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A AR T ESEE MIREFCR s SHLIEA A FARIE . R K E R (AR A b T
XA S S IV E RSO . AR N E AR R GO T R K I8 e Kt 7
AL EE . 2T T 2% K dh TrOCs . DBPs Fli 2 @l 7= 4 45 i #« (DBPsFP, formation potential of
DBPs) G b2g XS T HICR , AR R e i PR AR S
1 MRS HEZE
1.1 K B R EARIKER

AR AEIT T ARG SRAR K TRt r 7, K JEZKEE BHE— N EREE . ik FRa 5T —k
HIZEAPEKIEE . K HIBOKEZ R 1.7x10% t, oK T2 et ik FR A MU N i, SEmyieit |
V B BRPEHANE KA, Hrp b S a2 i R ARG KA/ 50 . RADIE R KA S . LISt i A
uEHh K (FRRIEIEK) AN ATPIRRGEHIK, R TE I 2022 4 10 o B, J8E/KhICH 2
JW kL, pH A 7.0£0.1, COD,, N (0.83+0.08) mg-L"', DOC A (1.27+0.10) mg-L™"'. UV, N
(0.016+0.002) cm ™',
1.2 BIVEPRARFZRELNTTE

K1 AN AR R G T AR R K LUK IR SRR A A AL, HoAa ST
K 5%, BVAREMEEY 50 gL' SR I R E R A IR i 3 21 58 40 e i i (A% I3, EX-
260M) KB, SFFSIRAWSIEEKFTMEA R AR BERER . RN RE KR 1 606 mm,
HEHR 219 mm; FE 4 ZREREIMT CEEZEBIE, GPHHA1554T6L), HITL)HK 320 W, UVC 3K
RUHR 33%, EEIMER 28 mm; W AFA B FL R 0.07 m’, & RNV A IR G FERE T 5K «
ST I D)% 100%(B) PO 2 11.5 mW-em™), HNSEEH S meg L™, #7KEN 3 m* h's I, /KRR

“ |
D€
) 1 606 mm > N
1 NSRRGSR EE
Fig. 1 Schematic diagram of the pilot-scale UV/chlorine system

BRI IR TR I T 2R 84 s HEEEAIR] w1 TWTREH
TG ROER, IR Aa RE S E 58 0. Table 1 Parameters of experimental conditions
5,10, 15mg- L' RATATIREELAR N ST i e . )
DISHETIET (PLL P2 F1P3), FEIRIRIAGSESNE T weemy  TREmeL D IAREL TR
FEA R 1.2, 10.8 F1 9.1 mW-em ™, ItAh, K sC 15 5 3
PR R (1. 2, 3, 4m’ ") IIMEREER v 112 5 3
FARERBLEE F G, 03 BRERTR Loy s . .
MIE 10, D 3 ANIRAL WA TR F RS . .
T 20 min T RGAGE ST, TRt DGR IF1A] " s . ,
B 10 min BOFATHE, Z0HKEER) A DR R '
UV, %A S DoC. =43 0 1 10 }
%) LI} TrOCs. DBPs Fil DBPSFP 45, cis 1.5 5 3
1.3 SRE R a s : :

KA (Fr4E A A5 R W Ay USEPA Q2 115 5 2
DPD L, Jiikdm's R 8021, UV, RHEESF Q4 13 > 4
T (EEMA, DR6000). DOC FIFHEA V. SCTURMRETIL; UVERESIIR; CIER I

BUBRA TN (B AR S HE, TOC-VCPH) M5z, ki Q&EmEbKiiL.
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HIBEEHA WA SO (EELHLE, Cary Eclipse) JRA3H9 = 4ERE R TR AE 0T, 2RI
WA A E TN . B 50 mL KAE B FIC TS AR @i, B S mg L RIS (WA RLEDT) %
W, BTEIR 25 C) FEYEHEE TN 24 h, 5PN KA, 7 BRI R A B 2
DBPs . WA G FE L) BT £k (MTBE) SAZEHGH], B 20 mL KHE, #8006 g TOKBRIREA, A
2 mL MTBE(#WAR), &% 10 min J5HBCE NI 1 mL ZESEESHAHM . DBPs ¥R A% HP 5 B41
BETEHE (30 mx0.25 mm, 0.25 pm) ST ORI FRIZRIEMNES (GEEZHES, Agilent 7890A), HEFEA
FHA 10 pL, THEFRF N : WIRIRE 35 °C, {545 15 min; 25 C-min”' FHEZ 145 °C, {%4% 3 min; FHLU
35 °C-min ' AOSEE FTFE 240 °C, HFRELTERE N 200 °C, RMIESERE R 300 °C, J5izfT 2 min”, SZEGAG
HPEA 13 1 DBPs, HP—=4H % (TCM, trichloromethane) ., —Z—{H ¢ (BDCM, bromodichloromethane) .
—H—% Wkt (DBCM, dibromochloromethane). 5 ZME (DCAN, dichloroacetonitrile). 1,1,1- =4
(1,1,1-TCP, 1,1,1-trichlorpropanone) F1 = G filf % H! % (TCNM, trichloronitromethane) f¥ £ I Fi2 43~ 51 A
0.50. 0.07. 0.09. 0.03. 0.03 £ 0.04 pg-L™", [EF535k 78.9% . 89.2%. 92.7%. 90.2%. 80.2% #il
75.4%. TrOCs /M e 4ad SPE &4 HU 1 L AKFES DR IS LT 4R8N, 4 pH % 2.5, Jil 2.5 mL EDTA-
2Na(0.2 mol-L™") ¥k ; R EFHAL I (Oasis HLB, 500 mg-6 mL) &4, #RERHA 5 mL-min™', &L
HGFHATIRGE . T, FH 10 mL HEESRIB IV, BRI ZWR TS F 400 wL H ST 600 L B 4lK 27,
ALEE, TrOCs AR 43T R I R B (3 R e DU B (S5 241, Agilent 6420), FEFEIAFR
5 L. FEMRIACELS R 10 MRERIRE | DRSS WER, A 10 MERIZE | MERIZE A, K
MIFEH 0.1 ng- L™,

2 HR5TH

2.1 FINRILZIKPREENISRIRIES

2 ORI PR EKAR TrOCs BRI IR AL, XK JEK Sl a7k e TrOCs BIRMSSRE T e, i
T PEAL B AL T 0T 5240 LR TrOCs IR RRGCR , 5 RNE 2 R, Tfid i A ds 29 Mkl
29 FHiAE R LA 14 B a4k &%) (PFCs, perfluorinated compounds)!™, 7K JE K K8 f5 7K rf S AG 1
16 Ffe2hy (R . MEdmk, PR BERE . 2R SO . SFINEL. BERUK . FFER .
WEWRHR . CMEEE . PIPRME | METERG N . WETATR . AT PR HORRET 6 MUK EEE T 1.0 ng' L), 5 AP
PFCs(PFBA, perfluorobutyric acid. PFPeA, perfluorovaleric acid. PFHxA, perfluorocaproic acid.
PFHpA, perfluoroheptanoic acid Fil PFOA, perfluorooctanoic acid; ¥EEHIRT 1.0 ng-L™) Fl 2 FifrAE2E
HHLY (RO | I8V, WER/NT 1.0 ng L. X3RRI, 1ERKS ZKIRRIZK K FEEZ B2
KTl A is g, ARG IRHERC B A R G 2 i AN, KT AL B T 20K Ak 2525
TrOCs A—EREBREN], HZER | ik Ao i) L EREAE 34.4%~65.1%, HEN FZH I TREER
R LA RTE MR B o BB e K R R R LU SR N R RE G . 2 R AR S 3, WREE 5 13.2, 4.1 F1

200 Rk COlEK 2010 NSC 15
BJUV3 EEC15 ERQl "
_ st
= 0
N = 1
=al = 1
3b AN
0 L |- d N by O A ZNSR S| % P41
LR MLdk ST R el ik PFBA PFPeA PFHxA PFHpA PFOA
(a) 24 (b) PFCs

E2 [EKE TrOC KERAELRESINE T ZXTIEE/KF TrOCs BIZERREER

Fig. 2 Efficiency of UV/chlorine under different operating conditions in removing TrOCs in filtered water
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3.3 ng'L', /A Bh 423%. 13.1% Fl 10.6%. PFBA., PFOA. PFHxA [ ¥R JE 7514 9. 5.6 fll
33ng L, HHAHIN 40.2%. 25.0% F1 14.7%. 57K AP ACRHIN H AR B 14 14 S5 7 B Rt g FR A (e g
¥i<ing' L"), ZFIVATZIERARS, Hit, FEAETERI TroCs #H1HEHT.

SHNE T 0T LR L BRK T UB G /K AR 2528 TrOCs, JEAE T OL T 16 Pl 24 1) AR 2B %
87.1%(FE 2(a)). Horbr, S04 H R LA K ntk HOmpk | R A PR SR A1 R R B R I I R A S B
(>84.8%), TMZ W RANFLINA TH N ATSEIREA LR (392.7%). 2250 FI MR PSR 5 48 b
FlE, SR REEADE, HIRFHEINEA SRR A R TR ASCR, AR TOUT 2 R Jidin s
FBRF AR 88.9% F1 90.5% ., L IRREMFRBRIEA2E T FES TrOCs ANRIH) /4548 LA 4 S
BEARAN ] IR R B S I 56 S0 R e TAt, ok | e 3 IR S R AR 2h , TR 4E 41
S — R AR TR 3RS (6,,=503 mol '-em™, @,,,=0.302 mol-Einstein )!'"; JEHIH ) &,5, 531
A 11 433 mol™"-ecm™ 1 17 867 mol-cm™, 1] ®,,, 5374 0.048 mol-Einstein™' F1 0.073 mol-Einstein™" "',
SETFAHES BRI BE V5 Y R 2 Rl A E £ 90% ik 3 Rk 24 s o 2 4 o0k
3104, 859 1362 mJ-em >, AHUXRGE SN AFESA T T A ARG R LT 966 mI-em (BEFDY
SR LUK I RARTT]), PRIIL, IR bRIE HUGR ) R BRI 100% . SAMRSTX 22 P R HO G RE J14e
55 (6,5, =3 043 mol ':em™', @,5, = 0.001 6 mol-Einstein '), M5 A H%EE (W1 CI'. ClO°, CLOH™ [yp=HEn] g 2%
SR ZERINER, X 5ZERTE UV/H,0, il UV/S,0 A Bl Ferb i 2B a2l Y, Ak K o 225k
MY S AL LB B ST OG> . FETAISTZE AL, AT LAHEWT 2 R0ms A Sy e SRt T 00 Y254
R SR A RS T R ORI RIS, BRI KRR S 1 m* h ' o] BRI R i 2R ) o
(FEXTEER TOCERTY 2 %), SR K rP i 20 SR E AR 25 MR BE R 22 0.6 ng L', XA EAR LB
9 98.1%.

FEXFTIR , 7KH PFCs 28 TrOCs MREAR L BR M A BRI AR 24, AL 2(b) ThATLIAE R, AN

ZXTESE/K T PRCs M LB ARBIAR, JUHUEX 001 IR0 k% PFCs(41 PFBA), #4> T.00 T4t

Z L PFCs WRIETHEAYIENL. EARHL, PFOA 7EANESME R SeBliEit 46.4% MIFEf:, PFBA (RIFFHR
295 30%, 1 PFHXA Z7EER5r TO0 N L TR EETHE 09GOl X —45 R R RIAE T PFCs 73 4514
FEAAAER) C—F fagd ey, HFR R FEFESRNA-COOH #E1T, IR HAb-THER RN -/K i
IR, e RisiRa i) PRCs™, HFXT 254 nm R FOEIITEIRIL, PFOA FEHISEAMEIR R AR &
AR, AR AN SR T R RS T AR AR CUR CLAE T, FIRLZS SR 7E CAO
EUS BT B, SR EHRSIXT PFOA IIREAFRIUK 9%, (HREf#HIR]4) PFHXA F1 PFHpA 1Y) & BR%kHi
IR AR A AE R B 3, E—2 VS PFHXA JFURIE/D . AN, KR fEERIARH PRCs BRIl fig 4
TERINE T ZMVER T4 PFHXA # PFHpA %5, FE0%2E PFCs MRS TH B E EBAR, BARATZ
Xf PFCs A —E HIRHERCR, (HERLRFAR R ZERH/K T iR PFCs BB HRML (WSEEAHZ9M
RFZKAK AR EELR PFOA AR T 10 ng' L"), T PFCs MR E /KR, T 8 RHHAM T
DA A FHZK A b KBS
22 BINETEXKFEER 4IRS

WHTRTR, RSN A T T AR Rk R4 TrOCs. SR, R T T 20 A8 4kt
SRESLIETE SR, BIEK D DBPs AR T RESAA TN, TRERERIDCHE. B 3 i TRIVETE
TREEALBOK) Y8 e K B A DBPs ARG L. P, A=< H bt (THMSs) VBN S ikiE 22 fl = wr At
2, LK 2N (HANs) fER S RZUHERD= P RER . TERINERIE T (8JEK S 8o R, K
DBPs [IRIEARME, ATRERIEA/K) UKL e . JEfR/KESRINA TS, /K DBPs IRIEA 4
HBER LT, BAEARRTH T =P 5 (TCM) 195 Essiat 90%. S5 K &% DBPs B ARG 24K
FHEHRR, XATRETE TR BroyREERAR, 1 R m g b B AT M SR i S ok . B mAT B T
RIS DL s KR, K DBPs WREES SIS InESs, EHKEES 1 m*hT' B, DBPs i
R E N 8.8 gL', MIXIIERE T LRI T4 24% ., SANVE T b Bhd R A i A R it Sk
FSE HL AR FH I K 0 L AT B S ATE BE R W sl 8 BTk . SR, BfE Il A B
THMs JfA U R A 0 . SR, AIBEZE Ti20K) I8J57K DOC ¥R (1.27 mg L) X
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SUVA {8 (1.28 L-(mg-m) ") %&/N, Bi/KH B 121 EapBeM NNTCNM  ZBDCM  []TCM
SR HIFFEMWAL, Bk, XA DBPs A ikt Y ST ES et HEA A
BRI BRI, BN A LR PSS I
KB ERIR 2K T DBPs 17, FHARE ’ i
HAET CEIRIKIK TAERRE) (GB 5749-2022) = || p
FRIRRAEL,

RO TN AT XA K DBPs 2G5 1
HIRBOR, X T2 A B 5 KA BT BE R A
% (DBPsFP) #470EAL . ORIEA R KA GG 31
REEAE 5, Bl B BRI KA
Abebios, mnEramere | [ N
B RIS R 5 mg L. B TRELFRES F R FLILESESF S
24 h, HlIFIE DBPs AL, 14 4 4t T ART ¥
JKFEH DBPSFP 194375, &% DBPs Fh2sfy 3 FRIIDREINETZAIIERKIIIE DBPs £RUKE
5 TCM. BDCM. TCNM. DCAN. DBCM. Fig. 3 Concentrations of DBPs formed during UV/chlorine
1.1,1-TCP Fl BCAN % 15 2 4 1 %] ) DBPs treatment of filtered water under different operation conditions

MR RIA, FEHN AL IR /KA DBPSFP [A]

I

SRk (ng - L)

v 0 . . ) EE1,1,1-TCP  EEIDBCM EBEDCAN
FELL TCM R £ (5 e 65%). 1€ 5 7K /Y 60 SNTCNM  zBDCM CITCM
DBPsFP 4 38.5 ug'L™", &y MO AIEA [ o JIERS HEKH R

F (413 pg' Lo TP B WAL T /KA ast

SRS IR RS RIRE ), NG R D
ft) DBPSFP HUIC, Bo/MEIUH 129 pg L™, HIXF 2 | 8
BRI MRS 66.3%. SR MR 8 T
A HUIMBTKIERDS SR DBPs Bk 2

J, {HARA) DBPs MHTAYI7E S MRS A di%E 15
SEACHIVERTS AT 2B LR Al A R
B BT, SRANA T2 # b DBPs [

0

DBPsFP AP IS SPoK 5t MR 2% 1 B S FLLLHESES P e e
Koo HTABIFLER, oK) IR DA & it ¥

o AT, SR T4 A T2 0T B Ed4 AEILREINETZAIEFIEKER DBPSFP
DBPs 254 G, sEme =Sk Kk fh 2 2e Fig. 4 DBPsFP of water samples treated by UV/chlorine under
(B3R, SN A TS E TR B 4y different operating conditions

SN A G S ML R G . ARG RF K REREN T 0~5.6 mg- L™, AR TO0 P4
SN 1.07 mg LY, HEms G s e A ] LA KA GBS, DT FE A I s il ok .
2.3 S5ENENYEIRRIRE T

Rt AN E A R G P A LTS Y B R A AR, X i R Gealt i kK i
WA VLS REEAT TR . B 5 SRR T AN & T 2T S /K UV, Al DOC 784k,
5 AL, 4RGN DR e b BRI AR, K UV, IRBRRISE AR NIRRT, 7R
1 m’-h' B RBRFR IR, 208 63%. LANE T it Ext UV,s, BIEIBIERmER, X%k
B, LAMR R IR R K P MU Bk BRI SRTAA 2GS TrOCs (R BRILEEE
1, BR5ULY) (BRI HRORIE ) s R 2B B E it f /N GRIERER RIsh) o AN, AR T4 7K
H DOC MR, HZBRRIEARTE 11.3%~18.1%, Fe KRB FIREAETE K B B ARIEE], N 26.0%.
FKHICEIMEAEE (SUVA) iE— ik Bk, 5085 7KAS SUVA {HZ)h 1.28 L-(mg'm) ™', Z55N5A
REEALPES SUVA fHFEZ 1.0 L-(mg'm) ' IR, FH/IMEIUH 0.64 L-(mg'm)™', FREBKHAHL B —
SRR, ARFSECO2 K, JKiA DBPSFP 5411 SUVA (HEA BIFHIEADCH: . SR T 1 REeshE T
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Fig. 5 Efficiency of UV/chlorine under different operating conditions in removing UV,,, DOC in filtered water

ZACFE DBPSFP /IR A

Kl 6 A THL AN T2 A BT S /K EED R AL . I 6(a) ATAT, JK) BBE/K TP E2E A E
R (X 1) JEFERRISYIT (X3 V) FIER BT (X3 1A 1) BRS8Nk rh etk
B RBRECRA R, mFEEBOImR SRR LN R B A T LG8 2O LY A5 81 B35 5k
(1 6(b) 1A 6 (). BEMITERN DI, MR S AE R IK T 45 B i[RI AT i — 2L B A AL 15 ik
FE (B 3(d)~(D)o RIARITH R AR GBS T PARAFAC 2B, B 1 3 Fiedtdlsr, A8
N 7 iR, Hdr, C1OAJEERIYIN, Ex/Em RN 245 nm/440 nm; C2 A& BRI HL

YR
420 420 0.40
400 400 0.35
0 0
£ =
£ £ 0.25
3 340 G 340
= 320 i 320 0.20
4 300 4 300 0.15
= =
= 280 280 0.10
260 260
240 i W 240 0.05
220 220 - 220
300 350 400 450 500 550 300 350 400 450 500 550 300 350 400 450 500 550
KA /mm KA /mm KA /mm
(a) TRJE K (b) C10 (c) SC . N
B YR
420 420 420 0.40
0 30 %0 033
£ 360 g 360 g 360 0-30
£ £ £ 0.25
3 340 3 340 3 340
i 320 x 320 i 320 0.20
4 300 4 300 4 300 0.15
# 280 # 280 # 280 0.10
260 260 260 :
240 240 240 0.05
220300 350 400 450 500 550 2207300 350 400 450 500 550 220300 350 400 450 500 550
KA /mm 5 A /nm RS /nm
(d) UV3 (e) C115 () Q1

Ele6 REDRENATEHRRKI ALY R

Fig. 6 Removal efficiency of fluorescent organic matter in filtered water by UV/chlorine under different operating conditions
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¥y, BEx/Em S A M 250 nm/420 nm; C3 N5 100 SG mac o
BEEAFRA VLY, ExEm i K{E K 220 nm/ TR g e

330 nm. AN T LKA SIS A

BLAFAO AR, HR T C1. C2. C3 414) % %

MR HHN 61.7% . 71.6% F1 41.8%. JEHHIR & }

K. FEMEAMBEREAREANDELE 5 os D

DBPs (B ERIEYS, KEAHINEREHT

W IE S R R G DBPs 10 2%
Sy BR80T 2o DBPs £ 538 1 2

FHUIHE bR Z MIOARGHE , KA R S AME R B

FEOPIT, SESRANIE S B MG BRI +1 (- oL L BT &
1), RYIIE (50 MRS, AR IS S e d e

0 REARAOCHESS . & 8 AT L, FESANE T Z
HEE SRS UV,,. DOC. SUVA Z i) & B3
/,'-Zl . i3y =B £

)\*ﬁﬂfo ~ \\ﬁl\“ Jgﬁji,b U\fiﬂ\ BOC » SUVA Fig. 7 Abundances of PARAFAC components in water
EBRRAEAS, X5 RINA TN AR — samples treated by UV/chlorine under different operating
. Cl. C2. C34/15 UV,;,. DOC. SUVA Z conditions

A5 IR, SO K AL

&7 AEIREINETZAIERIFKEER
PARAFAC ANERE

S . P AR R
BT A EEH IR . VAT L S 1.0
=4 1) DBPs 2L DBPsFP 431 57K ol o Ros
T A HLIE AR 2 B O DCRIR EAR G, R Y R 0.6
Wi A LY SO R T, SRS AAE ) DBPs 23 oo @ @ « | s )
W%, (155 DBPSFP FOKPIOEH ST BRA vt | @ @ @ @ v o o o o oo |[[07
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Abstract  Against the background of water sources being contaminated by micropollutants, a pilot-scale
UV/chlorine system was set up in a drinking water treatment plant to explore the efficacy and mechanism of
trace organic contaminants removal as well as the elimination of disinfection by-products and the formation
potentials under different process conditions. Results show that the UV/chlorine process was efficient in
removing metolachlor, carbendazim, imidacloprid and other pesticides found in the sand-filtered water. A gross
removal efficiency of 87.1% was achieved under the benchmark operation condition, while an elevated UV
fluence was more beneficial than an increased chlorine dose. The removal of perfluorinated compounds (PFCs)
by UV/chlorine was relatively low with the largest removal efficiency found with perfluorooctanoic acid
(PFOA), which was 46.4%. The content of perfluorohexanoic acid (PFHxA) was found to increase under some
operation conditions. This indicates that the transformation of long-chain PFCs to short-chain PFCs could exist
during the process. Meanwhile, disinfection by-products (DBPs) consisting mainly of trichloromethane (TCM)
were generated with a maximum concentration of 8.8 ug-L™', yet the disinfection by-products formation
potential (DBPsFP) of the effluent decreased significantly. The minimum DBPsFP occurred with the largest
chlorine dose, which was 12.9 pg-L™', 66.3% lower than that before UV/chlorine treatment. Moreover, the
changes in dissolved organic matter in the sand-filtered water were characterized with parameters such as the
UV absorbance at 254 nm (UV,;,) and fluorescence excitation emission matrix. The aromatic and fluorescent
constitutions of the organics were reduced significantly by UV/chlorine treatment as evidenced by the lowered
SUVA (< 1.0 L'mg"-m™") and the prominent removal efficiencies of the three identified fluorescent
compositions (41.8%~71.6%). A correlation analysis was conducted which revealed the strong correlations
between the formed DBPs or the subsequent DBPsFP and the contents of aromatic and fluorescent constitutions
in the water.

Keywords UV/chlorine; drinking water; pesticides; perfluorinated compounds; disinfection by-products;
disinfection by-products formation potential
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