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IRES FEURESHREEDIE . AP IEANE RS T 2B me TR, LS AR RS T2 (R
BEDLVE . U8 THEE) AFESLSTIOK, U GRDE-FO2E) T 205K K. SRR K BT bR
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transform ion cyclotron resonance mass, FT-ICR MS) ZAZMT TIREES TR DOM 732 40if 0L, Ritfk
IKAEBE T B K B2 AR e 5%
1 #MREEE
1.1 HERE

T 2021 4F 11 H—20224E 9 H, 7E A, B,
C 3 MK B, K 4 T ABRAR
FER, REPRT KRN 1 7R, 2022 422 P&V S PERIw S KRk
A, AR B K] PA S VIYTK KRR T A ﬂ
K G T L, MR A E M (PACL, 125 ~
me L) ST, R AL BKI MUK . D0

AT Bk k™

WK, BE K K. T AL B KK ﬂ Naclo ﬂ
1k 1 P S B BRSO, A K 7 ——— NaCIO

20224 3 AIRLT &, JBUKJe2at i e i

(BAF) ALHE, -5zt NaCIO 5 FEE (IR [l oo | v

(PACI, 7 mg'L™"), I A B A3 4 5 (PAC, -um | -fiﬁ}é
25 mg-L™") fBhEER] . C KT (5K LB K Jl

HIEOK, SRADURALBET. 22, SRAEIFIK Mg

K ﬂ
ok ZBEHARIKI K, B 2021 46 11 ik l

KEUY B /K UK SUURKE T FT-ICR-MS 4347,

12 KESHE - . ok .
IKFE R SR BRI S0 (pH . B e [

(TDS)., HISH, ) RAMEEAKFRL (YSI 1 Sk BETZ R Rk

ProDSS, USA) b (1@%% & )B‘Eﬂi)o HAE . B Fig. 1 Process flow chart and sampling points of

B MBI ORIR R IE DRI three water plants

FERE ) (HI 535-2009),  {/KJF AERGIRE APkt SRR ERTH /ML ) (HT 636-2012) K (/K5
SSBEIIE SRR TS ) (GB 11893-89) Yl . /KFET 0.45 um BERRZFAENRUEMS , {#HSH: TOC-
L BN SN E KRR S A ALK (DOC).
1.3 BHBSGES

1) SNBSS T . SRR AT A R TU-1810PC 24N EEHHNE DOM 1E 200~600 nm Py
IR, FHERIRE Y 1 nm. 43335 a(355)(355 nm ALK R %) . SUV,,(254 nm 2RI 2% o 5
DOC I HAE) . SUV,,(260 nm AU R %L o 5 DOC WeEHILAE) . E,/E,(250 nm F1 365 nm &b
2o MEREEREC (1) F=X ()1 # TR

a (1) =2.303D (1) /L (1)

a(d) =d (1) —a (700) /700 )
Kh: a(d) M 2 FRIBSGREL, m™5 o) MK 2 FRAREGETIRGREL, m™; A MUK, nm; D) K
WK A TR, L AeREE, cm.

2) —“HERNIESHT. DOM 1Y = HE5S s TR AE LR 3E FL970 Plus HZ I br L i1 T
1, IEREROETE Y 150 W GEIRET, PMT K 700 V, BEETER N 2.5 nm, FHE#EERN 12 000 nm-min ™',
BB R 5.0 nm. FESFIFEIRIEREIN . BRI Ex A 200~400 nm, & §HEK Em 2 220~550 nm, f#iH
1 em AYEECEAINL, MRESEA A 2. EROGEH TG BaifE, DEikyEhasH.

i FH] Matlab (2022b) ) drEEMO.6 . DomFluor T EAf#T PARAFAC 43, HIEA LK — =
YRR AR PR N A =R ORI R sk 22l BTy NSk iink 2N, HEe#&
k=l (3) s
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F
Xijk = Zf:]ai,fbj,fck,f téijk 3)

e X 5 RIS j RIS & MEOCERAL IO CIREE ; a, J25 i DREG f AL
AVREELLS; b, 1 e A3 VRS [T j A SIS ke MBI RIS ERE ;s F o255
Hs e, MERIERZE, BRI S0,

FUBRZS TR BRI AU Fbr 20U, SRIGES AT T2 (parallel factors, PARAFAC) #i7, F|
FAERZE A R T A AT ST T E O N, S PO AN BT K) 45 T 2 Bk
i DOM 265 %X (fluorescence index, FI). HAEURFEEL (autochthonous index, BIX). JEFHLFEEL (the
humification index, HIX),

3) [EAHAERUFN FT-ICR MS 43477, f#H PPL EAHAEBUEFEIUKEEF) DOM. B Sk EAHAE U VA
FEALEERE L, (/] 18 mL HEE (LC-MS 2%) iibiE 7, M1 18 mL BRfbiE4lizk (pH=2) ket
T TR AR BKEE (pH=2), MKFEAEE I EWER FIR&HT, SRRE N 5 mL-min' Z247,
ZEHUE DOM. ARG M/ EIR A Al K A O LA B2, AW R 2 a4, el
Fi 6 mL HEESEL. K AEBUS ) DOM #E-18 °C Rl

UG RES S ] Bruker 24 SolariX % FT-ICR MS Kl HRiZmRE K 15.0 T. BFI RIS 5
TFUR (BSD), TP, FERMSE. SO0 sabet, REEEN 120 uL-h', BAIEA RN
-3.8kV, BTEHNHEN 0.2s, REFE N 100~1 600 Da, FEHFIIRTH 10 mmol- L™ HI AN 2§ HEA T
WE, FESAGINSE UG F 50% SR BEIE T RS IE . IEIG, Bl iR 2 H/hF 1 mg L' i
Bruker ZC TS BRI X

2 [FEIKIKFERT
w2 s, 12 H (%2, A KT BEARKESRZE, BoKkP BRSEAMEE25R 6.95 mg L™ A1

sr 8
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Fig. 2 Annual change in water quality of water plant A
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2.05 mg-L™", B HAMEN A 2 55 8 f%, Hh BskiSEw e s T HME., M4 A &), 5 H
) R 9 H (B, 3 IFZKK B R o] e RN ZE R T, MRS T R AR A S8 97
PIRMR D, 12 A, A K XK DOC FLEE M BRI, X DOC BRI 8%, {HXTK{K
TR R B BRI E] 96% 1 85%. 2022 4F 3 A, Pk TZAJA, A 7K) %F DOC BYZBRECRIH
PeTt, LBRRIRE] 27%~37%. X AIREREEN BAF Hh gAY T —555 nl AL WIREAa I e,
4 ANZEREKT HIKIIE . O Ts K AR 3k 29 /KK ) (GB/T 18920-2020) HYEEK .

mE 3 Fi, BKT 12 AWK R RS R SAE 22N, 52N A HAOK R 2422 . %K
T IREERDUE T 20 A SEA A ZROR, XKIK DOC BB HRAE 219%~27%, NI T 250 A K
J 7o BeAh, BIK) XA M EBRRCRARE . 4 WIBEET, IK T X &AM 2B 0 518 86%(12 J1) .
529%(4 H). 88%(5 H). 56%(9 H). 4 AFUKE GRS, K H/KEEFERE (0.42 mg L) t kb
i, HEET O K AR IR 22 FHAOK BT ) R AR (0.5 mg L), PR S RK 2 Ak
it B oK) K EE S BT REAAEREAR RS . Bk B /K HI K i Cmiva K pEA R ST pEH K
KDY BYESR, {H B /K HIESE T 50 MA DOC IEBMSRURE 2, MREEMEREAREE ., hal i,
TERLBRAG Z8 2 AR (32 5 gk, B K] XMELURER S ACOK R FacE , T2t T2k,

S5r Tr

C sk iR K C sk Ntk
4l BRI ukJrk [ ok 61 BRI ik [ ik
—_ ] ] Sr §
O 3+ S —I»-l R
;ED X s - cu 4r §E§§
< £ S B T
<o o N TN N
3 ¥ NES N\ N\
A 2 a1 Ne | N N
o~ b gy
1k 5 N\ N
i o 5 2
! N | N
2022-0 2022-05 2022-09 2021-12 2022-0 2022-0 2022-09
kR E ke A Y
(a) B/KJ 7K EEDOCZEfE (b) BAKJ KRR AL
1751 o 025 .
Crk NWEA B CEk NuiEK
130T B uksrik [ ik 020l B ke k [ ik
1.25F ~
S 100k \ 7015
2L .
g 0.75} B3 §
® =% & o0.10f
® os0 \?? ®
: kS
%?‘:‘ 0.05}F N
025F \:.::
- %% 555 ] : e
i : = i 0 : T .
2021-12 2022-04 2022-05 2022-09 2021-12 2022-04 2022-05 2022-09
RREE FhEH
() BIKJ KR A Z b (d) BAKJ /KBE SR L

&3 Bk 2HFKRTK

Fig. 3 Annual change in water quality of water plant B

C K] KIERATETEK) K, 12 ARpKERIFE 2 RZER, (HlR TRBEMERACE, K
HIE TR e b — BAECNEE . WK 4 R, AR T 2ZAMUBES A3 LB AR R A . SRR (25
H>95%), TMiHXF DOC MEBRSCR B B TIREE T2, ZBRREIEL 78%~95%.

3 AKX B BB RBRACR (R 1), BRI 80% LU L. H A B /K ANRERFI/K AR B
A (total dissolved solids, TDS) FIHL TR, C /K NIFEIE-F58 & LBRK P REME T, hIbrT i, XX
JETZ2AemtFREE T, ReCEEiwKIRn L.
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Fig. 4 Annual change in water quality of water plant C
Z5 LTI, ‘Zﬁ‘c?ﬁ'@%IET REA R Bk IRy F1 FEPK3HHE. TDS FiE S AR
BIRY) (DOC. & /fk) YK ARAES T4  Table 1 The removal rates of turbidity, TDS and conductivity in
(TDS. EE,EJL‘%) WICH s, RS2 EK KR different water treatment plants
R UG T ZRE PR L AXEFTRMITT k™ wgEmRe  TDSERRS  WERERE
AT, RERSER LR AR, TITRURE T 2568 A 80~97 <0.01 <0.01
ISR, BT, DOM M 1o o0s oo
KB R, SRR . os0n .

PERUIMISC . REET. 25K T Kk DOM, 2R
IKARFSEPERIER R, FFARGEARTA T 225 DOM HYSZIRE b B

3 ARIIEZX7K{E DOM B2

3.1 IKEEERIMIERIEEL

KA, DOM(chromophoric dissolved organic matter, CDOM) BAWS G, HEh-n] WSO e
—ERRRE FRAEHARE . BA S EOR R R G A MITE 254 nm AL EATRSRAYIN, i LAAT LA
SUVA,,, k3R DOM F357 MY, SUVA,,, KR DOM Mgk, BRIb=Z4h, 355 nm AbRII R %L
a(355) iR CDOM AYAHXT I EERY, 250 nm 1 365 nm AWK ZE 2 H (E,/E;) 5 DOM 43 T S i 4
KB XIARIKT 7KEE DOM B GREEdE e R il 2 2.

A JK)IKFERY a(355) FE T i 11 NR%, BAF ZbHS, KAERY a(355) fHIN 3.68 FEEAE 2.42, REE
J&, a(355) FRR KRR FREZE 0.81, iXUiH] BAF FHREEA RN 7KK HH CDOM. A A6iH AT LAEIR
DOM 5 E ML, IRBETIVERERS AR ERR KRk DOMPY, W EUE A JK) IUE K FE S 7K
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SUVA,,, il SUVA,, B F %, BAF FbyEhag 2 5 ARIKKER DOM RISIMEEHES
USRI TR, KRR E,/E, AR T, JREE  Table 2 UV characteristic parameters of DOM in water samples
{15 T L BRAHRS 2 TR DOMP2 - iy LATR in May
EEUIER IS, IKEE E/E, (HKIEE [Tt KR a(355)  SUVA,,  SUVA,,  EJE,

BRI UURKEY a(355) fEHA 4.26 [ 1.26, ABUK 368 it 153 6.69
SUVA,, fHM 5.08 FF%E 3.96, SUVA, HM 479\ pivik om a8 a5 035
e 3.68. B BOKSWABSAAREIOKICE L
CDOM H1J5 7 P DOM & & . (451 =2, ‘

AEJEIK 0.23 2.47 2.21 32.69

B /K) TEIH TG, SUVA,,, 5 SUVA,, fEHF+
5, CATI RN S SRR DU Allik 0.46 263 239 3687
AT, RIS FERR T K h e R BJRK 426 5.08 479 6.26
(IR, SBOLBI— A 52 Rt A K BUUFK 162 3.96 368 1527
&, BEETHERIEFEAER, S Ak BIEJF /K 139 413 381 1831

ZER B AR, B e KBS SUVAL, 5 Bilisk 1.04 3.66 337 21.16

SUVA,, fHFF(E. CIEK 2.54 3.55 3.3 10.53
COKITBIBMIR , AREMEIDEIERS  copk ase axo sds 1203

R, RMEEIERA ARk o 0 T T

DOM. BEWFG, a(355) M 2.54 [£%] 0.12, ik . v Lis

K CDOM JLT-9 58 4 2Bk . SUVA,, M 3.46 : : : —

B2 2,71, ULBARGBENTH K TE DOM A EBREK ‘

SUHHE, SOSERELIERIA K5 T DOM, XfH ®3 57, 9 REIKMFL. BIX. HIX

E,JE, {EEH‘, 365 nm AL MSERETEIR I, Table 3 Fluorescence index, autochthonous index and the

humification index of water samples in May and September

XFEE 3 KT /KEER RIS AR R I, 75

£k CDOM [yt e, AT 2w 5, kT Kbt SH 9A
LEEFE T2 AT B4 . FI BIX HIX F  BIX HIX
3.2 IKEEEHERAHE SR J5k 112 119 027 105  1.09 041

3D-EEM A LI fi | P o AiE DOM Hr ) ABAFHK 113 120 026 103 107 040
W WS R 3D-EEM 0K 7KFE, AFEK 113 122 022 101 109 013

PIFRIE DOM 78K & T2 B 784k . RER 5T AVESE K 126 140 010 100 110 0.3
DOM K, T TRFERIZOLHF ISR (35 3). Atk 121 133 014 130 144 011

H 5 JE 15 8 BIX(Ex=310 nm B}, Em 7F
380 nm 5 430 nm 2k 1Y2EE5R EE 1 LUAE) Kk T
DOM H H IR 5B K/ 34K JRAKK o
BIX [EH AT 1. B DOM EE kA BUEJE/K 1.21 132 023 .11 117 035
WL SR A, kiR e PR 12 102 LIS 26 030
FEIFRT, %L FI(Ex=370 nm, Em 7F 450 nm Cl5Uk 096 103 067 095 101 066
5 500 nm ZbZSEIRERY ILA) AT LIERAE DOM Hr CUFK 097 105 067 095 101 066
S FE A oy B R R LY, 3 AN KT RK CROK 193 285 004 14l 175 027
FIEY/NT 1.3, FI] DOM H @5 %R citizk 128 173 013 166 169 028
Fifi b FN A+ 85 A o J 9 A6 Y HIX(Ex=254 nm
if, Em 1 435~480 nm XIHFIMES 300~345 nm XBFMEZ L) FAE DOM (IEFEILRRRENS, AR5
FW, 4 HIX>0.9 I}, £P] DOM A BEEFAIFE; 4 HIX<0.8 I DOM AS§FHBRAE . 47K J5K
HIX {EHMET 0.8, 7KiE DOM JEFALFREERAR. 2 IERHESEALEFERA T 3 7K) JFK % DOM FZE i
WAEE S A, EREARREERAR, A i/ D i Ao S e B R - 3R

IEAh, WELE] A Fil B /K UUEZK- S8R 7K B HIX (EAAT A R, X UiTREEDTE ST Bt IEnens X

BJ5K 1.09 1.16 0.31 1.03 1.08 0.41
BijUE K 1.15 1.25 0.27 1.13 1.20 0.36
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BREBA A Y, AR KFER S AL AR LR . i TR AL R A, A I B /KT AR RE R AR /K 1A
DOM M EE sy, C/K) RO ACBHS, FIMH ETFE 1.41~1.93, JEFHFH IR YI A5 ek,
RS BR A E B 4. BIX KIERE BT, 526N HIX KiE FFE, 358 DOM RSk —4 T
%, HETRPEESE, 2558 RN GEREERSSE, nTLHEN, B ARSI Z A KoY HEA —E
FIFFEE, 10 C KT KRB B /Ny B K A S = A= 2 R

WL T 2% DOC AYZBR%M = (78%~90%), X EPARBBIARE T KT, PREE T KL 4.
{HIREEST DOC MIEMFURE, H/KERE T ki DOM, FHESY A Fl B /K 7Kk DOM RYZH 8 5751k, ik
fifiH] PARAFAC B350 2 /K] 7KEE DOM RYZOB G, 551 3 4128 A AR 1 41254 (F 5).

PENCHRIE PRI
550 025 550 0.20
500 500 0.18
0.20 0.16
450 450 0.14
g 400 0.15 g 400 0.12
2 2
& = 0.10
& 350 (010 & 350 0.08
= ®
0.06
300 0.05 300 0.04
250 250 0.02
. . . MO 0
200 250 300 350 400 200 250 300 350 400
RS K /nm KK /nm
(a) CIZIEE (b) C25 Kl
PRI PEHNGHRIE
550 0.09 550 025
500 0.08 500
0.07 0.20
450 450
. 006
g g 0.15
3 400 005 3 400
350 004 % 350 0.10
= 003 =
300 300
0.02 0.05
250 0.01 250
. 0 . 0
200 250 300 350 400 200 250 300 350 400
RS K /mm RS K /nm
(c) C3ZI LI (d) C45L

E5 A/B K IKEFRERARS

Fig. 5 Fluorescent components in water samples from water treatment plant A/B

PG E S5 OpenFluor B /ZECY #-47 HeXE, C1. C2. C3 (Y Tucker UNSLFREL (TCC) HIi5
F0.97, FHX 3 ML R L. Hd, CL(Ex/Em=240(280)/350 nm) K2R,
JB T A=Wk 2R R A B sl ), C2(Ex/Em=265/315 nm) XM KA 4y, 55 F il E Lk A
1, FEEA IR S A IR s 24 414 C3(Ex/Em<260(320)/440 nm) 1548 L 9iFxN
Bl BRI A Ay, s B BGR N TR 5058 MY, 1 C4(Ex/Em<230(276)/340 nm) AVCHLE]
AR BIZE Sy, ABAEAE IR (0.93<TCC<0.95), LA/ R TR 43S 3, 1niEl 6(a) BT
N, A, BIKT ST LBOKIRR DOM Hr, 8@EERAL S CL Al C4 5 FEHINT (54%~67%), S8 AL
C2(22%~39%) IR 2 ZEJEFTL S C3(4%~13%) i tbh/h. X—E5R 50O GERMES B ZE R —i%., FN
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Fig. 6 Fluorescence proportion and total fluorescence intensity of fluorescent components in water samples from
water treatment plant A/B

5 (5 H). #k 9 H) MKk AERY) SIFREAE DA RACHIRRGE, 724 T RERE AN DOM, i
TRBEN R B IR T Y LA R 2 F 5 M) DOM B BR8240 ) 3% 2 AN BRI — B Falr Hifks
2 K% T LBokik DOM Z8 A sk

1E B 7K) 7KFE DOM BYZEA14r, HA C3 S5/KFE DOC &2 A (P<0.05), i DOC & T.
ST, XULIMESE T 2P0 bk SR 5. 1 C3 4 bRV, IREETE i I #E Xt
R AR EBRRR 22, FrLIK) 8 M B K B S5O i B R RIE R, K)ok ihak el Tk
HEIAHY, Hd C2 HaB oYk, C1 5 C3 MEOERIEA sy, KBRS (<250nm) 5wk
AR, XL B KT KA E R e T e 2, ISR .

M 6(b) HRILIEH, A K HiZK DOM BEZEN R ERIREREL, Ui A K REAREEIUEK
PENCIHFRTEA P (fluorescent dissolved organic matter, FDOM) &, A /K FEIREEFETP I 1 16
i, TEMHERBENS I IR BT RE TP U 2L, $RENREESER Y, I B HER A WBE L RE b — 20y &
FREAT, BT A K IRBEREET B K)o JEE/KF C1 5 C3 BB TR, C2 5 C4 itk
Fher, UL T 200528k C1An C3 414y, XF C2 Fil C4 AR %, C1, C3 5 DOC Fhtl
FEAE (P<0.01), C2 5 DOC EHIEA (P<0.05), C4 5 DOC ETCHIEE, 4 A4S DOC BYAH
FHEAUER TARAL T X C1AN C3 40 2 BRECRET . TR B X DOM e etk bk, HIRRH
AIREFET C1 5 C3 A S ARG AME AR, E/e S5HTSRA, M C2 5 C4 Ir&iA
WREER /D>, WIEPER C1 Y5 C3 55, SRR NG HERAR. AR, Ingmibnt, HERt
SHMAEYIGE, M EBd—eRE, WHEEEAXT DOM AR A LM, FrLL, nTRe R EERIe
HEAR, 2B K UK A KT UURK QREERTING) BIZCAUSAR IR, A K HIKER R
PO RIFER C1. C2 F1 C3, AWynl R, (AHBIGESRETRN T 70%, FEIKT KRR

ZE LR, R T 2R K FREEEE, HABRARCEBR KRR A DOM, X2k
5 SR SR R e KR P 2 K AR A RS . AL T ZSREM R B7K) X FDOM g2k, SEPt
KT ST DOM BIARLERR . BT 20 LI s Bk iR KR 4> DOM.,

3.3 CREBTUEETES DOM BIE D ¥R RIS

J TR IREES B DOM 43 FA4 g iEanasfe, B B K) JEUK SUUR KT T B0 PER Bk i) 4
Bro HelEUK DOM FESL 7> F2HRH] Van Krevelen(VK) B (18] 7(a)) Ko, i T IHMo LLIREES DOM 73
FH AR AL, B UL K R AR AL ) 43 T (resistant), B 25 B 4 F (removed) F15HT 77 AR 1) 4 F
(produced) Z:1il i VK & (& 7(b)). $2H8 O/C Fl H/C 45 AHE . PABARE VK 43R 7 X3k, fsiA
R, AT | SRR, MRS GY . . BokIeGY . PSR LMY, 25 XK
FbA Y L& 7(d) Fs .

WE 7(a) FE 7(d) Bs, AREE B K JFKTRE EENRSy, HAGHAE 75%, DiEdfs, KEE
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Fig. 7 VK plots of DOM in raw water and settled water of water treatment plant B and the relative abundance of DOM
molecular composition based on the elemental composition and material composition classification

B et — 2B 2 87%, M T RS 9.9% TR 4.9%, SEIMWMEYITEN S HH 4.7% THE
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Fig. 8 DBE vs C number plots of DOM in raw water and settled water of water treatment plant B
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Analysis of water quality changes in dual water supply system in Yiwu city
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Abstract To explore the changes in water quality and organic matter in the dual water supply system of Yiwu
city, the water quality changes along the process in three water treatment plants were investigated in the four
quarters, and the removal effects of dissolved organic matter (DOM) by the treatment process were analyzed by
spectroscopy technology and high-resolution mass spectrometry. The results showed that the removal rates of
total phosphorus and ammonia nitrogen by the traditional process (coagulation/sedimentation-sand filtration)
could reach over 80% and 50%, respectively, while the removal effects of total nitrogen and total dissolved
organic carbon (DOC) were poor. The ultrafiltration (UF)-reverse osmosis (RO) process was superior to the
traditional process, and it could reduce the concentrations of nutrients and organic matter to extremely low levels
(removal rate > 90%). EEMs-PARAFAC showed that the coagulation-sedimentation only significantly removed
the fractions of terrestrial humic from surface water, but was less effective in removing protein-like fractions.
The data of high-resolution mass spectrometry also showed that coagulation had a good effect on the removal of
lignin, tannin and condensed aromatic hydrocarbons. By adding a biological aerated filter before coagulation and
dosing powdered activated carbon during the coagulation process, the removal effects of protein-like fractions
and humic fractions (70% reduction in total fluorescence peak intensity) could be greatly improved. This study
can provide a theoretical basis for water treatment process optimization.

Keywords dual water supply; water quality; UV spectrum; fluorescence spectrum; dissolved organic matter
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