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Abstract: In order to investigate the variation of dissolved organic matter (DOM) and related biotoxicity from secondary effluent,
this paper studied the spectral characteristics, genotoxicity and phytotoxicity of DOM from secondary effluent under the photolysis
condition of sunlight and ultraviolet light (UV) irradiation. The origin of biotoxicity from DOM was also explored. The results
showed that UV irradiation could significantly decrease UVys4 value and achieve 21% of mineralization, comparing with sunlight
irradiation. Both sunlight and UV irradiation could reduce the chromophoric dissolved organic matter (CDOM), but the obviously
removed components were different. Meanwhile, the sunlight and UV irradiation could also reduce genotoxicity posed by secondary
effluent and their removal efficiencies were 92% and 61%, respectively. Genotoxicity from secondary effluent was significantly
correlated with fluorescence intensity of CDOM. UV irradiation could reduce 81% of phytotoxicity posed by secondary effluent.
However, sunlight irradiation showed a poor property on phytotocicity removal (only 19%). UPLC-MS was used to detect herbicides
from secondary effluent. It was found that the difference in phytotocicity removal was mainly due to the slow degradation of atrazine
in secondary effluent under sunlight irradiation, and its apparent rate constant was 0.0033h *. However, atrazine could be rapidly
degraded under UV irradiation, whose apparent degradation rate constant was 0.2225h. This provides a certain basis for the
biotoxicity control and ecological safety of discharged wastewater from wastewater treatment plant.
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Fig.1 Schematic diagram of UV irradiation experiment device
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Table 1  Physicochemical indexes of secondary treatment effluent from wastewater treatment plant (mg/L)

EELaD CODwn BODs

N NH,-N P

K 19.41+2.7 6.63+1.2

9.65+1.5 0.93+0.57 0.27+0.04




334 G AT A

FAREA UV G 907K DOM K FEPER)2efh 1183

1.2 FALSRERIIE
K AN [R] I [ SRR R KA 28 40— WL 23 D i
TP E)IE UV ase, TR HLER 23 BT AC(H A 5 HE)
DE TOC. =45t R HI F-7000 9673606
TEREAT I AE 8 K (EX)TE L 220~400nm, 31 K
[k 5nm, & 5 %K (Em)3s A 280~500nm, 3 K [\
5 2nm. K = 4 5% 6 6 % 8 Chen 25831 77 143
J 5 AN CE 2), 730 AR AR I LA 0 = 4E 7%
TGS | AT AR B AT
01 =[] 1CGox e ) Uy (1)
U 1 A DX 56 R L R e ORI,
NM;Aem AR ST MG 1 (exem) 4 FH X Y. F 5 )l 5
JE KRBT R TEATHL (CDOM)BIR ] ¢
FERLAAE.
F2 BRARERSTEE
Table 2 Integral range of each fluorescence region

PEX I PR R0
RAF K1 X) Jex=220~250nM; 1e,=280~330nm
B IT(ITX) Jex=220~250nmM; Ler =332~380nm

LTSS UIES) Jex=220~250nmM; Ler =382~500nm
RGP (VIX) Jex=255~400nm; Ler, =280~380nm
JEFEIRE(V X) Jex=255~400nM; /e =382~500nm

1.3 HRMERL A I

1.3.1 FESTACEE  [EAHASE A 20 SR R
e URH 10mL 1E SRE R A R (L) IRA Y

10mL HfE. 10mL HE2ii/KiE{k Oasis HLB(waters,
6mL,500mg), %% Ji5 L 5~10mL/min 3 _ERE AR ERE
SERUE, T 10mL (88 4l K VERE 1 AR il L A
30min, BA2: B At~ BT 7K 4343 9 F 10mL R

10mL 1E SR S B (L) IR S IVE A T AR
WAL I 40°C KB INHSAT FEZ W &R+, T H
2mL A A A B 55 50 W 3 4%, — 0 o T T
I B 1 PR AT €0 30— BRI, 5 — 3 234 40°C K
WIS FRERERT JEH 1% DMSO #fi#,
FFLE Wm0,

1.3.2 umu AL EPER A RGP KRR
Salmonella typhimurium TA1535/pSK1002 B #£4E K
umu P R A I 10 TR 6 B el 38 7 ARG DN 2 TR
1S013829 3t 4% REMEAG I 5 v umu S B ) 1
K 4-THEEmEmk-1-4 16 %1 (4-NQO),1%[1) DMSO
WIRAE N 2 A AR 1% DMSO % LA 0.5 1% %&

HOHh R FRORE T JA [ (1 R BE G P ot Tz A
FH T 4-NQO A9 & (C) 3l & /KA IR M 4 £ ZL(N)
REARER, LU S HR IR AR AR, HEAT LR ML,
VR0 26, JF V1575 3 38 IR=1.5 I ¥ il (1)
B84 IRy .

1.3.3 MR SEEG SR H R /N ER B S AR
FE R} 27 6 B A= A ) ol 0 P — 1 7K 3 e P2 ) S 1) 2
8% /N Bk (FACHB—1227). K 4 75 1 1 6 0 42 R ]
K % B S T SO AR BRI B
IR P PR AST I 7 Y A AN AE 96 FLAP IR R AR
IR LR (35 E Corning 24 7)_EHEAT A48 0.5
G RBORRERL T MNRBERLFE AR S = F
AT BEANFE i B2 B PR AR (8] S AT L BH 0T ik AR 2478
T (Diuron), 4% XA 1% DMSO VWK 50uL
FE O B R 58 T4 TR0 Y 300pL /NEKER
FIETEIROG IR B R4 P R 2h 5 R R
M4 2 92 6 R R 48 Maxi-Imaging— PAM (4 [
WALZ 72w )il € 5t 1772 Y (I, [R50
2R DA BH M o) G 5 B (Diuron) [ 94K JE (C) kK
FE AR AR £5 ZU(N) I BEAL AR, DL 7= % Y(IT) A9
AR AR T B = 200 D 2 SR A A i B ) HELE)
ECso (3= ZUR N34 ) 1A

1.3.4  FEPEROVAT I E EARAE N T T A
FE it [0 AT LOASE H 1 ot PR 2 46y S5 200 B I 2K
I (1) B A P B S 1 umu 8 A% 23 1 R4
MR 24 R 23 ST TEQ4 noo A1 TEQuiuron #6715,
W )M (B) Fros.

- #NQOMIIR, 5
TEQungo= FE AT IRLS X
TR EC,,
. Ty —— 3
TEQmuron ﬁélzlﬁle[qECSO ( )

1.4 BRUHAR A S )it

FIH HPLC/MS #EAT A4 1R H — g b 3
IR A VG PR b 55 K R T B
LRE AN L 6 BRI AT L& Acquity
BEH C18 #F (100mx2.1mx1.7m) ff] Acquity
UPLC-XEVO TQ MS(UPLC/MS,Waters,USA) 5&
TP M KRR R BRI L DL — A IR N
Spg/L F1 50pg/L %5 %2 Ml 3, 43 5l 2 120.0%~
124.4%,110.0%~113.0%,104.0%~111.8%, 102.0%~
103.0%,104.0%~108.4%F1 104.0%~104.2%. i 5/ #H



1184 b

KoM R %

41 %%

K A(98:2 7K/ E+0.1% H 1R) R 7l B(L
JiE), A 0.4mL/min R, B IS ] AL Omin £
0.25min, w7 A R 7 B 43 AR FF 90%F1 10% A8
A5 M 0.25min F| 4min %575 A [ 5] 2%,% 51 B
TH%1 98%, M 4min 3| 5min I %75 A FIEF] B {#
FFARZZ I 5min %] 5.01min 3% 7] A X T}#] 90%,
W] B X %3 10%, A 5.01min F] 6min I, %575 A
s ) B 43 f- +F 90%F1 10% A5,

R R P = B2 I g 1 52 e, 4 S T
AN 7] AR s 2 11 Ik 0 VR AT AL F PR A
I LLFRAFEE RN R B FIIK) ECoo. (H AR 2(4), LA 8
ohy AT 3 A5 U RN [ ok R ) ) A ) S (4)
RPx Ay ok B 71 (1) 40 1075 07 ECso(dliuron) Ay i B [ 1)
ECso {H,ECso(i) 4 2 i PR HF 1) ECsp {H.
ECy, (diuron)

ECs (i)

RPx= @)

2 ZFR5WE

2.1 HALIRARIG AR

2.1.1 TOC Al UVysy Xt —ZRALEEH KT T
11h (¥ ARG A 8h (1 UV 4RI (KR 31, 7WImP),
REH DGRV E T BRI 3% 3 7R, 46 UV SRR,
TIRALFR KA TOC Al UVasy 20 HIFEAK T 21%F1
55%. 7t H ARG, TOC Al UVosy (8 I35 W] i BRI
XYL UV RIS A K R WL L
H SR I (RUR. UV sy AR Bl 25 05 B 30
B AT S UV AR I T b K UV s, W S BEAIE,
YL UV BT DOM 4> T 5 kx5
Zhang 2B RS 45—

2.1.2 fHOFEMEAPUT(COOM)R 4L i
2 Fio. B ARG IRRT UV i R T () 2 K, 4190
PN SE RN () B HT T B AE HAR G 7Th 2
J7 RN FE AR FEANAR UL CDOM [ 2 BR35UR
CRUEAEHAREIR N, [ XAV X1 LBRE5 500
7.53%. 27.30%. 42.97%. 22.66%7 44.64%,CDOM
S ZEBREFR N 38.70%. & IR (42.97%) MR JE IR S
(44.64%)1E 5 Fl' CDOM 214y h = BR RBLUt A1 T
R W TRV 02500 5 (16 2a). 3 i 3 251980
X RARRKBH GRS T K& DOM 4153 (16 B gttt
FUAE R — 2 RO I b i B 1) T ) R4 A 0y
PN R HAE S I FE PR A R AR UV §

I, T X% VX CDOM #4554 49.34%.
65.45%-. 44.48%. 33.67%F1 43.87%,CDOM 1 J:FR
A A1.47% (] 2b). UV % R B (1) RR I 6 TR A /KR
53 P FE AR 3B AR S5 i B b A OREEAN
A5 R UL, UV ARG T E AR G O g db
HK R E R BRI A AU R '
BRI G T IR R o) 2 B 22 AN KUV A RO
TR AR BEH K CDOM 15 2 B 2w v 1 ARG IR
44 TOC AR Ak v i, P Aol FEOGT — 2 Ab B HH 7K rh
CDOM 4 A4 B2 A FBAIK, T fig - 224 DOM
HAk Sk /Ny T L. Liu 25BN BF 5T 22 W1 78 UV 48
T CDOM 43 2K B 5E 4l 7y e Rt A 4 B8
INFS 5 = Ll AR SCHE UV BRI R 2R 4l
B R A T2 S B B 4 43X ] BEFN DOM HE 15
i1y - 2 Sy B

F3 BALFUVERTZRAEK TOC f1 UV Tk
Table 3 TOC and UV changes under natural light and UV

irradiation
Iji 5654#/400~1000nm, i
SGHA I Al (h TOC(Mg/L)  UVass(cm®
H (h) (W/mz) (mg/L) 254( )
Q SR / 7.781 0.161
P 432 7.727 0.160
S 6.14 7.638 0.16
Hﬁ 452 7.599 0.166
11 5.6X10* 7.36 0.161
It Y iE/254nm, )
SeI Al (h TOC(Mg/L)  UVass(cm*
H (h) (W/mz) (mg/L) 254( )
Lt / 7.621 0.171
0 7.629 0.172
uv 0.5 6.845 0.140
L) 1 7.082 0.136
317
IS 2 6.842 0.122
4 6.449 0.111
8 6.008 0.078
6 73
(@) BRI b
CJux
Sr 74 miix
- I VX
Sat =y
=
3t
=
i
1 -
0
B 0 4 7 11
I 1 (h)



3 RIS FARER UV SRR 27K DOM K #EtE I Az b 1185
12 (0)UV TR B = B 11h FEARBA AR, Ui B8 A BRI A 75 1 1

o} _ e IR Tt TRGE. UV FRIE sh 2 J5 8L R A
A= E = glvvg B TEPEFE AR bt A TR 7 18 RO IR bl 54
SIEEHEHE = BTN T 0 590 0T, — % A FE LK R 38 £ 7 T o
SCTHEEEHEHES 5.41pg/L 7% 0.36pg/L, Ml % Yy 93.3%. KA # 12

34 N = = — = if 11h 6 1 314.68ng/L [4 42 261.12ng/L, % Ny

i N 17.0%. %5 L UV 4606, 2858 8h 4 I, A5 25 2k
3.20ug/L %2 1.25ug/L, i EEtE th 68.57ng/L 4%

15 (h)

K2 AP0 UV fE R A0 H KR 551 CDOM
i
Fig.2 Changes of CDOM components in the secondary
treated water herbicide under natural and UV light
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Fig.3 Changes in genotoxicity and plant toxicity of secondary
treated water under natural and UV light
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Table 4 Correlation coefficient of 5CDOM components and genotoxicity under natural light and UV light
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UV i 0.886* 0.903* 0.839* 0.860* 0.811 0.848*
¥ * 4 P<0.05, 4 P<0.01.
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Table 5 Changes of photosynthetic inhibition potential and concentration (ng/L) of herbicides
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Fig.4 Changes of herbicide concentrations in secondary treated water under natural light and UV light irradiation
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