
2 N, @
3 3 %3
5L t— NaAc =0mg/L
1 |-
O M I . I
0 10 20 30 40 S0 60 70 & 90
time(hr)
i 5. BAC [ i #1034 (OUR)

A L

3-2 BAC i B SRR F2-Broy Vi
ihEsZ S
[ 6 RLiEHE A< BrOs # 7
250 w gL R 1F ™ & 5 i
(EBCT) = 15min » RFEI 1465 BrOs
IR F1 GAC % BrO;
P T R RSB (2 110 i B
FhE R El 5 6200 ]ﬁiﬁ%ﬁézfﬁ) i



PB4 = B 38

BrO; [ fifi 14 {7 [EREIAF L (MDL =
1.2 /L) 8 (i IR 3R 2L T~ BrOs

R RS o T SR
8900 Pﬁi’ﬁ%‘ﬁaﬁ (#4150 =) > GAC
PTS'FITF’\E' £5 0.81mg- BrO; /g-GAC - 1}
F4TE 160 NFEIHTWACRT) Bros Ef#
(breakthrough ) » &= [ I8 {* 350 =
%o [7E)R9 40 % VA RS A
74 1.02 mg- BrO; /g-GAC -

FIH o SHERE ol Brgss

R Wk T IR LR 7J< Br

(o a A B Wi Brifdy =54 85-110
pglo TRERE R AR - ViR

Y R (S S S B T
> P TERRCE 1o 2R - il
P P SN PN s IS S
F75F BrO; g & F (RIS il e
PR TR0 AR > 5f BrOs
B HEREH % £+ [N BrO; T
BB RLRUR LR B B VALY
%geosl)ﬂ MRl | Uk

=C + BrO; — BrO + =CO,

=C + 2BrO — 2Br + =CO,

AH1=C AHEHRAR > =C0, %
ﬁﬁﬁiﬁvifﬁ’@%ﬁ%ﬁﬁﬁ
BB SRt Bros SUFUS Bro-
B WSS Br o H[ITH) Y

Br BARHEAAE > 4 iR H | Vit
fhx> 2 BrO; 2. [#F< 7755 1.12mg-BrOs
~/g-GAC - [l AR (UL ol
RN Br 3R o ff I E) 54-70%
Br Rl = ~Iel 1> E R T g
TR AN R - P
ﬁ'[‘ibﬁ%i?&]?lﬂ/ Br > }{%’]’F{‘ Hféé BrO; 7
GAC A1 P{fEHL 691~ a0 D Bros
“H GAC R [V B -

GFEHA [~ 45 E#RF EBCT =
BrO; V4. [ﬂérﬁ%[.’ [ 7 % EBCT 53]
£% 3.5 min — 12 min » 7 E0F 5 {7 S
BrO; VI R o (HEfA R a2
FFGEEIRITT 12 min §EfL > RyEAATE
25 7 (A9 1500 fER0A A » 2Rl gu
E ’EI% EBTC %f BrO; o [ 35257

> (PN dEEE TV Y EBCT fifl 7 shUAgt
f= e GAC IR 2 RSP i £

100

90 T —8— Bromate

5;8 —&— Bromude

60 §
50 f
40 F
30 F A

20 A Al
10 A

Effluent concentration (ug/L)

(e}

SRRV PSS SESS
VYR W ESE
Bed volumes

H%‘ﬂ 6. Bromate i GAC Yg('F (i< Vg

=

p*J



Fraction Bromate Remaining

Sl B ) GAC™S2 BrOs Vi
Tz Rl & [-RVURUR S N R R e

it GAC i F| ’r%%ff*ﬁ’?ﬁj:éwﬁj 9t
HiFsfe D o Pt WLl EBCT
] =Tt GAC 2% BrOs Ay

"]
H o [EE S P8 EBCT [l B -

1 f —H—EBCT=35min
——EBCT =5.0 min
08 | ——EBCT=8.0min

—*—EBCT =12.0 min
06

04 1

02

0
$
N
\Q

Bed Volumes

q\?ﬁ‘ 7. BAC ¥ }‘Z}’fﬁﬂ;[/ EBCT %f

bromate . [i 1 g1/ 2%

3-3 BAC Y5 5% 49
B/ 55 Bedsress
1. f2% (Aldehydes )
FEERLS [ 2 RS VAT R -
VAR RLIVIH Fﬁ' formaldehyde -
acetaldehyde

P LSRR P

propionaldehyde

butyraldehyde - valeraldehyde * glyoxal
S A O ot
- FEEIIRE S 40 g/l o 7

&2 1] (S 6 By 7 formaldehyde -

Elqwﬁ?%fru?j: 1 = &84 39

acetaldehyde =' % ik fF [ iff A [ #5H0 > 55
Ilp #E 62-75% ~ 51-70% » 5! i Rl

nonanal ~ decanal [[[{&7% 25-35% (ﬁ%ﬂ[ 8) -

TRUH == 190 ~(BIAEWRENRS 7400
(R PRI < I PEARRTE 2 6 FERATE

RSPy I e Iif ke > TR g e I Rl A
> EIf[1 formaldehyde - acetaldehyde
propanal » 4 FE [P TER .
P ok S Ll = 80~95% &[> hy
decanal . [i& S JI[IFEE 7 [
F|# > &F%f formaldehyde * acetaldehyde

glyoxal &~

nonanal ~

DRI Py R SRR
A 2000 FVETH BRI 261 2 5
== 32 8 bromate AfIF » BRI (E

T SR IEE | AP L e [T FL SR
bromate * FLHITifj f\':ffl [ERR A [ R
e e e R

70

—&— formaldehyde —aA— acetaldehyde

60 | —o— nonanal —o— decanal
—%— glyoxal —+— propanal
= 50
=0 |
=
o400 F
O
2 [ <
£ 30 [
=
<t

20 |

Bed volumes
[ 8. AT BAC Vi h L1 < 1 A
iy



FriEIBTT A = B 40

S R R R
IR F PR o R0 HE BAC %
4% (5415000 bed volumes) > — ZE
FIE Y 2 R 2T F | PIREHEA] o ETEIT S
Wigle ) formaldehyde ~ acetaldehyde f&t 5
o PR 2 Wﬂfﬁ[‘%ﬁ%&f‘ﬁ% Na:exg
SRR T VBT e EN] -
2. % PIE AR P (AOC)

¥ AOC Ty V(= &
FIT AOCrota £ 55-82 pg-acetate-C/L (ﬁi
BRI UB"\T’{ RN I/f&‘;p ) Sﬁ (o7 tr,:,
L E ) > H T AOCe17 {7 90 %,
o B s p RS B R P1T AR
FIP ¥ I8 GAC {11 AOCroral 155 |
# [ﬁ' » F R ROA 88 (R ?2[577%
VEYSHESETE | GAC LU ARE(f 9) - 71 4k
[B=5% 180 ~ & » ' PHEEE T AOCrowl
fif1 3 et = 16-32 ug-acetate-C/L « &=
FVR > Fags e 10 W F ] 2 S
7NFL$‘FE'%§*[“ m’,pzlﬁ SEM EIJ\EPI;',]’%\
IR TJI*WH ESUSIFE S R
EPUALE © P 0 IR S
£ ADC R TSR
1 TS > [N ijéﬁ%ﬁﬂﬁ—v‘lcﬁu
< AOC A » I H?Kﬁ“]‘ BAC ?aﬁ‘i
REyp. S p——"

90

0 b Influent
E Effluent
70
60
50
40
30
20
10
0
(=]
o

Bed volumes

[A1 9.AOC ¥t BAC Y1 i f<. Vgt

AOC-Total (ug-acetate-C/L)

200
800
1500
2500
4000
6000
7500
8000
9500
11000
12000

3.2,4-Z{%fm (2,4-dibromophenol )
STEF BAC WSR2 5.1 5
SRy R R 247 i
[} (24-DBP)SBERERERG) » = BIRLTE 1)
I L S LA
1o [ 10 B TR 2,4-DBP ]
150pg /L L8 VAR PEFUR] > B
2,4-DBP [ [E¥5afi 18 30-35% » Gl
M= 4 W F ] B (7% 6500 liters) > 2,4-DBP
S SRR 2 95%)] - PRI
Y BRI AOC T BB - fE
L GAC Vi (=6 8] > I 2,4-DBP &
PSR B 4
PRI 15! PATi + PR 8
2,4-DBP A [BHATS Przp e fiff B & 3
5 R R Y 3 s g
[ | S N I’ﬁﬂgl fol e



100

Effluent 2,4-dibromophenol (ug/l)

]

R
o

S & & & & &
S LSS
N @ S

O
N
B

Influent volume (liter)

[{110. 2,4-DBP 7 BAC Y {1 i< 7
gt

lﬁﬁﬁﬁﬁﬁ%BMWﬁU%ﬂ%
FRAEF]E] ?ﬂﬁ[%r%r%“ (SEM) i
o ﬁﬁwfé 12 BV 4 Poy et
(BAC) » =IF AR ~ Ml fri o SRpr
= FIHPR] BAC ?’FL%“"“'&E?’HF[
[

2. BAC % [ 6D B 7
[EFIP s =0 poppe I > p g
[ #Ek< o (OUR) Y 8.5 mg-Op/Lhr »
R o[t NaAc FLEVEIE i =F]

3P IEBRIH S RL SR P BrOs v
PRAETH# 35 T AR R | A i
(T R [ 8 i IR i 2 R
1.02mg BrO; » A9H4k! —~ I
B 2o B B - AP SR

FriGRAEIE 2SI 41
LY o I BrOs S 2
T

4.4 ?JYH (R VR BPEAE B3P L
acetaldehyde [y fgfﬁi‘ﬁ? (AES TN ’ﬁ'J
R jF"'i Pl R F'jﬁ'}'fﬁ[‘?@iﬁﬁ% e
EPt R i BRI BT R
) RS -

S.ﬁ‘l‘iﬁﬁiaﬁﬁ 3 AOC VA [ 7y KIS

Wi IR0 180 [l A A
RIT 1L AOCroral [LE AR (5 - PR
PG ) P e 35 g
ARGV T B

0.51%f BAC WA B 1Y b IR 9
2 » 4-dibromophenol VR fiff/ % 715} i
(adsorption/biodegradation)¥>=f » 1 #£
FPEFREIS% I

T BFEE 1R O] R
e T MR 2R S GAC W
VI &R GAC W I
R ’r%:%%ﬁﬁqwﬁ%‘“?ﬂ i £ V]
AP I Y PR -
AR -

s #

PR BB @ ] EDAETINSC
91-2211-E-241-003) » #jlu:?%j"a:\j‘ i
BT T~ E R - b

= liﬁ%ﬁﬁ



PRI A S S 42
g &

[1JAWWA Research Foundation,Use of
Alternative Disinfectants, Chlorination
By-Products: Production and Control.
174-188, 1992.

[[2]Najm, I. N., Patania, N. L., Jacangelo,
J. G, and Krasner, S. W. Evaluating
Surrogates for Disinfection
By-Products, Jour. AWWA., 86: 6,
98-106, 1994.

[3]Pontius,F.W.Expedited
Microbial/Disinfection
Rules Defined, Jour. AWWA., 89:10,
20-24, 1997.

[4]Hoigne, J., and Bader, H., “Ozone

By-product

Initiated Oxidations of Solutes in

Wastewater A Reaction Kinetic
Approach,” Prog. Water Technol., 10,
657, 1978.

[5]Rice, R. G, “Ozone Oxidation
Products-Implications for Drinking
Water Treatment,” In Biohazard of
Drinking Water Treatment, Larson, R.
A., ed., Lewis Publishers, Inc. Chelsea,
MI., 1989.

[6]Hoigne, J. and Bader, H., “Rate

Constants for Reaction of Ozone with

Organic Pollutants and Ammonia in

Water,” I0A
Canada,1977.
[7]Reckhow, D. A., Leqube, B., and

Symp., Toronto,

Singer, P. C., “The Ozonation of
Organic Halide Precursors: Effect of
Bicarbonate, “Water
20:8:987-998, 1986.
[8TF, < 857 (2001), 32 Ik P o
- 1~ JpHEER 2 PR
BUREIFL 275 1, 11 7|5, 156-159.
[9]Langlais, B., Reckhow, D. A., and
Brink, D. A., “Ozone in Water

Research,

Treatment: Application and
Engineering, “AWWAREF, Compagnie
Generale Des Eaux, Lewis Publishers,
Chelsea, 1991.

[10]Froese, K. L., Wolanski, A. and
Hrudey, S. E., “Factors Governing
Odorous Aldehydes Formation As
Disinfection By-Products in Drinking
Water,* Water
33:6:1355-1364, 1999.

[11]Van Hoof, F., Jnssens, J. G, and Van

Research,

Dijck, H., “Formation of Oxidation
By-Products in  Surface = Water
Preozonation and Their Behavior in
Water Treatment, “Water Supply,
4:93-102, 1986.

[12]Oxenford, J. L., “Disinfection



By-Products in Water treatment: The
Chemistry of Their Formation and
Control,” R. A. Minear, and G. L. Amy,
eds., Lewis Publishers, 1996.

[13]Glaze, W. H., “Summary: Workshop
on By-Products of Ozonation, AWWA
Research Foundation, Denver, CO.,
1988.

[14]Weinberg, H. S., Glaze, W. H,,
Krasner, S. W. and Sclimenti, M. J.,

(13

Formation and Removal of
aldehydes in Plants that Use
Ozonation, “  Jour. AWWA
72:5:72-85, 1993.

[15]Hu, J. Y., et al., “The Effect of Water
Treatment  Processes on  The

Biological Stability of Potable Water,”

Water Research, 33:11:2587-2592,

1999.
161 8 Bt ~ Pyt It
RS LEL 2 6 0 S

S PR R, TN P,
42,179-186, 2003.

[17]Brunet, R., Bourbigot, M. M., and
Dore, M., “The Influence of the
Ozonation Dosage on the Structure
and Biodegradability of Pollutants in
Water, and Its Effect on Activated

Carbon Filtration, “Ozone Sci. Eng.,

E'*’J‘F’?IU?I: 1= B 5] 43
4:15-32, 1982.

[18]Janssens, J. G., Meheus, J. and
Dirickx, J., “Ozone Enhanced

Biological Activated Carbon Filtration

and Its Effect on Organic Matter

Removal, and in Pasticular on AOC

Reduction,” Water Sci. Technol.,
17:1055-1068, 1984.

[19]Miltner, J., Shukairt, M. and
Summers, R., “Disinfection
By-Product Formation and Control by
Ozonation and Biotreatment,” Jour.
AWWA, 84:11:53-62, 1992.

[20]Orlandini, E., Kruithof, J. C. Siebel,
M. A. and Schippers, J. C., “Assessing
Ozonation as  Pretreatment for
Granular Activated Carbon Filtration,”
IOA Regional Conference, Zurich,
1994.

[21]DeWaters, J. E. and DiGiano, F. A,
“Influence of Ozonated Natural

Organic Matter on the
Bio-degradation of a Micropollutant
in a GAC Bed,” Jour. AWWA, 82:8:69,
1990.

[22]Zhang, S. and Huck, P. M,

“Biological Water Treatment: A

Kinetic Modeling Approach,” Water

Research, 30:5:1195, 1996.



FriCR RTINS S 44

[23]Servais, P., Billen, G., Bouillot, P.,
and Benezent, M., “A Pilot Study of
Biological GAC Filtration in Drinking
Water Treatment,” Jour. Water
SRT-Aqua. 41:3:163-168,1992.

[24]Price, M. L., “ozone and Biological
Treatment for DBP. Control and
Biological Stability, “ AWWAREF,
Denver, 1994.

[25]Price, M. L. et al., “ Evaluation of

Treatment  for

Ozone/Biological

Disinfection By-Product Control and

Biologically Stable Water,* Ozone Sci.

& Eng, 15:95, 1993.

[26]Kransner, S. W., Sclimenti, M. J., and
Coftey, B. M., “Testing Biologically
Active  Filters for  Removing
Aldehydes Formed During Ozonation,
“Jour. AWWA, 85:5:62, 1993.

[27]Siddiqui, M., Amy, G. L., and Rice, R.
Q., “Bromate Ion Formation: A

Critical Review,” Jour. AWWA,
87:10:58-70, 1995.

[28]Amy, G. M., et al., “Threshold Levels
for Bromate Ion Formation in
Drinking Water, “ IWSA Workshop,
Paris, 1993.

[29] APHA, AWWA and WPCEF, Standard
Methods for the Examination of Water
and Wastewater. 20th edition, 1995.

[30]Siddiqui, M., et al., “Bromate Ion
Removal by Activated Carbon,
“ Water Research, 30:7:1651-1660,
1996.

[31]Asami, M., et al., “Bromate Removal
During Transition From New Granular

(GAC) to

Biological Activated Carbon (BAC),

“ Water Research, 33:12:2797-2804,

1999.

Activated Carbon



£ &

¢?%“&#%ﬁ@ﬁ4&%Wﬂ
I B RIS U
AR S ST RS 43_;k;ﬁqu/74
EIJ?%E[J PR LR e éﬂ (PAC)

ﬁﬁ"%ﬁw "] [EAR LA 55
ﬁ A S N J:E'[ 0 ’FJlZL I/?:J:LFJ‘

#HH>L

—ﬁﬂﬁ%’ﬁW%Fhifﬂﬁ B
FRLR T o JRiwl’] & 2 RUE |
@%Eﬁ%/Iﬂ%@%%@$W@%o

TR - HIKT] PAC EpLEE-
] o BERE ST (R AL R R
PR (AR R - SRR
J\FE'{ S e F N PRESS E] polymer
L R Pl R Al G 10

( [

NTU) » ([ il (S5l o i1 Jiege

= %] polymer [l it = &2 - [NEE
FBRFERIT [ o 4T PAC FR B
polymer £bETEERE = ipLEE. 1 ﬁkmﬁﬁﬁ
(% PAC Vif'i[liﬂs"iﬁ'?éﬁi YA ED ’fﬁJlﬁji@
EBPY RS « Hfr> @ikl
[EEE" B polymer Fr 5% VARPIRY ik
o PR A o (] R R

*7}\—) BT R RENY EARA kR E F

WA S A BRI RE YA
RS AEs: i i oL Rk &
TR AL ERE RS L Kz

R BER 1  y

glqwrﬁiu?j: 4 = EaE] 45

FIIETIT » RUFEET %] polymer 1/ #
N R EET B R 2B B polymers o
=9t > [2EE B polymer 33 iR
TSR U Y gEEE S 5 '] polymer ‘&
U BEEE 0 PAC VIS [HEES
B W B ] polymer 0B EIRY 4

ﬂm‘,J °
- @ 3

TR P! i R~ 3 P R
W%%%_’ﬁWﬁﬁﬁ I B

BrE > DM AR B e
PR TR IR RIS 5
ﬂ”ﬁ*#ﬂﬁ%ﬁﬁﬁwﬁk*ﬂiﬁ
VAP AR T I LR T o
T | A B IR 8 A
AR oI5 e TR 9
U R P 12 e o
Wt 1 %’7 SRR A (F RS R
FEE LA B ENELR (D B
7<) o /\FLFW phi¥% o Shi and Chiang
(1998) il EGE S iV Bl > TRl
§>L[EHTEFM © .V BEAPIER > [E LS
O P A > 20
EETEDI T BATTORL » OB LR

LE R RKFETELE



PRI A S S 46

% frily AR G
SRR W 56T O AR ST - B
H o ﬁﬁfﬁrﬁél‘“E SSES PV
[ B [ A TR ~ Bl i
p&ﬁfa?ﬁiﬁ‘ ﬁf*”q

Aoy IR A o o SR
;tzLﬁf”T [_ip )FEIFTJ s :‘”[’FtEI%M [P~ Eff I/T;;m
e A ST (S Hﬁﬁf@’ﬂwfi; V@
SR ST R B o A )
AP B 3 1 Ewﬁﬁ%w
( polymers ) rj#f‘?/ﬁfﬁ[l?ﬁz "‘J ]
JE?‘E]Z?JIE&‘E' JETfE U TR SR 5 PR
RIS R o (] R R
G YRR R 2 o i
- Sy 5}%“4%;5%% RS
G REY PRl 3 B R =R
F‘fJ [fﬂ'*“‘ﬁ fi JHr P T
HF“' R B o YPIE SEEPRUI ST R 5
HPEELY 3 KRB~ kRl o )
R (YU 2 R l’“‘%ﬂ%‘*) [l
VPR > SR AR e
JER

PR F R ) R
YR ERTE > pIEEEER] (2
(5D P G S AR o=
TR EREL o R ST
PR (BRI B s PV e P i
@‘%%m%mﬁfﬁb%ﬁﬁW@l

S R AR

AP RIS EEE R > AR
[ BRI L %ﬁi B =45
s R WS BN AR G 2 T
Fife o JERWPHY W - BT Bl
AL LR = o7 PR Rk - X
il PAC ,E: > 53 R RERED
ezl Eﬂﬁ ’ E’M%%’Fﬁ R B SRR, 5
W VR SN EER]S S
L ﬁ?‘zﬁ Ao 1 PAC%EF,J' 5 EEE
g #Enqaa?ayilﬂﬁ rb K
e ERE I T R R e
TELEE: ”%F IRFPPITHTRY £ e o ] S
SISy 73 TR 5 R T

A P53 MT (Kawamura et al., 1967)

ol S 1

e L T N e
PR TR IR S P R At
O S (T iri—u“’” 0.044 mm) 7
Flg o Eﬁkﬁﬁ ERIEIEY & T R PR RY
TR IREERU A SR
1B AT 250NTU [ - 4 rﬁ[ﬁu I
e AU TS S NG
TERE ° S15HHEF] £ 1000 NTU IR
IR Pk 7 5] 250 NTU % 1000 NTU
ST R S T %’L?J‘éf?ﬁ‘%%%
o H ﬁl%%—zﬁ@ﬁéﬁ%@[l%~ o I 92



&+ 6 F }iﬁ M&mfﬁ AL
FUE rf:ﬂaEé*"JHJ??— TR AR
- AT RUETR Y
2RE  amz
K Sk 250 1000 4 gk
NTU NTU
pH 8.11 8.19 8.01
% R
(mg/L as CaCOy) 140.5 140 134
B (NTU) 1025 224 0.15
NPDOC (mg-C/L) 2.401 1.77 0.29
UV254 (cm™) 0.067 0.042  0.010
AEF e (mV) -15.4 -153

AT SRR

F B

PAC (polyaluminum

FIRR T 2 S 4

N TES S R = R
ﬁlﬁiﬁmﬁ o FREEHY polymer & ?ﬁf R
A PO 5 55 0 53 RIS A SRS
S P 1600 Pyl i #l1 s A e
R 4 TR R 1 TR

BV E] ) polymer U7~ 1

%ﬁ@%b%@f@%ﬂ#i:O
ST R 1) 6 it 1 ?ﬂ P

FE ] Jﬂ:*f* ARt 1 g )_F;VJ‘ KL

1 {L_EE’?FL;%%EJ?F( k] > I

T FREEES (Phipps & BlI‘d) HEE A
i+ 100 rpm ™ YL 3 min > 35 rpm M &
1E 25 min > ']i‘n&fﬂ;[ 30 min ° [t

hl h £, o2
chloride, Showa, Japan) f e TRV TSV W{af& e
FIRPHARP Y polymer E
\ g - IS EE S * f e I E
(:":'I u iy L = ¥ i N 4 &
meE | meE =5 5) *ﬁjmg,L) A o I
Kasfloc Polyacrylamide i | . 4 £l
a R3] AP (PAM) 1 mg/LL feEs" 7]/-311 ﬁ'J” &l PT. Kastraco FDA
b Magnafloc Polyacrylamide | mo/L. B T]/003 S o g Cibalt NSF
LT27 (PAM) me =T = peaalty
Chemicals
A-110 Polyacrylamide — hoy = &l
c PWG (PAM) 1 mg/L HESR]/-168 EJ% 1600) Cytec NSF
Kuriflock Polyacrylamide S FJ,' 73+ &l .
d PA3)) (PAM) 1 mg/L HEH(/98 (#g 900) Kurita USEPA
) - Ciba
Magnafloc Polyacrylamide B f,’ 53+l X
e L0 (PAM) 1 mg/L RIS R 2780 FJJ ) CS}I;)@CI?IHY NSF
emicals
Magnafloc Ciba
f Poly (DADMAC) 10 mg/L PEE 21220 (Ro5 & Specialty UK
LT35 )
Chemicals
(%75 £l .
g | CT-4000 Poly(DADMAC)  10mgL  [HEET®In11 L(:; o FpmE
Superfloc . P (55" £l
h P Epi-DMA Polymer 20 mg/L PR R]/310 G 5-10) Cytec NSF
. (&7 El .
1 CT-5000  Epi-DMA Polymer 20 mg/L [ ES" B/318 IL(;; 1 O; %5 2 B




FriEIETT o = B 48

iﬂﬁ? T~ pH L bﬁ‘;%ﬁ& -
RSP 3@‘ T IR AR
BRI J T I T
BRI PERVER] o

ELET A T ffl PAC == polymer [I¥[18&
PR SRELEESS I VYA —41“54&5[3[[%?{‘
- ;'%EJT [ﬂ F[JJDZEEJ”EFT [/D&‘;ﬂp . > 55
BIEL (DA PRI~ PAC
polymer » &7 [RIEL ~ PREL I RS
Actpt PAC > PR T min Bt
polymer > ]I 2 min » FE5EE 7 (&L~
fﬂgl o (3)* polymer > THJF 1 min
%07 PAC > 199EL 2 min > JREAEERE
(R IR o @) PAC » TR 3
min > F [¥f5 91 polymer » 3 5 WL ] ©
(S polymer » BRI 3 min > FIIF
PAC » &R e

PAC+polymer
4 por R R
PAC
Ly pom R R
‘ polymer
|
polymer
Rl —— R ik
+
‘ PAC
‘ I
PAC polymer
L. e TR kR
polymer Péc
L pEx) 1R TR

il YRR R BR] e

M AP D =

RO AR P B (Hach
2100N, USA):E = pusif] - P
A PILRLF]E ] f 2 ?&f‘r’\* 1P (Zetasizer
2000 HAS, Malvern, U.K.):& =L - &
IR Y-SR FIEET Imboff
Cone (1000 mL, Vit Lab, US.A.) f[if&
[l (BRI AT A 30 3 8 i
%WVW&MW}W il PSR

PRSTHEAR (ml /L) -

2L 21>
= > “e‘-;%-;-‘!-?;‘ fgﬁ

(— )R] polymer EbJpLESH Y pLEESS
Bl
ERfErE{E ] polymer £ Y%%'JE?‘J; s

Vi E R AL Ul o AT

I'fc~e~f* h 4% polymer £~ E2| »

%ﬁm{ﬁjﬁhﬁé IR R R 0 i

WQ S TR SRR

€ polymer ?'@JE'E‘&r&WJ?E’J@FUWII

[ YIRS (250 NTU * 7Rl I

= (1000 NTU *  'E17f<) o T polymer

Yil*] pH ﬁ‘ﬁ[ﬁﬂﬁ?{ [ e ]

Y i pH i i+ [ polymer

F B PSR )

polymer £5 = \gﬁrjpfﬂﬁ[ﬁ 7‘ ﬁﬁﬁ

W R [ R o

I'J 250 NTU * = =g @iosi i

B o B eEsT R IS R polymer

f



(polymer ¢ * polymer e) £%= %ﬁ'ﬂﬁj ’
TR 1 A RS SRR ”?EJ@V*
57 NTU (polymer c¢) * 24 NTU
(polymer e) » Z=ZEIfEE AL Sl i » =
\rﬁ?p W & polymer JR[EH I By HE-
ﬁ  HURT ) [BES R polymer h £b 2

EH] 7& |?EJH‘F' Pl B &1 I Berophy [
B IEWA@P"J Z# 3 mg/L I [T
75 ka?ﬁéd@l JlipE 15 NTU ') ==« i
[E7]5 polymer f PSR ek g — 5 3 &
H# Smg/L o 773?’{1&5 % F'[#= 10 NTU
= F‘ > (AR polymer A& - FII~

G ‘;}’ FESRG Ay > SR o R
%\W’ T ﬁ%ﬁ

|

110

100 |

—e— Polymere
O~ Polymer c

Residual Turbidity (NTU)
o

—e— Polymer f
O+ Polymer h

Residual Turbidity (NTU)

Polymer Dosage (mg/L)

Q%‘: K7 polymer H|EIETRPEE
f' ( 50 NTU *ZRifs)  (a)fs
SR IEESE] polymer  (b)
f%?ﬁ‘? E] polymer

*ﬁ

glqwrﬁiu?j: 4 = EEp 49

100
90
a —e— polymer e
§ 80 o polymer ¢
Zz 70
£ 60
o
€ 50
=
< 40
3
2 30
3}
x 20
10
0
0 1 2 3 4 5 6
Polymer Dosage (mg/L)
100
90 b
5 80
E 70 F —8— Polymer f
Z 60
h=]
Qo
5 50
e
= 40
3
2 30
o}
* 20
10
0

0 1 2 3 4 5 6 7 8 9 0 M1
Polymer Dosage (mg/L)

= {578 polymer FIEIZ=RFIS
%%I%u': (1000 NTU * = Fifo)(a)fegs
~ B ZHEE B polymer  (b)[HES

"] polymer

L1

'] 1000 NTU * = JRUf<% i k&
T EITTESE > polymer ¢ (& iR 7R
% [ = 30 NTU - polymer e i’ 734‘?71
W [ = 20 NTU - [fif{fi '] polymer f ]
fi'lE= 10 NTU > iﬁé’é]‘?’iilfﬂéﬁ@ 1000
NTU ij[ VER AL T VR A R
& @?’Tﬁf [et] L'/fr“’?f%ﬁjﬁl W‘[ﬂ' AT
eSS /’%d ITF E o SRR g
T I H s *JUJ [W;% °



Fricpfen= 4 = 550 50

(Z)ET] PAC ELIELERR I ELEES |
[P [ e ST BIES 250 NTU »
1000 NTU * = Fi7fs > I'] PAC FhELEs
A AT R 1) R V*“?ﬁ%ﬁ
KVl > 2087 I PAC “[Bl ERARA -
56y PAC/?‘“‘JE'E* yfgﬁﬁd@ [ FFE R
IV RENWALTES PAC ﬁ* Bing]i=s
(%> ’g.l[’ PACHHIENE 60 mg/L & ”i%d@
['[EE= 2 NTU ') > SR Jpﬁﬂi'ﬁ!fﬁ?
20 mg/L i o YRR PR (S g e R

60

Residual Turbidity (NTU)
S 5 5 3

>

o L L L L L . L . .
0 10 20 30 40 50 60 70 8 90 100 110
PAC Dosage (mg/L)

q\gﬁl[)% PAC jﬁmjﬁ'%’ﬁ?ﬂﬂ@ Vi (250
NTU * = TRi7f)

35
30
=)
E o2
=
3 2
2
=]
o
©
3
@ 10
Q
o
5
S0 0 2 % 40 s 80 70 80 80 100 110
PAC Dosage (mg/L)
B2 T
[fi' = PACHRIEZ=RR R ] /FTJII':

(1000 NTU ~ 2 k)

o [NIF=» HUE ] PACHIE! 20 mg/L ?5'5?]‘
polymer 3} 250 NTU * Rl X J'SF
N o [ Zom B BT PAC KR i TE
1000 NTU * = R/ i S sl
1] 60 mg/L '] 119 PAC &I el
VB (S5 4 NTU » BRI it &)
[V PAC ' & 3545 [yl p il i A~ 0 1
o (SRR SRR DR N R
i AP ST 1000 NTU 2 % 2 FCfs
#-I'] 20 mg/L pJ PAC | El ’ﬁfwﬁ‘n”
EEW VP E n%’aﬁéﬁéﬁﬁ? o ) g
polymer flitE% 2 EEH [T ’D%d%@j [h3 3%
WV R =
(= )Polymer }?TFTE' PAC [EELEEER VIEL
EEFSH

l.ﬁ'Jﬁ}Q'YEiEL?"?‘JJ/ At

1= TREPE 250 NTU * = Ul »
f’y@JE PLETEERE T i - PR
f‘ & polymer .V MEEFSEL 5 T @'*’gfﬁ[
B I (R B SR /Fj‘ﬂ“l
B! PSP FEfrasUT 2 PAC f’
f~g~h~ i PUPEFRESSE] polymer 22~ ifi
¥ > polymer £ i NEsE 7&?’{3%&@ fifl
o el 77 - H H f % g kLA
poly(DADMAC) » #7210
coulombs/g = F‘ ; f'* Tl polymer = HY
1= B FEHRATNT > R R
“E - FREE 0 T polymer FIENEE] 3
mg/l. f[ﬁ REREYE RS 1.5 NTU

I



Erde-ls@+ay= 4 = & 5704 51

FJ™ oh ¥ 1 = 5% 55 ¥} Epi-DMA Polymer» pman el
—r— | Ep-DM~ podymer
—=—- h EFDMApmEr

EfE B 3094 ¥ 2837
coulombs/g » 1% 7 JFLEEFRER < IR ERIEE
S RS R LY b
FRIF—~ o PYFE polymer Fl1 o T
polymer f [RREEFSHIR I+ ﬁJS‘A R
PR A T R B EET BT 20

Reskdud Trbidiy (NTU)
O - W b F U @ - oo W

2 ] L H n
Pdymer Dosage (mgl'l)

H‘?ﬁH‘ PAC ETE'Q S & polymer 1%

ML [P PAC K= A TRl poymer e W%w 4 250 NTU * -
L fop)
Bl plZ RPTAEUT Y PAC gmﬁ )

— gz T o FdC = 20 gL - 1)
a~b~c~d-e 77 polymer » EFEEE "

polymer 1EI% FTITRFHE (1 :
«.oi,E!Hla~b~c~d~epuﬂ\r5’%ﬁ'ﬁaﬂ i

A A S T ST :

[ polymer e EJ FET T TR R e .

UREIE Al (F‘[fi' polymer fi JI?FH\E'EYH T meemems
%*"f?\%l?‘u ) adi N EE=. > polymera~ b i~ PAC fl e i B S
¢ B d VPRFIBE 1~ §EA I 9] polymer mMmrMWB@%WM@WN
Eﬁﬂﬁ' T EPEELY ISR ) polymer e q%\'(250 NTU * = 'RUf)

w
o

(7 ~RIFIT80 ) PRI il
> [EE= SR polymer AT - [E[RE
[’3 1~2 NTU » 2 = PEEE -
2. BRI py 2
H litﬁr’JE[fﬁgu&ﬁ;F,w BE 7 PAC &
polymer F'U}%El?‘f%ﬁ SRELT ] PR EE=T ST
polymer [IUFs ik 1 g B [F 00 01 02 03 0.4 05 06 07 05 05 10 11 12 13

Polymer Dosage (mg/L)

w
S

251

20

Residual Turbidity (NTU)

TR H = E PO o s A TRl p s A s PAC E*' 3
FP e W T [ oMmrhWH@ﬂ”%@ %
I PR ]~ e b @50 NIU 2R



Fricpfsen= 4 = 55 52

polymer £ 2 g E /= I0ufT R E’*“]l
NI R 7 e At NN
SRR A RE ER
e

e B polymer [T » S22
polymer h (Epi-DMA Polymer, MW =
5~10 ) &5 WER < [ 7 T £ PAC +
polymer h 7 J [ﬁj"{l%f”ﬁﬁ‘ﬂ polymer
T EIER ‘Fﬁi&}ﬁf' FUFT"J (7 > 25 polymer h
PR R 1O R R T 2
NTU V] > = b e g1 27 76
(Il PAC % polymer)
PR S AR -

Polymer e E3ZHE5+" B polymer £l <7
BRI R B YR 2 gﬁﬁqug\[ L HA-
o HEZFE T [A] polymer 8T [RIPEEH
Heh PRl :ﬁ;pl?*ﬁ Bl HEIN ]8T
R SR Y R
o [ E S L 2 R 6
HIEI PAC ?{EIFJ g J“V%Jﬁ E3=1Y
ZFER Y %smp?ﬁw"gﬁ F“ By
polymer & [l * PAC °

(=85~ B polymer Hiflt » {71
polymer ¢ 32 = B FI-AUERER - U ERH
NI e Polymer ¢ o [IBE FIR-IU5Y,
Bl 2 R 575 7
TR s P E

r@

i il

t’r )

b F [ F)
polymer — 553 {LILET 4 g H4 i
RSN L™ 2 fflJﬁi,El Y polymer 7|

10

NNZENE e

PAC = 20 mgs

—— (1)

Residual Turbidity (NTU)

0
00 01 02 03 04 05 06 07 08 09 10 11 12
Polymer Dosage (mg/L)

it 7 [lpSE - > PAC f‘ polymer e
HIEIERPIE FTJ[ (250 NTU * =
FO

N
®

B

N
o

PAC =20 mg/L

a4 o
o N

Residual Turbidity (NTU)

A O @

o© N

.0 01 02 03 04 05 06 07 08 09 10 11 12
Polymer Dosage (mg/L)

A T IFpEEEE  PAC El?‘f, polymer ¢
SHIEITER 7&‘?’{3&&@;'/%%%(250 NTU *
TR

70

6o b PAC =20 mg/L
JJD%]IIEI Eg( 1)

50 |

Residual Turbidity (NTU)

0 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10 11
Polymer Dosage (mg/L)

fi-f ~ PAC f’F, polymer f /H|EETR &‘F
3%&’%'%;‘![,1 q%‘[ (1000 NTU * )

—ﬁl
\‘
g



70

65|

o PAC = 20 mg/L
5 55} e R (3)
[ L
z 50
2 45F —e— polymer e
T 40 —O— polymer ¢
a
2
S
=
©
S
o
@
Q
o

5F
0 . . . .
0.00 0.25 0.50 0.75 1.00 1.25

Polymer Dosage (mg/L)

q%ﬂH Z PAC PF[ polymer e » polymer c
VBB W’YEJ@ ﬁfdl,u H%‘[[(lOOO
NTU * EVF)

EITVRFHEE () 10 NTU VB (4

AR P RS B polymer [ - F7E
PSS e -

ZHRI B (1000 NTU) 1~
Lol o BT JEEE | 3509 polymer FEKE K
S BRI S  FRER o (R EE R

polymer E\J]ﬁ;; » I') 20 mg/L PACTi E?' =
SPEESSHIR Y polymer £ ™ FRH 57—

[_E‘

\—
-

RGPS AT SRR - A U
AR f‘éﬁ“fr’ a8 ((/Dq‘?ﬂH - )
polymer &% 8 mg/L 1 » 773?{3%@

[ = 3NTU » JIur=d g A fa sl <1
=Tl )&?Eﬁ%-’ip T 60 mg/L v PAC: dfk
polymer f7%E13E 10 mg/L 5 » & 72?7?%&
Gl R o B RER R TR R
polymer 7555 [[|I'| polymer ¢ % polymer e
BN fl 20 mg/L PAC » ="' I']37=

FENISEEE (YA IR ) TR

EWWJ"F’?IU?I: 1= 3
= I |
SIEEFSER o q%ﬂH IZE5. > polymer ¢ VMg
FHE polymer e ER{FE o FHfNE 250
NTU * 2 Ul V@R AL - g -
RLEV R (R (LA LR -
y—;ﬁﬁﬁ‘lﬂ' SYAREE o PHIPT T B
FFI'[J (#+ 1600 ]}i J ) &/ polymer ¢ 7 1000
NTU RO ™ G RS - k)
polymer ¢ ¥ polymer e 57 0.5mg/LJH|
&l %@E@'ﬁﬁl I ErEEESR }{’—]’ 1000 NTU
M TR f‘?ﬁif—}:—iﬁﬂila,l/”“?i%@ &t =
13 ¥ 16 NTU -

() By

ﬁr’JE-I’F‘ﬁETHI I JEFUE;}??-’JLI PAC §Y
PAC f' polymer = ?EIT fﬂ
WﬁﬂﬁywiiﬁﬁﬁiﬁW@E
polymer V' 7% o & F 7 ’FL"HEYSE}Q\
Reeplo P RIppse ) S A 2 T
P R o (EI& 2 oy EQFJ?FJ?E‘%

£ polymer [/

polymer *

R Jﬁfﬂzlijlfi:@’rp LK) [ﬂ IH
Ef’lﬁw/ F'fj ﬁ#@%gﬁ"? gfE F V(.

LB %, b 9t i)

T R 0 T AN E
AT 5 s 3 = F R MBS TR P 9t
{1 ﬁi’?’%ﬁﬁéf‘el R VPR -
FHs gg"z%fl’PACﬁf'
¢ YRS B polymer e [T 4k - R
Hﬁﬁ?‘lﬁiiﬁﬁﬁ’ﬁﬁuy’?} » =V FR DI

L R A § RS

[ EES" 2] polymer



Frdr ey 4 = s 54

% o 9l El Fyﬁiﬁ@ﬁﬁigé@ EE[E’@@JJD
PAC [R5 FEqE | &' 55 r’r? Fe AT

£L ) o xﬁfl FERLNER Y0 polymer Fire-

FOOMSORT T LR TIO5 BT - )
EPLE AR D 2 53 s
ﬁb?$Wﬂﬁﬁ@%@J@ﬁ%fm

o PRI SRE RS R R (e
ﬂ)P L LA TR 35 s S
wﬁww%@?%%ﬁ FI# o - 4
ERAVREET A DOpYY - RS

?ﬁﬁmﬁﬁ‘ FEES > TR

VBT 1 BB e R - T
FIE R R TR R A
RS Bppo s o 2 i1
E‘?Fﬁﬁ%ﬂﬁ?\ﬂ% R ,%E[ﬁﬁljﬂié By
ER= SN VN 6 A i RENA EX LR
AN SR
2. PRSP

RN SERNTIEE St A
1000 NTU * Et?ﬁflfﬁﬁ?fﬁéﬁ@ [l =
10 NTU - (1)40 mg/L PAC (2)10 mg/L
polymer f (3)20 mg/L PAC + 5 mg/L
polymer f (4)20 mg/L PAC + 0.5 mg/L
polymer e (5)20 mg/L PAC + 0.5 mg/L
polymer ¢ SRl [fil i Frig & puyicEk
ﬁw'f}g%ﬁﬁnémyﬁwgg B =
o (B PAC [ 2 [y S AR
% (6 ml/L)> E-¥ERI] PAC E‘ﬁ[‘ﬁr?ﬁ?
E] polymer f (J#j= AN = 5.5

ml/L) » PAC i f‘ [ EE" B polymer ¢ &
PAC fi f' FEE" B polymer e (Jr¥ =1
PR —4~45 ml/L) > R SR
DRUERE T polymer fo pli_Fid
ﬂ’” YRS PR ERLE 5 S RO LY
W P B [
&‘F}’?EJ@]‘R[% PAC [& ?E’fé;’  JOPE
Hl TE{F‘, i{ “J[1 polymer fIEHJf FLosEL
B vww/ﬁaﬁaﬁ’ﬁéi
BEDYEY 5 i PACF £ polymer B - ]
[~ EE PAC 3]12 Jl:[ Fkl <t Fﬁvi YT PLE
WP
3P,

IR YRR 1L B
U I R o B
FHETIENE [ L7 o £ VB ey e
T4 o YR [ AR - > 0 3R
R AP R P S AP 1 o
I Rl 'Qi_%‘U’FE‘fﬂ%ZﬁFJﬁEJ % E\J‘l‘ﬁ
By DR [REE T A LT
STIVERERE (i 1) - [BIF Y e
Fl i+ = 355 f[[£% PAC + polymer ¢ ~ PAC
+ polymer e - PAC + polymer f ~ only
polymer > [fij PAC FTEY i 4 1] 2
P -

e SRS A
02 S P 1 e
polymer [V’ & & g 5 ETEN VAR
Pl BT Eiﬁﬂﬁ [ polymer ¢



(1600 F'J) ¥R > polymer e (57 &l
7801}* Bl =
|E|1f UTPAC JIPP)R5E8 & 55 1 A

N

> polymer f ({&77~

’ﬁffﬁi?ilﬁ > [y {E75 91 polymer £ [I[TE DI

fii-= P PAC T A3 KB i
ISR VS o T R
VEORE SUIFEIS <) fBA = o

= Uik SRS R
8t ® Residual Turbidity

410

1M

PAC Polymer f PAC +f PAC +e PAC+c

VR V5VEEE B (miiL)

o

i = F,ﬁ. R

BRI B

(1000 NTU * 7 JRt7f)

250
——=e—— only PAC
5 200 o only Polymer f
E ——-v—— PAC + Polymer f
< —-—v-—-- PAC + Polymer e
%‘ 150 | PAC + Polymer ¢
2
2
=i
-
< 100} a
3 L
B O\
3 NN
o s} Nowl g
Vo R L0 o -
—_ e ]
o . I Tt I S |
0 5 10 15 20 25 30
Time (min)

[ P ey P Y TR
V(1000 NTU ~ = Rt

Residual Turbidity (NTU)

glqwr%’ﬁf-uﬁ: 4 = FapE] 55

PR P

J‘} [FES+ B polymer f & polymer h
fiftn = ?Z?F‘?'Jﬁxjj » Kk (% polymer 15k
EITN (1 mg/L) o H R T 05 )£
-13.8 mV 5-14.0 mV - {[I%* polymer f
VEF BRI 7%?71%@ B R
Y i = 3.5 mVe E[F%I A
TEhL B He [ RIS I = [ o
[F=> polymer f % polymer h IL’EE‘H‘%‘—}’*ﬁjU
ARSI o 20 aEE B
KR o
polymer ¢ % polymer e/#|&! 1 mg/L 5.
i ;*”“ 77 PIEE-15.9 mV *-5.9 mV ||
?EM“@;W%' iV 5 mg/L g H E?[J\__F'-i b
{53 B55-16.1 mV 7 0.1 mV » SR
RIS polymer e VLRI
St 0 b) polymer ¢ BRFYRSEEN D pil i
?q""\*’ [fi7~-16 mV » AHERESS S [R50
x-SR A RS R

ZHEE" B polymer [ EE = EV = RHE

s i

“ polymer I’W@E’?JYE%@’?‘JE@%W? (&
PRBE T (S B T
P T R
Fpu o [EE" 7] polymer 47 57— 7E 8K
H - 4 mg/L EERIE 7&“%@@[%’
bl 3 b Bt B 5.5 mV oo BRI EES H
polymer fi Ji?j& VPSR IEY particle |
%‘[@F[lﬂlpﬁ 5] o [#ES B polymer ¢

BE="E| polymer [fth} =



FriEIsTT A = B S6

W IEEEST R polymer e AT ﬁﬁ"{lﬁj"ﬁﬁi
(7= FEBEEA) R EEED (0.5
mg/L) VR L T[] £E-14.5 mV
®-11.2 mV » [’ fLEEESS B polymer [V
%J,T\\JJL@;% dSgh=f< IR 7 P LHr Iﬂ o
FHIPESH] > [REES B polymer '/ 5'?&@*
ﬁfu%ﬁi’;ﬁiglﬁpg FTJ fagE B I
1] polymer it t52 | et lfD
AL

pi- HEr s O'Melia (1972) FRE] -
L (e B ] O -
B BRI Jl‘lfﬂﬁd@ ﬁ’?‘u*
%‘?ﬁﬁ S AP H S T BB
250 NTU ?Ejﬂ 1000 NTU EHJ? » I'] PAC
L ML BRIV 4R 1T
&+ B polymer it 45> MP%'JF& Sk

B J[@%ﬁr*‘?ﬁﬂ '@Eﬁ I pawE

< B polymer £ = &5 2 MEQWEJ]‘ -
fob B BT IR 0.5 mg/L 5y %
%L?J‘*'/Té’li!"ﬁ%iﬁ' E*F*T% o PRl T FEE3]
PAC I/ jfLEE #,é‘sﬁfu PRI AT
- ﬁﬂ]@#ﬁ‘% %] polymer [NE1%
FIFL S ZREEE- > 285 R polymer ]
FR=F I = %’%ﬁﬂd’%wu °
TR P&~ W] polymer
R S AT U -
SN (- SR F*#Eﬁﬁ‘lt’:“ TR

PRI fel £ <1 > PIREEEEN B o
USRSy T BT FE B

FZ PRSI I R B
T TEE
TR IR
1* 2%
(1 Slem) 310 313
pH 7.9 8.0
i

et 108 111
(mg/L as CaCOs)
W% (NTU) 1233 1171
NPDOC (mg-C/L) == e
UV254 (cm™) 0.054 0.056
Pl EE (mV) -16.4 -16.0

(A polymer>  PUR— 55 & X

j’ E‘[HJJD %

PAC) 5P « HEERLE 17F ]
8= 2] polymer FEE) jﬁ‘ﬂﬁ
I PAC (SR 1 R L B
UV polymer SRR ffEN By E I

L?]J#Mﬁ =2

I I
Rl

» RIS P ™

AL polymer {gl T e SRS A e

‘H{?P“ 55%

#ipt  PAC I [ﬂfﬁ[

FIA 5 U?Ei{i}jf%‘ o ZHN Yy FE ISk
M (J2U07 polymer s K7 [\@dﬁlﬁ\éﬁ [ElE

PAC) - TG

?’Iujjjzfilz[l'l

EH PAC 7+ A

< [RENRLEESSH | o I THES

=" %[ polymer 21 iﬁ?‘JEﬁ » [NEIE2 PAC
e ﬁ&ﬁr”?‘l F_f il:H[ﬂ[t'r A Fjsrigl =
% JIZI%E&/”E]W ;ﬁﬁiﬁ\;‘;rﬁ\l NG E'I;"_T\ Ao
(I REL TR
FETERS 7]"@’(&‘“?23@ RV AT A

RS

U i 1000

NTU J'} - $UBE IS 5] - [



B 2R85B polymer £l = R IT
TFRUIARE S FRa f A [
A [HEE" E] polymer Elfljﬁf}} »polymer
£ polymer h 7 & [ B EI 757 6 mg/L
S HREES T8 NTU » 24702
BT B ZBEEST B polymer » [ EE K|
polymer ¢ [V & (X5 Wf prReA ﬁ 720
NTU - [f] polymer e 15 W’?E’J@ /El[ﬂ

TR HORE 2] W Rl -

100

—o— Polymer f
O Polymer h

\\//
5 ° o

0 2 4 6 8 10 12 14

B (2] o]
o o o
T
o

Residual Turbidity (NTU)

[N
o
T

Polymer Dosage (mg/L)

qgﬁi_{ 3' Bﬁ;’"m FIJ polymer }‘;F@IE.I‘\':{!—I ?]f
WS VR (RN

100
o
—e— Polymer ¢
—~ 80 o Polymer e
=) o.. &
=
p=4
<
2 oo}
°
Qo
=
=)
=
= f
>
-
@
o]
X f
0 L L L L L L
0.00 0.25 0.50 0.75 1.00 125 1.50 175

Polymer Dosage (mg/L)
[+ [ 50/ ) polymer
HEIE ww%a@ VR
(PR J‘)

DD

PIVPAC & Bl A N O

o KT PACHH[E! 20 mg/L % > ?{'3@&@
£% 23 NTU > ¥ PAC FIEIHTI= 80
mg/L > FIFEFREVE e = SNTU )™ -

}%krﬁ polymer f‘ PAC IV Elige3sil
T rafi#“ﬁﬁpw PAC#E! (20 mg/L)
& A VENRe o I IHESE] polymer
fie 'FA' PAC » '} 57~ FEpBe A ([l
it PAC % polymer & [JE) 2% =T
Z45& > F|l polymer f ¥ polymer h iy
FEW BN (A7) > 4 mg/l fU
polymer#[&l 732?73%@ IR 3
NTU %7 * # PAC Fsis B]w s
=" 2] polymer El@ff%il?‘fﬁl Hl = 75RET=
FEUEEEIA (A polymer [JIF 1 min
He o WY PAC) AT IREE A N
polymer ¢ [} 7&«?’{ 1B 65 polymer e {55~ £
(ﬁ‘?ﬁ‘ﬂ J©) > {1~ polymer ¢ % £ J’F"TiﬂJLF”FI

TE (-168 coulombs/g) ™ T RyAT E Xk
i‘”f%‘ [ E ST =& (1600 ]}i'l) A ED
polymer e (780f ) fUR ]Fﬁ » PIE 2
FRREE[EH] o 2 ﬁf/[llﬁ » [F== 7€ polymer
’FTFI 0.5 mg/LAE T RIRR D R 3
NTU > i’ L s B W Z B85 7] polymer
P A LR A PAC
BRI | o hydtA] B ROl
A R

A= Eapa 57



PRI A S S S8

B g WEREEE TR
PAC }%F'Bﬁ » [EESSE] polymer JRLEE-
SR R E ] 72 G Ty
polymer B [l Bt fifi > 551 a%
TRRESES I - W= 1 5 PAC (20 mg/L)
}}%ETC‘T [FivfrI &l PR EE" B polymer £ 5]

Residual Turbidity (NTU)
S 8 ] 3

o

0 50 100 150 200

o

PAC Dosage (mg/L) IHU[J 2= ;ﬁ_}s'/;?)‘,f fglj[l;ﬁ\i’\}'[gff’»jé I:rriﬁ'l\{%‘;
5 R (] By = FE 8k
[ = PACHEEREIL I B el RS T ) 2 5= P
R MR T polymer kT VHIRL i
) FEFO o [T 1E0= e pEe Ao e
PAC = 20 mg/L iof ST ST 4T 5 T
L W PN g B FEISE ARG F 0 7 2 mg/L Y
o} o Potmarh polymer &I FEFTEE (AT [

=1 NTU FJ™ (081 PAC
150 mg/L I'] B(EI VIR S RS i
| . | | | polymer?’hg?ﬁ!«fI Z 10 mg/L EJJ: }'?EJ
B R TR S BRFREHS 7“I%F
[FE BRI B R }J RS, fi fEL A
ZFF2NTU» = Gl e 250 NTU * T~
RSV p b A R

Residual Turbidity (M

A - PACP?‘ﬁ PREE ] polymer V7]
BRI ﬁ;dmﬁ%‘(ﬁﬁr’l )

30

. PAC = 20 mg/L polymer {43 2 | e i 1 Y

g e g A (3) o : 7\4\ o WIEEl 5y = FE ISR N Bl

gij: o ?“fﬂ{i' ;_l/ﬁ@[’“"?ﬁ/ » f'1 polymer F#|&l 0

%10- mg/L [{.V-15 mV ([Hﬁ 773?(3%@ ]

¢ 1 E'J) » polymer £ -] £[] 2~8 mg/L E\JJ‘ )

0 e Erll_lf“f b= F =15 mV V] GEEEF

Polymer Dosage (mg/L) IR A [RER) > 247 polymer Al E E\JJ? Pl

[+ 14 PAC [ £ i e 2 7 A = 10 mVEEFHEFE < A fl)- [

polymer JAHIREERPUALMET  po i 7l polymer I ZhEERS ]
W)

el AR



Zeta Potential (mV)
o W

Residual Turbidity (NTU)
&

Polymer f Dosage

= A TRpEAT o PAC [
polymer f @F“JE'E’HH“?JJYH@ »
i Bt I/ﬁrgl, FETEVRLR)

PAC (20 mg/L) ﬁf‘j [P B EE
v AR
G AR Y R
T W@@@&%gﬁm%@ﬁmf
MV ST () H 1> Y2 aE
R RE T BT AR (V13
B [0 25— P st E- A flplEsss
T HDRSIT PAC [ 8% - BETSRT e 7]
polymer % ”ﬁ(iﬁ"ﬂﬁf » IIEE L RV E
Bl —Fufq_ZSONTU M T URUREY TR
VU RRRR | 51 A
SRR o 20 R () 505
- R %Héﬁi -15 mV =
T FEES B%:W’"‘ frﬂrﬁ%ﬂ Elﬁfé
Ff'”]l" 7] polymer 79I PWHL#WTEJ?YE

= 2] polymer ¢ JV#f

glqwrﬁiu?j: 4 = EEpE 59

foll DSl - 1) R =
[ 1000 NTU * = R prom i A
PF R IR S 2 RUIRER 5
TR L i <

’E‘ L
= S5t
5 (o]
£ L
S .15
E L
N

25F
=)
E
Z 20
> \
5 N PAC = 20 mg/L —o- (3)
8 15F —— (1)
5 \
I \
S wf \
=} \
7 \ _o
3] \ ——
o X s

O—e =077
o
0 . n . n .
0.00 0.25 0.50 0.75 1.00 1.25 1.50

Polymer ¢ Dosage (mg/L)
W= A= IREEE o PACTH
polymer c/|EIZ=R ‘Fpié’d@b
i VFT'JI' (FETRRCT)

TCHRE AR IORIT - SR
F,?F“—Z—E%%H“’"*@E F VIS IESE 1000
NTU * 7 RUfh - gl st o 48 -
i’iﬁ%‘%ﬁﬁéﬁﬁ% $A9E% 3 NTU [
&IED[ [ El'qﬁﬂﬁ[g [F[ PEEEE
ERGAERES Y Ew:;‘%pjﬁ,J (A£G PAC +
polymer ¢ ~ PAC + polymer e » PAC +
polymer f » §/% PAC - PAC + polymer ¢
I ASTEPAEI R UE HUREP PAC B
- A P TRV RUR
ke 7 472 polymer £ HERIEDPAC 2]



FriEIETT = 5T 60
AR DR R

polymer & | (.15

6
14
B R GERE TR
5F ® Residual Turbidity
—_ 412
E —_
z, =
— 4 =
= . -
k=] #m
a . ; -
S 3 . - EC
= = =
® s i©
S : P
2
k=]
3 1. &
Q
14
1+
42
0 - y T T 0
only PAC PAC + f PAC+ e PAC+ ¢

W= S R R
PRI IR B (R
V59 3 NTU) (K 7FURLT)

R LR

(- )& %

LIBEE"E] polymer ﬁl}%[ﬁﬁi{ [l
I BER R SRR (R R
b *ﬁiﬁ (4 10 NTU) » '] fgs 7]
polymer [ fi 7% = EesRIHE % & =
IR

2. BRI PAC ELpLEER] - BE E 5 (%
MBS RUSIELEE &W %M@’@%
QLT??‘FE{@@ ’ ﬁ_ﬁ&i AEEI .

3.I'l PAC £5= E2%] > polymer 5 ZiE2H >
Fi' i 5% PAC &l 5 {dEl > [l Eﬁfﬂ%:
TPV o o7 = B EES

& F Bk B AT E RS

polymer

polymer » = Fij 5 5y VBRI (i
Ao YRR R o (] R
FHE[E, > FIFBES B polymer
B O I8 BE B W JEEE Y T
polymers °

A4 EE R polymer fitEL WA o
SRV AR T polymer £
B F o PAC VIS REE (- PHEE 7
W IEEEST R polymer T I[IBEEI-RY2%
i o] o

5.7 PAC polymer E‘ﬁlfJﬁfgﬁ} ; fé'{ PAC
FHEIE ) > polymer b 2l 31*{7\
PHEE > FvEL = Sl E B LSS
NV -

O MHIFLEERS il 7y > PBEZ"E] polymer
02 RS LY e TS

» R EES ] polymer FI[JI ] fiff
#I)ﬁﬁth F RV BRI - RO
R %E'ﬁ [EH AT F e
BT

TNEVRUR BT e PR R B
[T R R LV T
PRRUISIE = adt EREek L S o Ips -

(=) &

b

LAFHINE

gl N > 2 polymer B EIEER

*JJ?EJ”*' /FT:JII”“ 19t - VS
FLE E R BRI e o 3 Y i

VHIE " polymer VE Ji"f



DpBERN e [y LR R
pRF= > 8 R fU ™) polymer s
TEH T PEAT ERER S L AE R polymer
pfjﬁﬁﬂpﬁzﬁ} s P BaE A~ 3R o

2.8 fhﬂhﬂ"?ﬁ]‘i JHART RIS R
YerEg o ﬁ PYS 3%&1@%}?&_’/ r’F’(’EI T
Pl yoPdEAER D qa &?E’J@ xﬁﬁ';
TSI SR - H T
BT - R T T
,?{“ﬁﬁ‘,rl/ﬁj 3]‘3 JD"‘J I I/F e
EEEA] o PR~ JEAED IS T
[t (R g B

3. VR 35T R 2 R S U
&I FF | FECE ,5 g i%&mi'r%r
G o UK g R
EARE 8 f/['ﬁ‘?@'ﬁ H | Microfiltration gL
e SR s o BSENRGTE I EA
S T R I
A -H fife o B9 4% Gladia 22
Cryptosporidia 'Rl FHJEE_  SlEF S
v e BV V- U T

glqwr%’ﬁf-uﬁ: 4 = Fapi] 61

b ﬁ;
N

B N
SRS LA BRI - Pk
I > T PR ST 5
ST BT T BRI  iE
R BRI o b P
(3T o
54 < e
1. Kawamura, S., Hanna, G. P. Jr. and
Shumate, K. S., “Application of Colloid
Titration Technique to Flocculation
Control.”Jour. AWWA, 59:8:1003, 1967.
2.0'Melia, C. R.,”Chapter 2: Coagulation
and Flocculation” In Physiocochemical
Processes for Water Quality Control, Ed.
W. J. Weber Jr, Wiley-Interscience,
New York, 1972.
3.Shih, W. K. and Chiang C. L,
"Treatment of High Turbidity Water",
Proceeding 4th International Workshop
on Drinking Water Quality Management
and Treatment Technology, March 4-5,
Taiwan, R.O.C., 1998.



Fricpfsen= 4 = 55 62

%,f B REh Rk

Fob -

#F&

Eati) %égw“%ﬂ(PACl)t HIEL |
SRR A R v B R o S
VR T RSP Béi“ﬂw RN
TEPE A RE S R R ﬁ“\ g
FREHE (RO T
BPERJOCPREE ST Tk - 5P pH i 1%
e - PACIHIEI - T {5 B S % 6
B OB YR o B PACI
BN EVRE =V 2 RIS R
FREREAPRRE T o pH FEE = B

‘if%(fo Ef"fﬁ?ﬂ[ %[ A TLASAR] -
R ER [;@p&%:;q’r{[% [FlTE s
PACL Y[IBEELINE ™ - SAGEVIEL] BT RS
FEPRIERRAR] - PR FIE R
R SR e XN PR
FEFITE S by PACLARIEI™ 7%
SRR R T A PR b
=T e IR RUR %‘I‘ifllﬂl&%
ﬂgﬁﬁﬁ' ﬂvlf ﬁgp& SNk \;_'"EJ%%
e
PSS PACL bt ~ BRLIS )~

Wity o

TN R R
SR g A=At~

\4\4
K

N %
F

I (R R
éu?ﬁ pH EF RIS - FUE
CERBE T T E
[Kawamura, 1991; Masschelein, 1992] - JF
117 (Humic- substances)fl = fol Y25 L
EEHFEAE R > [y T i
(=R E ?E@Tii”?’? TR
(tri-chloromethane » TCM)RVE'fi< > frl']
’Fj)ﬁ‘é i el O ‘?’_I 17 EIU’@JIZE&%@
[Rebhun and Lurie, 1993] o Narkis 7!
Rebhun [1990] ]H'.ﬁ%f[*@ﬁﬁﬂijfksfif
I UV 7 7 SRR ) [O'Melia,
1991; Dempsey et al., 1984; Dempsey,
1989]-Dentel, [1988], Hundt and O’Melia,
[1988], Edzwald [1993]%‘%1‘%{%@?[[’?@
POV VR T (R T R T o
%’[ﬁélr MR pH &R 5-6
]+ PR B SRR pH
FaE 5L 6.5~7.5 [Hall and Packham,
1965, Edwards and Amirtharajah,1985] -
I B e AP RTFE R R L T EE
BREAS - HTEI’?@LJT;E?E%MRFX
[ pU > B B IR
[Tambo and Watanabe, 1979; Rebhun,



1990] -

(TR EL S PR F AP E 1~ (SS9
LR - B
RN ﬂ[ﬁ?ﬁr PR RCR > 9112001 =+ 9
FI1T PIA] ) e B i 5‘/@%@[
s o B pl SR TR
AR TET £ 4,000 NTU ) s %
AEREE B 1,000 NTU 58 2 ity
P B TRUASTEE BB (TOC) 1 5 10
ppm ° fﬁ‘?fﬁujf%ﬁ@ ’Fl?f‘fﬂjﬁ]ﬁ EANEI
VAFF 7 ORI B T V) o T D
sHPR(Li and Gregory, 1991, Cotton et al.,
1994, Heinzmann, 1994, Zhu et al., 1996,
1o F U
S O R
FEi B ] % -

i@ﬁﬁ#ﬁ]‘%ﬁ%’ﬁ%‘@“iﬁ}éﬂ/ ﬁ.’ﬂ%ﬁ@
U UL T o e sk g
i+ 0 L TRV B P
) o HMER B EATI
(response surface method) » ffi '] Box-
Behnkenbj mﬁggrﬁfﬁ%ﬁﬁmox, and
Behnken, 1960]» I' |6 H 80 = 6 R
e MRy aREr Y Ffdﬁ?}%‘l‘? ° Y
Kyriakidis (1997)%* Guan(1998)="> [El a2
|OE R A ﬁ’@rﬁ}q‘ (small-angle light
scattermg)1 R Etﬁ‘ii’jr}'u o THEH]
K T=nci P (e =R O P R N
ﬁ%*!§ﬁﬁc

Janssens and Buekens, 1993]

PR s o = S5 63
SR ERERFESE

ARG pH ) - FPORY
(mg/L) ~ 54 (NTU ) ~ JHEZHEH( mg/L
as Al )% % (mg/L as NaHCO;3) > £i
[RIFIF > B NSO RIS XXy > 2255l

PIeL S0 1 PR SED  [EHE
G R Ll RS & 5 R e

- 21 > 1 >
= > ﬁ.‘%-}"—?; f:ﬁ

1 R RN

[ 1 R B AR R A
BRIBE SHEPI 9R B VRl e 2
FL M ffz’f FRPRTR ERIR S AR EREE ==
Rt BRI - IR SR
PR - HERE PR
ARG o TR s
= ARG [~ o
2~ HECRERIEY
i3 EL ERTRERIE (T Y Bt
NaHCO; A1 PACIAIE! 1 35 sl - . [
L VR T PACH 35 EHE E 5.8 mg/L
as Al » ’5' %ﬁlﬁ} 6.9 mg/L as Al Eﬁ , "J{gffz
T G REER AT R PACLRIRE =T
G -

il 4 55 FIR R ERIEE 5 pH ﬂ"F

FAL B I/‘*[—Fg SEUE q\gﬁi5 £, l—y{ﬂf&

BB 5 NaHCOs 71 pH b 257 st -
PR 4 =20 S PR R pH 7-8 fil] - 98
CEN S A cde e L )



Fricpfssn= 4 = 550 64

A1 FmE Sk

ID No. PACI Humic acid pH NaHCOs3
(mg/L as Al (mg/L) ) (mg/L)
X1 (X2) (X3) (X9)
1. 4.2(-1) 0(-1) 7(0) 100(0)
2. 9.5(+1) 0(-1) 7(0) 100(0)
3. 4.2(-1) 14(+1) 7(0) 100(0)
4. 9.5(+1) 14(+1) 7(0) 100(0)
5. 6.9(0) 7(0) 5(-1) 0(-1)
6. 6.9(0) 7(0) 9(+1) 0(-1)
7. 6.9(0) 7(0) 5(-1) 200(+1)
8. 6.9(0) 7(0) 9(+1) 200(+1)
9. 4.2(-1) 7(0) 7(0) 0(-1)
10. 9.5(+1) 7(0) 7(0) 0(-1)
11. 4.2(-1) 7(0) 7(0) 200(+1)
12. 9.5(+1) 7(0) 7(0) 200(+1)
13. 6.9(0) 0(-1) 5(-1) 100(0)
14. 6.9(0) 14(+1) 5(-1) 100(0)
15. 6.9(0) 0(-1) 9(+1) 100(0)
16. 6.9(0) 14(+1) 9(+1) 100(0)
17. 4.2(-1) 7(0) 5(-1) 100(0)
18. 9.5(+1) 7(0) 5(-1) 100(0)
19. 4.2(-1) 7(0) 9(+1) 100(0)
20. 9.5(+1) 7(0) 9(+1) 100(0)
21. 6.9(0) 0(-1) 7(0) 0(-1)
22. 6.9(0) 14(+1) 7(0) 0(-1)
23. 6.9(0) 0(-1) 7(0) 200(+1)
24, 6.9(0) 7(0) 7(0) 200(+1)
25. 6.9(0) 7(0) 7(0) 100(0)
26. 6.9(0) 7(0) 7(0) 100(0)
27. 6.9(0) 7(0) 7(0) 100(0)
28. 6.9(0) 7(0) 7(0) 100(0)
29. 6.9(0) 7(0) 7(0) 100(0)
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Fiease compiete the form and emaii any fulure changes o lwamernbership@pol land-services corm
Full Name: Please tick one hox that best describes your
Job Title: Type of Organisation:
Company Name: [] Research Institute / Organisation (W 1)
Address: || Utility (w2)
: Equipment Manufacturer (W3)
TowniCity: Consuitancy (W4}
State: || Industry (w5)
PostcodelZip: | Regulator (W8}
Country: o
Tel: Primary Work Role:
Fax: [ | Scientist (P1)
Email Engineer (P2)
Website Consuitant (PF3)

Researcher - non-academic institution (P4)

Gender: [] Male Female Manager (P5)
Age Group: Under 35 [:I 38-50 I:I 51+ Researcher - academic institution {P8)
Do you want your CONTACT DETAILS to be printed in the IWA YEARBOOK? ] Yes ] no

Section B: Membership Fees & Premium Rates

Memberst P SUDSGT] IPUUII fees for the year £uu4 are listed Ub'IUW pledae indicate the ievel of membersh 1P YOU warl. Fremiurm lllb’[llUb’\Slllp IS ar UpllUHdl
contribution, where the difference between the standard fee and premium fee will be dedicated to WA Regional and Outreach Activities in developing
countries. The benefits of Premium membership are the same as the equivalent standard membership

Membership Fees: January — December 2004 Premium Rates: January — December 2004
Individual Member £40 €58 US$ 64 Bronze £100 €145 Us$ 160
Student Member ** £20 €29 Us$ 32 Silver £ 250 € 360 US$ 400
Retired Member £2¢0 £2¢9 uss 32 L | Goid £50¢0 £725 Us$ 905

** To qualify for Student Membership, you will need to supply a photocopy of your current student card and confirm that you spend at feast half your time
on academic work

. _ 3
Section C: Journal Subscription

You are eligible to subscribe to TWO out of the seven IWA journals at the discounted member’s rate subject to signing the Declaration for Publications

below. However, you must choose between Water, Science and Techndogy AND Water Research. Itis not possible to receive BOTH at the discounted
rate. Your journal subscription will be valid for one year, between the period January to December 2004 . Electronic access to journals is provided for all
2004 issues and ali avaiiable archives

Journal Subscriptions: January — December 2004

Water Research l:‘ £ 93 €135  US$150 l:‘ £ 74 €107  US$119
Journal of Water Supply: Research and Technology - AQUA s SRS uss$ 126 s Ees s
Journal of Hydroinformatics £ 62 € 90 Us$ 100 £ 52 € 75 Us$ 84
Water, Science and Technology £102 €148 us$ 164 £ 67 € 97 uss$ 108
Water, Science and Technology: Water Supply £ 98 €142 US$ 158 £ 83 €120 US$ 134
Journal of Water and Health £ 52 €75 UsS$ 84 £ 42 € 61 Us$ 68
Water Policy £ 75 €109 us$122 £ 80 € 87 uss 99
L —_ —

Special Efectronic Offer

Wintar Qninnca and Tachnalaouy AND Watar QSaianca and Tachnalaome Watar Suinnhy (Clantramin anha [ £ 420 £ 400 1IQ¢ 240
Water, Science and Technology AND Water, Science and Technology: Water Supply {Electronic only} L1 £12 £188 usg 21¢
Student Electronic Offer

Student members are eligible to receive a further discount of 50% off the cost of one electronic subscription. If you are a student and would like to
subscribe to an electronic journal, please submit payment for half the normal member’s rate.

Refunds on joumnal subscriptions will not be accepted after 30 days from the date of receiving your payments. For fuither information on how to apply for
a site ficense, please contact IWA Publishing. Tel: +44 (0) 20 76564 5600 Fax: +44 (Q) 20 7654 5556 vhumphreys@iwap co uk

Declaration for Publications

| certify that the publications | require are solely for my own use and | have not ordered them directly on behalf of any bookseller, library, institution or
industrial firm. Although | may make such personal use of these copies that may be necessary in the practice of my profession, | will not fransfer
ownerstip or conirol within wo years of e dale of publication.

Sgnatiee ...

2004 Individual Application Form — High Income Country Page 1 of 1
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Section D: Specialist Groups

Specialist Groups are self-managing, assisted by the Association’s central resources of publicity, finance, publications and administration to run
activities including conferences, workshops, seminars, newsletters, scientific and technical reports, development and publication of position papers
Spread across MWA's membership in more than 100 countries, the Groups provide a network for specialists from around the world to share information
and skills, and make professional and business contacts.

The Specialist Groups are listed below in alphabetical order; please indicate which groups you would like to subscribe to

Activated Sludge Population Dynamics [ | 17 | Materials and Corrosion | 46
Adsorption | 35 | Membrane Technology | 29
Advanced Oxidation Processes | 51 Multiphase Flow and Transport in Porous Media 49
Advanced Treatment/Membrane Technology : 42 | Nutrient Removal and Recovery | 08
Anaerobic Digestion 01 | Odours and Volatile Emissions | 03
Assessment and Control of Hazardous Substances in Water [ | 07 | Off-flavours in the Aquatic Environment IR EL
Biofilm Processes and Systems | 23 Operations and Maintenance | 45
Biofouling and Biocorrosion : 34 | Particle Separation : 02
Chemical Industries 19 | Planning and Construction 44
Design, Operation and Costs of Large Wastewater Treatment [ | 04 | Pretreatment of Industrial Wastewaters | 33
Plants . Sludge Management | 22
Diffuse Pollution [ | 27 | Small Water and Wastewater Systems | 28
Disinfection | 41 | Standards and Monitoring | 43
Dissolved Substances Removal || 40 | statistics and Economics |37
Environmental Engineering Education 30 | Sustainable Sanitation 52
Environmental Restoration | 25 Systems Analysis And Integrated Assessment | 10
Eutrophication || 24 | urban Drainage |12
Forest Industry 18 | Use of Macrophytes in Water Pollution Control 13
Groundwater Remediation | 48 | waste Stabilisation Ponds | 16
Health-Related Water Microbiology : 05 | Wastewater Reclamation, Recycling and Reuse : 14
Hydroinformatics 36 | Wastewater Treatment Systems Utilising Submarine Outfalls 15
Instrumentation, Control and Automation | 06 | water and Waste Technology and Management Strategies for | 20
Management and Institutional Affairs 21 Developing Countries —
Marketing and Communications | | 38 | Watershed and River Basin Management I:] 09

Section E: Payment

Please add together the costs of any items that you may have selected from Section B and C. Payment should be made in £ Sterling, US$ or Euros

Total Section B:

. The International Water Association is a registered company and charity in the United
Total Section C: Kingdom (Registered Company Number 3597005 and Charity Number 107890)
TOTAL: Membership fees and Premium Membership donations may be eligible for tax relief.
. Contact your local tax authority for further information

Method of Payment:

Please ensure that your payment includes ALL bank charges.

El Bank Transfer Make payment to Portland Customer Services, NatWest Bank Plc, 25 High Street, Colchester CO1 1DG,
UK. Account # 01863630 — Sort Code: 60-06-06 Flease include full name and reason for transfer i.e. WA
Membership and supply us with details of your transfer, date of transaction, amount and the bank from which
you are transferring.

D Cheque or Postal Order Please make cheque payable to Portland Customer Services
[ ] credit card Credit Card Type:
Card Number:
Expiry Date: Valid From:

Cardholder’s Name:
Cardholder’s Address:

Cardholder’s Signature:

PLEASE RETURN THE COMPLETED FORM AND PAYMENT TO:
IWA Membership, c/o Portland Customer Services, Commerce Way, Colchester CO2 8HP, UK.
Tel: +44 (0)1206 796 351, Fax: +44 (0)1206 799 331, Email: iwamembershi ortland-services.com

2004 Individual Application Form — High Income Country Page 2 of 2





