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LR FF KA R 5 TS, K 3003505 2. EREBEASIHE R PO, WHKRE SR E S5
%=, dbE 100085; 3. FEmEAKILTHEF FL AR AR, JLa 100083

W OE O KIRPEmEA LY (dissolved organic matter, DOM) J2&:1H TE &I F= ) O BB B HIAY), AWF5R %2 T 2=V 48k xt
K B H K T2 9 DOM $FAE K Bl =9 4= il (disinfection by-products formation potential, DBPsFP) A5 . & P2
D5 LRSS B RSO, W E R IR RAE YT A s L B3 B, H A EIRIR R R E A
A HAT B p TR . PRBLHERH (% A A LB K 2 (high-performance size exclusion chromatography coupled with
an organic carbon detector, HPSEC-OCD) 43 #7 /R /K i B2 rhok B, JEAH T (humic substances, HS) 443 7E G A Pk
oI LB AT 60%, T 43 T &R K T 20 kDa iAW) K 43 F R & 1K (biopolymers, BP) £ E A it . AR ZEy
DOM (WSS TGN, BB MR, RECE SN DBPsFP, B ZIRE T, [REIEbiz e g B g9
Wigh, UMM T DOM WIS A R iPE . BkAk, B1F HPSEC-OCD JLF- AT LLRAEIr A 2R BRI A Hlk, Kb e
RAEMZ 535 DBPSFP IUAHSCHE S &F, Horh = pq e A i3 5 BP 270 52 S BEIEAH DG, 10 SRAE AN 5 HS 4143 Ik
FER . T DOM By 25 AR ALAHE 1 L 5 DBPSFP AR EC R, 1545 B TR A M OB b K A B 1k ASRAS B A 1K I
KR AN HEREYARS S4OERE; TOLXEAYY; B RHER

KIRAHLY) (natural organic matter, NOM) J&HHEFEIR . B8R . W TFREAVLIR . okib&Y . &
FUF AR 2 BAIR A0 . K i) NOM EEDRJAT LRGBS RS E s, If
ZASMEMZBET AP, NOM H a3 i 0.45 pum i € 48 093843 AT LLE X DOM(dissolved organic
matter, DOM)", 7E/KAb B FEF, DOM YERHTAY) 2 SR (W5 FREFIRAS) kAE—FRIAL.
BURFUKIERN, A EEERI =) (disinfection by-products, DBPs)™, DBPs [FEAG 8 E A aEtE . B
HEREUENYE, SSEOTFRARS . AEAT . HE. TR, M R RS TT R AR R T, R4S
DBPs AR AT, FRA M ATET M2 DOM s Rk ] DBPs FIER™ . AR, AT
ARTHREAA S | A AR LRI Y DBPs, 7EiH#FERT 2R DBPs B Hapee™ ', Wik, T
fif/KIEKH DOM AIRHIE S DBPs Ao R, X FORpK A 3E 2 i s AOK A S 2,

DOM b~ A B e & 32 2 1 AR . folan, BRI KIEK AN 22 2 s S RO e oy, i
ZEN DR A DO A Y BRI E) DOM TERZRIAEN 0 B s TR, A NG
KAHEAR, 5 DBPs AR VMG, Bk, JEI5E 52 535 = sk %t (trihalomethanes, THMs) FlIX
LR (haloacetic acids, HAAs) %5 DBPs (AR EAHE; KT i DOM TE/KAb Bt FE HhxfEAs 24 20 2
B, A DBPs FIRET = T4 F it DOM!> Y, b, KRR AL 2550 DOM AR L RA, 7K
A TR KBRS IAKAGE S, HoKBfEthm, Frii DOM 32245 AR (L s n f B Ik 11
MK
Wis B E: 2024-02-02; FEAHHEI: 2024-04-08
HEEWE: BEZEESH LR (2021YFC3200904, 2022YFC3203705); H K H AR # 34T H (52070184, 52270012)

E—1EE: I (1997—) , &, BEEL, fuwei279@163.com; RBEMEE: FHin (1983—), B, W+, #Fxn,
hydong@rcees.ac.cn; K (1977—), %, i+, RI#H#, yzhang n@tu.edu.cn
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AT, XA TABER KRR A K I B K TR DOM BRI IR 3 . % T AR IR K,
HOKGAX R, Zy0) Rt AR . e s RS [ DOM MR kY 2 A FZRERNY, Jik, 4
WFEAEL MR T TR ERK TR ETRRADKEE, KA EEMs Al HPSEC-OCD X{7K#£H1#) DOM #47
TRAE, FEXFIN A &SN R KRR TR IE B R S W A i (disinfection by-products formation potential,
DBPsFP) #47 Ve, MR FE T DOM EZASERIE K 15 A0 H iy 52, #89¢ 7 DOM 40
THMs, HAAs. xfUH (halogenated ketones, HKs) Al £ (haloacetaldehydes, HALS) %5 & ik iH 7 &l =4
(carbon containing disinfection by-products, C-DBPs) UL M [xi Z i§ (haloacetonitrile, HANs), 7, Pk Mz
(haloacetamides, HAMs) %5 & ZJHFERI %) (nitrogen containing disinfection by-products, N-DBPs) A= il H
KHo

1 #MR5EE

1.1 REXESHERRE

ARG R AR B RK TR 5 K B il /K TR, HOKBREty HAE 2, Hophmriie . K
RUK ZEFSRA A RS ANE FH TR TR 2% TARRA KSR K R AT, BREA (TN) 25, Hpthig
WA AR IR ERTE . B A A WY . KA 16 UK SR B s T 1 s 11 283K br
HER, FE TR THT R AHERS , Z2RUKBISECRE PREBH, KRG Eg . i — T g
DOM Z 1, ABFFRAERIS 1000 km 47K FETREE T 9 MR, Hi, & NI~N6 ii T N4,
B7~B9 fii T B 4. FEAT 2023 4F 2 R 7 HREE, i GRAFEME R&M, HEATKE T 0~0.5 m Ak
&, BRI 2 NEEAAR, SR AR O Ris e . rAREARA S S, SRS
JH 0.45 pm PEFATREIE, JFTE 4 °C &0 EfE&

1.2 PAREERR

WEFREN R BT, WA E 2R 2= AA IRA R Uk airal, 1 A EZ 8 R ER A PR A
Alo VRBRER A ATAE, WA EZGERAARIABR A TOKEREREN T2l 1 A E 25 AR A R
ANEl. FTARES IR, W RS S —nfER A PR A R . HELRUT ElF (Methyl tert-Butyl Ether,
M(BE) WA, W H A /R A o N,O-X (= HIEEAESL) =SB A, W H J&K Science
Ltd.

1.3 =#ERekiE

IKFEZE 0.45 um JEGEYES, 25A 1 om PUTRHEYEA ARG, (] Cary Eclipse RIZE T
MBI . HHPEFEE T : JEr R R E R 700 V, I D 3R FUR Sk aE X PR E
Snm, FHEERE A 1200 nm min~' . A E R 200~420 nm([EIFF 5 nm), AZFEKEE R 280~
550 nm([H]ff 5 nm). S EHEATKA =SS KBRPLEHURAUY, F22RH MATLAB R2018b 1
AEFREAE

¢ IX A4 (fluorescence regional integration, FRI) K —4E%¢ Y6 1% (excitation emission matrices,
EEMs) 704 5 X3, X I (Ex/Em=200~250 nm/280~330 nm) FIXs, I (Ex/Em=200~250 nm/330~380 nm)
GFR NI (aromatic proteins-like, AP-like) 243, A X3 I 2R, X3 T M2t 2Rl
%5 X I(Ex/Em=200~250 nm/380~550 nm) N5 E HLZ (fulvic acid-like, FA-like) 2473 ; X I(IV(Ex/Em=
250~400/280~380 nm) 42 Al VA HE A 1 72 ¥ (soluble microbial by products-like, SMP-like) ZH 43 ; [X 3
V (Ex/Em=250~400 nm/380~550 nm) “H2EEFER (humic acid-like, HA-like) 2043, SRJ5 FHAN R 2658
FERUS AL ST DOM ZHJSAI A s fh22,

BIX ZHUZ A 310 nm B, 380 nm A FHEALAE T EHREEFN 430 nm KSR AL DGR Y HUAE,
BIX #k, HAERERESGEE, 24 BIX<0.8 i, DOM 2[4 A5z \ZTE Sk ; 24 0.8<BIX<1.0
mf, DOM ELAHESRGAAREME; 24 BIX>1 i, DOM %t EYns g a=4:2,

1.4 {AFAHEE ISR S B NIZE

SRS HEBH 6 # A A HLERAS I 2% (high-performance size exclusion chromatography-organic carbon

detector, HPSEC-OCD) 3= % 4 45 15 0 AH €6 135 A1 7E 26 A MLAR A DU P K R G0 . ok W R 4R 2% b i W
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(2.500 g'L™" KH,PO,+3.018 g-L™' Na,HPO,-2H,0) Aifisht, W E N 1 mL-min™', HEAFR 500 uL.
TR A8 BT A PR Tl 22 AR A U 3R 4 D44y, BVEYIR R A 1K (biopolymers, BP). i
FEJFEHI5 (humic substances, HS), JEFEFZSY)FAIEHLR (building blocks of humic substances, BB) LA} /N
FHIE (low molecular weight, LMW)*

1.5 HEXWRAGHSEIYINE

IKFEZ ST 0.45 pm JERENES , #5852 100 mL 1025 A SRS I TIHBESE0, TH AR IR SR,
s L (D) #fE . FERINSEURTEZE IR (25 C) NRESGRNL 72 h, B 58 U 18 F e A i) AL 7
DR6000 SO ERE T HIE RS . SRS ISR TR, A S AV BB /R LN 1501,

a=10+3b (1)
K a AR, mg L' b AFEEEADIERETRIRE, mg L',

1 100 mL JHEE G /KFERAS RS, MBS pH 82 1 LIF, A 15 g JOKERRRENITE
BHUMAIREE . SRJF I ROR A HGUREL DBPs, fIA 8 mL MBE AU, (#HIBIRZ#E 500 r-min ' TR
¥ 10 min J5##E 10 min, K2 5APHEIE S ZERE AP 23088, 2P ER 2 I BERIn
24 16 mL A HUAHBE S TOKBRRRENE AR K . SRR AR 200 uL, 588 2 A EGEHERE/ NI
A 10 pL B (1, 2-Z3RN%E, 25 mg L), FEoMRG)E, B 100 pL #5744 (A 10 pL N,O -3¢
(=HERERL) = IR W%, 7€ 50 °C AL 30 min)

FIFARSE A HAAs BUSE . B0 (G e #1 22 WEHR DBPs B
#241E DBPs(f4% THMs. I-THMs, HALs. HKs. Table 1 Information about 22 target DBPs
HANSs #il HAMs)., R iS4 R ESTA W5

i LB AR - (7890A-5975C) AR chloroacetic acid CAA

Sl A Ve i e S =
fill DBPs E‘/J{ZQEO . 1)(%5/*#&%%? . HEFEAR N dichloroacetic acid ~ DCAA
P 250 C, Ry 2 WL, MEARHATE HAAS 5 2. W trichloroacetic acid ~ TCAA
R 0.8 mLmin', I LA 2k " -
o S 33e v A . y (HAASs) R bromoacetic acid BAA
DBPs A 2 < i~ 1.2 mL-min'. FHR P
35 °C {71'1(1% 2 min, Ll 4 °C-min’ E/‘J :\LEE T+ ﬂ‘i ZIRCIR dibromoacetic acid DBAA
100 °C 34545 2 min, FFLL 9 °C-min' fOHE T+ BALM  bromochloroacetic acid BCAA
£ 130 C 745 1 min, HFJSELL 12 °C-min "' AYH = e trichloromethane TCM
E?J:ﬂﬁ 220 C j—?’f%?% 1 min, ﬁ/%iﬁé‘%ﬂi =X H e IR tribromomethane TBM
Mk, 22 FHFR DBPs AR MRS WL 1., (THMs) ZR—%® % dibromochloromethane DBCM
2 ZER51p —R MW bromodichloromethane BDCM
= J

2.1 DOM ﬁ:‘l’é#ﬁ'ﬁﬁ*ﬁ f/\%;MTJ(}jn =L b triiodomethane TIM

AHFEFIH EEMs XREEKEH1H) DOM i —

N chloropropanone Cp

FTRAESIHT, FRIZERIE 1R, DOM F2 . BTN
%%@ﬁﬁéﬂ%%ﬂ%%iﬁﬁgﬂﬁ*@ﬁi, ﬂ@?ﬁﬁ X f(HKs) 1, 1, 1-=5NMHi1,1,1-trichloropropanonel,1,1-TCP

4 RGN R A, kA 1, 1, 3-=4&WMH1,1,3-trichloropropanonel,1,3-TCP
AR VARE 1. BEKEE, 25 By PN S ZHEE dichloroacetaldehyde ~ DCAL
AR 5 HUAE 32.89%~42.33%, YA T KL (HALs) RO trichloroacetaldehyde ~ TCAL
1 1.14 £, 58 BRA SRRy, Sk EC VA trichloroacetonitrile  TCAN
ORISR, th TR L | MR —HAZNE dichloroacetonitrile ~ DCAN
K3, WIS AR) DOM BEE T LT, I SECK LI B2 bromosceronine  BAN

BRSNS, EABREGR S, J (AN
Fr 5 H 47 1 2O B R B LU AR 39.39%~
57.73%, “VFYIREZEREGIN 119 4. FO5FHENA - e
H55 5 RBS R E— B 28 T A hiEs) K LB (HAM) & O khE dichloroacetamide =~ DCAM

TIRCHE dibromoacetonitrile =~ DBAN

il 2 i iodoacetonitrile IAN
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Fig. 1 Relative abundance of DOM fluorescence components in water samples along the long-distance
water diversion project in winter and summer

BRI FEATE, TR KPR i S 0y
5 DOM SEMR /N, A g3 Sk SR S 4 e !
Bl BESh, FERTRMERLE AL R T b 125 | /

YIRS, R ZKIRNGE Y s
AR, KR IZA 5 i (4.73%~
12.6%) W14 TAZKEE (4.40%~5.09%).

e 2 iR, FEICRHESE BIX 95Hrss
KU KAL) DOM 4 EA [ AR E, 18
LB KEEF, BIX SEYIE R 0.89, TMTER ZE/KAE

0.50 L L 1 1 L . 1 . . )
H, A 0.97. XU EFKEEH ) DOM A NI N2 N3 Ni*;;{fé B7 B8 B9
AR A AR (EAHEEAE, MIETA e

& FRKFER BIX HA E AR E M. X TTRE F 2 KESEAKIIERZ/KERNBEIREERR (BIX) &

PR B R KR A A S Eh RS R e T A Fig. 2 BIX value .of the water safnple§ along.the route of the
. long-distance water diversion project

#HE5E, DOM 22 NSNS T YR ZLE o

22 SFRESTHEYE

nlel 3 i, i HPSEC-OCD RAE, P58 /KAE ) DOM RiI732 4 KR4y, B+ B KT
20 kDa [ BP 417}, 43§ BiA 1.5~7 kDa i) HS #7), 40 F B4 0.5~1.5 kDa ) BB 250 A/t
4oy LMWPY ZZEHE ZRAERYRE S A G5 I L T B rY—EcrE, KRB DOM #953¥ i 7 A 7 [7)
—ZEPNEARGS A, TR RARSEFKBINESR, EE AR RUK B Fsl, #83-5  AE
BP 217 X ANEH R R R s s, e RO A T g R B KT, AR
TIEHEPESE, FBCEL BP A0k, B MifAAL (N6, B7, B8 #l BY) i1y BP A/ & T I
Pz, Wik—PUESs T TR AN N i) PR EHAL . 5T BP 4005 @it = gk
FHELAET, AR ZH o S e] TRk M), Bam AR S FEUL SRR BETIE T 280 P,

Kl 4 R TR R sy orat, RBUKFEh B 0 HS A7, HAEF A ZKEE A
AL YT 60%. HS FERTREEATIFAUK -PAEYIA IR . A DR R, HS A
D E IR, BRE SVFE R R B RIS RIETIEES G, B B RGETIE AP, T8
AKACER R, G EIREE T Zrh R 2Bk HSPY,  [RIA] ANG IR AN R4 SR AL AR AL T 20k — R i H
HEPREREPERY . X B2 R TR BP 4, HAEE BRI L (7.77%~14.65%) B &5 T4 2
(4.69~7.97%). BP d5r%f ANAi s e A EZwm, Ftk, 4E 2 BP 45w ke, SRAIEARE
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Fig. 3 HPSEC-OCD chromatograms of DOM in water samples along the route of the long-distance water
diversion project during winter and summer
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20 20
Lost T ish
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(a) ZZ/KH (b) HA/KH

B4 KESEKIELFMEZFKED DOM WAREEHGELTLE
Fig. 4 Variations of DOM organic carbon in water samples along the route of the long-distance water
diversion project during winter and summer

T RRKALEE) R AR S N B Y AR5 YL )R
2.3 HERIFERE

ABFFERRAEMKAEFAT T DBPSEP lj5E, DBPSFP ] B KK 25 BTN TR O DBPs A R
MIZER, SRR KT R, BARMEZL LA 5. 42K Hir DBPsFP STk
FER 210.74~338.05 pg'L™", 1iEZEM SRR 2 239.55~489.34 pg- L', JRAEAZES5KE ZE DOC K
KA EER (B 4), HEEFEARN DBPs BAERUK - OR Fm A2, XM 2 X HE A HLmy
A G TR, ERR PR TAED BTG RA RIS EE 2, THMs Ml HAAs B MZEEER
DBPs™ ., i — T RN, 7E4ZE THMSs A BTk EE P40 190.58 pg-L™', &5 DBPs 1 69.74%;
MTEE Z:, THMs ARk I E T2 286.17 ug L', (HHWIEE 82.30%, 1iEZ THMs AL
A HLAR 442, THMs 2515 TCM, BDCM Fll DBCM ARG 4 i, {HLL TCM A 32, Hod= i &y
THMs S 96% LA Lo X T HAAs, ZZFA RGN 21.51~94.72 pg-L™', 5 b A5 DBPSFP [ 9.15%~
35.17%, MiEZENFEE 9.28~57.07 pg' L, (HHH 2.94%~13.04%, EILEZE HAAs 4R RERF S R T
275, HAAs 5 THMs R [R) A: Bk 30 d B B9 & 0 R 9 n] BEAT BF X 31 . HiAth C-DBPs(HKs Al
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Fg L |
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B | L : : 100 : L :
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= =
20 0 HE e 2 ol | (Heis |
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= ! A : ! 5 : b :
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HAAs  THMs HKs HALs HANs DCAM HAAs THMs HKs HALs HANs DCAM
(a) & F Kkt (b) Bk

5 KIEBEKTIIELSFEZ/KE DBPsFP f8E
Fig. 5 Box plots of the DBPsFP in water samples along the route of the long-distance water diversion
project during winter and summer

HALs), 2 DMZEWNHEREIFTREES . Hb, #ik ) N-DBPs(f25 DCAN . TCAN F1 DCAM) 4=l
SRR EEARMK, Y/NTF 2 ug L', B (0.36%~0.88%) fim T4 (0.12%~0.75%).
2.4 DOM %5 DBPsFP BRSO #r

FER TR KRG, BENST 6r
W7 L4 67 4 487 K BE DOM 54 1 25 1 2 31 25 HFHAS e
DBPsFP [, FEAMSEH, PCL 1 PC2 4351 AT AR

il R TR BR SR Y 32.1% 1 20.4% 1) )5 %
PC1 {9 1E fiuff £ B EEMs H R AF 19 S8 FH R |
K RS PTG Y= 0 53 Ol TR
T ) 1 257 F A HAAs #15G. PC2 1Y
IEff 2k HALs. THMs, DCAM F1 BP 41 =) QK ATHHERCEYI ™)
4y, WA S HANs A5G, i eEA S7E
Kl 6 BB BB, A FAEA T PCL AR4MTE -
-2.01~0.20, PC2f3437£-0.81~0.42, MILZ T,
HBREA S PCLASSME 0.11~1.55, PC2 {431 Soos o e b
~1.69~1.99. HAAs 424 DBPs, i N- rereR
DBPs. THMs Fl HKs EE%&E%##ETio Bl 6 1<EEEAKIE/KEE DOM 45145 DBPsFP K

(e GRE RITACHENS, RBES R ERA |

. N " Fig. 6 PCA of DOM characteristics and DBPsFP in water

THMs Il HAAs 5 HS WUEARDC, UEH] HS 2 samples along the route of the long-distance water
DBPs JE AW EZ R ARY . HS A0 FEATEE diversion project
FERRANEEIEIR, SEkM:, AR5, B
KL RGEDY . 5 THMSs AHEG, HAAs BOARSUK TR H 5 S s 1m0, Frll HAAs 2B i
5 HS MHCHEE R, K46, THMs 55 BP 4140t BB B IEASE . BP 414360 5 et R S mRss:
Py, g% BP J& THMs B EEZEFIAR, SRS 5 F RN HE AT E AR DCAN JEHAL AR
SERY THMs™, K17, =HEOGRAERIZH 3 IR Bon ) RAFRUIERERAE, AT RERE G A HLIES A 152
Wi, B 4SOOI RERIERA TR ALY, A& RIRE, X EAEIGE AL By
[fi, 5T HPSEC-OCD 4 ikGEE LA T EEMs 40, IR 1,

PC2 (20.4%)
o
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3 Z5ip

1) AT EKEE Y DOM HARGERNEYE, FEAEKE BRI HEANS, E3h T4
WG ShbGaR, RN E Y= A AR b BB B s A2

2) KB PRK TREATAE VA L ORUE KBRS e B RAFE, VR Sk XS KR, A 8RR TR
KXk 24, HS 505 AR 60% LI L, ZKALFRT AT DL By T 25t 5 2ebk, 0nT ARSI R4
AT T2 ORETHHAE IR, BiE EEUK RGN, EERMEYG shigse, Ko7
BP A5 FEUKFERMB S 2K XK TR E R RN FE T2 BP 4534 nT 5E5 | & IR ZE 55 ).,

3) ZAT R FE X KA DBPs (/L A B 50, 2% DBPsFP B i i i o T, Hi,
THMs HAE GRS O 20, 1 HAAs W SSAHR fads, Ak A g e e s 0K,

4) PCA it e e 4 B FUE KA MU A AE 22 5571, HAASFP 5 HS 40 2 IEAHG, THMSFP
5 BP A4 CHPER ., AL EEMs #4iF, HPSEC-OCD Jr&fiFi4145 DBPsFP AHSGHEH LT, X AlfES
FES A NSRS 2R O R AR SRR A 5%

2 £ 3 #
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Characteristics of dissolved organic matter in the long-distance water
diversion source and analysis of changes in disinfection by-products formation
potential
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Abstract Dissolved organic matter (DOM) in water bodies serves as a crucial precursor for the formation of
disinfection by-products (DBPs). This study investigates the impact of seasonal changes on the characteristics of
dissolved organic matter (DOM) and the formation potential of disinfection by-products (DBPsFP) in the trunk
canal of the long-distance water transfer. It was found that aromatic protein-like and fulvic acid-like substances
are the predominant fluorescent materials, with a significant increase in the proportion of soluble microbial
product-like components in the summer, and the biogenic index indicates stronger endogenous characteristics in
the summer samples. Analysis using High-Performance Size Exclusion Chromatography coupled with an
Organic Carbon Detector (HPSEC-OCD) shows that water quality is stable during the transfer process, with
humic substances (HS) accounting for over 60% of the total organic carbon, and an increase in biopolymers (BP)
with molecular weights greater than 20 kDa during the summer. The chlorination reactivity of DOM varies with
the season, being higher in the summer, which leads to the increased total DBPsFP. The rise in temperature
during summer indirectly promotes the proliferation of plankton and microbial activity, thereby altering the
composition and reactivity of DOM. Moreover, since HPSEC-OCD can characterize nearly all types of organic
carbon, the components it represents correlate better with DBPsFP. Specifically, the formation potential of
trihalomethanes shows a high positive correlation with BP components, while the formation potential haloacetic
acids is more closely related to HS components. Understanding the spatiotemporal characteristics of DOM and
its relationship with DBPsFP will aid in optimizing water treatment methods to achieve more stable water
quality.

Keywords  dissolved organic matter; disinfection by-products formation potential; three-dimensional
fluorescencematrix; fluorescence regional integration; high performance size exclusion chromatography
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