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Abstract

Natural organic matter (NOM) is a complex mixture of organic materials
presented in natural water and is regarded as the main precursor of disinfection
by-products (DBPs). To reduce DBP formation in drinking water, biofiltration coupled
with pre-ozonation was proposed to be a treatment process for NOM removal and
DBP control. However, the effects of ozonation-biofiltration on the formation of other
emerging nitrogenous DBPs, such as haloacetonitrile (HAN), trihalonitromethane
(HNM) and nitrosamines were poorly understood. The objective of this study was to
investigate the relationship between the change of NOM constitution, dissolved
organic nitrogen (DON) concentration and the effectiveness of nitrogenous DBP
reduction during ozonation-biofiltration process. One surface water source with high
organic content (DOC~8.9 mg/l) and frequent algae bloom was investigated in this
study. The raw water was ozonated with 1 mg Oz/mg DOC and pass through a
biofilter with 20 min empty bed contact time (EBCT). Biodegradable dissolved
organic carbon (BDOC) tests, assimilable organic carbon (AOC) tests and dissolved
organic nitrogen (DON) mesurements were applied to investigate the change of NOM
property during ozonation-biofiltration. Resin fractionation was used to analyze the
NOM constitution alternation in each process. DBP formation potential (FP) tests
were conducted to access the overall performance of DBP precursor removal. The
results show that both BDOC and AOC increased after ozonation. Biofiltration did not
remove BDOC and AOC as expected. Although ozonation/biofiltration altered NOM
constitution considerably and decreased 39% DON, less than 15% of DOC was
removed by the process. Ozonation effectively reduced the NOM hydrophobic acid
fraction. In chlorination DBPFP tests, trichloronitromethane (TCNM) increased 7.3

times for waters treated with ozone compare to raw water. And, the subsequent
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biofiltration did not remove TCNM. In chloramination DBPFP tests, no TCNM
reduction was observed and N-nitrosodimethylamine (NDMA).. formation increased
after ozonation and biofiltration.. In conclusion, ozonation-biofiltration might increase
the risk of nitrogenous DBPs formation, although it shows a slightly capability on

THM and HAA control.

Keywords: Natural organic matter, Disinfection by-product, Dissolved organic

nitrogen, Ozonation, Biofiltration
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232 § A amAF

FANARAF BT VAP REIEEL P F AT RE S RokY o
RREMWZ H AR R A BT o AR EAFF LA ARTEEY
B 3= &7 =g dqe fe(Krasner, 2009) e

A F R AL e ERe g FE AT =2 R 2 Y L ade o

L

¢ 7 Dichloroacetonitrile ( DCAN ) -~ Trichloroacetonitrile ( TCAN )

~N

i

Bromochloroacetonitrile (BCAN) ¥ Dibromoacetonitrile (DBAN )< % ~ % %
SFMEMELFERY RGP F R € A2 dje g w F vRiE L E A
“TA& 2 ehdye gF )k & & F (Richardson et al., 2007) - DCAN 12 2 H & gz aF 2 4 =
WAl F A s RA R (Amino acid) ~ 4R AR T4 B P 2R AR - PR Y 3
% 2.7k % ( Heterocyclic nitrogen )& & _3-¢ H % -2 % & J& 7 = (Lee etal., 2007b) -

8



b A T R LA R T A b hs B AL § B H o b
# ¢ Trichloronitromethane (TCNM ) % # i* 3= (Chloropicrin) »4¢ * -k ¥ & 2 ¥
Roo g UE ~F"L5-3 2 L3-3REFPIFR T E2rEHYIRA
Pro X FMLFEAWF L L UFRFREFLYFEF L AT =D
= £ ¢ ~ g B (Chiang etal., 2010; Huetal., 2010) - ¥ % it 5 2 H @ &l A
gok? LA ® (Nitrite) 7 £ 7 B (Krasner, 2009) -
# ferr e g dml AL T % o A RgE (Nitrosamies) 7 2bdyd B F ki
i 8l A ¥ ( Non-halogen substituted N-DBP ) - N- & & - 7 %
(N-Nitrosodimethylamine, NDMA ) T % S s=sg i 3 Bl A 4 ¢ & F Lea- f o
B X gk P #eG 5 NDMA 2% Sg4+ 7 (Krasner, 2009) « 7§ # 3 45 &1
NDMA =+ 384 % g 5 5 2 & S Aol 2 £ 35 42 ¥ 7 -k foZ # (Mitch et al., 2003) -
= NDMA e i1# k&3 A B fedn* -k ¢ R3] NDMA {& > NDMA = #lp 25
WABAF2Z - L FELP S BAEP EAR 0 P B £ IR F (USEPA) @ -
NDMA 4 %5 5 ¥ it &4 B (Class B2) o 37 % ¢ % & »i® 5 0 & &2 % K>
¢ 2 4 .~ £ 2 NDMA(Richardson et al., 2007) - #4c & ' 4 & > R & k¢ 7 3
TREF AP AL ARKBRF R ZF ORER Y EALCEZ

NDMA(AnNdrzej et al., 2003) -
24 WA B A X KT B2 MG

DT AR AY KX R SR A RE B 2 X A Rk

BRI ARAF TRy T Ra 3 RO RGP REA S ko

EIRS
(dm

BlAY o i A B4 T doim 82 2R 44 2o TR LR R g
AR AL Fntp T Mo B R g A d MR R R R R S
SHRE TR G PR EEL G R LR EY PR 228 R R %
rk,—]

Fehi(1)= )7 g dje fed Spde F S Kk p ki 2 R 188 o(2)

l"‘

FANARAPE I RPETL ARG BF AR DT FERIUT S8
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oA A R A 2w SRS TR S R R pOTRAREER R P o
¥R R B SRR R B
R WS PR 2 T

w22 &Y RIE LFV
2 &2 e 4 = (Chiang et al., 2010; Ko et al., 2000) » ¥ & = &7 % &2 &2 faend =

te gy Fn o ANLFE gLk T A
FER Bk RGP FRIAT S Ry AT (LA

Gy B ofkm § i3
MUORHE) B ORARA 2 B2 R W ARG D BRSO RRER K
TP RIT %k & j\i}wﬁ“ﬁﬁ 3 #4 (Hu et al., 2010; Marhaba et al., 2003) -
3 AR S TR 2R UV fr VUV

Buchanan % 4 (2005) # 7 7" &7 > 4% F
FULAERE IR 2 o A A BA P 2 e i
o Fpt 0 Fa FATR R B e S FHE KRR E 1A B

ERALF N ARAT) LiEdlkT § 2§

10



222 AR A BF e S gHE T3 A2 MG

DBPs Description Reference
The more hydrophobic and more acidic fractions provide the most active (Crouéet al
THMSs, HAAs |precursor sites; i.e., they have the largest formation potentials for THMs 2000) K
and HAAs.
1. Hydrophobic acid, hydrophilic acid, hydrophilic base and
hydrophobic neutral are the dominant DBPs precursors. (Lu etal.,
THMs, HAAS ) . ) .
2. Chloroform and dichloroacetic acid are major DBPs species for ~ |2009)
each of the DOM fractions.
1. LMW (larger molecular weight) and hydrophobic NOM are the
main precursors to the formation of THMs.
2. SMW (smaller molecular weight) and hydrophobic NOM are the
main precursors of HAASs.
. (Chowdhury
THMs, HAAs 3. For both source waters, ozonation appeared to have the greatest et al., 2008)
effect on the more hydrophilic fractions, generally increasing the K
DBP formation potential of the smaller more hydrophilic NOM,
while generally decreasing that of the larger more hydrophilic
NOM.
Bromine and iodine have been noted to be more reactive with hydrophilic |(Hua and
THMs, HAAs jand LMW (low molecular weight) fractions of NOM in the formation of  [Reckhow,
THMs and HAAs. 2007)
1. The hydrophobic fraction of organic matter, or aromatic organic
matter, produced more THM and HAA than other organic fractions.
2. The hydrophilic bases were associated with haloacetonitrile (HAN)|(Chen and
THMs, HAAS, )
formation. \Westerhoff,
HANs, NDMA . . - . .
3. The nitrogen-enriched transphilic fractions of natural organic 2010)
matter (NOM) were associated with the highest NDMA formation
yield (up to 27 ng-NDMA/mg-DOC)
HNMSs HNM precursors consist of some hydrophilic organic matter with (Hu et al.,
low-molecular weight 2010)
1. Haloacetonitriles can be produced from the chlorination of free
amino acids, heterocyclic nitrogen in nucleic acids, proteinaceous
materials, and combined amino acids bound to humic structures.  |(Lee et al.,
HAN, NDMA ) . . . :
2. The formation mechanisms of N-nitrosodimethylamine (NDMA) [2007b)

and related nitrosamines are nitrosation of organic nitrogen

precursors (e.g.,dimethylamine) by nitrous acid and/or nitrite.

11




TR KR R IR R O RIT Y R FIE AL R F AR R 1 E ¢
SEPHEPABZALPEIBAY  BRHANF A FIREFTEF R BfE
B ey 3ar i 2 WE2 3= f7 R e g mAF2 3 0A
o e A2 F L3 Bl A4 (Leeetal, 2007b) o 4o 2.3.2 & #idy it » DCAN 12

2w dye gz 4 ST A AR (Amino acid) ~ g B F R L 2
R~ Prpk # 3% (Heterocyclic nitrogen) & & 3-v % » 214 F i
R R B R L E BT Tl T L TS e 2
B2 K s (Merletetal., 1985) - » NDMA £ 4p b T pl vesg i 4 @l A5 7 a0 k p

A

WEEF TSR TARBRGEE LA F B 2 (Lee et al, 2007b) > & &

=1

N

ey

gok e 5 kR A = (Mitch and Sedlak, 2002) -
bt v kY 3 8F i BT R REF LA RAF LA RaBfE

Ph s kAR AR R B KA RA BRI MG M Fie-

GF

ER =B

FABAFEA S DL B R KRR RE R P - P B 4 BA
PR KT A B2 S S - A HAR B SE et k0 5 - LEY F

@ﬁim’“3{9i$iﬁiw&%%ﬁﬁé%o

‘/

F_L
4\

& F e o 4 kAR g ALK D A B A YD SR T Aot - K
FERBUEZFEIRAL LS BANAFER kY JRA A TR TLE N
RGP G BRIRERE &2 .iulfag_a R TR L T S
ARG W R AR R BF TR gk Rt S 2

12



ARHAFA N P22 80T E 0 LF T HL I RGPS R WL 2
R R FJLRE 0TI L FARGALR L R RGP o e i
Fz2@ o AeFEHLFF o ¥ gondrdlz )7 ke dye i & (Chiang et al,
2010; Ko et al., 2000) - Chen % + (2009) #= 7 # 3 » it L5 § L & 4 Hh &k
WK ARG R F - HETEHZ T ke e @ S P o
EF A ARAF R R LETRBRAEI BT (FRLF L3
A4 2% Spd ) chd s on g (Xuetal, 2011) & § 7 7 Bk NDMA % 4 7
(Leeetal.,2007a) > ie TCNM 2 = £ F @ A 5H L3 § (V24 3 25 {8
" B (Huetal, 2010) - = @ sufe A 30 ORI 2 22 B4 end e (24
) FR R F BEBIEF R ENE A F RAS I

RS R EFABEY FAPE BB A F A R B

R A SRR R Rl A A B ASL 2 S np e § B AR 4
G2 T e A s B2 A W RTEY A BAY 40 b

| 2 # (Krasner et al., 2006; Lee et al., 2007b) o £ & » ¥ 41 % F Gk ~ 5 1

ﬁg\

PR AR F RS g kY c AL ARAR I FLER B
W @ %ﬁa 4 b edP 2k 2 f(Rlchardson 2003; Rodriguez et al., 2007) - Zhang
E 4 (2009) i g e & IR AE R A ~ feok Rl E B ek kb p kokd

BRI B BT A fraicd oo
AR VE RS A L R

4 4 A (Biofiltration) e 41 # 25 2 &g ik 4 B b enfic 2 e 2 SOk SE A
ﬁ* kPR X :J-»‘ ﬁ&#m@wﬁiﬁ, o PR s — ﬂ;g RoKREY hx ;;4 *}\3#7,31/2{ =
> E EAMMA F 2> Yavich 4 (2004) =3 # IR R 7 HF* = kiR
W FAZe LT R ARG R T ARG R T ANES Rk ER
Zw o FRARRARG P22 T ERE G BCRE T RT 0 L F ki
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e 2 oy L aglE > PV a4k ? X ARG 42 2 57 % i34 (Brinkmann
et al., 2003; Matilainen and Sillanp&g, 2010; Nishijima and Speitel, 2004; Yavich et
al., 2004)- = # % Ratpukdi % + (2010) #=% ¢ >y 1 5 8% mF L AIE S N
HY Oa/UV B2 RH3 f2 1 Walagh it 2a% 2 B & iE > frj (47 UV 2
“$ F o X kB &S hd PR B IR UVpsy B 0 B A 5T R R
S Se B AP o

AP RIE S B A TR S AN H BB AL MR e TR 0
FRERBETRALS A2 PP pvaBRs v (b ¥)0 mY i
e “f KRR P2 P tdele 24 &Rt o 4p¥ g IR R R B

R R £ FoREA RGBT ARAL(F LA RIAR)
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ARRP DL L3 F e 2 PR A RIS L kY 2 R

k3

R
P

METRE Y FRAS L S

SETRRFHAEG BF T RAR L

ey
ey

A2 Rk B RERY LR R 2 WA M e 5 0 &R P
B R 3-L AR o AR AR G § R RGP AT PRk LA
HEILE KEAH L GBLF §F AR 2 2 Pk BRI R

AN S LIS SRR Tl E L OU ST RS o

A 4

= PRIk A uiE
o
TR NIZIE

Raw water /
o 4H¥tH - RoRiEfE

iL 1. - SR F A4
2. Atra s
Oxidation 3. YA mAydLES
o L3 Fitfh > L% HE 5 1mg-Ox/mg-DOC - P e

o

4 FRRG B

WA ALY 2 S EY
iL Tk 2o ipl

Biofiltration

A Yk (ZEEMER S 2044) T3
Bots— RIS o

o

B 3-1 F i A7)
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3.1 Bk iR

LMKk g E 5 E R B> WA B KT 5 um (PS-05 polypropylene filter,
KEMFLO, Taiwan) 4= 1 um /g~ (PS-01 polypropylene filter, KEMFLO, Taiwan )
B AE o £ 1 pm e 0.5 um 3B B KX (47mm Glass fiber filter, Pall

Corporation, USA) # { i&— % i > 2 "% Rk ¢ R RE R o

A

32 £33 I“BR

M

ey

fﬂ,«
a
*m

TS F R BRLF R ER AR B GER K LK
BB 2 4% Standard methods ¥ 2. Method 4500-O3 B, 4-144 to 4-146(APHA et
al., 1998) - A i izt T - L3 € Pif # &2 3T (Indigo, Sigma, USA) & Ji i %
d oo F)md i A2 Rk R KB L3 ER ST % 600 Nm L& T 2Rk B
Wb F Bic: 042 £ 0.00em/mg/L o 2 E PEiE Lo B b mL fie @4 2 S iR A 4
G b 3FAg Sk (Millipore, USA) 22 50 mL 2 & #3428 > 3 v &gk
AIER (FA > ZERHREF T2 ok kR E ) RSP AZHRE
g R tRe TERF RS EEARAS Fie o H 2 THLET SR
Fe o %600 nm & T u ek kg 2+ (Cintra 20 spectrometer, GBC, Australia) |
Hex kR o 5 R E 40T (54 1):

mg/L Oz = (Final sample VxAA) / (fxbxV) —3;v1

&

Final sample V @ #-§ | & 15 2 4

AA : Blank = 3k ig 22 Sample = & & 0L

foot b #0042

b : kjz(cm)
V : sample &

2% 3 425/ %3 p Elovitz and von Gunten (1999) 12 2 Sanchezpolo % 4

16



(005) 2. o FieF R kLG § P TAMURLT R AR (Fx* B
WK ) EB g E (HE S 1 mg-0s/mg-DOC) M ig] » -k ¥ » pbpFie (7 4

FI R
B EAeT D rrE R R LLARS R M ERERE Y
H3~5C amis 44 %% (OZAT CFS-1/3 2G, Ozonia, Switzerland ) >+ ¢ 5%

W2 P iriF e FARETH 1L WSk kY 3 Lf Efefom (4

»

2 30 A48) o BRI BRI R L ERBIE AR KY AL R T
pLpER Y R 55 kR 5 60 ppm o
LFF O ARAEAT I 1L 2 RORNRT AROKEHaF BEY T

BEA G 20£1C 0 2 MEFEREE PRI RN LT AR G £

SERABR VLYY MR RRFAESF -

3.3 2 ¥ ik g AL

Mok H UL EET AGET e g 2 R ek Pl E o A E
TR 204 480 U F RiRR) b e B RRIR Y 2 % g B
Bois 4R & Dok o

S PR ACT DB 100 ML R R) 0 £ 5L F F R Rk h kil

Bk E L T IP‘J%?JF PORRELF FERT LY o UL EN L F
2 p kokdFg R > 3N DOCARE 5 2k o Mok ARG R o 43k

«‘fq-ﬁﬁﬂé?lm 2204 Y ILFT R BN REE D RS ‘i/\’l"??
2RZ pH i

% g R R4 et 2 pH 3+ (UB-10 pH/mV meter, Denver Instrument,

Germany) > Bl € -k 2 pH & -

17



5 24T R R1E T Ak

AT R R BRTR R F B 0 F AN B IRARRMITE > &
100%FEpeiA iR P 2 1 5 — L P> 104 33 kb kit b0 & B2 8 8% ) 550°C
WIED - B SR o

PLATE B fRLAGRI L 2 2 B R TR R R R TS L 2 kY G
R RS 2B F BARBRT SR % (NIEAWS32.52C) 0 3
B4 7% (1010 TOC analyzer, Ol Analytical, USA) & {7 & 47 o = 2 f#Eit 4o
K F R B 22 kgkps (Nacalai Tesque, Japan) & &8 > -k @ e %
PR — F PR RF RERNG AT RERTE A FE EARBARR R
TR CEELCF PRI F ME aAG R T R HRR
Aok A R R R o

A ERIRKSLFF MK SEA P e fE TR 20 R AL
RREEA) (2 £4F )

3.6 #& &R T

Kz gk B BB $tpLss bea 4 (Buffer capacity) - fEE B o k¥ kAR
I8 AR oK dg BB T 2 —iF ®% (NIEA W449.00B) - = j 4%
e T DERR IR B2 F pH 3o T % AP ¥ s 4% (Sigma, USA )pH :}F]
A R T R (95~97%, Sigma-Aldrich, USA) if T3 &5 & £ 2
o pH M ELEE > R RERR FERKTIRAE c ERRRZRAE (Z £4F)

A ROk B A .
3.7 APy A d

~F B Chow % & (2004) £ * 2 ##g A 33 % » % NOMs 4 5 Very
Hydrophobic Acids ( VHA) ~ Slightly Hydrophobic Acids ( SHA ) -~ Hydrophilic

18



Charged (CHA) 4+ Hydrophilic Neutral (NEU ) > st #f7q ~ 342 B J& tfp pF R 3E

T EAF % > Bpf LR E o 3 ES AT

1. R Ez #g4 » i £ 7 8 (Mallinckrodt, USA) » % M 3847, T & A,
UK {S o M- ERGE A 0 B 2T mAIr L g fek S FBosed (Soxtec™ 2043,
FOSS, Denmark) #if i&— ¥ ehifie o ik qo i 2 MHPa il 2 1 3y ¢ 41 o
AR 5 15 mbLs 2 w4z ¥k ~0.AN & § 1t 4073 ;& (Nihon Shiyaku Reagent,
Japan) ~ # %% ;% (Nacalai Tesque, Japan) & % < 3 5% » 2 3 117 -k DOC
/] 0.1 mg/L -

2. P500mL &-k> 2 0.INHCI# # 3 pH2- 7 41 4§ DAX-8 Resin (Supelco,
USA)> /& & 3mbL/min (0.2 &8/~ 45 ) #aa BrtHE (5 30~40
mL) 2 M kIR Rk FIT Dok o 5 DAX-8 effluent - B3 £ 110k
-k ] DOC -

3. ikt ish Zr - DAX-8 effluent i 16 7 7 XAD-4 Resin (Supelco, USA) % =
FWplsg ¢ 4 > ik -k 7 XAD-4 effluent - £ i¢] DOC -

4. #XAD-4 effluent v 0.1 M & 5 i 473 %A B2 pH 8 18 » & b i S0l 38
IRA-958 Resin (Supelco, USA) » -k ¥ IRA-958 effluent - & jp] DOC -

5. % i NOM fraction 2.3+ 5 4 (¥ 2 DOC & 4 7 )

VHA (mg/L) = Raw— ( DAX-8 effluent)
SHA (mg/L) = (DAX-8 effluent) — (XAD-4 effluent)

CHA (mg/L)

( XAD-4 effluent) — (IRA-958 effluent)
NEU (mg/L) = IRA-958 effluent
MRk~ S5 F IRk E B A PRk Bt R W g A A R A A
MERBRARFPIEE (R -FTEFLEEF - EHFTHR) VTV REEL B

R AR R 2 18 0 T A2 X ,57}‘4)3 WP e gh o

19



38 JARAI 2 2FRZ VL BAF T

38.1 i % BlAY 4 = R

Bk~ F T RIR S e R K 2 SR A Fp k(8 DRk A B T A B
Add SERGPEE LG 7 ) (Chlorination)z_ i # & A 4 4 2 S
g b # "= (Chloramination) 2 i}’ & & A+ 4 = &4 2 NDMA 2 = &4 (I
-~ FEFEEF LA TR

Chlorination 2 Chloraminaton 2_ i’ # & &2 # 4 = #Hch> ;2 £33 Hu & 4
(2010) % Standard method 5710 B and 5710 D(APHA et al., 1998) ® #7i& = » I i

PR RIS e BRI kR b r B R 2T A (F A

l““b

rLER ik
Thdcn R4p ) f- REAPH G2 PR TF b RKEBEAT L AL 2 ) 4
BlAF R 24 & o 3 E 4T L Mokt pH S B3 R 2 50 1 1t BIR fo o g
PpH ER5 7> ZR20LINZF 427 01l NBRARZREAEIPHT -
pdAF2ZFE &2 (Huetal,, 2010); % "=2. 2 % £ 25335 (Huetal,
2010) ot f d 40 & 23} & Bl A Y 4 BRI » AR R T & g (6~
14% CI active, Sigma-Aldrich, USA) ; ** % 2 i} 3 Bl & 4 2 £ BH 4k 57 4o
DREE R eF YR VKRR 0 0 L ITE ) Bl A P AT o
Cl, (mg/L) = 3*[mg/L DOC-C] + 8*[mg/L NH3-N] + 5*[mg/L NO,-N]
+10 mg/L —5v2
NH2CI (mg/L) = 3*[mg/L DOC-C] + 5*[mg/L NO,-N] —3 3
FFREREABDCIEE T 7TX{5> ZREHRSY AL d T ER T
B A3~5mylL2 B a2 A RAFE 2FERRTREARLRE ER
Bt lmg/l b oo dis i Fugk w fe (Sigma-Aldrich, USA) 2 %rt ke x oo
NDMA 2 & B4 f gt @5k 4 & #2( 55 4)3% 5> B~k % 500 mL £ 14 0.2 um
TR HART 2P E iRt AFERT R o

20



NHCI (mg/L) = 45*[mg/L DOC-C] g
382 A @Ay A

N R N 0k H}ai—frTCNl\/Iﬁv:*;'B’»‘% * %% 3tUSEPA 551.1 » # 2§ "2 %
MR ec o #3321 F 52 Rk ENTH I FEEZ FIS I R SE 2R T
50 M p B B30 MLk $ GRS A )2 2~ 40 mLY B 7 F 5 2 pagagd ¢ o
Mzt »3mL 7 3 300 mg/L 1, 2 dibromopropan ( Merck, Germany ) p &% &
2. MTBE ( Mallinckrodt, USA ) > £ 4v » * ¥)10geh& -k Frfia4p % % (Mallinckrodt,
USA)» 2%k 2ok i » DB T A4 16 A8 pBF §Fm k
2215 mL wig05 mL > < g1 mLis4e 5|15 mLk S5 ® =00 F 40 & 45

(GC-uECD) 4 7 (6890N Gas Chromatography, Agilent Technologies, USA )

Z ® 7 i{rdye A 4508 % 0§ 45 DB-1701  (Abel Bonded, Wilmington, DE,
USA) > 88 5 1pl~7d » v B & 5200 °C ~ # 7 4 in st (spiltless) ~ pECD
R G272°C ~ g4 2£0.5 mL/min ~ 7ig 15 cm/s - Ovenig 474858 & AR &
35°C# §154 48 > 1 20°C/minz # 8 i# 5 3 130°C 4+ §54 48 > £ {5 1120°C/minZ
¥R 5 1220C - TCNM & 45 i% 2 @ ¢ 4 % DB-1701  ( Abel Bonded,
Wilmington, DE, USA ) » i& 84 5 1 pL~ it » v 8 B 5 170°C ~ 3 4 izt (&
mrt0.2:1)~puECD £ & %290°C ~ ¢ +in £ 1 mL/min ~ 7:# 25 cm/s - Ovenig 477
F2s0 5t AdnE R3SCH 94 48 0 M1C/minzZ #F# F 240CH F34 4 &
ferii o 4B6°C2 M E F 1150 CHH24 48 -

#e L E B2 58 % 3t USEPAS52.3 5 I ik 1 R i dR (> 13 22 o #-3.3.2.1
FF Bk FEN TS FEERE RS R TS B E B 30 mL
fk%i(#i'r%iﬁf{r%ﬁ Yo~ A0mL F 484 AT EF 2 agy ¢ oo 4 2 JRALEE 1.5mL
% pH & * 0.5 et » 3mL 7 7 300 mg/L 1, 2 dibromopropan p 1% # &
pE 2 5.2 MTBE (Fluka, USA) » £ 4c » < % 10 g chiE KA % 0 = %3
i fohE  TEE AT AR A0 A% NEBFEREERY L mL
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I ISmLFIAGEE ¢ 0 4o r ImL10% (VIiV) Fifk® fE o0 22 » 50°C #-k %
S FLEris 4o » 1mLMTBE: £ 4 » 3 mL s 40 (Mallinckrodt, USA )
BRI ZERSFRER e A3 U FE B kiR ImL > 1L5mL &
FHL Y T F 4k 45 &R (GC-uECD ) A 47 o & 55 2 5 1 GC ¢ 4+ DB-1701 (Abel
Bonded, Wilmington, DE, USA) - & #8# 5 luL~2 » v JE A& 5 210C ~ # 7
A st (Spiltless )»pECD g & % 280°C -~ fLit £ % 0.8 mL/min~7x & 21 cm/s -
Oven i #7423% 5 14248 B 40°C45 5 10 ~ 48> 12 2.5°C/min 2 38 i# 5 3 65°C >
£ 72 10°C/min z %8 & F 1 85°C » &1 12 20°C/min 2 #§i§ i F 1 205°C & ¥ 4
7 ko
NDMA z_ & | %% ** Plumlee % + (2008) 1 B 2 11 2. ¥ 4p 5 B~ &
LC/MSMS % 377 ;£ - NDMA 2. F4p % B~ ;4™ @ 3 500 mL ¢ 4c ~ surrogate
analyte » J* 3 & & %k % 17 2 NDMA (NDMA-d®) - 5B @ (UCT,USA) it
73 i (Condition) P¥ > A B4 > Y 4AmML 2 "5 > R f RAAT 2P XL LA4F
P B o 4 r K4 mL 2 255 (Mallinckrodt, USA) - Fe e f @ i3 & =
PRI EHE - T o REE AN A mLe S mLEH KT £452 0 i
FRELEDT TR ZPm RS EPEAZ REE TR
10 mL/min o $is €45 11 2 /7 fie 750 (Elution) # 1% o JE5ERI Mok § A R
wf SaperA A FlAR K ImL 2tk A 18 B4k 5 %o LC/IMSMS H iFif 2 5 ¢
LC s dp 4 &) % 10 mM i 4% (Sigma, USA) »t4g s -k: 90%# 10 mM s it
48309 AR 10% o s 5 250 ul/min o & * 2. LC % Agilent 1200 module ( Agilent
Technologies, USA) 4 3¢ 41 5 Cyg column (Phenomenex, USA) o i ip| % £ i 77|
= 744w 5 API-4000 %) MSMS ( Applied biosystems, Sciex, USA) 17 % & g% &

] (multiple reaction monitory, MRM ) = j# -
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3.9 &3 G PP AEEE S S A RAR LT

2R AR AT BFEELS NN BAR TR R R AL
k12 331 FHF A B R ABNIR 2 332FEFHARAS L S
ot LREBIKENZFIRAFRRSY 3L FEE S B
B WL ST A BASRR B EE LB PR SD

NPDOC k& ¥ o

3.10 3217 % Bl

~=y
WY
1+
Py
By
/4
gl
=
3
By
W
S
T
=
3
B
¢
—h
&)
X
[k
J
d
T
\\\?{r
ole
»i—
()J
00
.J>
|_\
47
o
00
0.)
-l>

P2 AR RENR-FITEREGF S EAT %K o
3.10.1 A fRERF P T

ERREPE

\\\Xr

% B Hach, DR 2800 Spectrophophotometer Procedures Manual,
Method 10071 Persulfate Digestion Method Test ‘N Tube™ Vials (0.5 to 25.0 mg/L
N) » - it 24| (Cat. 26718-46, Hach, USA) 4c & 4% i it ¥ ¢ (Cat. 26717-45,
Hach, USA) > 4v » 2mL -k 2 a3 & B fo > B30 105°CH it 30 » 45 >
A H A o FE AT 4e ~ TN 2A A (Cat. 26719-46, Hach, USA ) > & 4ris
F 3 A4 £ 4~ TN 2##| B(Cat. 26720-46, Hach, USA )» iR frfé & &5 2 » 48 »
F RSB0 2mL i {6 k3 TN :#4 C vial (Cat. 26721-45, Hach, USA ) »

Tt 107 F R 5 A4S T 410nm it £ TR E o
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3.10.2 AfEltE g § BT

* 3 2 %% 3 Hach, DR 2800 Spectrophophotometer Procedures Manual,
Method 8038 Nessler Method (0.02 to 2.50 mg/L NH3-N ) » #-K 4% £ B~ 25 mL 5] »
A0 ml g Hg @ o & W] ok ? 4 > = JF 7 Mineral Stabilizer( Cat. 23766-26, Hach,
USA ) IR &353 > £ 4 » = j§ 1 Polyvinyl Alcohol ( Cat. 23765-26, Hach, USA ) >

IR £ 353 > B~ 1 mL 1 Nessler Reagent ( Cat. 21194-49, Hach, USA ) » /8 £ 35

A
v

PERY - A 4815 > 3t 425nm £ T R

3.10.3 AfE M A ELH § P T

R EPES

\\\?{r

% 3 Hach, DR 2800 Spectrophophotometer Procedures Manual,
Method 8039 Cadmium Reduction Method Powder Pillows or AccuVac® Ampuls
(0.3t030.0mg/L NO3-N) » #—-k4 % B~ 10 mL & » 20 mL 3§ sg® » I 4e »
NitraVer® 5 Nitrate Reagent Powder Pillow ( Cat. 21061-69, Hach, USA ) * 4 £ &

A2 R L0554 E 5 A4 (¥ £ 500 nm k£ T R
3104 A faM A pe R § P T

* = ;2 %% 3 Hach, DR 2800 Spectrophophotometer Procedures Manual,
Method 8507 Diazotization Method Powder Pillows or AccuVac® Ampuls LR (0.002
to 0.300 mg/L NO; -N) » #~k4xB~ 10 mL i » 20 mL #@Egr » ¥ 4 B4 »
NitraVer® 3 Nitrate Reagent Powder Pillow ( Cat. 21071-69, Hach, USA ) » & 3% & i#

EHRAMRFE 20min s > ¥ A 507 nm L& T R o
311 A ¥ "F R MpP] T

*EZ2 P AR ROk Y 24 F ¥ "% i34 e (Biodegradable dissolved
organic carbon, BDOC) £ 1% % o d p3f p 2 A 475 % > ¥ FF 124 R K7
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R PP R AT RATA £ F F MR R BPRT RS 2 2 R R
Hrvokd 523 K,%%:Ec-‘ic °

ARG ST A g A3 F p Rk (I0L 2 Fp kR 8
~10=) oA - TR PR E Y R A ILE Fp Kok E LL ki
ok RGR R BEF N TR 2 kREFEFR O TN HREFOFETERRZ £
#l DOC > @ BDOC i R| % DOC 445 doh i &% B+ # 8¢h DOC £ | &

(Cipparone etal., 1997) » ¥ fp - (TP &7 - €4 F % °
312 4 47 it MR P T

2 7 it e (Assimilable organic carbon, AOC) iZ4q-k ¥ 7 4kicd 4 11
P AT A A 545 (Biomass) e b F 0 BT L 4 H T RIER
Him Bl d A G T e S A e R T B A2 AR
(Siddiqui etal., 1997) > F]yt A 9 % ¥ (T3 4 A ¥ FRM AL P 2 AT RS

~ 3% 2 7@ 5 # Pseudomonas fluorescens P17 4= Spirillum strain NOX

(Bioresource Collection and Research Center, Taiwan ) #4&>t- k¢ > AT 2 if
BPTRAERAL PR EREE RSV L EERE L T @Ik

4 F 7 F it st ek & (Lechevallier et al., 1993) o = j it 4o

p-80C k4 ® B~ P17 v NOX Atc -5k ¥ » ™ RoAagar £ #7541 1 5
B Bt s2 PI7TfeNOX A ulifa i 4 & sehp Kok B 25CT AR A
7R, At 01ml 2 FiRAET A Ak A G 11.34 mg/L 2 By i 40 (Nacalai
Tesque, Japan );% ;% 100 mL( 2 5 =4 e fe il ) 2L 3 iR 41 % ﬁiﬁ’ fard2 kR 5 2000
g of acetate carbon /L > ¥ F £ 70C#-kip #7130 ~ 48> *> 25CT R H A
SR e B FRAFR D F B8k % & (R.A agar, Merck, Germany ) ik k &
3% & 8.2x10°~2.4x10" CFU/mML 2. & » g ¥ % P17 4= NOX = Stock solution -

PR Ffe kR 160 mL> & £ 3 100 mL e 7)5g & 85x(+ v & X = £4§ )
55720 mL o P17 v NOX & B2 % > # s § 320 mL -k #k o & uld2fi- 28 2
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P17 4= NOX ¢ Stock solution »=-k b » & H .4k & 4 5 10000 CFU/mML -
2 CHRERN RTE R -

AR 2~4 X L P25 FALHFE Iy B % F (duplicate) > % ¥
(e 25CHRAD AL H - FH 2~ A BB wRRRAAETHF TEE5S
% 2. 3 ¥y vials % 4524 o

PTEAfEEFZER S 1% P17 v NOX th4 2 i #ic (Yield coefficient) 4%
Esqa @R k4 22 AOC kR - 3-8 2 ;N4 ¢

AOC (pugacetate-C/L) = ax 1000,Y —;'5
e
a= & ¥ ~51P17 & NOX ¥ 2 % # (CFU/mL)
Y= 4 & 48 (P17 : 4.1x10° CFU/pg acetate-C

NOX : 1.2x10" CFU/pg acetate-C )
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Fri BREH

4.1 KR d24% 5 ¥ NPDOC 2. = »

241 EREP X PRK (AAEF 42448 ) NPDOC 58 k -k A2 4z
B f4 engg it o u-k NPDOC ik & 5 8.53mg/L - %5 1 mg-Os/1 mg-DOC #| & T 14
§ 5 “t5 NPDOC ik & #ic*s 1 6.56 mg/L » > 0.74mg/L (F1»F S%E ™ 2 &
FF 0025 LR fol § BIRMAF R kY ’éi%?%’lﬁifjﬂcﬁ
ot S e F B PR B F1SF § A 2 NPDOC k& & 7.33 2 6.56
mo/lL2 £ ) ¥ LAt S5 F BAET 5 LERTL G FHitok? SR

—

FWEN A L L P RRERLT U R RA R LT AET

¥
=
*m
Sy
Fﬂ
/%i’t

v 250 B 4-1 B2 7 > % 1.2 mg-Os/mg-DOC % ¥ #| & & i p% -
AL F B ARE ) L ERBRIE833% 1 2.20mg/L (4 £ 6.13mg/L) ;
FHRB LS 22 LF HE (28 mg-Oz/mg-DOC) » & F Jk & B g2 A /£_19.65 "%
% 12.38mg/L (4 £ YZWWL)dL“ﬁmyR%iiF@ﬁH&%’%ﬁ%Eﬁ
BELIFRME CFERNE PR RFRZEFEAALT S (R Img/L) T AL
PRBELFFRLPEFUORRLET I AE PR 2 a5 (Aoikips
E)FROPELT P EMEEF R B FRHRESTHE T SiF L
FEM2 AR R BT A L E ARG (20 44 &) xaF
PEINFIRNAF A SH (2L 454046 5 ) 7 L 1 mg-Oz/mg-DOC % 5 |
B R RY ARy R AL PR
?ﬁ%i%ﬁﬁﬁﬁﬁZOQﬁﬁi#ﬁ&%*iiiﬂﬁﬁNmmCé%
s A o W 2 £ 0.33 mg/L - & F]¥ i LA FERZAN o A DR b
TR T AE X At Rk R R AR IR AR B B KR
A TURR) S FRARA LA RY > RA A RRFF o X A S gk
o r g R Pk 2 4 e o Siddiqui ¥ 4 (1997) A7 R R AT
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B L% #E 5 1mg-Os/l mg-DOC ~ > ?ﬁ#&ﬁ‘c@@.ﬁﬁiﬁ;‘ LR CE Y S
% ¥ 45%: DOC(Siddiqui et al., 1997) « d o7 &r > 4 s 27755 $0 4§
§ 14162 DOC 4 igoak > jany * o (3) ZRRMFE 220 248 =
2GR R RGN R - SR R Ra AR kY 24 P
Ja R (F R 28) 7 RN RZKT O EG AP ERRK 27 R
PR ARG 20 ks g {4 BREBGT e 2 4oif o FI i F AR

BAIEE - 3% 5 -7 F2ed ko

3 4-1 "§EF A2 A 2 NPDOC LR it &%

kR (mg/lL)
J ok 8.53 +0.16
Rk 7.33+013
. + 0.
(TREF F PR ki)
L5 K 6.56 + 0.28
4 PR R AR 6.23 +0.38

n=3 >+ B ZLE

25
—e— Raw water ozonation(1.2 mg-O,/mg-DOC)
20 - 0 o Raw water ozonation(2.8 mg-O,/mg-DOC)
H: 15 -
g o
‘g“- 10 A
8
S 5-
(o)
[¢]
O i Py o
0 5 10 15 20 25 30 35
Time (min)
B4l e b5 BRELTF P F RPFZERR R

28



4.2 F -k 42 R 4 BDOC 4+ AOC 2. 8 %8

W A27 g i EF SRR ehx R 5 < 52 TR R

S L F AR 5 1mg-Oy/mg-DOC chF it AUt BDOC ik & & < 3] 2.63 mg/L -

%r

d b v e LF § (LA A RSk P X R 5 ol $ 7 % 212 (Nishijima and

1

Speitel, 2004; Yavich et al., 2004) - 25 @ &9 22 2+ $ g A& $3° BDOC 4 i P
7 i 4% 085 Mg/l 2+ 2 BDOC: # § #-if 1.8 mg/L 571 BDOC # A if 4 °
HRIRFG (L) 2Rk 22):  FHRFLEY pied - T2 41 &7 “ThT
2P AL F F D81 NPDOC thi 'poc% 7 2 B % 4p# ©(2) & Yavich
% 40(2008) B¢ EEER ARG BF L E I LB - S R
X4 3 4 5 5 %2 (FastBDOC) 2 F 484 & 4 ~ ¥ j2 (Slow BDOC) 2

7 S0 2 E 2% 2 (Non-BDOC) 2.7 47 &8 4 o T3 18 S ber) s ik
(EBCT=15~20min) % &t 3 % Fast BDOC =3¢k i» » 2k @ Slow BDOC 3R i» i

RE G ARAILEKY et - RE AR A EERK I AKLI P L L IR

FIS

fErFHRET2Z P RKTF RS ZIEAET B fﬂf KARUR S . N
%z, BDOC v it 2 & 5 Slow BDOC % i» » 3k {8 ‘%‘miiﬂ,@}%ﬁ%g #- Fast
BDOC = » & Kﬁ; » w5 £ c1Slow BDOC 5 &> ]t &4 BDOC #4172 & 7
4oig dp o

¥eh i AOC 2% 2 5 » 4rd 4-3 22 4-2 #1871 » J-kz AOC-P17 + %
AOC-NOX » ¥ L A G md@enp -k ¥ ¥ iy 7 3 #& % + » 3 eahf F (Pseudomonas
fluorescens P17 ik 4+ S #pp -k it & 4 ~ ¢ FR{o> 4 R4 chpk & < & 3 (Vanderkooij
etal., 1982) ; @ Spirillum strain NOX B g 4% (X 384 & 3 S FRap ™ &5 » v X fe 2
? A& ¢ & (Vanderkooij and Hijnen, 1984) - 4% 3 i+ 2_ {4 » AOC-P17 &2 AOC-NOX
ERYT G PR A5, AOC-PL7 k& 2 5 1.5 % > AOC-NOX k& { &}
23 26 % f AOC-NOX et A a5+ AOC-P17 - fafc |5 L5 5 * ¢
R T R R o e AT S s T Lo
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+ (Owen, 1995) o 3 *t 24 $m kA2 5 Pl ¥ 5% ¥ i+ 8 2 AOC-P17 £
AOC-NOX % 3 rd@sc% »# ¢ AOC-P17 )k & ™ % 7 64%>AOC-NOX T~ " 23%

o v i AOC-P17 Bcdfz FAF14 &> R-KZ L5 5 {5 k2 pst LB F A

hmE o AH L5 5 Lk T B 83.7% 0 Flpt AOC-PL7 pt 30 ip #7d te2. T3 i
w5y -

BDOC kA& & fLff 0 7 r2 A8 R ¥ WAL o & R G {84 5 R ek
W@ AOCE R & M i¥ 5 k¥ ficd 4 & 4 4 2 4 % (Escobar and Randall, 2001) -
Siddiqui % * (1997) # § 7 % 3.>BDOC £ AOC }* & 3F 4 #cE § 2452 4p B {40
gt E AT AR RIETR Y A b 4 R gk A i e gt 2
ST AR PEF F TR ARy PP AT ERE R AR R >
Fitok? #74 ANPDOC (77 4l &4 k7 @b 5 o> BBLF §F 1L hg %
A ) 2L AP AEAELF § B R 2 R s ok
Bond % 4 (2000) 5 %% &7 » Ad K UV R T » 2% 2ah i

L o
”ﬁﬁﬁ,ﬁ?ﬁ' rﬁbﬁg‘mﬂ‘ #ﬁi‘g4c°ﬂ%«$m"/‘:g}%’ J\\/pﬁ*]\,}qlﬁkﬁ}i/%)i]ﬁ

N

B (&3 #5523 ) @ AAILEA $ NPDOC » BDOC fr AOC £ 1 5
5 oEAGHAIEFARHN AP IR R ABAF A S gk B

gmp .
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3 4-2 vg¥ a2 4e 52 BDOC LR %1 &%

BDOC (mg/L)

Jook 0.00
L33 vk 2.63 (10)
4 Fom kBB Ak 1.78 (27)

N=2>3E5p] SApHLERF 2 (%)

# 4-3 "TFRJILAER 2 AOC ER %14 % %

AOC-P17 AOC-NOX
(g acetate-C/L) (g acetate-C/L)

Y284 1530.5 (46-56) 362.5 (25-38)
L3 5 ik 23145 (42-84) 952.1 (18-21)
4 P R BB ALK 829.3 (7-39) 731.3 (5-22)

N=2>3E3"p S HELER A (%)

2500 -
2000 1 = AOC-P17
1 AOC-NOX

a
5. 1500
2
s
(]
e
°0 1000 -
2

500 A

0 T ’_‘ T T
raw ozonated biofiltered
Fl 4-2 S5 % e

? 4% K 2. AOC-P17 & AOC-NOX Gk & % it B 7% R
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4.3 RORRJZATR R RG22

BIEERF R ALL F CAEBY 2 TAERBE RRL B
BEIHBEBE > QA FINR BT ER A 4533 85 TF LR
ZRRBIBERT > SWLF F O RJLE 0 BREG PBEFORAK 231 1T
mg-N/L> 2 2 4= 7 & % 19 0.3 mg/L 273 f#12F ¥ ; % 4-6 7 kT ;= DOC/DON
OGRS ROMASTAR B F S S Aok ST e R B E L b
BITE T L LF B 5 NIRRT E i 4 ot A 44 T R T2 Bdy
BEVHFREF LY ASLEAR kY & §FOEA A 0.38 mg-N/L - da iR i AR
kY SHERATREZ T F GBS (3R ) ART o AR EE ERRAMEY
B FF e ARk A R FF SRR T A b
Tk P2 03mg-N/L chh % >4 § JER RS g™ '8 o Xu % 4 (2011) @
B FECOREN BRI BAA BRI B F BT 2 4 pokd (B ok K
AR EE G LFF M RABRIR R ) ¥ REMAR FG R B F g

TG 28.8% ¥ R Y RRETIRRLG B nd onk B PR R RS
FRE I NG R APAT 0T - BRI R B F PR R R

Tedn § ~ PR o
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244 8% 5% ARBFICLARBEEFRILAS 2 RAR 5
R (mg-N/L)

BE %% AR TAHERF
28N 3.4 (3) 0.08(13) 0.6 (0) 0
LAY T TELI 241 2.7 () 0.46 (1) 0.6 (18) 0
4 ¥k
244 0383 0.6 (0) 0

Bk Aok
N=2>3E5"p] ZApHELEF A (%)

245 BAET BT EFAIAA 2 ER RS

JE & (mg-N/L)

Bk 2.7
AR 2.3
(T %3 F PR <ks) '
5% F vfs0k 1.7
4 Fom kBB ARk 1.4

% 4-6 " F EJ2 AR B 2. DOC/DON b & % it & %

DOC/DON
Tk 3.1
L5 sk 3.7

ERECD V7 N DI < 4.2
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TR REIT A PR &2 G 2R % 0 & 47 23 NPDOC -
BDOC ~ AOC 2 DON “f ¥ A2 A2 B ek R 1V T3, - S35 F § 215 » 23X
BDOC #2 AOC 7 & % 7 &2 3% & » 2% NPDOC fr DON ik & freg 5 T %% >
dr T LFF AR PR (T R PR LR L) Sk
P ARE G IR R R W 4 S A g ke IE Sy 3R
> “T\ % o rE 3 “’f »c% 72 P &g (AOC f ‘b ) o

R 2 RJEALRE H3T NPDOC 2. B 585 7 4o & = 38 S 8cp? B > dogt -

kg F PN % > bl4o> B22A NPDOC JE & T "% » FEF Vit 5 =
H)F Rz 4 AR P AR T (R 451 8 ) ind sty e e 4
WHB Y ERAS LA I E. o L § L2 15 BDOC &2 AOC
FERH G R A B ($R448) FHER ARG RF 2 PTFER
PRI A LR A R A LI F PR ARAF L AELZREEG P
AR ARF LA RAY L A2 R A (DCAN % 7 ) o SR I
A4 DON B F 4% 2474+ % DON i7 & 2255 A ARAR2

gtk FREEE Sl Aot (T AT B EFESZRE ) 0

% 4-7 % a2 42 B NPDOC ~ BDOC ~ AOC #? DON z_ ik B it & %

NPDOC BDOC AOC (ug acetate-C/L ) DON
(mg/L) (mg/L) AOC-P17 AOC-NOX (mg/L)

Aok
. L, 7.33 0.00 1530.5 362.5 2.3
YR EFF B
533 Y0k 6.56 2.63 2314.5 952.1 1.7
4 Pk BB AR 6.23 1.78 829.3 731.3 14
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PGP A B ROR GG - e kR (56%)0 2 ¢ VHA
7 23 34%ed N ERIEE F S A fe ek TR B L FRIZIF e
FARAER F RN 31%0 SF F M {8 0 BUREIRRE S 0 BRI
Bi4e» XU VHAJE R 22 34% T " 2 17% 5 H o A Fp ¥ 55 § 1153 2
B e s iE P R > WNEU W blee b o d L5 § 2182 31%T
51 24% o

1 NPDOC kAR %1 kg (Bl 44) L5 F 18 VHARGE S P B - &
% 1t %5 VHA z- NPDOC k& ™ *# 1.62mg/L ( %1% 59%)> m SHA > &% § it

wiSERRE S ARH CHARRH S ek p VHAMR L F A fREE DAY o d

&
5
*m
ey
e
beic
&
5
<

HA o3 ¢ chffgd 457 it & § 7ok £ 4 3 MoK B3 § 7 and
FoRERLyF VS CHARA#RS (073mg/lL)- # ENEU» HER* 5% §

BABEFLAR R A FLE F CABERER T o LF LokRE A FRA
BT P X R B3 g R RN B PR > R R CHA 2
NEU E& ™" i &> £H 0 NEU T % tg & 8+ (B 0.77mg/L) o ot #b » 4
o i kAR 7R 0 384 SHA (0.21mg/L) -

LF ehnr AT MEURHE P F A RIS ARG 2 T g
%1 4t 5% (Ko et al., 2000; Nishijima and Speitel, 2004) » ]y rAE K L% § 1t
N2 X RGP e ¥ ¢ 55 - Buchanan % 4 (2005) 12 UV 2 VUV j
o ARG DI B AT RAP 2 A s B 2 LR R PP e
—”r"ﬁ ¥

o ¥ CHA—erEU 0> ﬁiﬁg%ﬁ;ﬂl#}f@w« \.ix/f s PSR A R

1t 3 T CHA 4o NEU JE & 3 e % p 2% VHA AL F 1 20 {4 9935 & o] &

S5 4 o fRm At Buchanan % A A IR B IR LR R R 85 B AR
UV 2 VUV (Vacuum UV) & 2 3 gam = N 3 Kf o AF Y 0 L3 F iiE2 X AR

TP EEA PR RIS 0 ARG RT3 mO/L 2 AKX R B
(73 26mo/L =+ 2 8n-REEx KRG B85 ) LM KEF BF kAT & 55
L33 vfsA424 k2 SlowBDOC: @ ~F %2 4 Fmk (EBCT=20 min) %t
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* Slow BDOC #3 ok 3 7818 » e b 2 ik 2/ 5% R AL 7 i i@ 07 &

Lok P A KB MR TR S F AR RA

A A P R R IR A

F» 2_ % 2% 4~ (Chen and Westerhoff, 2010; Hu et al., 2010; Lee et al., 2007b) » #x

L

* AT AR $0 )

A (22§ 43 RAFr) a2

FIFEHP 2o 3k o
ok L33 b0k 2 Fom kB DK

SHA, 22%

B 4-3 Rk~ 4

VHA, 34%

N 13

SHA, 26% SHA, 27%

VHA, 20%

VHA, 17%

. 2

FIRIERE 2 Pip kBB IR 2 X R e e At R

CHA, 29%

35 ——
3.0 | C— ozonated
' s biofiltered
2.5 1
> 20 ]
é 5 =
O |
S 1.5
e
1.0 1
0.5 -
0.0 - =2 - =
VHA SHA CHA NEU
Bl4-4 Rk-5%F (5AIE K2 4 5 imkBos ik % 24 4 24 2 NPDOC ik

RECH GRLFpME- £ BB LE)
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A5 & AIEALE $H 4 BlA P2 B
B BN ARAF A N EREE A SRR S AT o
451 A BlAY S FEREE A

B L3t Chlorination 2 4 @l A 4 2 < B4 %% o B 4-5 5 %= &7 =i
Ho R F ARILARA 2 RR R AT LF F 07 4% 160 pg/L(25%)
22 d)7 Sl SR o T Bl 2 ok g AT 0 RS 20 pg/l (6%)
e fd SR S B 2 PR H de fehd otk ki T Ak 17%64F
Flripa e it A 202 MU RRIERP L L fonk o BRGS0 %
FFMEAPRAT A A s 26%2 = )7 g 23%2 o e SRS i
K4 1T 500 pg/l hz #T R4 R ERZ 250 ng/l ke il S B R 2

ﬁg °

B 4-6 % Chloroform  DCBM 4 DBCM % ¥ AJ2 42 & 2k & % (L {35 o &

=

B 5 ViFET 2 “ﬁ% 22%+Chloroform 4 = % £ X 55% 5 DCBM 2 = B4 o
+ % DCBM 2 # & £ & % Chloroform -+ 2 2. - » fx S § LR = &7 =2 &
FEE 1A & 2 %) Chloroform 2 = B4R 5 o 18 4 F g & ¥t Chloroform v
DCBM 4 2S5  a MRS - a2 > L5 § V824 5 mk o 74 0%
% 23%¢11 Chloroform 2 56%:7 DCBM 2 = &4t -DBCM 72 B4 ik 4 = &y
B SRR R (SRR ) Bt R T 3 e
TR g A S E 7 (B 47)0 LF F 15 DCAA 2 & B4
4+ 29% - Chowdhury % 4 (2008) 4+ -k X X5 ¥4 b bl F 1 South
Thompson River (STR, Canada) /& -k & % &£ 1.1 mg-Os/1 mg-DOC i& {7 5 i
F e %% mH DCAA 2 S5 + 2 5 100%2 - (e 2 & B4 410
pg/L 2 3] 891 pg/L)x Jip) R FI ¥ a5 HRIER 2R 84 F 11 1500 B3 4o T
Fo ARRARGELF F LA R PRI ER Y AR H Y
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CHA # 3 + 2 0.73mg/L> ¥ it 5 DCAA # %4 + 2 2 7] TCAA 3 & F4
BIF > 7 39% 0 & DCAA fe TCAA st & ehifi-a) ™ » ik fed & B4 & &
FERUDRBERG s Aued gk SR KL F § 115 DCAA &2 TCAA
A B4 ] 5 19%f0 14% ) KR A 2 0 S F F 224 SRk A 40 4%2 DCAA
4 A i 48% TCAA 2 £ B4 o BCAA ch & B4 ik dye i 4
A R (R LD ) F it R A x 3 o

Chen % 4 (2009) r it &5 & 24 drip sk > N $T 2 &7 2 dje
Fd S g end o R N RJZARA T 2 )T R dje fhehd g2 4
kT E 76.1%% 813% - i H Rk AR LEWAR TR 4 248

DAk B 30 A M A RIIER T BRI T T 0 &HNZ T B8k

A

o s ¥ EEend % ek it o &9 % 02 1mg-Oy/1 mg-DOC 4| £ T it {

-~

o
*\m
ey

FR et 25 ks REFFERT L 20 ~4 > 7 ok o > &2 Chen ¥ 4

(2009) 7% ¢ = dy7 gz dye s R J kR R
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800

EEE THMs
C—1 HAAs
o 600 -
o0
=
=i
.2 400
g
o Ed -
3
=]
o
© 200 A
0 - T T T
raw ozonated biofiltered

Bl 4-5 “E¥ AJUAR A 2 B2 &7 Sfodye ik & % (- B (Chlorination)
(FAFM:-EH2BELE)

600 1 BN Chloroform
C— DCBM
— Bl DBCM
<!, 500 -
on
3 1 1
§ 400
s £
§ 50 -
e
o
O
25 ~ H
0 A ) | o
raw ozonated biofiltered

Bl 4-6 £ ¥ A2 425 2 Chloroform~ DCBM - DBCM ;& & % i* | ( Chlorination )
(FAFERZ -2 BELE)
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250 ~

BN DCAA
C—J TCAA
. 200 B BCAA
5
o
= 150 - B
g
g
£ 100 - =
O
50 A
0 . | | 1 |
raw ozonated biofiltered
Bl 4-7 “§ % &J2 4% B 2. DCAA ~ TCAA 4= BCAA ik & % i Bl (Chlorination)

(GRLAFR G = i%ﬁ»#ﬂr—?i@)

*+ Chlorination @ - § ki & &l A 2 &2 g8 ¢ #R]1% DCAN » dp fL 7 =
¥ BT L2 TCNM df 3t o B 4-8 ¢ » DCAN M4k (T 42T chd =8
F A% 2 %> d 3 DCAN &/ -k Chlorination ¥ 24 = £ i 4 » DCAN *% &J2 ik 42
Rz %1 7; % B ¥ - Reckhow & 4 (2001) 451> 5 p d 4% fiie™ » DCAN
g2 pd F ERF BTA, S - F ¢ fgre(Dichloroacetamide) » £ # -k 225 =
DCAA > #xpt 7 it 5 DCAN 4 2 &8 "2 ¥l o 2Am TCNM 14 = § A 5iF &
FROUER oHA RS AR R R P36ugL F AT 623 pg/L o B4

bz o

AR LFEFNICCREREL S ESD

e

BN
[EEY
\‘

R
e
1 .
'F_*

o~
[}

A

=<
.y
o

TCNM(Chiang et al., 2010; Hu et al., 2010; Hu et al., 2009) - Hu ¥ + (2010) 4 !
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GRLFER:Z - 242 B LE)

% ** Chloramination i} & & A 4 4 * B4 %% > d 2= &7 R{ode 4 =
¢ % 15" 5 Chlorination & % eh- & 2 - 2+ (S L%z ) 2 & %% ¢ 4k
HRVF oA Z AT rE ke fA S T e R EEY PR W AP
s f %}n % Chlramination fi-/RT™ th= &7 ter dje fad <B4 2 %873
o FAERE LA RAY S R Gt e

B 4-9 857 DCAN 2 S BEH 4 e L5 5 L2 1577 56% 442 # ik
¥ DCAN 2 = 3 K,ﬁ; % Bl # P &8 - DCAN #_ -k Chloramination # 2 =
127 #m 473¢ Chlorination 2 % % » 4@ 5 7 4 %% 58%:¢7 DCAN 2 % « TCNM
BEEFp ) BF ERIE N0 LB DR 5 TONM g v 4o o
24 FRARG MR f ] B A %Y o HU B 4 (2010) 7y )
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B E 58239]* vt T Rok? NDMA 2 = & 5 685ng/lL- ‘5855 5 it
'NDMA 4 = &% 3% 2 101.2ng/lL - 55 5% 3 *{s » ¥4 5 NDMA 2

F g DON R R 7= & T 548% (%2 43 &) (Lee et al., 2007b; Xu et al,,
2011) > 554 NDMA 2 & {2578 B%g2 T % o £ 5 7 Ao & § 7 23k NDMA
W BRd B 4es Bfrz moi(Lee et al, 2007a) ; Kemper % 4 (2010)% 3R > #-
polyquaternium-10 H & % (B A #E@* .4 L Rhflz - > HE 2w i) 2 L. %
FRgts > 7ra Epcts K NDMA 2 =2 o 22 A F 5% ArE = 27 b eh % > Zhao
A (2008) HEHEMAKRZ Rk TV B F LS EA NDMA 2 =53
ZEE P A BRRGELT PR EIER)E S FIRLNDMA 2 2 kR
BRKT AkTEhz NDMAER >V RLL5 3 PRIV AZRAT 54
%ok ¢ 22 NDMA 4

B 4-9 87 2 F ik = 2 &% ' i NDMA 12 =4 - Krasner (2009) 45 ¢
- SRR B R A & E 2 ﬁ: NDMA # Spdr B > R AFT 3 P %4 PRG54 4
Tk 2o ik NDMA 2 S0k B Fr R ot 2484 » H 3 40 3 1264 ng/L » 5 ¢ #F
RUAJEAZE F @ & 8 46%= NDMA # = - Mitch % 4 (2002) 4 7 » 4 4 £uZse
w13 ig NDMA e Sgde fF 2 - = @ fhoik (dimethylamine ) > e 3255 # @ o0
ORGP EEARD L o B o HRILFF T R R @ s NDMA
TR O o B A Bk R B SRS  H I F RipR) L il
fo ¥ - i NDMA a3 S5 4 B (BL-ki23 84 ) $#x NDMA 2 284 &
R AT Ak B o

PLEVRIEL VAR FEF T UK IFE K T R e faend A5 2 i
REEidlg siyF A4 555 -84 % xkiERis o Cloramination
#n 7 2. DCAN v TCNM # = {257 @ ¢2 Chlorination 2 &% 4p iz » ¥ 3 iR ¢

it NDMA # & » gt R 3L & it - H B -
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ﬂNHBC%ET%%%ﬁﬁ%?ﬁEﬁé%Oﬁbﬁwié$§@$§§ﬂi
ok b 19% 7 RASELE F L2 e O SRP TR 0 2 5
TR B IR ke pt 4 A Famk (16%) -

FUBEZ & gt 4 & K kg (K 4-11) ¥ %3 Chloroform v 2 2

Fik Bz &P = e90% F o Chloroform st 2 & S 4 55 5 (L 2 2 Sk AR
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2451 H2 84 S F RSP d PV LF FIRRE TR F

LT > A& % p 3t DCBM hf jt o DBCM 13283 o » 3455
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FRERIT L F § 15 20%:n DCAA 2 & & o TCAA W 4 4 4 % e
ARR R TR o BRIV 4 A KB A58 451 & ¢ i 4 SR AR 0L o

.1 mg-O3/1 mg-DOC »* # B2 55 F ™ » M3 Z hEFIPEFR 5 20 4 440
PR ERL G BAR RT B e S B B AR REN S PRk
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@A LR oDCAN 2 B F A 5 gL F L ARA F AT o TCNM et
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\x‘m

FoEELFFCRIAIRRAN2ZB A S REFHTCNM L 4 3 577 8
ek o Am Lee ¥ 4 (2007h) #-% A KRRk en® ARG R
KAt 2 A B AP 4 = %R 2 (Chlorination and Chloramination ) »
4 3. Chlorination {5 > ¥ & -k 2% 285 4 ® DOC/DON Wt & fia-] crffin™
DCAN it 4 & ZF4a¥td® > 23 TCNM 24 Z % » & 2 & Chlorination &
Chloramination- 5 ¢ *f ¥ DOC/DON +* 5| "% @ & & -Hu & % (2010) { 4p 1 >
EHmA TR GCELF JLE-k > TCNM 1t 4 & 57+ ¢ 5% DOC/DON 1t i
AR B o RAR AFHREELF F 2 AP pAEIRL S DOC/DON 1t & i% jbr

T (% 4-6)>  TCNM et 4 g % frp 1 %4 5 p R o0 F R -
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”J‘ rEFRT 2N ARAF A RER L (B4 ) " BT ERERES A

<~ A8 oDCAN 1t 4 & BRI IR 2 /18 > T X K 44% - TCNM 4

%
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GELFF O RBLR KRG 06 B 0 2 F sk A TCNM & 5 de 71w 24
i W Agend pack o NDMA 2 B B L5 § 12 2 b gk B2 (6 77 iE
b2 L R k25 @ > A% % DOC/DON v & (4 4-6) '"EF L5 5 112 2 %

TR 0 € 32 4 3 395153 455 Lee & 4 (2007h) AT f B % A o

ﬂ}i

BRAEFBETELF LA BAS 2 2 S5 640 F DOC/DON & T %
(# Jedok? < 25 484 3 F B85 +50) ljjwm vz T > NDMA ¥
= DOC # A& 7 ¢ + 2 o £ in R Lee % 4 #7 {8 | chi #3247 » NDMA » 2 & 3

T B H T RREET B HH KT DIRGPE A PEELFF R
R P AP IREZIRF AT R R B ST BIREW R R P2
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B 4-14 " ¥ g2 42 5 2. DCAN » TCNM 4= NDMA +* 4 7 & 5 v [§]
(Chloramination) (3% % - €472 H8E L &)
B k> 11 1mg-Os/1 mg-DOC s A& 2 &% &2-k¥ 2 A5 W5 F o X
LS T REAPFRT L 20 2802 Sk o PRAFEWYIMAS (BHEI=

BT A A LF A A RAS ) FRRIEEZ iRk o Bk 41 &9

N
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BI ORBLIHEENFTRE IR IR TP HEBE > & Ko

(2000) #+ % o % AgF 0 % S ME A 25mg/L £ F18ImMO/L 50 = T =l
SEA S gk T g R B E L F R R AT F L e A Bl A S
b2 3N KA A2 LFEF AT AR E TP AN E LS LT
MK - B TR VMR AN Bk A EET £ RE P

4 F % £ (Biomass capacity ) s % H8 (Granular activated carbon, GAC) &
SRAEAZE S R HMEL PRI BAS DS, T “$ ko BB

THRBLEF 2 A bR A S
46 L By aEE A Bl A L TR
AR ERSHE R RG B EE fT RL TR 2 EE L

48



FF2A5IRAEIRAS - %R 5 Fractions #i 4 BlA Y TR L %
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d ] 4-15(a)7 145 o Rk ® A VHA $ Rz dpe s *i@%“ﬁ}ﬁ‘%ﬁxﬂ’ ,
Croué & % (2000) 7 % Rgi-k 2% K 4 5 = d7 o2 2 R W 54 T - 48
LEF 20 VHA R Z )7 2 SEH FRE T 60% £ E A2
PR VHA TR B S 0 84% ¢ A0 CHA UM AJZ2 5> = "
A A A7 #iTA o NEU mﬂ%%q/mﬁﬂ L g

FrRZ T Rt 3 2% kF (B 4-15(0)) 0 VHA g = 7 st 4 & 5%

EHLFF TR 16% ) W ORZ )7 i S kR G RS S VHA
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AR MG (RLE44) -3 20  VHA TR0 5 0 L5 5

B = BRd B “ﬁ%i&:%z YoTE PR F oA A Pp k2 sk R E TR
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b 56%%F F tie2 R TRt A AR H BT ORIRG L F mR oA Kk
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¥

TR WS F AR R R 5 84 (Matilainen and Sillanpas, 2010;
Nishijima and Speitel, 2004) » i ¥ & j& > {6 f 4 & ' & pr= &7 = h4 = (Chiang

etal., 2010; Ko et al., 2000; Vongunten, 2003) » A @ * et >t 58 = & =t 4 & X

3ok A eI P AT R P ERih o S L F F 2 4 Pk kJ2 0 SHA
Bv 31%M = dT it 3 A K s kA CHA Gnt 4 &2 %3k H# (2 =2 56%) >
HRFIZERER R B4 F 2 8% 5 CHA R > frd 4 Fo gk @4

CHA ML 2 4 484 i BBz dj? b4 g% 12, NEURIR % + 86 - 4
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2T LF BRI IRFAARETRZ T A SF 2 R EE G

Ty kg oo
(a) (b)

300 — raw _— raw
C— ozonated — 120 | ——— ozonated
250 4 mmm biofiltered 8 mmmm hiofiltered
—_ A | _
) -, 100
= 200 1 £
= e 80
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3 @
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8 100 £ 40 |
50 | & 20 |
0- 0 y
VHA  SHA CHA  NEU VHA ~ SHA  CHA  NEU

Bl 4-15 &3 iz 7 =2 SFS@E 2 & F(b)= e "EF
®fe 52 % v B %@ (Chlorination)

i BPFEEEBY = /° J"*?E‘)*k Y57 # 3d »> Chloroform
B T ket SR 90% = % 0 Tt R Z )T e i 352 Chloroform
2 %% 4p 2 o 4o B 4-16(a)#7 o 0 S iE B2 A2 A 6 0 VHA 0 Chloroform # =
BE TR 83% CHA R Fr b 2 5 k3.6 & o B 4-16(b) 7~ &2 7+ 2 §] 4-15(b)
#p e % > Chloroform v 2 & * & VHA 3R> 0T %5 B2 %k p > VHA kR 0
# % o CHA e Chloroform v+ # & 34 5 R k028 8 -

DCBM =t & i % 2R 5 #8457 m?&‘fgL 22 Chloroform % 8 #2+ (B 4-17) >
DCBM s g4~ F #w & g %t SHA 2 CHA Fractions - 53§ % % ¥ it {2 SHA
DCBM # =412 vt 4 F F 5 I enfe R &P & (& %] 5 68%2% 77%) £ 5iE4
Pk BRAIEFE R L Lu] o VHA B X 40 DCBM ehff b it - b 08
BWALARILL (0 VR FAZF P4 % o 7 L E DCBM 2 4% 5 0 £
AR ORI R b PR B o AT AR A $5 CHA T jt DCBM
AN AT TG A Aok o AR 02T T ML F F 15 NEU ¥
DCBM 4 s #H 2 1L 4 &2 % (& w5 51%Z% 53%) -

DBCM 4 &+ 5 & p % A5 4 ¢ ch CHA > (B 4-18)- L5 5
¥ CHA TEJ‘% DBCM # = enfrd)»c % 24+ » 5% ¥ i ¥ % X 39%+« DBCM #
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N TR K//Tf o Hua % + (2007) F= 3 s > 4 k7 Pl AT Pror T pE o
% % & Chlorination 22 Chloramination £-k # #L-k {4 4 F )% 7 b 7 &
thz d7 %012 &2 fEodest {4 f#1 DCBM 4r DBCM 12 & % 5 % § ++ CHA

TR e F] o
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E 5 60 1
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4-16 & i 4 57# 8 Chloroform 4 & /g4t ()2 2 & % (b)2 TR 2%
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e\ 30 - -
30 1 | == ozonated —_— 3 o
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= 1 =
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Q 15}
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0 - L] L] o0/
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B 4-17 & B § #4473 4 DCBM 24 4 84 ()& v+ £ 2 5 (b)2 F e sE ¥ UL
2 52 s i B % B (Chlorination)

(@ (b)
14 | 14 -
e e\
12 A1 —— ozonated S 121 — o_zor?ated
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= 10 { 2 10 |
=]
= £
= 84 ©0 g J
£ =
G 3 61
g 2,
g | o |
5§ 2
2 a2
0 t ! , 0 ! ! :
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B14-18 & i § #8444 DBCM 2 * &4 () v 4 & F (b) 2 T8 ¥ i
25 2 ik % B (Chlorination)

52



IMEEBRRG BPFEEE e kot 235 (B 4-19) hok? 5
VHA 33 de pe 4 #;ﬁ%ﬁi}?&ﬁxﬂ’ o 5.3 F I“EEARV RE 54%z2. VHA TE/E&
il SEA S R A AR EAPH T L0 W VHATREY A S 0 L F
F i R e o spd T end K,% ek A AR A o 55 3 g A CHAF
B2 AR S LR K HA4 R A AF R LR k233 0 NEU F k2
Bole A S (Z3FFS A A3 ) PHREGES > F A H4T ke fam
FRPEEE AP IRATINGELF F 01 VHA F ez LA Z LA F K
(&4 5 50%% 46% ) 2k @ 4> CHA 2 NEU 2z ?i[,?cl H£P R 3 “,/Tf gk o B
B ESE AL ¥ SHA R R o A 32 18 o

B B2 S - BARGRL Bk Y BRI ARG s BE 72 (Croué et al.,
2000; Vongunten, 2003) » A @ % R K GE 55 F SR X 2R3 5o
VHA 2 T2y 7 g ™ % o 85 CHA Z TRk F @ & 8 &7 JR - Hini i R
AP G ARHMY R LF F A AL R PR T L e R W SR
HREFF 15 CHA 2 NEU $Hidje a4 &2 43t 8 o Kim % £ (2005) #
THR R A S E R 2 WK 5 TG B o Chowdhury % <
(2008) 7= % 3 » South Thompson River (STR, Canada) e h K SiE &% § 1 {5 >
e et SEA G PR RE Y RATHPSEL AL SR AR R
PP EEFARTARAL LS BERES O CHA T2 8515 7% 0 £ a

R A% A () 419()) -
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180 —_— raw
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"0 120 | 2 80 =
2 5 -
E 100 ;1 6
g 80 3
S 60 > 40 4
g kS
O 40 4 é 20
20 1 .
0 - - 0 L L
VHA SHA CHA NEU VHA SHA CHA NEU

B 4-19 & @ asiade g SER@r 4 2 (0L T aF i
™Az 5 2 %1 B % B (Chlorination)

FrBE & A A kg o FOFREER DCAA chd 24 & ko bRk
gt Tt (B 4-20) R 9B F §F 18218 CHA FRead @4z v
AAFAAHB (AU 3 RKNHEIRII2R ) L 5B PRI BRZ S H
WASLAZ A B AT VHA FRanip 412 i 0 e o 2R 02§ nipdl CHA 7§
Frzo DCAA 2 2 2] o 2 BHAgZ A2 A 7r 4 5 38 8 SHA & NEU $13+ DCAA
¢7F k- Chowdhury % ¢ (2008) 12 & § § i STR -k “fe s 3l ehdye fh2
o2 a8 kpat DCAA 2 A ifiat 2 SFEQRFILLFF R
R R B TR e P B R T RHEP 451 8¢ DCAAEF L5 5 a2
*EEB 2

TR By apEs TCAA TR )7 p Bl 421 merl > SELF 5 i
VHA k2o 3 S B4 1 15T % (64%) - Reckhow 3 ¢ (1984) 7 dp i » feif e
pdApg ALy F kY XRG4 Y TCAA 7 5pdr [T 4 ehd ipox
FoAFHRLF HWVAES if:%uz%ﬁmoﬁwaﬂﬁﬁﬁﬂgﬁﬂ
SHA ~ CHA {= NEU #% TCAA 2 T jr3) » 2 12 CHA # 8 4.2 8 2 34 2
32 @14 A FHGPE -

2% BCAA ety - d B 4227 g H I R hmSpb Fhp 2 g B

51 SHA 2 CHA 3% o § i )2 fit o Shde F 7430 5 S AUKILR 245 84 7
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B¢ (Hua and Reckhow, 2007) - 5% % i* ¥ j& > 75%7r 83% SHA ?E“;gk 1 = R
1“ié$’@i%ﬁ%m&%mﬁé%&%ogﬁﬁﬁ@gﬁwﬁ%Bum
4 X EPRESONEURG > 2 24 8 7 51%:h2 XS Z 18% 4 A K o
doptvoaes LF § Mgt e fd 2 end ",értzé:% PR A gk R Rk
WhroBa P2 AFp e L5 5 g A2 RAT AN REY D
MoK S a RBNGAE L (DCAAR LGP E) 2 3 B4 5 R

B ¥ e ph A S 2 I d ) 2 AedE P AR o
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2 5 2_ % {“ B %@ (Chlorination)
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14 10 1
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5 =
g 6 2 4
S g 5
2 1 &
0- - 0 - L
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2 5 2_ % {* B¢ %@ (Chlorination)
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hF A @AY 2 2HA,3 5 > Chlorination %™ & ¥ 7 % DCAN 2
TCNM 3t o ® 225 4 4 DCAN ﬁvﬁjgk'r%‘q}&r%] 4-23 #1751 » DCAN &n
TR LR KA STVHARR R L § 14T 3k 05%2 LA 2 8% 4 A 5
B P RA L BT R 2441 6 VHA $ DCAN 2 ko @ # & 23
WA AT AR R (SR L L B o

Young and Uden (1994) 45 i DCAN i Spde B i k p 30 Pifht chg § fe
7% % (Heterocyclic nitrogen) > @ i%#gf#rmt Er - BLEkEg PR o
Westerhoff % + (2002) #= 3 # R L5 VM- ARk 7§ 7 855 1@ %
NEQIEEREIT F G W o %v} Faawm % 2 AT daih d DCAN g 5%
LR R S AL RS LSRRt

%
REIENE § 0 b B3 VHA ST k2 DCAN & % 1250 B S -
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W 4-23 & 37 #4554 DCAN 24 S B4 ()&t 4 & F(b)= fgr;;wi’ “EE L
2 5 2 s i B % B (Chlorination )

TCNM eh % &7 (B 4-24) R-k? & A - Bod A SEH 4 Bk

KipE F] TCNM > 7 e fa -k TCNM e e 57254 > % § s 2|#i sk g »t

i~
&

FORBS K R - AR5 GE LT T RH AL SRR 2R
% 4 b4 TONM 2 & % 802 SHA fo NEU 255 5/ 87 - 5 502 4 3k 2

WL g ek o Foa AR R & § 4 aEE (CHA R 7H) 120 TCNM 2 f % -
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Hu % 4 (2010) 7% § & % 47 41 » TONM % dyab L 9 %% eni S P2 & %
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—
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A2 BAF T ERBEREL R

# p|(Richardson et al., 2007)

DBP

U.5. EPA regulations

MCL® (mg/L)

Total THMSs 0050
Five haloacetic acids 00610
Bromate 0010
Chlorite 1.0
World Health Organization (W HO) guidelines
DBP Guideline
value (mg/L)
Chlorotorm nz
Bromodichloromethane (.06
Chlorodibromomethane 0.1
Bromotorm o1
Dichloroacetic acid n.0s"
Trichloroacetic acid 0.2
Bromate 001"
Chlorite 0.7%
Chloral hydrate (trichloroacetaldehvde) 001k
Dichloroacetonitrile 0.02"
Dibromoacetonitrile 007
Cvyanogen chloride 007
2.4,6-Trichlorophenol 0.2
Formaldehyde 0.9
European Union Standards
DBP Standard

value (mg/L)

Total THMSs
Bromate

0.1
001s

* The total THMs represent the sum of the concentrations of four
trihalomethanes: chloroform, bromotorm, bromodichloromethane,
and chlorodibromomethane. They have been regulated 1n the United
States since 1979 [21], but the maximum contaminant level (NMCL)
was lowered from 100 to B30 e/l under the Stage | Disinfectants/
DBP (D/DBP) Rule [22]. World Health Organization ( WHO) guide-
lines on THMs state that the sum of the ratio of the concentration of
each THM to its respective guldeline value should not exceed unity.
The five haloacetic acids represent the sum of monochloro-, dichloro-,
trichloro-, monobromo-, and dibromoacetic acid. These haloacetic
acids, together with bromate and chlorite, were regulated tor the first
time in the United States under the Stage 1 DYDBP Rule [22]. WHO
guidelines can be found at http:/fwwwowho int/water_sanitation_ -
health/dwg/gdwg3fen. Ewuropean Union drinking-water standards
can be found at http:/fwww. nucfilm.comfeu_water_directive.pdf.

" Provisional ouideline value.

“ Where possible, without compromising disinfection, EUJ member
states should strive for a lower value. This value must be met, at the
latest, 10 calendar vears atter the i1ssue of Directive (3 November
1998); within 5 years of the Directive, a value of 25 pg/L. must be met.
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s AP P RoKZ AR

7P R E

pH 7.74
NPDOC, mg/L 8.53 £0.16
# & , mg CaCO3/L 95.8 7.2
% & %, mg-N/L 0.08 (13.3)

NPDOC ~ # & n=3
FEF n=2 AP EAELEF A (%)
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Bz Rk BFF R A pRA RS Dk A B AR 2

= 4 2 % (Chlorination & Chloramination )

EF P RK
¥ i+ : DBPs (ppb), NDMA (ppt)
THMs HAAs HANs | HNMs | Nitrosamines
Chloroform DCBM DBCM Tatol | DCAA TCAA BCAA Tatol | DCAN | TCNM NDMA
chlorination 589.3 56.7 4.3 650.3 | 153.9 157.2 109 3220 1.2 3.6 X
SD 26.8 1.3 0.1 254 4.1 4.9 0.3 9.4 0.1 0.6 X
chloramination 54.0 125 14 68.0 38.1 14 3.6 43.1 8.0 44 68.5
SD 1.2 0.2 0.0 1.4 1.2 0.2 0.6 2.0 0.3 0.1 5.2
LFF ik
¥ = : DBPs (ppb), NDMA (ppt)
THMs HAAs HANs | HNMs | Nitrosamines
Chloroform DCBM DBCM Tatol | DCAA TCAA BCAA Tatol | DCAN | TCNM NDMA
chlorination 462.0 25.6 1.8 489.4 | 198.9 95.4 7.0 301.3 1.6 62.3 X
SD 12.7 0.2 0.0 125 11 2.3 0.0 3.4 0.0 0.1 X
chloramination 48.1 4.7 0.4 53.1 28.9 1.0 1.3 31.2 35 32.3 101.2
SD 0.4 0.1 0.0 0.5 0.4 0.1 0.0 0.5 0.0 0.6 7.1
ER-D Y % W Pri
¥ i~ : DBPs (ppb), NDMA (ppt)
THMs HAAs HANs | HNMs |Nitrosamines
Chloroform DCBM DBCM Tatolf DCAA TCAA BCAA Tatol | DCAN | TCNM NDMA
chlorination 453.7 25.1 2.1 481.0] 160.8 81.7 6.0 248.6 1.5 62.9 X
SD 16.5 0.5 0.1 15.9 0.5 19 0.1 1.3 0.0 2.2 X
chloramination 36.3 5.3 05 422 26.5 0.9 15 28.9 34 32.6 126.4
SD 2.3 0.4 0.0 2.7 0.5 0.0 0.0 0.6 0.2 2.2 0.8

73




‘e k2 & ik Fractions i) & BlA 4 2 XA T2 S5
( Chlorination & Chloramination )
EF PR
H i : DBPs (ppb)
THMs HAAs HANSs HNMs | Nitrosamines
Chloroform DCBM DBCM DCAA | TCAA | BCAA | DCAN | TCNM NDMA
rw.chlorination 405.0 79.7 11.8 119.5 130.6 16.2 4.5 24 X
SD 10.9 2.9 0.1 3.3 3.6 0.3 0.7 0.3 X
effl.chlorination 164.1 66.2 17.3 59.9 35.5 155 2.6 0.0 X
SD 18.1 3.4 0.0 2.3 1.6 0.7 0.2 0.0 X
eff2.chlorination 64.5 42.4 15.3 30.4 12.9 111 1.5 0.0 X
SD 0.1 0.5 0.6 0.4 0.4 0.1 0.2 0.0 X
eff3.chlorination 39.1 17.6 3.4 14.1 4.6 3.3 0.3 0.0 X
SD 4.7 11 0.3 0.3 0.2 0.2 0.0 0.0 X
rw.chloramination 42.4 21.9 5.3 28.9 1.5 10.0 7.0 2.5 37.9
SD 12 0.6 0.1 04 0.0 0.4 0.3 0.1 0.0
effl.chloramination 10.8 11.0 5.0 10.1 0.4 54 1.6 0.0 35.1
SD 0.7 0.9 0.2 0.0 0.0 0.3 0.0 0.0 25
eff2.chloramination 55 59 3.9 4.9 0.2 3.1 0.7 0.0 32.8
SD 0.6 0.6 0.1 0.3 0.0 0.2 0.1 0.0 2.2
eff3.chloramination 4.0 2.2 13 1.9 0.1 0.8 0.4 0.0 167.0
SD 0.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0 19.8
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2_ %% (Chlorination & Chloramination )

2 % I Fractions ¥ 4 & 2 4 4 = 4 Tt

LFF K

H i : DBPs (ppb)

THMs HAAs HANSs HNMs Nitrosamines
Chloroform DCBM DBCM DCAA | TCAA | BCAA | DCAN | TCNM NDMA
O3.chlorination 304.7 60.9 9.9 2219 109.3 19.3 3.2 36.7 X
SD 27.2 2.3 0.5 13.6 7.2 24 0.3 25 X
effl.chlorination 213.8 52.8 94 184.5 4.7 19.0 3.1 31.1 X
SD 15 1.6 0.0 2.9 0.9 0.4 0.1 12 X
eff2.chlorination 124.5 45.2 10.0 133.5 45.0 18.0 2.0 18.0 X
SD 5.3 0.3 0.1 3.3 0.0 0.2 0.2 0.9 X
eff3.chlorination 73.2 18.8 2.8 37.4 135 4.9 0.7 18.8 X
SD 24 14 0.1 0.0 0.2 0.1 0.0 0.9 X
0O3.chloramination 37.3 141 2.9 30.4 15 6.7 3.8 325 111.8
SD 0.1 0.1 0.0 1.8 0.2 0.4 0.3 1.0
effl.chloramination 174 11.7 2.5 24.8 11 52 2.9 30.8 115.4
SD 0.7 0.4 0.1 11 0.0 0.0 0.1 0.1
eff2.chloramination 124 8.5 2.4 16.7 0.6 45 1.6 22.5 78.0
SD 0.3 0.1 0.0 0.4 0.0 0.2 0.1 0.3
eff3.chloramination 8.8 3.2 0.6 6.3 0.2 0.8 0.6 21.6 77.4
SD 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.3
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?;ngi 2% (Chlorination & Chloramination )

LDV % P

Kk

¥ i~ : DBPs (ppb)

THMs HAAs HANSs HNMs Nitrosamines
Chloroform DCBM | DBCM | DCAA | TCAA | BCAA | DCAN | TCNM NDMA
bio.chlorination 312.89 43.86 8.28 18240 10196  17.46 2.57 43.74 X
SD 45.06 3.75 0.41 12.83 3.06 1.10 0.54 2.99 X
effl.chlorination 271.30 44.73 8.18 172.13  77.23 16.01 2.65 37.19 X
SD 20.40 2.49 0.45 0.02 0.57 0.01 0.01 0.30 X
eff2.chlorination 159.75 34.53 8.06 122.87  47.42 15.21 1.68 21.96 X
SD 4.30 0.55 0.49 2.77 1.90 0.50 0.09 0.34 X
eff3.chlorination 67.78 9.26 1.64 32.70 12.96 3.37 0.49 25.09 X
SD 2.03 0.34 0.08 0.08 0.10 0.04 0.01 1.16 X
bio.chloramination 25.36 16.90 4.24 27.51 1.50 7.60 3.91 36.71 118.8
SD 0.39 0.70 0.21 1.10 0.01 0.51 0.09 4.54
effl.chloramination 17.80 14.61 3.81 21.36 0.90 5.45 2.64 34.49 116.4
SD 1.58 0.48 0.16 0.35 0.07 0.32 0.22 2.78
eff2.chloramination 10.94 9.18 3.38 13.54 0.57 4.87 1.29 22.28 86.4
SD 1.52 0.15 0.03 0.02 0.05 0.27 0.04 111
eff3.chloramination 7.87 243 0.43 6.08 0.38 0.67 0.62 24.29 83.4
SD 0.15 0.10 0.01 0.35 0.17 0.01 0.00 0.24
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