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Advanced Treatment of Secondary Effluent from a Wastewater Treatment

Plant by Ultraviolet Activated Persulfate
LEI Chen, XU Lu, ZHANG Qiong-hua, JIN Peng-kang

(School of Environmental and Municipal Engineering, Xi’ an University of Architecture and
Technology, Xi’ an 710055, China)

Abstract:  Secondary effluent from wastewater treatment plants ( WWTPs) can be used as the
source of reclaimed water, and organic substance has always been an important indicator of concern.
Ultraviolet activated persulfate process (UV/PS) was utilized to degrade dissolved organic matters( DOC)
in the secondary effluent from a wastewater treatment plant. The treatment efficiencies of UV, PS, UV/
PS and UV/TiO, were compared. Besides, the effect of PS dosage on treatment performance of UV/PS
was investigated. Moreover, fluorescence characteristics and relative molecular mass of the dissolved
organic matter in the secondary effluent before and after UV/PS treatment were analyzed. Finally, the
active oxidizing substances generated during the reaction were analyzed through EPR technology. UV/PS
process exhibited the best performance on the degradation of secondary effluent when the PS concentration
was 5 mmol/L, and the removal efficiencies of chromaticity, UV,;,, UV, and DOC were as high as
100% , 89% , 91% and 96% , respectively. Fluorescent substances and macromolecular organic
substances in the secondary effluent were effectively degraded during the treatment process. The

combination of sulfate radical and hydroxyl radical had a good performance of oxidizing organic
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WG KA BT g K AT AR R P AR AKOK TR,
ZUR AL RS FH T b8 A T O I A5 DL 22 A IR
BRI IE 7 o AR T 75 K 93% [ AL
R 1 LA Ak R AR 25 R T 1 ko
SFFAERR I A S AR A DL, I RN L) s i
PERCE ) B B LD G Gk b T
X EBRPOR B, [ IR T2 2% ok 1w AR
R BERG = S (R, DRGSO A A A B T2
WL FBR

BT HIRAL A B (SO, " E° =2.6 V) [ 24
A T2 PR R 25 AR A R ) o e M Ak
PESR B A 5 T 32 2T B o6 D B 3R
(Persulfate , PS) 8 3% I 2 A2 U IR AR B H 2%, i
SO W NS RSB ) DA DS IR R = AR L = vE =)
TREAR ALY, DTS B 25 B 15 Je v Al K A i A
FA' . WIS AR T I A AT 2R AN L Rk
W4 B AL AE  Hrb ] F TS PS I 4R
i Fe( 1) \Fe(Il) \Ag( 1) .Cu( 1) .Ce(Il) .
Co( I1) Mn( 1) 5, {H 5 dy ™ i AR, W] i 42 )
BFRgIASIE TS sl i s 1k PS B, fiE
ST AR O, XE LATE S B b B 5 T 58 AN G i
REFRAR ARV, SN I R C AR — 0 T5 K ik
R A SRR o R, S PRSCR AR RE
I TGS YL i 52 SRS A PS B — ik h sk B
A EREAR A LTS e

FIRTFI A UV/PS TR B A B 2t 7K i F
TN WL AU TR B T 5 B R b 22 ik
SR A 5O BRIt 8 45 ik (Fe' |
Fe’* Ag® .Co™ ) JG X} 4k /K DOC Y5, I
WA . B, ZHFIH UV/PS T 2R PY 42 i He
BTG KR PR Z G K AT R B AL B, WS T
N G KA TR bR Y AL BRACR , BRTIZ X
TGRSR X 23 R RN e
ETIRFR D B AR,
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ultraviolet; persulfate

S, 220,45 wm JER RIS ORAE T 4 CUKAE,
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Tab.1 Raw water quality

@/ | U/ | UVyg/ | DOC/ coD/

I)FI“ E (~r -1 -1 -1 -1
15 cm cm (mg+ L7 )|(mg-L7")

Bfﬂlﬁ 0.055 | 0.182 0. 145 8. 18 34.15

1.2 ZHEE

ARSI 2R T A /e BT, B 1500
mL [FFEIE SO g G 45 WO BRIl
HIMSEIE(UVC 78 254 nm ZE5R R 135 wW/em®)
HMERIEIA KR ENER AL . RN ARsME I — 2B
4R LAR 1L DGR RE R UK 5 B BN 4 B TR ) 1
b s SN A AMI Ry ¥ K GE I i 3k R Pl R
FRIE A 5 SO0 L B A IBORE 1 5 P B S AT A T
SN 2 RO AL
1.3 ZHRTE

BESEECT 200 mL SCEG TR K A R N g SR IS
P — € B 10 R (K, S,04 ) BT H A1k Bk
(TiO,) Ao, Z R T A HE S min fiff K,S,0, 5
TiO, R A Y55 3T RN EIR, IF iR e i ik
JNE o S I3k 8 e ] B8 A ) s B 1 JRORE ETBBORE , U
O UVy, UV, (DOC | = 4k 5 6 FN AT 43 F 5T
KRR o
1.4 SHAE
141 B UV, UV, I E

i UV, UVy B TU — 1901 XU 525 4 n]
LA LT3 i AE 350,254 280 nm Ab il 2 W
JFEEE
1.4.2 DOC (il &

DOC >Rk A H A &4 7 1) TOC - VCPH 434X
DU I 1 T KR R I AR BR BRIR AL, TR &350 )5
A G AT R AR 3, FBR K TCH LA APk D
TE (A ERME
1.4.3 =456 )60% (EEM)

=S R H A JASCO A E A7 Y
FP6500 Y5643 WG BETHHEA T 40 BT, S R A Y ]
A 220 ~400 nm, K S K IE E A 280 ~500 nm,
RN AI B 3 5 2 5 nm A1 nm, 454
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41,000 nm/min 0 {4 25 A WORSHE , HERR
KL S BRI 2
1.4.4  MX ¥R

FAXS 23 Bt R B EE A R AR LG -
2010AHF 7Y ZOAH (i I € o SR AR SNG4
KM 4k 254 nm , (435% 4324 Zenix SEC - 100
gL, J A 150 mmol/ L Yl iR £5 22 vh i K,
P 1 mL/ming AT SERTE 0. 22 pum A8k
JeE R
1.4.5 W PR IR 5 (EPR)
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AR, X RI 9 A bk A e 3R A SO R =4y, kT
BRI AR BB 3 SRS 0 45 38 AN [ FE AR g e, AR
P AR AT DA s 1R 2R h B B SRR
2 X5k
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TR PIOR 25 WL T (R RIREE R 15 °C) o i
P 1R, 2 H e S JEUK A PS I 38 s B
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< OH''™ ) il ) b L8 HA R e S A b AT
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I UV/PS R F 5% 90 i 7K i A0 BRALR e 5 T
UV BT A PS (9 R WAR R o J3 50X LE T 38EH
LI UV/TiO, T 258 90 K AL BRALCR | 45
%%HﬂlZMK% Xt 2 K B UV, » UV (PN
FRECR B UV S 5l PS {& R 55,60 min i Xf
X BEFEFR ) Z R R IGAE 50% /245, {B5 UV/PS (A &
HHEE AR, W& 1(d) AT45, UV/TiO, T 2% —4
oK i DOC 1Y L BRZEEA Ty 0, 5 1L BE IR, 52

2AHES UV/PS IR % DOC YR Ad L. B 1
AT, X 4 TR R P UV/PS AR 90 H K il
S E SISV E S T3)/ns
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Fig.1 Comparison of degradation efficiency of chromaticity,

UV,s,, UV, and DOC by different systems
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W58 TAEAN R PS W R (0,1.3.5 mmol/L) #5455
(9 LBRBCR, 2R LI 2 (R R IBE N 15 C) .

1.0
<08
2
# 06 - () mmol/L
& -~ 1 mmol/L
&E 0.4 3 mmol/L
41}:( -5 mmol/L
0.2
g
0 100 20 30 40 50 60
t/min
a. O
= 1.0
S
§ 0.8
_&( 0.6
& 041 =0 mmolil
gl -] 1/L
z mmo
; 0.2 3 mmol/L
-5 mmol/L___ . . . .
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b. UVasy
. 1.0
3
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= .
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S
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Fig.2 Effect of PS concentration in UV/PS system on
chromaticity, UV, ,UV,,, and DOC
HiTE 2 AL, Bl PS £ it A3, #4645 Y
BRI A BTk, K 2(a) 5 2(d) AlAH,
MPS W FH 1 mmol/L 3 A1ZE A 5 mmol/L i}, {45

FIRY 3R iR 3 J3E KRG o, 25 BR ARG 5] 100% FY) I 1]
60 min J&/NZE 20 min, DOC fERR N H 20% $50
£ 100% . 3% iz R Oy BEAE PS & 5y 35
UV/PS (R F 22 UV 067 AL BRI AR A h B2
BE A S RN, SR B, A LTS R
A4 AR AR, BT AR 2R A ) 6,5 F DOC
PN

UV, [T 35 B 1A AL LA S S e wU i

SEF A ALY, ) 2 R BE B 2R W o Y R, T
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KA ML A S 2Bk, BRI UV, Fl UV,
(1) A BR AN T 100% o 15l R 25 R £ 2R
Pl RE 2 i T v R PS I B B0 Tk
254 ﬂ:‘ﬂ 280 nm E"Jﬁlﬁﬁ[&q&’ﬂ:ﬁﬁ%ﬁ( UV254 ﬂ:‘ﬂ UstO
HIZIL 2 BRI IR T 100% .

0L, 24 PS ¥R 5 mmol/L B UV/PS {2 £ %
TR B AL BEAICR B b, AR5 BB KR R R R
(4532 FEBE , T8 SN F 7K A v A A R 5 % 92 ol
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P I E 3 mmol/L" |
2.3 BT
2.3.1 5L B £ Bk

TG K S B LR S B FE R DO AT |
T HIRTO G 2R 05 A 5 8 1 B O BRI 2R I i
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FeARXS UV/PS T AL BETT fg K rh 2 St
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mmol/L, Z5 RN 3 Fi7R (KRN 15 °C) .

R Zhang %17 5 s = 6 4
AB.C.D.E X5 4~IX4, 4nf&l 3 fro, oK H i i
AFIEZOIEA A B D E X 4 4> RS G L
B4 HAE Ex/Em =280 nm/355 nm(A) \Ex/Em =
265 nm/420 nm(B) .Ex/Em =235 nm/370 nm(D)
Ex/Em =245 nm/435 nm(E) , #4E C 4 B 58 0] i
JUALZ I o3 5| Ry S v S PR B W AGB  H 2Oie
(A) ZRIBFRRDOLIE(B) (05 7 iR 4 1 B OL i
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(D) FIZEE BRIELIE(E) ™7 2 UV/PS T
A PR 45 9 UG 5S4 THGH FRAIG, SRR 4R 10 min
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Ja K a6 R B o8 4 K Bk, X IZSER R PS
£ UV 563 FAE BRI AR A A SR A
Fz 5K ERE AR A ML & A2 O, A BLA Hh R e
R GEF IR, (F EEM ]33 b S0 i 5 32 Wt
REAR, RIS RE B, I 3R AR AE I
FIFEEH =Y, BT EEM &35 rh 458 606 i 17
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Fig.3 EEM spectra of secondary effluent in UV/PS system
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o R A I 25 5 80 1) 2 T A L ARG i 1
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Fig.4 MWD of organics and fluorescence substances of

secondary effluent in UV/PS system
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60 min J5 I IEFEATH % , X W 1% 002 PR O X 48 R 1
AHPIE AR R A RS2 NN T LY
o FH Pt At Sy CO, A1 H, 0,115 15 min 4b i SEAMEAZ
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O35 o Bl AL SO Y R AT 72 M AR, SO 60
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IR BGOSR S8 AR, 55 A iR AL S 1) S 3t
He XSS A HLYT R (8 R3S R ik A /N oy
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KR RER AL R HAT AP L BRACR o
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Fig.5 EPR spectra in PS and UV/PS system with BMPO
and DMPO
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