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Abstract: Formation of disinfection by-products ( DBPs) and the reactions between hypochlorite and
organic matter are affected by the metal ions in the chlorination process. The major objective of the
present study was to investigate the role of Cu®* on the species transformation and structure variation
of fulvic acid (FA) and trihalomethanes formation potential ( THMsFP) when FA was chlorinated.
The THMsFP were measured at different Cu( Il ) concentrations. The transformation of organics
during chlorination was characterized by UV-visible absorption spectroscopy ( UV-Vis) , Fourier
transformed infrared spectroscopy ( FTIR ) and ultra-filtration ( UF ). Cu( I ) showed different
promotion effects on THMsFP of the organics with different molecular weight ( MW ) , and more
significant THMsFP increment was observed for the medium weight fraction (10—30 kDa) than for
the other fractions. As indicated from the results of UV-Vis and FTIR,the complexation of FA and
Cu( II') mainly occurred at the functiona Isites such as phenols or alcohols. Cu( Il ) catalyzed the
hydrolysis of FA and the chlorination reactions accountable for the promotion of THMsFP (especially

for the brominated products) .
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K TS R4 ( DBPs ) DU ZEB0Us 80 5 R E AN T2 56, ik, K AL BE A 51X DBPs
A LB AN 7 S5 0T T T 2 MBI SR, KARZKAR R T 7746 DBPs B9 HLATIRIAR- KSR A
LI (NOM) A, tBAFAE RSB B 1. HAl, T Tk i5 e A I B 4 i 6 K UK S N | S BRIk K
PREOKIE K b 4 B AR AT — R B A3 1k B 45 B - T K oA ML R A R 4G
s AL S SN, TR IR 5 1225 DBPs A9 AH T DBPs RTSRMIZEMIE S R 2 248, &8
B R R P s AR B H R RIS S — 2518, R BE A e 8 4R B T s i AL .

B FVE N P & R B T, T 55 I R TR T & A A W B sy T ELX AP B R A A S AR A
1.2 S RIS TR G AR AR A A AR A SR T B AR, R Cu X HE K 1 DBPs A — RE fR U 1E
A5 Lin 257 &3 Co™ 7R AL R T i A A BUFRJE F 35 ( - OH) , - OF Al 8 78 ot 480 fh 40 it A Al /N
S FA R R, $E 5 DBPs A EE 11 Fu SRt Co™ S 2R/ T WL IS & B
Cu™ FEE 1 5 B R SR L 1 B S, T2k DBPs A A .

T NOM 2552 4%, EAb it ft vh RN iR iR AR 2 , itk — 2B FFE Cu™ X NOM A9 52 i i [ AN =, 4%
WF7E LR BLER (FA) /E M HLR DBPs FiBR I, A Cu® 5200 [R5, L= i o ( THMs ) 7E S S50 ) 314 75
BIF=8  WF5E Cu® X FA 1 THMs A= iR AE 77 ( THMSFP ) (5200 | IE XS Ak 5 0 3ok 2 v (4 4 Jo 235 4 i 4 7 32
Tk, 25 8 SAR S /T 0 0 T A G A AL AR 0T 5T Cu™ X S Ak SO I 1 5 M AL 1 388 5 %o EE A [) 0 7
i FA 1) THMsFP , AT AL ft b Cu™ 520 FA 1470538 [, BRI HE 6] Cu® 520 THMs A2 ) 7 7.

1 #ES 77 ( Materials and methods)

I Wi KT &

FA 1 H VLRAEYRLEER R A G ACE RN (L al) UERREN (43Hral) ¥l A R b2
R AR Gt at) W 3 KBTS AL TR ZT B, B 40T Mk (@ 4l) W H Fisher 24 @], THMs F5
R (=& — 1R —E e R —FH b . IR 58 ) 1T Chemservice 23 F].

S A AL AE . pHSI-4A K% pH 1 (RIS, i) \TOC-VCPH YA HLA I A ( 5y, HAS) |
7890B %! GC-ECD S AH % ( Agilent, USA) ['*" \UV-5800PC %48 4h-1] UL 436G B ( g TohT, ) |
NEXUS 670 %4 FT-IR J%i%{% ( Thermo Nicolet,USA).

1.2 SEE Tk

Cu”* S AL - B — 5 F 3R /K BE (DOC =6.0£0.5 mg+L™" | UV,,, =0.12+0.05 em™ ,Br =1.0
0.1 mg-L™") , B8 Cu® YREEHIA NaClO, 7548 itk CL,:DOC H 6:1( B BE L) , I pH 7 (8RR
SE PR, E 25 CAME RGN 24 h 5 FBRARBRBR AN 11 .

3R HEA S F R IEMR ( Model 8200, Amicon Corp. , Beverly, MA) #E4773 2" U S
B /K EEAS I KBr A1 CuCl, , i H: DOC=6.0+£0.5 mg-L™" Br =1.0+0.1 mg-L™",Cu* =1 mg-L™", f§ NaOH
IR ER RV pH N 7, #-AT 8 AL R

H+

=

2 ZEHL 59718 (Results and discussion)

2.1 Cu™ WX THMSFP A2

pH {E R 7 B /K Cu™ W BEXT THMSFP ¢ K FHLdd s 2 i n i 1 fs. nf IR B Cu®™ W
Wi Tl THMsFP HeBE AW AN, 24 Cu®™ W BE A F 2.5 mg- L7, H THMsFP Hi 102.2 pg- L' #in &
196.9 pg L™ K Cu® VR JE  THMsFP ¥R B2 AT FRAIR. L BRI, Cu™ IO AEAE il A AU HE T 2 W) ™
WA B, AR Cu® WRBE A 2.5 mg- L7, AR SR F IR B K 44518 S 28 I S o 45 SR — 30—
430 THMs A = G0 e, — 1R G0 Joe L — 0 — G P e R = T o (4 A %6, I & B, Y4 Cu™ 3k )
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RF=Pm e AR R S B Co® fEAb AR B X R BT Cu™ R a5 6 58 5 28 400 I 110 T 48 366 AR e
FLEELE A AR R A IO 1 7 i RN A B S I, 30 ot 5 8 4 o S 0 I 1) RS B BB AL 25 6, s K v i)
HOBr 5 8 5 5 A S 7, I I3 M AR = i A i
2.2 AT WG BT

JE§ 3 SR 2 5 A R R R 45 5 R0 BT R B BB, X S BB A 11 L T BRG] 7R 404 X
o il LK G IR B DOC B9 FA 5 AR 1 28 41 vl Ui ie il e n 181 2 iz, KL 2 BT LA
L FA 75 254—280 nm Z[HIAELEWRICE &, W FA tR7E7E C =C SEHE45H) (R RS IR L50) &
TR 5, A= e 58 A0 T WL DX WSO SR A7, R A58k 5 3504 T o 55, % PR S84k T A 303K FA
FAIZERE) | 07 LB RE A (R SR SRR RV | (H IR AN BN FA o LS # o8 2B, = R TSR Ar HE 2
BREM, I FLX B 5 RE A1 78 £ 40 m] WL IX 4T3 WAL

HE—A M 2 B, Cu™ F7AE 575, FA 1628 A0 DX R a] L DX W A i) 86 ARG ok 5 T AN ], A HL A
254 nm AL BRI, LA JZAE 253 nm F1 203 nm AEWE R BE 1 HOAB (E,e/Eyy ) GBIV (£ 1), Co* BIETF,
UV, B 25 T FA L B0 Co™ IFEAETIL T FA vh € =C FLHE 45 R 75 25 40 X A Wl % e AL R e
HHWI UV, 2500 (AUV,., ) IR I, Cu® FELERY AUV, 535 T8 Cu™ 1 AUV, , B8] Cu® IFETERS SR T
AL NN C=C JHu 5 M SR A B R B T — @ AL VE LA Cu™ fETERT FA 19 E,q, /By 0 T
Cu™ 1) FA, BRI T Co™ M EEH, T30 FA BRIMNIICE A28k ARSI E s/ E b ¥
BT Cu™ AR &AL T2 Y E g/ By W B33 T I8 Cu™ , WU I S i R o, RN 3R T
C =CILHAIANZERE , [ A 2B AR SE SN, 7607 T2t ih) b AR Jl— 8 s i AR B R0 R
TR 1T Co™ MAETE AR 13k 2L 5 480 RE T A A il X 5 Fu %638 5 ESR KGN, 764 25 1 S Ak i
it R A E] - OH", M A RE A& AR [ A A ISR R, A B R RE A A A — B

SR AN SRS e 0.16f 016~
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[ % giﬁ:f(ﬁ 95 | EEEER giﬁﬁafiﬁ - \ FA+Br+Cu®*
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~ £008f
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Fig.1 Effect of Cu®" concentration on THMsFP Fig.2 UV-Vis spectra in the process of chlorination
presence or absence of Cu**
R 1 SO HSE AP RO R AR R
Table 1 The variation of organic’s absorbance during chlorination in the presence or absence of Cu®*
FA FA+Cu? FA™+Cu?* +NaClO FA+NaClO
UV,s, 0.021 0.023 0.018 0.018
Eyss/Eny 0.149 0.168 0.324 0.265

2.3 FTIR Y& #r

Cu™ 1[5 FA BAESAIER, U HoE A S5 H g WG S FA AR SRR, B8R A AL
S5k Ao - OB ALY B R A A AR B i U, S B Cu® X FA S AL R B s, >R
FTIR YGiEx S AL TG 2 b A7 AT B an il 3 Bios , FA B EZRFAE A F 3000—2700 em™ ( 7EH
FEFE H i C—H MIEHR30) ,1650—1600 em ™ (AL C =C i #ik 3 ,N—H 2B IRZ) ) ,
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1380—1400 cm™' ( AR EE COO—4E4R2) , sifg ket C—H Z5 4R350 ) ,1200—1100 em™' (OCH,
WK FIBE2E 0 C—O Mg sh , Be i B REHT 1 C—C 4R sh 805 &3 C—H w2 4R h) .

2 FA HFFEAE Cu™ I, FA 7E 3000—2700 cm™ F1 1610 em™" W Wi B 2 9855 , H. & 2E £145.780 cm™
(B B ESE C—O B REFD) MO . R FA 5 Co™ M A EH 25 FA Pl 55 A B ReA
ﬁjé“ﬂ,

St AL TS | P h R BB A TE 1650—1600 em ™' F1 1384 em ™ &b f4RRAE WL i , 22 A B A 7= 4y vh
FSRAE N TR AR IR E500 (B AT C =C 2514 58 A AR 25 A 5 52 A0 T IG5 i 45 SR A
—H5 FA JRREM L, P20 7E 900—1000 em ™ (33 C =C 2544 ) Ab W Sc 5 3 BE i B4 5 | [) s 7= 40 7
1610 em™ AbPYMIRIELT AL 28 1638 em ™, B FA W) 28 KA R G5 M BEMEIR , AR R 48 25 AN 1 A
C =CZEN7 F=HAE 1720—1700 em™ (ZERIETF AR C =0 FEAZE B 3E—C =0 45 IR 3h)
F11250—1100cm ™" W S8 B 35 i FA #E SUAL R R v AR il — 2 Bl SE 45 4, (W) B P B A T | e | Tk 55
BREH A X S RE A A AR R C =C MYBEIR 15 7= 1 (10 B RE A Fe i &k A AR (51 2
FZE AT —20) ; B ANEAL = 600—650 em ™ HELIH B W, FeBH & A= A sl B A s g AR e —Cl
C—Br 25 (51 1 S5 R A0 6 ) . Cu® FEAE AL AE 1720—1700 em™ 1 1250—1100 em™ FH X I
R (5 1650—1600 em ™ A EL) BH BARTIC Cu™ 7= 4, i PR 5 5 L A AT DLt 4 SRR — 2, X 7T g
BT Cu® 5 E A BB KA LA RN, AT RZ R FEAE FTIR Sk i ek
2.4 Cu” XPAR[ESFit FA ) THMsFP )50

Syt — 2B ST Cu®™ X FA 520 R UE I G 00 7 % FA 64743 F 04, I i A TRl o+
HYLH FA 19 THMsFP A= iiAE 50 (pH =7.0) .t 4 JiR, Co™ fFAESME T, AR 7B 905 FA 1)
THMsFP A B B AR 43T =5 40 3 M <5 kDa .5—10 kDa,10—30 kDa ,30—100 kDa,>100 kDa Fil FA
f) THMsFP 435 H1 102.4 ,101.3 .95.4 .99.2 .107.0.100.6 wg-L ™' H4ANZE 183.4 227.1 243.3 204.3 223.9,
212.3 pg L7, & EHIE A 2 He 2 50K 79.0% . 124.2% 155.1% ,105.9% .109.3% 111.0%. L) [ B0 15
B, AR Cu® X 4503 T FA 19 THMsFP AR A (R HE4E T (AR VR FH LA H R 10—30 kDa 5—
10 kDa,>100 kDa,30—100 kDa <5 kDa I/ 32 ¥ 5 0k, Cu™ fi2 2 f 588 (998 43 & A= 4F 10—30 kDa
gy, HARHEHE IR /NG FA 1953 T R/NEH A SE G &,

\{‘I\jBr’l 1610 300 = cu* =0 mg-L!
\/ 250 L 7 v cu=1 mg-L!
FA+Br +NaCIO 493 ~ @ / 7 .
g o 970 625\ =200t é g é / . g
= 2 12 7 7 7 7
2 FA+Br+Cu®* E 150 % % é é é
< M 2 wlel o -,
= 100 | ' i ; ) !
A+Br +Cu**+NaClO 50 RE7 ’ ' :
/ 1638 ; : ]
N\ /i % 7 7 7 7
>100  30—100 10—30 5—10 <5  FA

3500 3000 2500 2000 1500 l10'00 500

Molecul ight/kD:
Wavenumber/cm™ olecule weigh a

3 LRI FTIR [ 4 Cu™ XA THALH FA () THMSFP 1520
Fig.3 FTIR spectra in the process of chlorination in the Fig.4 THMsFP of different FA UF fractions in the
presence or absence of Cu** presence or absence of Cu**

BEARTR 4 F 5 JE F AY THMsFP AT SUVA #4715 e 2 BT al A1 (&l 5) , 6 Co™ AR eI, SUVA 5 H
THMsFP [AHC R R* M 0.156 (E 5a) , £ B &4k 1d B oK [6] 4 7 =i A LY I THMs 1942 185
SUVA Z [a] A W S A AR DG X458 52 S5 AT A1, R DL A0 557 i AN VR R 285 46 AN J2 52 i)
THMs A= 5 = . a8 5b iR, Cu® FE7E I, THMsFP (93 i 5 H SUVA B9 E R % R* 65
0.8913, Al Cu® X THMs MR EH S HE MM S EEM T EAR —E X R, Cu” EE R P 4E
AL THMs A 7 P 3 2000 13 55 B 454 9B RET 5 HOCL At HOBr %A R R SE 7.

UEAh 2B AR 43 T Y5 FA 19 DOC Hfi], & 300 & 10—30 kDa #5437 FA B
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26.8% , UL 10—30 kDa #BA HLFE FA o (5 H5AH 24 10 He ). 43 IF 52 £ 00 TR EEAL B FA ] 2% A%
HAFEKT 10 kDa LA ERA YL | drtml UL, 45578 /K Ab B35 7 rb 2R TR BEAL B, v A SRR 42
J& Cu™ XA A =P AR VR R, M B AR R K S S T2 B 7= 40 THMs 1448 K.

160 -

1o 5 y=—5.1308x+111.39 b y=71.412x-30.04
R?=0.156 . T R*=0.8913 .
T, 140f
o i P
= S g
g l\ % 120+
= 100 - 5
) L] 5 .
E £ 100
F Z
L L]
Z gl =
&
90 L 1 L 1 1 1 L 1 L 1 ] 60 1 1 1 1 1 1 1 1 1 1 ]
14 1.6 1.8 20 22 24 14 1.6 1.8 2.0 22 24
SUVA SUVA

5 SUVA Fl THMsFP £ ¢ R B (TG Cu® Bl 5a) ; THMsFP # K45 SUVA MSESERE (Cu®™ 9 1 mg- L7, 18] 5b)
Fig.5 The correlation between SUVA and THMsFP (absence of Cu®*,5a) or increment of
THMSsFP of UF fraction in FA(Cu®* =1 mg-L™",5b)

3 %518 ( Conclusion)

(1) FE Ak R, Co® 6 = pd e 0 2R A — 2 AR EAE L, 24 pH {E2H 7, Cu™ 28 2.5 mg- L™ B X}
THMs FYAEHEAE R, 5 Co® XPIRACH Be A 2 E VR F e U R H e

(2) @Akt AR rh SN ATIEIR FA 050 F-45H0 | B 22 31 R 6 R 540 | BRI C =C Aifu gk
¥ i BRGS0 BCa:  AE EAT — 8 PR SR A i B A B kA R R AT R A SR A AT AL
Pr.Cu* "I 5 FA iy BEAE &RV RN R AE S B VERT, IR i S5 A N FA (0 7K i A B Ak RO, i A
HOCI F1 HOBr 5 FA &A= FAC TS N, AT i #F S8 Ak 7 v THMs 194 5.

(3) Cu™ XTI B> T B FEI7E<S kDa .5—10 kDa . 10—30 kDa ,30—100 kDa . >100 kDa i FA ¥ B
PEFEERT, Seom AR VR FH & A 7E 10—30 kDa JEFfE#EE I R/NS 508 K/NEE, 5 SUVA B —
FEMZMICHR UL Co® E2E A 5 F 4 L F ey e AR #F FA 5 HOCL 1 HOBr &A= B, AT
A i THM.
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