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M 30T 5 H AR e W B s W i se o Bl R N . SR, SEBR I HR S VUV/UV R 25 38 5 R i 3
X, XATRE B HOTEREA R A N o A A 5], R 5 e it =X s iy fe A TRl B9 &8CR—- s B, 78
WSS AR WA S R VUV/UV T2 B it 15 e W (R S W E 98 b 55 /0 kA,
Wl M A T2, VUV GAEK ™A HO- 1)1 72 32 21 o] W 50 185 nm 58 5 (1) JC L 25 104 1 3% 52
Wi, AR IR AL BT id te s = o T, AR T i VUV/UV R 25 A
BT (Cl), kR AR E T (HCO, ). fii IR h (NO, ) I ¥ ff P A5 HL ¥ (dissolved organic matter,
DOM) X it 7 fif 5 15 Y 49 Bl 5 F HE (atrazine) B B9 52, IR H B [RK B 4440 F VUV/UV T 2%
i B bR TS Y B s B B BERE . ASHIFSE A] Sl VUV/UV B AR TE SEBR &4 S B E = i E it 52
1 MR57F%
1.1 iRX5

BT RE R (ATZ) W 86 A % (1) Rl Tolk &R A R A, 4l KT 98%. A ALHh . kiR &
YRR IR B T 2R BRI R A R, YR ali. W . AJE A T AR IR T A ]
g B g ol . T C U T A ALV R ) JE B R (HA) M Tt st il BB A R A |], 4l R
T 90%. Hrris YW ATZ B %) 15 W BE 15 2 M 2.5 pmol-L7!, H2EHy CI'Fl HCO, W % B M 1.0,
2.5 f15.0mmol-L™", NO, ¥EE'E 4 10.0 F120.0mg-L'(LIA), DOM HEBEE M 1.0, 5.0 F110.0mg-L™
(LABRTT) o SN I W38 25 B8 1 /K e il
1.2 LRRERFE

15 Y W 1) % A S B0 FE = O 450 mm, N AR O
K50 mm. AT R 750 mL A = RO £
AT, R AR ERE, POoBE-REKN A voviover

436 mm. AMZ2 K 20.5mm. HE K 21 WA VUV/
UV LT (GCL436T5VH/4, 3ERNE, EHE), A4
SN BN E AN 1

e AT HR B SC g F, &2 DR 10 min JF
JA VUV/UV LT, (S ik S E, I R i e 1?' O %
52 g P AR B8 207K LA AT 48 FAGE v i 14 2 y
AR HEIKHE A S R o i B AR O LR KA
T K HARE, #EORE Al B 1 FERVUVUVREEERESE
WRORGE R 1R R AR JE N B T, R Fig. 1 Schematic diagram of the flow-through
ACERE , HEAT IR 0 BT o 3l 2 4 1) 06 B 2R G e VUV/UV reactor

R AR HE NS # U B (1.5~9.0 Lemin'), 3 10 2028 B U K TE SO i N Y 7K 45 BRI (]
(HRT)(5~30's) A R 3552 1 UV % 565 7] 5 (70.5~423 mI-em™2), 45 UK U8 % i 1 5 S0 S s P %) s vk
25 R AT R T MR SL R . R EE K TR T, BRI IO I HRT TASE b ¥ WG i 2
O 7 BT 422 VAT 6 HR %) o i) o S I 3R R 4 o AE 3R (2542 °C)o LA 2 pmol- L7t A ATZ Sy 8% 71 £ [v]
SHIUV LT (GCL436T5L/4, 3R, L) T EHOGM, BiE RN UV SRR 141 mW-em 2,
1.3 PHAEE

HAR15 94 ATZ vk B 3645 C18 (il At (L4, 150 mmx2.1 mm, 3 pum, &) /& 801K
FHEE HPLC(ZHEMR, 1200 R4, £E) kW, MERMm N Wb 285 0.2% R KH
AT L 75:25), W 0.8 mL-min', KRN 40 °C, KWk KN 234 nm, HEREARFR N 50 uL.
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(B HE, TOC-Vepy, HA)ME. pH i pH it GEZ AW, PB-10, fEE)ME .
1.4 VUV 3 -FIRULEE 6l
FKANA [ B0 185 nm VUV A A [F A EE 7, AR =X (1) 7T RATHE K g B Vo S+ 1
WA LA
a; &C;
fi:m:fa&-ci
KA foAYRNT 185 nm VUV JaF IR LB 5 o, M5 i 76 185 nm AL BLGLIRGE, em™; & K
Yy B AE 185 nm Kb (1 BE R WL R £, L-(mol-em) s C AW BT EE , molL™'s a7k T A W) ot
1€ 185 nm Ab B B OB EE , em's
2 #ER5iTE
2.1 SEFXATZ FERAISN
i i 2 VUV/UV B 8% H CUHR BE X ATZ B i i g 45 2R an b2 e o sl I 2 /T 0, ok
ClIAFAE R VUV/UV T A% ATZ BRE e, H CUMREE MR, Xt ATZ R fie 30 F2 Rl s o 2448
WEI ] 2h 30 s i, 76 CU N 1.0, 2.5 F1 5.0 mmol- LM E W, ATZ 2R s mah R
57% 53 il B 2 42% . 39% F1 33%(&] 2(a)). Xt 4% ClUHe R AN [ 4 B8 st 0] Bf ATZ B R e R ik 45 40—
P B I A R LA BB AT (R > 0.96) 0 00— 5 M 38 3 B K woviow A48 FI 41 HR 11
0.029 4 s™' 43 B FEAR ZE 0.021 5. 0.017 7 A1 0.015 0's 5 1l ATZ ££ UV F & A& B 12 56 W A 110 3 R 5 4K
Koy M 0.0125 s 3XFRM 1.0, 2.5 F1 5.0 mmol-L™" CL X VUV T #R A ATZ [ it 5 38 4K &, yon (B
K voviov—Kappov) B FR BE 53590 1 47% - 69% FiI 85%.
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Fig. 2~ Concentration changes and rate constants of ATZ degradation and the ratios of VUV absorbed by water in the flow-
through VUV/UV reactor with C1 of different concentrations

CIXF ATZ FEMA IR AT IS T RUF 2 45, — 51, CUFE 185 nm Ab i) BE IR W IS 2R 508 K (e=
3500 L-(mol-cm ™), MR (1) 3455 A48 1.0, 2.5 F1 5.0 mmol-L™" 1) CI'7E 185 nm &b iy B3 W 5
SR 3.5, 8.8 A 17.5em™, MWK BN IEE R 1.8 em™'(25 C)P, X FRM, MAKBEWRHP FH 1.0,
2.5 5.0 mmol-L™' i CI'}, VUV/UV & i 185 nm &b VUV Y6 7435 R AT 34% . 17% F1 9% i 7K
W (E 2(b)), VUV HfifE K 7= A 1) HO- MR B AR X 28 (AL b i vk B 0 8 B AR, X2 380 ATZ B 52
ey EEEHE . 5 —Jri, CUAE VUV IR &7 4 CI-X (2), 1M CI- X4 5 CI e =z A=
B ClLo-(3X (3)), CLAALPEsE, Wi CL -EALMER S, —F'5 ATZ B 9038 5 505 5N 6.9x10°
L-(mol-s)" 1 1.0x10" L (mol's)" ), ClI-5 ATZ % s b i 1 £ 2/ & HO- 5 ATZ i 5 1% 1 (5 & )
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TR R R 2.3x10° L (mol-s) ', W] ATZ R RE S Bk CL-E AL T FEAR . B IE 2(b) T, K
WO CUAFAERS th VUV TR ATZ R fiff 33 30 8 Ky vy B9 T BERR AR T VUV LT 8 CL IR
e 5] (an 5.0 mmol-L™" B 4 85% vs. 25 FH 4L 1Y 91%), Ui B CIU7E VUV 8 §F T 7= i 364 A i
(Cl-. Cl, 55) B SLTE ATZ B ff it FEh R ¥ TR . TREEEMNE, B CLATReS 5K HO- 45
B CIHO -, HEX AN 2 R 2 i) 396 1), FL 3 iy o 5 8 O il R (X (4)), BT D S &7
Y1 CIHO -1£ 7= A= J& 4> 37 BV B i 75 v A2 i HO-, (ALt CI X HO- A9 52 i ] LA Z0 % 5121, AR aIF 5% v
VUV/UV $5 BN CUXF ATZ B fife i 300 ) A2 B2 W& & T YANG S5 76 4045 It SO e I AR 21 g 25 10, 3k
BH SN i PN P O A 0T I A T BB AT — 2 . RV &, CLX VUV/UV T2 B i K b (i v e
YRy sZ R R E RIS A B R . MBS R UV BEOLM R E 5 A A
RN R, CUXF VUV G 19 38 4 0] B T 8005 Yo (40 — & £ JE W TR R ') 8 fff 1 568 1 90% LA
R RESE . Y H AR Y 5T M S H B SR O R O i S HOA RN R I, CUAE
VUV G55 T 2 AR R iE S B R SRS TS 4 (R = ™) A BE AR

hvigs

CI" = CI' +e,,(® = 0.4 mol - Einstein ") @
Cl +CI" — Cl; (k= 6.5x 10’ L- (mol - s) ") 3)
HO +CI” = CIHO (kg = 4.3% 10° L- (mol - 5) ™" kzy = 6.1 10° L+ (mol -5)™") 4)

2.2 WEX ATZ [EfRR ST

i 28 VUV/UV R 4% H HCO, e B2 Xt ATZ BIRE i S2 m 25 S an i 3 fiom . 5 1k CUAFAERT i)
SR, MK HCO, Wk My, ATZ MRz 207 B B 093046l . 24 HCO, ¥R EE R 1.0, 2.5 il
5.0 mmol-L™", %R B RS [H] 2 30 s BF, ATZ Y 22 R #8535l Ry 49% . 35% F1 29% (] 3(a)). X I ik £
HCO, Y& B T A [7) i HeE e (1] 7y 6 igp 50 4 A7 40— sl D3 2 400G, 45 380 0 R Ak 32 5 8 e ooy 20711
4 0.024 0. 0.014 8 F10.011 557" (R*> 0.98).
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Fig. 3. Concentration changes and rate constants of ATZ degradation and the ratios of VUV absorbed by water in the flow-
through VUV/UV reactor with HCO;~ of different concentrations

HCO, %} VUV/UV % BT ATZ [ i 169 5% Wil v DR800 FE PR 3 =0 R A T 1T B . HCO;
1E 185 nm Ab 4 BE JR T2 56 R %X (e = 290 L-(mol-cm) Y i /il F CI-, AR #1, 1.0, 2.5 F1 5.0 mmol-L™
() HCO, 1 185 nm 4L A B 407 W O BF 43 51 o4 0.29, 0.73 F1 1.45 em™', £ 43 B WU 14% . 29% il
45% 1) VUV SF (B 3(b)), FBUKSFHE VUV 54 T =4 HO- Wi 2 219l . (AR F CIHAELE
FAEO, E R (40 5.0 mmol-L™YHCO, X} VUV Y&+ 1) 35 4 W IR B 776 /N F H X VUV 5Tk A9 ATZ
Rok figt 0 300 31 2 B (43 0 M 45% FN100%), 2% B 6 sk HCO, Xt HO-RY 7 BR A A T Z0m% . FH 52 1,
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HCO, %} HO-f¥ — 2% J i 3 % % %0 M 8.5x10° L-(mol-s)™', 4 HCO, ¥ &} 1.0, 2.5 1 5.0 mmol-L™
i, HCO, X%} HO-fY 14 #E 33 R o 8.5x10°, 2.1x10* #1 4.3x10% s, 43 %] & ATZ %t HO-IH #E63# F (5.8%
10°s™) 1 1.5, 3.7 f1 7.4 4% . X R HCO, ¥ B A (40 1.0 mmol- L") B, ATZ B fiff 35 52 (1) B AL AT
PL 3 HCO, %t VUV BYROESON K i e 5 124 HCO, e BEAS T (40 5.0 mmol-L™' A b)Y i, B& T ik
R AN, HCO, X HO- 5 19 78 B AR It 2 5 30 ATZ i fiff % 0 25 I A J 22 )L o 5.0/mmol L
1) HCO; A DL 58 24l VUV TTRREY ATZ R, i ATZ HAATE UV T B BLHEOERE R . BIAR
HCO, 7£ VUV $ 4t T DL A3 B HO-fy b 72 h 25 7= A2 3 A i 2 €O, (3K (5)), fH €O, -5 ATZ i —
N T H BN 4.010° Le(mol-s) ' ' 5 HO-[AH LA T 1 000 £% LA k., RIE CO, -5 ATZ 1 2
N FEZ AR Z2 AT LA Z G o BRAh KRB EE A 3 45 Ok pH 9 T e 24 HCO, VR B2 4371 A 1.0,
2.5 F1 5.0 mmol-L™' I, WA pH 239 4 7.8, 8.2 F1 8.5, i HO-A4E ALk J5 oo {37 76 7 pH 4140 B A
JE R REDT, Xt 58 ATZ B ol R R AR I 2 — o AR 5 T HCOs X VUV/UV T2 B fif
ATZ 153 Wi A2 B R AR 35 T YANG S5 76 4145 U S s 19 45 103, {H HC Oy X AN [R] i 2 1 2 5 L
15 Y Wy 1 o A AR B R RIOR . SR R AE T CO, - 5 R 4 16 B 4w 5 G W 1) SR 3 1 AT
P ARU™, xfl L F 30 A A ) S AR o

HO' +HCO; — H,0+COj (k = 8:5x 10° L+ (mol -s)™") (5)

2.3 FHEREL X ATZ [EFRHEVE IR

R VUV/UV RV 28, NO, Y B X ATZ 8 W i 52 i 45 S AN 4 ff s . NO; [l #E al 41 441
ATZ B B . 2448 BRI ] o 30 s, NO, & 10 mg-L ™' 20 mg-L ™' i, ATZ Y & it 2R N 25 41 iy
57% 53 5K 2 42% F1 40%(J&] 4(a))o Xk 2 A HEBE (10 mg-L™" A1 20 mg-L™") " AN [ 4 RE R[] %) % i
RPFATE R T F UG, 15 B R B Ay vovoy A FTEL 9 0,029 4 571 43 I REAIR 2
0.021 1s' #10.0190s™' (R*>>0.95).,

NO, 7€ VUV §& BT X} ATZ B ff 52 ma I F— R LA, B 58, NO, 7E 185 nm Ab (4 JBE /R W 5t
Z 0 (6 =480 0 L-(mol-cm) ) % F-CI", 10 mg-L™' 1 20 mg-L™' NO, X} VUV Yt 7 159 W i kb 451 43 531
66% FI 79%(FE] 4(b)), 1 T AN S F VUV BTHK 9 ATZ B A 3808 5 8 kyppvov 19T FEARBE (53 501K
49% 1 62%), VLW ATZ B T 8% VUV $i B K 5377 A2 1) HO- Ak A0 i 77 78 Al A9 5 i i 4% . =5 52
I, NO, £ UV 45 I8 R Al LL P24 NOy-F HO-(3X (6)), {H 1% 5 I £ 254 nm 55 B R 19 & 7 7= RN,
76 185 nm 48 M8 R (1 7= R4k, FrlA VUV 8 IR NO, 7= 4 /) NO,- Fll HO-2: 1F — E 2 | #h
Feok A et A 3. B PR R, UV SR A R T NO, BIAFAE T RE SR UEK TR H ARTS

1.0 ® 0.032
\!\ Ak 11.0
" ; L1k,
08 F e —~——e
\ —s T 0.024 h —o— KW VUVLELS] 108 _
= ) £
_ 06f — , I—r AN >
g " “ 0016 AN =
X T < 42 ég Z
04F me—uv < {04 =
—m— VUV/UV o 2
0.2 | —<—VUV/UV, 10 mg - L"' NO; 0.008 r T~ . 1o
—»— VUV/UV, 20 mg - L' NO;
oL . . . . . | 0.000 0
0 5 10 15 20 25 30 0 10 20
AR IR A]/s NO, ¥Ji/(mg - L")
(a) HepEAAL (b) B HAUKEVUV L]

B4 FEMERERE TR VUV/UV [ B35 ATZ FERR AR B3 40 AR 3= 8 B KK IRY VUV EE )
Fig. 4 Concentration changes and rate constants of ATZ degradation and the ratios of VUV absorbed by water in the flow-
through VUV/UV reactor with NO,~ of different concentrations
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Yy Wy R, R PR R RETE T NO, 7EAR % K (< 240 nm) 48 BB T 774 T 48 btk A i Jt . A BF5Eh
NO; X VUV/UV 5 B8 T ATZ B fid iy 41 i B2 AR F YANG S or 45 5810, R R 2 7E T e 4 R
FHAY NO, ¥ 5 57 5 .

73— 7T, VUVEEBKS FR T ™E 0.050 1

4
HOSh . 62 [ W 7 A 3 JEUHE 9 01K 45 o ool .
e, + MK NOS B H NO, . 534, NOJHy T e
T VUV S fif B £ 77 24 NO, (3 (7). {5 NO,” g ooy /4’;‘
TE 7= A 1Y 6] B 3 fig g HO- P 3 4801k o NO, (X § 0020 L /4’/
(8))o N ML 7E 45 5T NO, 5% Wi ATZ [ i i 5 2 =) /:/
L W T NO, I NO [k S AL, th A S 7T v} 7 TN o,
UL, R T NO, O Ve FE B R 1] 0 A £ \ =
i 2 M AT, 10.0 mg-L ™' NO, 76 VUV/UV 43 I8 TOTs 0 1 w0 25 %0
30 sJi, NO, W B2 M S 4 (19 0.008 mg-L™! A LN sjajaﬁ‘q,m/s -
THE % 0.040 mg-L™", ¥/l K 0.032 mg L 5 ;Fmﬁéﬂﬁm'&gga’i;ggﬁcww 52 o 88 o T
1M 20.0 mg.Lil Y NO;E AT 6 458 B AT Fig. 5. Concentration changes :f NO, in the flow-through
NO, #& B M\ J i 2 4 7Y 0.010 mg'L™' F /& & VUV/UV reactor under NO,~ of different concentrations

0.047 mg-L™', ¥ E B & 0.037 mg'L'. i

NO, By #e JF R AR B AH & 47484k, 10.0 mg L™ A1 20.0 mg'L ' NO, 7E # VUV/UV 48 18 30 s (40 i 1Y
UVl &8 423 ml-em®) 5, WEMWREY HEEM T 0.lmg L', X —%5 R RUITE NO, R °h 10.0
mg-L™" F120.0 mg-L™" B, NO, A& Bl 2 9 BR Al P 28 I 2 NO, By M B, 1Ml 7T i 2 S i AR 3R il it
P b R AR AR o B R R W MR e, T AR A PR R AR B BT R, HO- U 2 B
NO, %8k NO, o 3 ¥ J7 11 Jit PR A [R]  BO7E L S 45 44 NO, iy AR Wi AN iy o ASBiF 58 H NO, 11
Az B AR T HAN S5 A6 AT AR B Ry I A A5 31 g 45 SR 21, U BH SR 2 17 2 P I8 TR 1) 97 A4
Al REZS IR NO, ] NO, [ 5 ik o W ASTR 32 — R BUm Y . 76 2 B A PR H 7K br o b 8 A B 1 1 PR
B Flan, F&EKHAKbAER HE NO, e BE AT 1.0 mg L'(LA N IF), TZERCE BbrfET, X
— PR AR 0.1 mg L' (BAN ). A 5256 v 38 F A9 NO; ¥ B R 3% 1 2 R 7K A o Hh & 19 NOy I
PR SEER 25 R B, VUV/UV PR ik K R B b B T2 DL A BR oK h i i A WL Ts L e, o
UV &k 400 mJ-em™ ZE 47 B, A2 A NO, A 237 bR i XU .

NO; +H,0 N NO, +HO +OH ™ (® = 0.017 mol - Einstein™") ©
NO; it NO; +O(® = 0.001 mol - Einstein™") .
NO; +HO — NO, +OH (k= 1.0x 10" L - (mol -s)™") ®

2.4 ABMEBENYIX ATZ EEHNS T

FEE T VUV/UV R 25 FR, DOM ¥k i XF ATZ & i i 52 i 25 B & 6 fros . 525 4l M
e, DOM RN 1.0mg- L' B, Xt ATZ (R JL-T-3A 50, 1124 DOM ¥R K E 5.0 f110.0mg-L™!
F, ATZ () B A B 5 32 2046l . H DOM ¥k B =y, ATZ PR gl il iy #2 B2 K . VUV/UV % R
30s, #£ 1.0, 5.0 f11 10.0 mg-L' DOM B2 T, ATZ 2Bk R0 514 53% . 39% F 35%(& 6(a))-
XF 3R 34~ DOM ¥ B AN [7] HRT B 19 B A 25080 2547 00— 0 3 i 22 B0 G, A5 21 00 I i o 32 0 40
Kppvuvioy 2390147 0.027 6. 0.018 7 Fi10.014 8 s7'(R* > 0.96).

DOM X VUV/UV T.Z B Al Wi mib A 2287 NS 5, 82RO,
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_ 06 ﬁ\it—i B e oo 2
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Fig. 6 Concentration changes and rate constants of ATZ degradation and the ratios of VUV absorbed by water in the flow-
through VUV/UV reactor with DOM of different concentrations
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Effect of water matrices on atrazine degradation in a flow-through VUV/UV
reactor
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Abstract In order to explore the impact of complex water matrices on. VUV/UV advanced oxidation efficiency
under continuous flow mode, the degradation of atrazine (ATZ) in water with additional chloride (CI),
bicarbonate (HCO; ), nitrate (NO; ) and dissolved organic matter (DOM) at different concentrations were
investigated in a flow-through VUV/UV reactor. The results showed that all these water constituents had some
inhibition effects on ATZ degradation. The ATZ removal decreased from 57% in deionized water to 33%, 29%,
40% and 35% under the largest investigated matrix-concentrations at an irradiation time of 30 s. These inhibition
extents were somewhat different from those reported in batch reactors in literatures. The reduction of ATZ
removal could be ascribed to following reasons. On the one hand, all the three anions have a certain shielding
effect on VUV irradiation, following the order: NO,” > CI" > HCO; . On the other hand, reactive species under
VUV irradiation, such as Cl- and Cl,"” produced from chloride, NO,- and HO- formed by nitrate, could
supplement the concentration of oxidative radicals in water and contribute to ATZ degradation, which resulted in
a lower reduction of ATZ degradation contributed by VUV than the proportion of VUV photons absorbed by the
anions. In contrast, the strong scavenging of HO- by HCO;™ led to a significant reduction of ATZ degradation.
The reactive species generated from DOM at low contents could counteract the shielding effect, while DOM at
high concentration still’had a prominent inhibition on ATZ degradation due to its remarkable scavenging of
HO-. The specific energy. consumption under the investigated water matrices ranged between 0.61~1.56
kWh-m™.

Keywords -vacuum-Ultraviolet (VUV); advanced oxidation processes; flow-through reactor; atrazine; water

matrix; energy consumption
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