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fE % B PR A BB VA B SR K R TOC 22 B8RS 4598 i 4 Xk UV/CL, s AU
SRR AU 50
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1.1 XWEE

TSSO BN | TR, AR NAR N 46 mm, FEEEN 20 mm, JEHSHCERLIBEEET . A%
SEAMIE Y2 50 mm (9 ESI RRE 2835, I 8%
S TOU DAY 0 L 7 £ 79 9T 11 7 20 2285 4 4 AN AR I 1
2240 LED.  LED J't I BE 25 SC PR IET 10 mm. 4 e |
LED %25 51 7 17 5 35 U5 A6 00 T T 1% TP e .
HL T BRSO 10 mm Ab S8 10 P 20608, 455 LA | [

R B

4HNLED

12 SR AHE
H &6 8 127252560 % 0.3 mmol - L' IR

FIRGNFEW, LED BRGF—Bemfalje, FISE4har Wy BT SEge En A
FOCE N E ST . A HIEFRAFLLK L5 Fig. 1 Schematic of experiment apparatus
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Table 1 Properties of LED devices with three wavelengths

pCBA™,

UV/CLZBRA MY S8 b, WIRBUKGIRAE  tepsewmprn  misks T s T Zﬁﬁ
IKIFRARGRIE TOCHI N 6 mg - L, UV/CLALFR  hbiikmm  Hifima HLTE/V Gsvléi)
J5 P Na,SO, T AN, AT BLBE 43 B 400 52 - - 0 e
TOC., S FR 7K 5255 >R FH i PR b 3R 7K T 7K 5 ki 7K 275 80 138 0.360
At FE AR KT K, 4t 0.45 pm JE R )€ 286 40 105 0352
JEE HOKBLSE, 5 R N 2 s,

£2 HRAKBEKKRSH
Table 2 Water quality of surface water and reclaimed water

IRAARAL TOC/(mg- L) COD/(mg- L) pH UV, % /(mg+ L7 L) CaCO, 1)

HuFeok 271 5.54 7.79 0.042 109.8

K 6.21 7.06 7.87 0.118 122.2

BRAFIRULEIAN , ARSI B pH B A NaClO J5 M HGR IR pH, HASIIAZE Wi
13 BWAESTHE

H B BRI AT — BN 8 177 o o TS [R) S 36 2 B T A0 S8 O L IR BE AN R] Sl 584k
0 TSR DAY B B0 )~ H Rk R — R S, HOR R RS BT R o (BT mol DT #EH UL 4y
fift S B B B AFAE AR E SC & . BOLTON S8 Y UE A SRAT S G IR B v~ A B AASGHE S 1 1 S A
T ARG R 15 Bl S R AR

1 1
B o= n| 2= a2 (1)
F e It Cp
R UAR 5
T n(10)e, @

A FREINE, m] - em?; oo FEEBWERE, mol - L'y IHEINERE, mW « em™; ¢ i RGTE
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B, 85 e JIBSERVEIE  mol - L's k' WEIHEAM, m - Is Uy MEEAOL TRERL: o WAL
., L+ (mol + cm)"',

pCBA K SERAT A SN EN 1% , K3 AE 1] A HE BT T RAMARIA (). A0
SEHNSR R ER I [ P B B BE I ) R B A TR E AT 45 20(5), X — BB AT T He B[R] LED Hi S AH [+
)R 2 A R SR KR

_dc[pcm]/dt = kp(IBA,-()H * Crpcat " Croom (3)
lnc[pCBA]n - lnc[pCBA] = kpCBA,~0H : IC[-omdt (4)
lnc[ pCBAL, lnc[ PCBA |
([ eromde) 11 = p - (5)
pCBA, - OH

¢ yepn) M pCBA BER T ZZ AL AR EE . mol « L5 ¢ op0), N pCBARRIRYESE , mol « L' kg on W 2R
RS2 58, 5%10° L+ (mol + s)'o
2 #RE5iTie
21 X@EEhh=E
LK, H SR MNBS T R RN, RN 252 m F i SR, TR A AR
1EpH=4 1, [ & EEIR AR HCIO(A,, =237 nm), YR LI UV,,> UV, UV, LA 78 pH
=100, ARANEZIEERECIO(A,,=292 nm), JEffE R 2 M (LK 2(a). 7FpHBERT, HAHE
e AE, EIMNE KT A B SRR K, A hEICERINE L, e R,
pH Zxif it 520 HC10 F1 C10™ (1) 43 Be I e 252 B BE A0 AR i N TA) pH T i 2R 52 B pH10>pH7>
pHA LA . —J7iH, BMEESR, ClO 20T LUK, C1O7E 250~300 nm 2 [H] /) BE /R W 5 R EGE R T
HCIO(WLE 2(b)), PR RE RO 55— )5, HOC Y SN & — N AT 33 [ i 58 50 (FE I A B L
PR IEBL R, RT3 R ORI ), R R (9)H HC10 AR i, (ERRIE S 1F R ClO Ay A3 Al i, R
A HC10 8 CLO 1) S B ASAFAEDS,

HCIO + UV — OH - +ClI - (6)
OH - +HCIO — ClO - +H,0 (7)
Cl- +HCIO — ClO - +HCl (8)
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Fig. 2 Changes in free chlorine concentration during photolysis process and molar absorption coefficient of free chlorine
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T HAMEAERKFEZES . pCBAYS - OH N # %R
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S5 hh i B VB S M BB . 7 pH=4 M pH=7 4
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W, TR R, AR A i AR EKE
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(b)), PRI hEHR KT R

pCBA T 5y ) 2 H £ BE % W] £z S w2 56 A
P A LR, SR A — R Bl %% 341> pH
21 UV/CLAK Z 0 pCBA B B i 017 P00 (L 2%
5)e AFEpH T, LIRS 10 & ik
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Table 3 Kinetic constants and quantum yields of

chlorine photolysis under different conditions

Wk/mm  pH k(2] U, - (m:l“_/cm)_]) ¢
267 4 1.273%10*  4.48x10° 32.7 7.57
267 7 1.444x10*  4.48x10° 72.1 3.90
267 10 3.413x10™  4.48x10° 167.9 3.96
275 4 9.17x107°  4.35x10° 27.3 6.35
275 7 1.666x10*  4.35x10° 93.5 3.37
275 10 3.755x10*  4.35x10° 252.6 2.81
286 4 7.24x10°  4.18x10° 27.0 4.87
286 7 1.464x107*  4.18x10° 120.5 2.21
286 10 5262x10*  4.18x10° 341.4 2.80

F4 RE3min FEIMNEERENZEBHERDNE

Table 4 Integral values of hydroxyl radical corrected by

UV intensity after 3 minutes irradiation

s b A A i AR
pH=4 pH=7 pH=10
UVsgr 61.02 11.42 2.53
UV, 46.11 8.07 2.56
UV g 18.34 5.08 3.00

Y+ 13 B =( [ oyde ) /1, B K 10 mol -+ s - em? -
(mW-L) '

£S5 AEEGTpCBAMBRHNFEH
Table 5 pCBA degradation kinetic constants

under different conditions

k/min™! k'f(em?-m]")
LI S
pH=4 pH=7 pH=10 pH=4 pH=7  pH=10
UV, 0.5396 0.0852 0.0171 0.0415 0.0060 0.0012
UV,,s 0.6957 0.1046 0.0315 0.0321 0.0049 0.0014
UV, 02730 0.0550 0.0370 0.0128 0.0026 0.0017
Jes4E 00019 00087 0.0052  — — —

FH i 2 e T L g D e, L bt AR B 55 9%
FARE M SR TR S A AR R SEBR R YE BN .(10.5 min AP, ZEINGETC 58 AR B2 55 M IR
WA, BARKHFIRE R TOC B %2k, 76 pH=4 fl pH=7 %/, HRTILREHUV,, >
UV,s > UV, fUFRLEE; 7E pH=10551F T, LR R B UV, > UV, > UV, BELE ;. AR pH AT, &2
B pH4>pHT7>pH 10 FHLEEILE 3(a). (b). (), X5 UV/CLIRR I [H h A s A —B, v LASSIE AT
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kghie.

IR R R EEE R YIS EALT 0.3 mmol - L, FERH™fb Z bifi Jin Sk
M B, H A REAE 2R HOLE 3d). PSR 0.3 mmol - L AH], w2 M T4 0.6
mmol « L', 16 mg + L"HER(LATOCTH) B 2R MTHEHFLHE T 1 mmol - L7, BRI 13N 60%, X
ESEBREE R 7Y N 15 5] 0.45 mmol - L7 F10.6 mmol « LI, INGEHE AL E 1L R BRI A
%, WRKEHEIR 237 nm, LRSS,

80 80
60 + 60
B %
g 40 + g 40 |
= =
20+ —o— 267 nm UV/CI,, pH=4 20+ &4 —o— 267 nm UV/CI,, pH=7
—4— 275 nm UV/CI,, pH=4 —4— 275 nm UV/CI,, pH=7
—o— 286 nm UV/CI,, pH=4 —o— 286 nm UV/CI,, pH=7
0(‘ 1 1 1 1 OL L I L I
0 40 80 120 160 0 40 80 120 160
SO/ (m] - cm™) LS /(m] - cm?)
(a) pH=4 5 # =03 mmol - L' TOC=6 mg - L (b) pH=7. % /%=0.3 mmol - L' TOC=6 mg « L"!
16 100
80
12 +
& S 60t
8 5
2 >
Iy Z a0}
4+ —o— 267 nm UV/CI,, pH=10 —o— 267 nm UV/CI,, pH=7
—a— 275 nm UV/CL,, pH=10 20F —a— 275 nm UV/CL, pH=7
—o— 286 nm UV/CI,, pH=10 —o— 286 nm UV/CI,, pH=7
02¢ - s s - 0% : s s : : ;
0 40 80 120 160 0 0.1 0.2 03 04 0.5 0.6
LeHMHHRS/(m] - cm?) Sk /(mmol - L)
(¢) pH=10 %{##=0.3 mmol - L' TOC=6 mg - L' (d) pH=7 . TOC=6 mg - L', UV, UV, FHIUV, H&GIH][H]

A3 08.5 SHIS min, LUfIELESN IR
SRI N E-2 i ek S o Wl i (S
Fig. 3 Mineralization rate of formic acid under different UV doses and chlorine concentrations
24 UV/ICLEBRKGE
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WA SHRMRNL, BIERmdtm T RRE,
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Fig. 4 Mineralization rate of salicylic acid under different UV doses

06 r — 0.6mmol - L' Cl,, pH=10 15 ¢ 7 DVICL. ot
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Fig. 5  Absorption spectrum of salicylic acid and free chlorine and mineralization rate of

salicylic acid under different chlorine concentrations
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2.5 UV/CLAMZE L PR7K

TESZIG RIS R (76.5 min AN), 7EARINGE . SAMEBREOL T, SEhRKEE TOC A S B FEAL. h
T F KA K pH 590 M:, & (NaClO)E, pH&dt—4 FFAE8.2~8.8 8 f . Hifii, KRPEE
B COIE ST . SEAME G WA A — 3, X R OK AR K TOC EBRFE I UV, > UV, >
UV, LA BE I S 3 R LR 88 S AR (L3 6), HH UV, UVy. UV, JREFEFE] 5350 R 76,5, 45
45 min, DARIELANRIEHET, JCE A0 B AL N I 8] 4 76.5 min.

K6 HMRKIMBEKTLE

Table 6 Mineralization rate of surface water and reclaimed water

; KT % A KT 102/ %
AN KA
fN%4.0.5 mmol - L' %4 1 mmol-L! 482 mmol- L' 1454 0.5 mmol-L'  J%H 1 mmol-L! %542 mmol - 1!
UV, 2.10 10.78 14.03 6.78 12.60 14.87
UV, 2.90 14.66 17.95 7.99 15.07 17.67
UV, 3.30 14.62 18.35 8.11 16.65 18.48
TEEA 1.30 4.69 4.95 <1 <1 <1

T UV/CL AR Z % A7 HL AU S R I 25 1) 4 030 r— g
0 min

WAEDL, R UV, d8brit—22 0. K6 B T R 025 &5 15 min

N N Y 30 mi
IR T 5 4% 065 0] 25 UV oo A8 ARAE B o Hh T C1L7E 254 nm 020 | 3 45 min v
b FLAT—E WO, B B AR IA R IER 2 ost 7

&z

G, UV X RAEARRFEE I TR TC LA R 5 ot 0.10
%%EP ) EZ:IE]HQLI‘EH){@ UV254ﬁég§j(ﬂ:bﬂ{%ﬁﬁ; ﬁﬁﬁ UV286 0.05 +

lﬁ‘gﬁd“l:’ UV254j(j(F%,ﬂio ﬁﬂ%iﬁﬂ 1 mmol - L_l\ IH-»E\ETJ_ 0 S
45 min (9 5 (F R, UVo M HOI SR RTREAIR 29 70%, i O
i o = 75 75 &
RIS 5 Y A W1 . R
3 &g FI6 UV, /ClLANIEE A K UV, M
1 1 UV/C12%ﬁ/§L’fA{Q{$/ﬁZ§ i, £ HN KX HCL0 i Fig. 6 UV,,, changes during reclaimed

water treatment by UV, /Cl,

ClO Z k= B M AT M d ke ig
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BB HCIO W s, & PRk, A MBEREACER K, k&0, RAPOBERK R R BT
292 nm i LED, RS RF/= 500N, HFREIEA CIO W, [ ARk KR,

2) TEARIA pH RIS S5, R FUK R A4 SR 5 058 )l 5528 O Sk — 3 (A7
B SR, TR IR SRR AR BRI TE AL, 3 R LED B PR AR 252 AN i .

3) FE S Briz FH UV/CL, B AL T 20 A B 1) S PRk AR, — B8R R 230 292 nm (1) LED 1B 4841
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Effect of ultraviolet wavelength on organic matter removal from water by UV/
Cl, advanced oxidation
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Abstract To determine the effect of ultraviolet wavelength on the UV/Cl, advanced oxidation system, Cl, photolysis
kinetics, free radicals generation in UV/CI, system, TOC removal from model compound solutions, natural water
and reclaimed water, were investigated by using light-emitting diodes (LEDs) as ultraviolet light sources with
central wavelengths of 267, 275 and 286 nm, respectively. The results showed that in neutral or acidic systems,
267 nm is the closest wavelength to the maximum absorption one of HCIO (237 nm), and higher absorbency and
quantum yield of chlorine photolysis reaction with UV, than other two wavelengths occurred, which could lead
to more hydroxyl radicals and higher organic matter removal efficiency. In alkaline system, 286 nm is the closest
wavelength to the maximum absorption one of C10™ (292 nm), compared with other two wavelengths, the quantum
yield of chlorine photolysis reaction with UV, is lower, while the absorbency is considerably higher, and a
higher organic matter removal efficiency was also obtained. In addition, salicylic acid removal by the UV/Cl, advanced
oxidation system with UV, was weakened due to its strong competitive absorption near 292 nm. It needs to
consider absorbance, quantum yield and competitive absorption when the appropriate UV light wavelength is
chosed for UV/CI, practical application. Generally, good performance of the UV/Cl, advanced oxidation system on
weakly alkaline natural or reclaimed water treatment could be achieved when using 292 nm UV light.

Keywords wavelength; light-emitting diode (LED); UV/CI, advanced oxidation; organic wastewater treatment





