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Abstract The chlorine/ultraviolet (Cl/UV) process is suitable for emergency ammonia nitrogen removal for wastewater of low organic
pollutant concentration. In this paper, the performance and influence factors of the Cl/UV process on ammonia nitrogen removal for
membrane bioreactor (MBR) effluent were studied, and the optimum process parameters were determined. The results indicated that
with the same CI/N, a superior ammonia removal efficiency, as well as a lower total chlorine concentration of the effluent, was
achieved by Cl/UV process relative to breakpoint chlorination. The fluctuation of influent pH value within the range of 6.5~8.0 did
not affect the treatment efficiency significantly. When the influent ammonia concentration was less than 12 mg/1., the CI/UV process
was considered more economical than breakpoint chlorination, and an optimum Cl/N could be calculated by the fitted equation given in
this paper. An excessively high influent COD_, ( >50 mg/L) would lead to an increase in the required Cl/N and the C1/UV process was
not effective in removing COD,. The disinfection by-products from the Cl/UV process were mainly trichloromethane, trichloroethane,
trichloroacetaldehyde and dichloroacetonitrile, whose concentration increased with a higher CI/N and a lower influent ammonia
concentration as well as UV dosage.

Keywords chlorine/ultraviolet( Cl/UV)  denitrification membrane bioreactor (MBR)  response surface methodology ( RSM)
disinfection by-products ( DBPs)
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Fig. 1 Influence of CI/N on Effluent Ammonia
Nitrogen Concentration
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Fig. 2 Influence of CI/N on Effluent Free Chlorine and Total Chlorine
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Tab.2 ANOVA Results of the Fitted Equations

5iH F—ARE 5 IR
& C/N ik CN
R p fH 0.000 2 <0.000 1
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il p 8 0.009 3 <0.000 1
R? 0.972 1 0.998 3
R, 0.9323 0.995 8
b 22 0.128 6 0.048 6
KT pfH X, 0.083 0 <0.000 1
X, <0.000 1 <0.000 1
X, 0.794 7 0.000 9
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Tab.3 Factors and Levels

AL 5 1K F B H
Az IH T

-1.6 -1 0 1 1.6

WMIHEE(X,)/  5.00 9.05 1500  20.95 25.00

(mg-L7")
CI/N(X,) 1.00:1 2.01:1 3.50:1 4.99:1 6.00:1
UVHIE(X;)/  25.00 90.88 187.50 284.12 350.00

(mJ-em™?)

A= (10), K% (£ 4), B8 p HANT
0.01, BTG A DL A B R HLAT I 2k, AR ) 2
I p (HRT 0. 05, L4 PR R 5 LA R G 4l 5
2R R R LI, IR R® KT 0.95,
LI 95% LA - 1050 HiE 72 53 1 359 3 Ao A5 7 fie
DRI, A6 75 31 A 502 40 700 T L 8 4 ) o

AR CL/UV T2 BRI,

InY=1.158 + 0. 157 - X, — 0.136 - X, -

0.001 - X, — 0.003X; (10)

F4 BRI T Z R
Tab.4 ANOVA Results of the Fitted Model

i H 18
B p {E <0. 000 1
S AT p {EL 0.761 5
R? 0.978 7
R 0.973 0
bR 0.069 5

WHEER(10) , AT LS e K R RIR R , AN
[6] CL/N F1 UV 58 FIr s iy () P H 7K 2 0 e i 4 s
Sl Keme b i, B 3 (a) ~ 1 3(b) (Bl 3(c) ~

B3 CL/N I UV G T A 2 580 e FE 52 ) 25 e 2 -5 ey 2 T
Fig.3 Contours and Response Surfaces of Effect of CI/N and UV Dosage on Effluent Ammonia Nitrogen Concentration
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I S B A T R R U, DA T K = A
BRI ETE S mg/L LIF,

(ZEAMEARITHLIEY (GB 50014—2006) (2021
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N 15 ~25 m)/em?®, 0 WL — 25 R K F 350
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X,,=[0.157 = /(- 0.157)% =4 x 0.003 x =
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KPR (<5 mg/L) ;M1 2 i K 2 AU W > 12 mg/L
i, AT AR AT s @b T2
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KA MBR /sl K @FE R itk 5T iE K
TS BT CL/UV T AW, 450G =
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W, VA I T 2 P 2 2R 2 R RS LR o g 28 W 2
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BUEE TR A @A LR AR, [FEE,
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4 K[ COD,, MR E AR COD,, IEIR%E
Fig.4 Removal Rates of Ammonia Nitrogen and

COD, with Different Influent COD,
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i CL/N SR i L bR, BF9E 1 #F 7K COD,, i it vk
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Bl 5(a) s FEROINE A4, CL/N 2 10 : 1R 2 A
FE R AR TR BT A A0 A 28 W BT ) KT TG U B
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5 RIFl CI/N B EUR COD,, HY=BRFAR(L
Fig.5 Removal Rates of Ammonia Nitrogen and COD, under Different CI/N
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