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Deep removal of organic matters in biochemical tail-water from
chemical parks by UV/O,
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LIU Tian-tian, ZHAO Xian-guang "
(School of Environmental Science and Engineering, Nanjing Tech University, Nanjing 210009, China)

Abstract: Three methods,including UV, O; and UV/0,, are separately used to treat with actual biochemical tail-
water of the sewage treatment plant in a chemical industrial park.Influences of UV lamp power, irradiation time, O,
dosage and reaction initial pH on the reaction are explored.The results show that the treatment effect by UV/0; is larger
than the sum of that by UV and O, ,representing a synergistic effect.The content of COD in tail water drops from 82. 3 mg
‘L7 10 49.5 mg-L™" , with a removal rate of 40% when the power of UV lamp is 16 w,the dosage of O, is 0.6 mL-

min~" | the initial pH is 7. 1,and the duration of irradiation is 120 min.The effluent reaches grade A of China’s Discharge
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Standard of Pollutants for Municipal Wastewater Treatment Plant (GB 18918—2002).
Key words:UV/0, ; synergistic effect; deeply processing; biochemical tail-water

AT X 77 35 7K Al A5 7K AR BT K Y
COD FZLIXERE A DL g = Bk
T X5 AR AL P38 3k R P AR ARAL B T2 B TR
7K BOD,/COD 1%, AT A= A 25 , 422 787 R 7K v Xz e i
BTG G ¥ L3 ol A A A 3 B0 AR G 1 ik R
J AT o B0 A B AGA R HEBOR R 2,
S K& BRI BTG Ye F Rt A & AR B <K+
257 RSt , XAk T X35 K Ak B R K R b HE TR
(WA HE— 2D e | A 2 el X35 K AL 3 T B AT
PEbR el s, DR, X AR Al R K AT R B AL B AR
Y R

LA (UV) BALE ARSI UV R AR 1 B
[l VE 5 7K o B A LTS e R e —Fh RO
AR AR . B4 (0,) &% FH 7K b 35 AU fk 711
UR SRR e G OR 1| I X L RED) N R NG e e €1
WIS G o3t /Ny F A LY (R B R AR O,

MH,0 MREF Be55, WMHET,0, HILLLHiE
AL ES S AR, —2EE R UV X 0, HEfT
sfb, ek O, St E 2 1 A 3 (-OH) L 12
B 0, ML BE ) AR &R, W& %7 R A
UV/0, %FER YL K AT TR FE AL B UK 4,5 5 300
fi%,COD A 300 mg/L, 4b F J5 H: 25 B 3R AT 43 1] ik
97%F190% ., XL R UV/0, T 2AVERIKE
AL = ATy R AT e, Tolk bl X A= Ak R K AT
ISARHERC, T ] UV FAR A e R Bk, Bk
BRI X UV/0, Bk Bk K T T 404,
ZERFKH,UV/0, WA ALRE 15 T H AR MRE, B A
BLBEAL SN, K NHE -N dag s A ik, Bk
FAEOBESE T UV/0, 3606 R I 7K B T AL B
SEFR 1 h 5 HL R B R 6 AT 3K 90% L) 1, UV/
O XK IR BEAL B LG 30 O, W B sy,
FEFRM,UV/0, AR R /K MR A DL ok

%% B #A . 2020-03-16; 1€ E H 8 : 2020-06-01

EERIN TR (1993-) 5 Wb A BF5E 07 100 K 75 QA i B 5 H0R | 15151813705, 2jc24103@ 163.com; X WE T (1968-) , 5, 0 42 , i+:A=
S BIESE T T SR Tl 35 G BB B A S TAR R 3l TR RN, 2xg174@ 163.com,,



2020 FE 10 B

A S Y IE R AT ], AR R A AL R S b
Ak, T 0, Ak R K o R R A BL A ik R
B AL

HEER A UV/0, b F AL BK R IE R £
R T X A2 44 5 /KR B A BRI A R 4570
WA SC AR IR, T ] [X {5 7K AL B R AK X4,
FFRE UV/0, PrRIGEE AL BT, oAl T X% K
Ab P PR A T B R T K AR B TS e HE b
#EY (GB 18918—2002) H1 (Y —% A FrifE ( AT faj i
“ A BRE” ) SRBEROR S

1 SLIEES

1.1 JFEKIKR
SR R K KA B R 3 R Ml bl
(R R H A2 Tl b ) 5K b3 K, RE
RBAKEE LT 48 h B9 ASRVIRE G, I L IE W A%
Mo RAGKEERFER AT IR 1,
F1 REKKEERSH

B X 5k A3 Bk HEflchR e — 2%
v T S A
Ei=t FHE (DB 32/939—2006) —Z4brifE A FRifE

pH 7.1 6.0~9.0 6.0~9.0
COD.,/(mg-L7") 82.3 80 50

RS CIE IR AT ISy UL A X ==V S 0)))
WA R, T UE— 25 UR A B A 8 8 31 [l DX HE AR
HE S A FRUERAFFERCR 2500, WA PR OREL
FMH 5 BT 248 D 2R Tk X5
IKHEBAAT— K A bR, RIAHGEE T UV P[]
0, AbBRAL TFE X V5 K kb H T A= AL K & Al COD
BAERH—9 A faifEr AT B COD<50 mg/L,
1.2 RFIF{LEE

IR AP MR R . NaOH | ¢ HCL, i iR W 4%
(FeSO, + 7H,0) B IR IV K [ ( NH, ),Fe (S0O,), *
6H,0 ] BB Bl oK , 4R ot ali,

pHB—4 RUEHES pH 11, [ Bp 22 AU A5
A BRATE]; IW-20 BB AUR Ao B L&
il A PR 2N 7] ; KHCOD-8Z BUAR#fE COD i i 25
R AR A FR A ]
1.3 XWEE

SLEGREE A 1 PR AR AT AR 0, &
T TR TR AR BB P, A N
()G I B SR I A1 R, 5 R ZKOKFE SEArIR AT
F g i A A O RBAH RO A% L7 S i AR
EHE

KEFEE: UV/0, MEAREERRECIBXERRXENY - 167 -

1—RE KRR 2—0, Wit 3— e,
4—UV ITE  5—HEAE
1 EhkErEE

IV B N A 2 RN A AR, T IO
UV .0, F1 UV/0, 3 PR R T /KA B R, 4
BN s E— N HA 154 mm .5 620 mm BIE LS,
TR R Y B B AE, N AR E R, L
P TR AR 742 , 15 I N 2 TS BB A N2 8 L
PIEACEEAK o AN RN &8 4 50 A LB S, ol LA
RO M A UV, B R A, A B O AR
54 mm 5 650 mm BB IEEE S NCE UV AT
B IFOR UV AT LA RCEE T, BA B8 A2 O
I SN X3, AT N R
1.4 XWHE
1.4.1 UV &3 ALEK

BUKFE 8 LAESEER K, 4 5 itk 4T, B4 43 5]
i FHYIR A 6.8.10 .12 .16 W Y UV AT XF K BEEAT
TGS, FRGFAF4< 3 h, B3I B 30 min HUK B 43 B
COD,#R75% UV YR 5#ff COD KR, HEEALFE
COD SR B AETZRAY UV LT 1T K M8 5 it ] | % 5t
KX FEf# COD RS20
1.4.2 0, &3 ALREK

W O, T ESHH 0.2.0.4.0.6.,0.8 Fl
1.0 mL/min, WA 3 h, 5] 30 min BOKFESF
Br COD, %% 0, #IEXT COD EBRBCERIF
1.4.3 UV/0, #38 A LR K

BEEWILG pH=3.5.7.9 Fl 11, 7% 2R i 5 X
UV/0, Fff COD 52N, XF UV B 0, $inat
FR B S ST A
1.4.4 FAeH X o4 ik

AT UV .0, FI UV/0, 3 FhoR [ A4k ik &
) COD RBRACR , R T2

2 HREITE

2.1 UV 4R
2.1.1 UV HEHFnm
AFETIZ UV ATXF COD ZERFR A0 ILIE 2,



- 168 - A AL T 55 40 #1287
85 85
- e 5 . sof g /3 2

=~ 80 D S T I5F v e / 1

= oA e2 = 70k N V4

77 = i3 £ o5t R

= = 60 - s . -

2 70+ =] 4 5 -

8 3 S5t I S
65F 50 *

45|

0 30 60 90 120 150 180
B} A/ min

1—6 W;2—8 W;3—10 W;4—12 W;5—16 W
K2 UV IHEE#ECOD W%

FE 2 ] UL, 20t 3 h AR TR ) UV LT B8
SF, 7K COD BA TR, G 1 h AL AW
Feka®, B UV ATH R K N R 2,16 W
UV XTHESE 3 h J5, B7K COD Hi 82.3 mg/L [ &
74.4 mg/L, EBRE N 9.6%, FEfM# COD fit HA R,
Jir R AT A T DX 7K A 30 A Ak R K r xR A
HHL 2 sl fdi ] UV SR ME ™ AR 5 £ i a1k
Sk PSR COD,
2.1.2 UV BAtat ke #h

B8 LKKE, 24 16 W UV AT %K SEAT A ST
HESFFHS 6 h, B A]BE 30 min BURES3 4T COD , A [a] R
ST R A# COD 2 UL 3,

84+
b ==

;‘\80-

= 78}

w76

Eur

0 1 2 3 4 5 6
A /h

B3 UV 5Kt 4 COD %

fE 3 0] 0L, UV BESET 1 h 5 COD JoH B AR
16, B 1 h FA R TR 1~3 h N, COD M
81.8 mg/L [ % 74. 4 mg/L, 25K 9% AP
fiff TR X B PR 5 AR 22 9 K RS G, COD T AR
B4 ,3~6 h N COD M 74.4 mg/L f&Z 72.3 mg/L,
EBRFAA 2.8%, FIFIRIHT 3 h /2 UV JRGHA
SIS COD [ 2 TAERF B
2.2 O, HEBHR

ANE] O, BhNEXIFEME COD IIRSCR LI 4,

Kl 4 R FEARE O, T, BEE ;B[]
IIGIN, FE7K COD 4 S 3 i 2k T R i 35 (H T
M R, KB 180 min Ji, 76 O, B35 K
0.6.0.8 1 1.0 mL/min B}, 4035 7K COD #K K
J950.2.51.4 F150.5 mg/L, ¥4 — 2% A bnife,

0 30 60 90 120 150 180
B} ] /min
1—0.2 mL-min~' ;2—0. 4 mL+min~';3—0. 6 mL-min"";
4—0.8 mL+-min~' ;5—1. 0 mL+min""
B4 0 #mES COD W MH %

e 0, 1K 0.8 A1 1. 0 mL/min B}, COD 65 AT
2, HRHATRER T 0, 7K IRIE /N, 5 5
IRFRAT S AN, 0, B K, /K -OH
W% FE RS T 0, ALK S8R
FOREFARACR I R, PRI AT il R AR AR A
5T % 5L WiE e O, BnE-N 0.6 mL/min,
2.3 UV/0, thESERR

SEER AR AR K COD MRk 82.3 mg/L, K
F 16 W UV ATHRSS, [RIES O, $ >4 0. 6 mL/min,
JH 0.1 mol/L B NaOH 1 HCI 435 B /K ¥ 44 pH 43
A 3.5.7.9. 11, B[] FE 30 min HUHE , AR
PRI pH B9ZE AL LA B COD Rl 580 R 1 A8 Ak 43
HIULE 5 FilE 6,

12
11 =« -
10

v

-
- a
- v

pH
=N WA NI 00
T T T T T T

- - - -

1 ]
- N W A W
>

14
e «“

0 30 60 90 120 150 180
B} [E]/min

pH:1—3;2—5;3—7;4—9;5—11

K5 UV/0, fft2 s pH iy & b

o Mo
/ ]

.’/(0

(
)
A

n,/«o

.5
o
A~

401 37 .
C 2/

o d ¢

0 30 60 90 120 150 180
B} [A]/min

pH:1—3;2—5;3—7;4—9;5—11
6 A [E w4 pH *TFE#- COD %
r & 5 AT 0L, Bl BN O EA T, R K pH B F
Fetash, ME/KIEWIMh pH S HPE A 21 F, SO



2020 FE 10 B

3 h B R 2 T B MR pH /N T 7 R
F% 3 h S pH 3k, FHITE UV/0, ALK
AHLE Y AR o 2 A — SR E] P A
RIS S8R KRB OH k>, pH BRI,

H 6 7T UL, A3 RAK IR R pH=5>pH = 7>
pH=3>pH=9>pH =11, 7] I, UV/0, 7& 55 R PE Fl
PEIREE T RO B AT, T R s B 1 45 1 AR A
55, FERIER pH A S R0 7 R 2 h i, COD M
82.3 mg/L F&Z 46.7 F149.5 mg/L, Z %35k
43%F1 40% ; )2 3 h iF, COD A #E— 543 BIFEAR &=
39.7 F140. 2 mg/L, A FRASCR T IA R — 2 A Frifi, H
FIRF TR TR AR O BRI, ST
A T X 35 7K Ak B i A= AL B /K K &2k, JROK pH
T 2R 7.1, pH AR LA E , UV/0, IREAL
A ATASKT K pH #4795
2.4 3MEMLAXLERRILE

1E COD W IR HEF 82.3 mg/L pH=7.1 UV 47T
%K 16 W, 0, #AE~ 0.6 mL/min  FE G K
3 h B4R, UV, 0, fil UV/0, 3 Féa b 7 X it
FE7K COD HUR M AL WL 7,

90

=80

(I) 2|0 4|0 6|0 8|0 1(|)01I2014|101|601|80200
B[] /min
AT 1—UV;2—0,;3—UV/0,
A7 3AEMTAAEZRLER
& 7 rI%0,UV .0, Il UV/0, 3 Fi itk =1y
XFFE7K COD A — 7 H B A 4R (L I3 ik 3 23 R [ fe
PEREAFAEM B 22 5%, UV, 0, Al UV/O, 7EJX % 3 h
i, FB7K COD #4330 74. 4 50. 2 F139. 7 mg/L,
COD EBRF51H 9% 39%F151. 8% ; H UV/0, B
Pop KA BRIA B — 2% A FrifE, )L 2 h J5, COD
RIATF 2 49. 5 mg/L,
FpE— 5 UV/0, BITREVERT, BE 86 7E 2 I
2.5 h X} 3 Rl Ak 75 AL B R UK 5 9 COD B L
., IV 2 h B, UV, 0, fl UV/0, ) COD ZBR%
I3 N 6% 27%F140% 5 )N 2. 5 h B, COD KFRR
I3 Ih 8% (34% Fl 49% ., BiNITEE UV/0, KR
AR T UV MO, AbFRCR Y BR8] UV A1 O,
R A A — S MRS ) He b R L n] R

KEFEE: UV/0, MEAREERRECIBXERRXENY - 169 -

JETE O, HIZAMLM RN, UV et T 0, 730 A
SEAPESTBR Y - OH, 3458 1 X /K th A ML Y i
P TR 15 COD B REAR

3 Hig

(1) UV e FEKBORA R, UV KT YR 8K %
it AR AT 5 K HRGF EH X $ R COD R BE T i)
FATENTEN

(2)0, AFERE KB AER & 0. 6 mL/min,
BTN COD FEff s R T AN i

(3)UV/0, FEALFE pH 5 55 R M sl PR 0 B K
AR HIAR . UV/0, S B T 40 UV T
%16 W .0, #iE 0. 6 mL/min pH=7. 1 H&5FH}
1} 120 min, COD FI# % 49. 5 mg/L, i 5] —2¢ A b5
. KUK UV/0, X6 T 5 X V5K Ab 21T A 4k
FEAKHEAT IR B A B —Fh A S BRI A%

(4)UV .0, 1 UV/0, K&K COD [RE Tk
KM UV/0,>0,>UV; UV/0, Xt COD [ R i s SR s
FHU UV Rl O, /9 BVRT, R BH UV/0, 1776 B
i (R IR RIRLN

5% 0k

(1] AETpe X AP BT S w5 2L [ ] . S RERE R fL T2, 2019,
(12) .44.

(2] T A T DR B PR AR A e 7 6 [ 7] 8 BEIRTIT, 2020, 6
(2) :129-130.

(3] AR, X0 5, XM, 55 Ak T X35 /K IR B A BRBOR J3 #7 [ 0]
AL TAE B, 2020, (1) : 144-145.

[4] 7%)%%,2%%&]%.Fenton+BAF T 274k T B X R 7K IR 3 b 3 vh
BRI T Tl kA3 ,2018,38(10) :98-101.

[5] Mozia S, Janus M, Brozek P et al.A system coupling hybrid biologi-
cal method with UV/0O; oxidation and membrane separation for
treatment and reuse of industrial laundry wastewater [ J].Environ-
mental Science and Pollution Research International, 2016, 23
(19) :145-155.

[6] Chang X M,Dong F,Tang Z C,et al.Construction of carboxyl func-
tional groups and their enhancement effect for methanol electrocata-
Iytic oxidation reaction|[ J].International Journal of Hydrogen Ener-
2y,2019,50(44) :1587-1597.

(7] XV 2, MW 3R UV/ 0, T A IREE R EN Y K I [T
fb2 5 A T2 ,2010,27(7) :81-83.

[8] XJH M, TEAR PR, 55 5 G Ul — B AL VR B AR B Tl bl X A=
LR/ [J].3R5E TR 44 ,2016,10(8) :3993-3998.

(9] Brted:, XM, T80, S5 ALK K UV/0, A4l

SYBER B OGRS B 12 1] FRBEAE2 2012,31(10) ;1502

1509.

A8, PN, BT O,/ UV Fil 0,/H,0, B Ak 1k Ak B0 58 75 445

JEERAM B[] AR R B R 2 2 4 ( AR BL A Al | 2016, 42

(5) :658-663.

—
—_
(=)

[t}

(FT#% 175 1)



2020 F 10 B

TEAVER X PAC W5 A TR BEVE FH S — 3 1t Db [) 22 05
VAT A A2 ek i B TOC 1Y TR 22

(2) A S5 T ff 22 B AL BEAS UK FE A B R T2
ZF R JHA BRUK pH R 7.0~8.0, K, FeO, &
4.0 mg/L, P#IR A 1 min, 4L 10 min, I F1E
TR ANTA T R K 5 28 ) v 15 min;i}adﬁ PAC #&
&t pH 71 7.0~8.0,PAC & it 300 mg/L, &
B 15 min, #% 30 min, ZAMT FERFA A
71.13%,

(3) ARSI EE R AT TOC ZBRFAL
H}'5.25% ,K,Fe0,-PAC Xt 5 R BEA — & LBRVEMA,
R S e 8 Ak 2Bk

S 7% 3Lk

(1] AP, FEIC, X 25 4 R FH 6 e b AR A= 7= I 7K T e 5 b B
AR[J].176E,2015,34(10) :56-60.

[2] Dubey S, Agrawal M, Gupta A B.Advances in coagulation technique
for treatment of fluoride-contaminated water: A critical review[ J].
Rev Chem Eng,2019,35(1) :109-137.

(3] S, 8 3CH. & SR Kb 38 7 ik 45348 [ ] VLVE 4L T2, 2011,
(1) :34-36.

[4] B, RS, W E 5K, 45 K BH AR LA 7% JBU% K Ab BT
PRSI [ 1] A E 47Kk HEK ,2018,34(10) :91-95.

[5] JARME, FFAUEE, k2 3K, 45 O UK K AL 38 5 R /9 1F 53 3
[J] ARZHERE 5 40 FR1EE, 2013, 11 (1) :45-50.

[6] PREE ATZHRE TR ST, 555 h 1 A 38K BH AE v b 2E 7= 5 UK
IKBTEIE  fE B A BESE [ ] 30 TR, 2014,32(1) - 147-
152.

[7] Yates B J,Zboril R, Sharma V K.Engineering aspects of ferrate in
water and wastewater treatment—A review[ J ].J Environ Sci Health
Part A—Toxic/Hazard Subst Environ Eng,2014,49 ( 14) 1603~
1614.

[8] Wiz, £77, BB/, 45 B Bk IR B/ G Wi iR R AE 1 35 R K ik
R R [ J]. Talk kAR 3, 2013,33(2) :45-47.

[9] SkHTUF, 48 8 [ | 2= H, 55 K, FeO, ~PAC—PAM [F] i Z:BR75 7K

PEA BB COD, MTFSE[J]. 0 A4k T.,2019,48 (10) .

(E#% 169 W)

[11] Jing L,Chen B, Wen D Y,et al.The removal of COD and NH;-N
from atrazine production wastewater treatment using UV/ 05 ; Exper-
imental investigation and kinetic modeling [ J ]. Environmental
Science and Pollution Research International, 2017,9 (3) :556—
562.

[12] RF2 LB IR, 45 (UV-0,) /246 (UV-05) /i 5
TR A AL T BK il 5e (1] AR 4K 12,2019, 46
(11):175-178,163.

[13] #5580, 2500, 45 500 B A L A K A B v Py AR J B A
WESEHERL )] P E LKA ,2019,35(14) :16-23.

FBF :K,Fe0,-PAC BEXFIERLIBERE SR ENEKEVIAR <175 -

2358-2362.

[10] EATARAPHARAT M 75 JUR /K b B TR S [ ). v [ 45 Ak
7K ,2012,28(2) :69-71.

[11] ZUNL, RAGE R AL 3 2 SRk 2K i P R[]
Tk sk A4bBE,2016,36(8) :48-51.

[12] RIEZ, JHes 5k R IR, 5. 2 fb ik R BB AR da it A= 7= % K Y
BRI T 2 : CN102234159A[ P1.2011-11-09.

[13] BR&FEE. JRA BB L BRK s AR IR BT IE [ )] o AR KR
JKHL,2009, (11) :95-97.

[14] Choi J, Kim J O, Chung J. Removal of isopropyl alcohol and
methanol in ultrapure water production system using a 185 nm ul-
traviolet and ion exchange system [ J]. Chemosphere, 2016, 156
341-346.

[15] #ak M, EAE AT, 55 20 Ak W Ak 1 b 3458 153 74 )
PEARBEFELT] . P2 SRR A2 4R ( HARFH# ) , 2009, 41
(4):571-574.

[16] Song Y L,Deng Y, Jung C I.Mitigation and degradation of natural
organic matters ( NOMs ) during ferrate ( VI ) application for
drinking water treatment[ J |.Chemosphere ,2016,146.145-153.

(177 B XVEDG, EMGE, 55 BRH K TH 2 3 72 b e Bk R 1
Wi sl W 5% = 19 8l 2 3 B [ 0. R B2 4K 2%, 2016, 35 (10)
1985-1993.

18] FFRCHT A e, 1 96 5. B A R 0 I 5 e 0 AL % AL, Xt
IR UK BT BERCR [ T] . K 3R ,2014,33(2) :65-70.

[19] Anquandah G A K,Sharma V K,Knight D A et al.Oxidation of tri-
methoprim by ferrate( VI) : Kinetics, products and antibacterial ac-
tivity[ J ]. Environmental Science & Technology, 2011,45(24) .
10575-10581.

[20] FRIEH, RORFS AT SEME S5 AL 2 DUTE TR AL BE s UK 19 T2
ZARALL T 22 MBS R 24541, 2018,37(5) :80-84.

[21] BEMSER, 4R 2238 pH X 5 2k R 20 4l B 3R & SUIb iR BRI
K Cu® IR SEL )] 85 T5 e 5 B iR, 2014,36(3) : 78—
81.

[22] BEEF, M 2O, m BB R AL R BE R BR BRI [ ]
IR 2002,22(5) :14-16.

[23] FERE%E,ZR6, Ih0E, . S BRI R 1L PAC BRI IK M
WRMBTHEL )] P E L KK ,2010,26(9) :83-85.

[24] X572, ZEm0 3, #5001 R BR AR/ PAC AL —TRBE 2 BRoKk i
sk 7). A AR ,2013,32(6) :686-691. 1

[14] Chi W Q,Zhang X D, Zhang W M, et al.Impact of tidally induced
residual circulations on chemical oxygen demand ( COD )
distribution in Laizhou Bay, China[ J].Marine Pollution Bulletin,
2020,51(27) ;1087-1095.

[15] Z=visHe, BRvK. - OH X e Ak 5L 40 R A vl LR K vh 23535 )
BT [ 1] KA HH AR 2015,41(1) :77-80.

[16] X F, THAE, PN, . UV/0, AHEE AR -4 A 1K &
BEAKBYRFSE [ 1] A6 AR B TR 2 24l ( A ARBHA4 ) , 2014, 40
(6):718-722,745.

[17] #6F, BB, L. UV/0, T A KBRP ERT kD
BrO; M7= Sl [ 1] .6 T.2%4)% ,2013,64(8) :3031-3038. 1



