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Pollution and removal of five neonicotinoid insecticides in a municipal

wastewater treatment plant with cyclic activated sludge system

SUN Xiaofei'? CAI Tingting’ TIAN Di? LUO Dongyi* YI Xiaohui**
HUANG Mingzhi** ** YING Guangguo®
(1. Dongguan Environmental Protection Industrial Promotion Center, Dongguan, 523009, China; 2. School of Environment,
South China Normal University, Guangzhou, 510006, China; 3. School of Geography and Planning, Sun Yat-Sen University,
Guangzhou, 510275, China; 4. Guangdong Provincial Key Laboratory of Environmental Protection and Resources Utilization,

Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou, 510640, China)

Abstract Pollution and removal characteristics of five typical neonicotinoid insecticides in a
municipal wastewater recycling activated sludge treatment system in Zhongshan City, Guangdong
Province, were studied using the solid phase extraction-high resolution liquid chromatography-
tandem mass spectrometry (SPE-HPLC-MS/MS) technique. The results showed that residues of

neonicotinoid insecticides were detected in each section of the recycling activated sludge treatment
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system (except thiacloprid), and the residual concentration of neonicotinoids gradually decreased
with the treatment process. Sludge in the anoxic stage showed high adsorption efficiency on the
neonicotinoids with an adsorption ratio of about 41%. The removal rate of neonicotinoid insecticides
in the aeration stage was 32%. Sludge adsorption and biodegradation could be two main removal
pathways of neonicotinoids in the municipal wastewater treatment system, moreover, the aerobic
treatment would be beneficial for the biodegradation of neonicotinoid insecticides. Results indicated
that the current municipal biological wastewater treatment process (such as the CASS system) shows
an unsatisfactory removal of neonicotinoid insecticides. About 91% of influent neonicotinoids are
discharged into the receiving river with the effluent, which should cause potential damage to the
surrounding water environment and ecology.

Keywords neonicotinoid insecticides, cyclic activated sludge wastewater treatment system,

wastewater treatment, removal characteristics, ecological risk.

BT 2 2 HU (neonicotinoid insecticides, NEOs) J& TS AL MR BEE & HUA, )32 b TR0l A 7= |
Bk AL . W R 5 F i, JU R 5 o /AL R R B A A B e e ok i 2
BR AR — IR ORI P H T, 7 b Ak BB MRS 2% d5R A 22 R, Hrbonlk s bk (imidacloprid, IMI) |
€ HL 2 ( thiamethoxam, THM) . BE Ht ik (acetamiprid, ACE) . W& Ht ik ( thiacloprid, THA ) Fil B¢ Ht i
(clothianidin, CLO) &5 ML AL Hr IS % B 7 3% B T3z, 30 4 ok v S 8 B 4 X% o5 A R 4 HEAE Se 1.
SRT, K Z2H0H MH RIS 2% O AR it IS 5 A A W A, T B o K L A8 D 8 Tl B K R AT
Wi A SR Z A KR R TS K AL PR R G v, LS5 M Aae | ME LR, HLA PRI R A M, MR bR A
Wy (A i S Py R W L K AR AR5 BoK A AR S IR IS TR A 5 4, @ AU ALY e ).

TRA S R G0 B B T R 2 R BRI A A AT S AN St B i AN R e H #5517
T FE F R O . A BRI, 2 ERIAET, 46 + IR AR 32 8 T A [RIR2 B A R B 28 2% B 75
Yt =251 SR A S 2 AR T L A 0 5 e 5 VA SRR ), S e e R AR T[RRI AR R
Ha APt K A BBt A= TCHRME S A — 8 B BSEAE P, AL, A ST G, R 422 Ao J A % )
SR MR 77 A A L AT R B, B AR IS 2 HURITS Ge © Rl Ry 4 3R B P ik A 7 B RS ] )
HEr, KB ki e s KSR 215 [ 5 0 AR A DGk A B 3l A% 1k BT 0 m 2A 2% ) i 4 LA
2% HAE . TR EAE B MRS 2 HOR A0 2 — A = Al R B, A0 B 2 IR B A ot b o R S etk
B BT R S A oE .

BRI S 2% BRI TK R i BEAR K, B AE KA TP R R, 3 oK AR5 %, AT RE 36 88 Bk A= AE ik
s X AR W i S T A TS K AR BT S TS YL ER A R R, S S B 2R B s YRR AR
TR AR T AR AL T A RGREE. SR, B FTEF XT38 TG 7K A 3 B v B RS 2R HOR R R A Ak A T o Al
A W 8 fit S A D ARGE B A IS B TR TS TR ik, AN AYO T4 A A I A5 M5 K A B T2 Mk DL SE
BUA S A B, Sadaria 2618 F Y BUIE HUBR . B HUBK . nHk e m7E 5 B0 35 1 75 e Ak PR AR 4 v R PR AU 0 22,
TETG /K AL 3R 2 48 b BA R AAEAEVE; Tancu S50 WF 5% & 30 BT 7K Ab 31T 25568 B BRI A 24 1 25 B o8
AR, BORAT BR. ARG RIS U6 T2 (CASS) RS, UIVETIRE T —1&, FLRg . Vi€ . HEZKAE [F]— i+
PARUHEAT, TG ER, I fe e P Ak 326, H 2 kAR B, BRAERTE, CODc, Z3BRR 8w, Pinp i fig
T8, R SE I R AT 0 I A SR . 7E IR [ mE O b DA 1 T K A B A BT R, G I AR A R U
EBRRHEA TR,

1 #MBL5 7 (Materials and methods)

L1 pHRFEH

TEE 5 R )02 AT B2 2R HURIVE S H ARG, 43 501 hy ot ek, g e e | g e | E e JBRORT
WE HUR, PEANAS B AN % 1 iR, S Pl BB IR G2 A% R FRAR oA i 28 Oy [ o AR . L vtk HOmk (99.5%)
WE L 5R (99.0%) . WE 1 iz (99.0%) . BE 1Pk (98.1%) Wy [ 4% [E Dr. Ehrenstorfer GmbH 4% ], WE 1wk
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(98.6%) W [ 3& [/ AccuStandard Inc /A F]. PARY) IMI-d4(99.9%) . THM-d3(98.0%) . CLO-d3(97.0%) .
ACE-d3(98.0%) Fil THA-d4(98.0%) 111y | 2% [ Sigma-Aldrich Chemical 22 F]. Z i (43540, 99.9%) . —
A e (A4l 99.8% ) A1 HI B (A5 46, 99.9% ) I F I 1 % 3% ( ANPEL Laboratory Technologies) 23 F].
’%%%(ﬁﬁﬁﬁﬁ 99.9%) W [ KT KAL) HLB B [ M A BUIME (500 mg, 6 mL) W [ - %

7% (ANPEL Laboratory Technologies) 2\ . 5% 5 i 8 v ¥4t H 3¢ [E Millipore 23 7] Milli-Q £ 4t il £ 1) 4
%71(.

R 15 FAGE AR HR B AG P B R BRI R A
Table 1 Physicochemical properties and environmental persistence of five typical neonicotinoid insecticides
HIEFFATE(DTS0)

7R E/mPa AR L/

B Vipor  mel) gk’ ek RS e e
pressure Solubility Soil Water-sediment Photolysis Hydrolysis

. ek IMI 4.0x107 610 0.57 219—290 120 191 (104—228)  30—I129 <1;0.2 >365

WE % THM 6.6x10° 4100 -0.13 1.75 0.37 50 (7—72) 31—40 2.7—39.5 11.5

el iz CLO 1.3x107 340 0.91 2.08 120  545(13—1386)  40—56 <1;0.1 14.4

e dL bk ACE 1.0x107 2950 0.80 23 1.32 3 (2—20) 47 34 420

WE H bk THA 3.0x107 184 1.26 3.67 1.45 15.5 (9—27) 8—28 10—63 n/a

¥: a. Ky, FEEIKMELREG Koo IR REG Ky K-15 U850 BL R AL
Note: a. K,,,: octanol-water partition coefficient; K .: organic carbon normalized partition coefficient; K;: sediment-water partition
coefficient.

FREAG & T 25 BT bR v o 37 8 T 208 T e B AR FE R 100 mg- L' A BRME A 25 0. T A il
FWTF 20 C TEEGIRAE
12 FEASRSE

6 HAE i b DX LT BB T AKAL B R G R A . T U BT K AL R B T R
W, BT . ARG P TR A A B R N itk (CASS) « Tl LA K 55 AN 35 A%, b g BRI PR TS e A
Wy Ak 3 I N b S Ry A A B DX BRSO N X, JE S A S RN X, A RN IX S AR T R TR A
SNYE KA, R UOVE . HEK AR FRAE [R]— b P S APE A 32 17, JLEAERT 8] 2 7K BE<C 2.0 h, UL
UE 1.0 h, FEIKINE 1.0 h. R R4 T 2B IS KI5 YR ke fh, SREE S A & 1 iR, kK
(P1#1) . REAM B K /i S B B ATtk 7K (P1#2) | SRS B s 7K A S B BLtE K (P1#3) | S-S B B K
(P1#4) HK (P1#5) DL K i /K {5 P8 (P1#S) . Hip Pl#zf‘jTﬁ‘UiFleMﬂ“ﬁ,Pl#z P1#3 3 F 32 s g X

L P4 (3 FHK G . AR R G0 B RS I IR LR RS0, RAEESE 3—6 DS 1T EIHN OK 1158
Hq“lﬁnﬁn%ﬂﬁ.

s WRBX  ERBX RS it SN

Primary Preparatory ~ Main reaction Decanter Secondary UV disinfection
sedimentation reaction zone zone sedimentation
tank tank
P1#4
Brivig @ P1#2 @P1#3
Influent thok
—@— Effluent
P1#5
HEM
Grid
513735 18

Returned sludge KIS
/I 41598\ Dewatered sludge
Excess
sludge P1#S

B 1 SRETS KR PG 15 Y b BH 2R G fa] 1] B HURE A5 07

Fig.1 Diagram of the wastewater treatment process with CASS and distribution of sampling points

Fie HE A% SOV [ B R ) 7K IR 1) g5 5R 4R K2 Bk | S K BRI AE iy 3—6 Y. ol e 485 AR 3 A 28
BEAMIE TG Kb PR R G rp R AR Ve K IR B RE i, 2 B AL 15 min, 20 0 SCAR 15K RIS JERE L, fAF ISR IN
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J#i (polypropylene, PP) RALH H, 43 W8 Jinad 1 Y B A 28 R AR B R 02 E 06 Pk K 75 18 (P1#S) SR
AN RFE LR UCEE, A7 7E M (polypropylene, PP) i I SRAEI . WA 5¢ iR B FE b CE T8 3 5X
VKA R, R RS B SL 86 2, 7 BIEAEAE 4 °C F1—20 °C vKAR . A8 1 8 P 58 URE 5 i b 3 K 23 #r .
AR i A A7 25 L RAE T 1 0 P PP s 0 R 4K 8 2—3 IR FERE Al R AR [RIC Sk 4 T2 B E S
G RO, PR (T) | pH. B# % (DO) . B 5% (COND) FIA ALk J5i L {7 (ORP) R G 7 2 2
BOK 5T W I ASE s A7 300

1.3 KA ATALH

0.5 L /KA FHFLAE N 0.45 pum JERE T U8, A NARTE 5 3050, 7K RE o R AR 2 0 Ry i Ak B4
WOHT RIS 25 H50). AR 10 mL F 25 10 mL 467K 7% 46 HLB /M, Bh 3—5 mL-min™' Jii s N8k
FE, AR AR 2R KR IR T 2 T/ IFORE R I AR S B S, FH 25 mL 5% HY RS K S TR
THPERE A 2 W, JFad A, SR, JH 5 mL @B 27K 5 e/ NE L 25 BRER 43 Rk B 2 BT, JF il 02 2500 R %
AEHEAT T 5—10 min. FF/NER T, 5 mL B RSV 0 52 78 /N b 08T MR AR 2 % R, R
MREZRAMRZIET, IR 1 mL O € 2B 2R AFERE/ N, T-20 C N ESGORFT.

SRR G, 158, i 100 H . #EFHFREC S.00 g i 0 5 75 Ve FEah, 585 2 50 mL 7 2% & 25 98
B, A 20 mL ZJF: &L (2 1L, VIDIRG W, WIEZE Y 1 min IR2A), A5 $2H 15 min. L
5000 r-min”" &%, B0 8 min, $HA R AR BIRIE T, B BhefE 2R Ak 28T, H 1 mL OJEE
FRE ML LR 1 mL ZFRBOR T A 10 mL £ 55K H (pH=7) , {KIK NN A 0.8 g NaCl Fl 2 mL — &}
Bt, WATENR 7 1 min J5, B A H 10 min, 5000 r-min~" % #0550 5 min, S8 5 i 3 S BOEDUE FL L
WER, HRRARREIET, L 1 mL OIEE S B0/, T-20 C T ELHRAE.

1.4 AUER5THT

FRAE RS P& A AF DU AR S 2% HRU SR 8 ok €233 S5 1S 15E A £ R (Thermo LC TSQ Quantum Ultra =
o PO A AT U 5T 6 A ASC) AT AR I 00, £ 3% 43 2 Thermo Hypersil GOLD C18 4 (100 mmx2.1 mm,
1.9 pm), (3 AT IR 24 422 A0 2k o B A LABR 25 I sl AR FRE i Hh (%) 28 /N UK 47, A TR AR 4R HF 7E 40°C, Tf
DA S HERE I 3 pls SR 0.1% HRIK S (A #H) 5 26 (B A7) M shAH, WA 300 uL-min™". B
6 % FH 1F B8 74 25 5% 55 H, i (spray voltage) “H+3200 V; Wi %5 i & (vaporizer temperature) 47 350 °C;
#4/3 (sheath gas flow rate, N,) A 45 arb; %<, (aux gas flow rate, N,) A 8 arb; #ilff# <, (Ar) & 1.5 mTorr.

FHIAMREE &, & b G YARiEM ZAH C R BUI KT 0.99. = (1L SL % 25 1 AR FE &b
DA KRE - AT 34 5 0 O [R) s A i A BN B8 43 BT . 25 T R R AR ) B AR LA s R R A
0.01—0.05 ng-L'(ZK#E) | 0.001—0.005 ng-g ' ({5 AL ), AR R A 83%—106% (K FE) Fl
81%—112%(J5IERER) , FARIFRHEM 22/N T 12%.

L5 EERFIH
15 7K A B 72 GE KA TR KR RIS A B A BRI R R
Cinf _Ceﬁ
R =~ X 100%

inf

HH, i Cope 70 A AL PR R GEE L H K HOBT MR AR 2 A8 HUFSF- 38 B iR B (nge L)
2 ZEER 58 (Results and discussion)

2.1 HTARBEZE R HURIE TS K A B R 5 P G 2 5 Y KT

FE ST 7K b P ZR G0 4% T 25 B it vl ARG I 81 A e TR i A B 2K R o 5 B (W SRR BR A1), T DL
2 AR TG K rp R A A W R | W U | i R BRORTIE K R HE R 100% ), A B 1 k.
v G R R v A S R R, PSR B I B 63.9 nge L, FLuR SR WE R e, vk B 39.5 ng L ik
5 HPK (0 A e B AR, SR B A3 N 15.3 nge L7 L 15.3 ng L 5 T5 K A IR A [
JBe, TETG e i SR A R R | W s | g PR AR 3 TR B 2 A R, A ARG 1 0 el ok it ek
i, BE HUPRAE S Fofr U0 0 A% SRR ey v B B e, ST AR S R 0.685 ng-g ! dw, WE LB 55 0E HU K
MIZEARK, IR EE N 0.644 ng-g ' dw, PE U E f AR, LN 0.484 ng-g ! dw.
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R 2 BIRBTS KPR IE AR TS R Ak BE AR G0 B NI AR 2K 2 T - Rk

Table 2 Detection of neonicotinoid insecticides in a municipal wastewater treatment plant with CASS process

) P1#1 P1#2 P1#3 P1#4 P1#5 P1#S
Ttems wmk o 5k 157K 15 15K 15k wmk o 5k K 5k 15K 15
Water  Sludge Water  Sludge Water  Sludge Water  Sludge Water  Sludge Water  Sludge
it sk IMI 9.5 — 183 — 18.5 12.9 — 17.1 —
WEWZE THM 609  0.453 762 0.503 81.1 0.610 61.1 0.522 403 1.131
WEHE CLO 378  0.576 456 0.304 440  0.489 344 0.407 35.9 0.644
BEHK ACE 126 0.719 15.9 0.343 17.7 0.777 14.4 0.660 153 0.925
WEHk THA — — — — — — _ — _ _ _ _
YNEOs 1207 1.748 155.9 1.15 1613 1.876 1228 1.589 108.7 2.700

TE: VoK AP R BE B ng- L, T5 PR G I R BE HL037 g™ dw, dw: dewatered weight .
Note: unit of concentration in wastewater is ng-L-1, unit of concentration in sludge is ng-g™' dw, which, dw. means dewatered weight.
TE A AL BRI RS A, 15 7K A K 2 1% R A o R A 1 22 B R s b g (] 2a) . BEOK

S BT AR R A HOR)EAG R EE O 120.7 ng- L, PRARURT Bt 7K (P1#2) HHRI M8 8 28 2% HUAR) SRS, 1 94k
BEA B LT, 9 155.9 ng L, S4B B K (P1#3) AR MBS A% HURLE A L I8 B 45, O 161.3 ng L5
25t RS AL 3 Tk B BT REAIR, B BE T 7K (P1#4) 2 122.8 ng- L', Hi7K (P1#5 ) HRi 0 5824 A Hi) A
WIERRIRE29 108.7 ng- L. RT3 I8 HOB RS ¢ HURLEAR B TS (1 2b) . w100 75 9 Hh BT A
B 28 2% HUGR) RS H R T 1.748 ng-g ™t dw, PR BETS U AP 7 M8 B D6 % UG ARG HY e R dR A, R
115 ng-g™" dw, 6k & 5 45 % B Be 5 98 m 8 A0 A 2K O B30 R ARG H Mk 2 23 0 Ol 1.876 ng-g! dw Al
1.589 ng-g™ dw, 1A il 7K 175 ¢ v SR H vk BE R B R, O 2.700 ng-g™ dw. AH LRI UL 15T, iK1
Jerb 5 BhoHT MR B S HOR RSB N2 35%.

175 (a) 301 (b)
[]PI#I [JPi#
=150k P12 N % U P12
0 RN P13 525 DN p1#3
2 XA p1#4 "en XN p1y4
Bl PI#5 NR M PI#5
] 3
5 2 N
£ 100} E m
s Z 15}
z £
FE) E
= S0} V]
£ sof] 5
(EV g
3 V051
O 25}
L % AR PR (b, % % W,
THM CLO IMI  ACE  YNEOs THM CLO ACE YNEOs

B2 .5 BRHTER ISR HOR AL R e A5 B B G R, () 157K R (b) T5 78

Fig.2 . Concentration of NEOs in different wastewater treatment process, (a) wastewater and (b) sludge

2.2 HrEHHZE S BRI AEAS [ b B B v e B Ak R

FE 6 AR 22 7K 45 B Bt TE) P9, A ERE E TS e AR AR B T2 (CASS) X5 7K H COD, AL, B L
B R BRAUR, Hi7K COD 1E 55—68 mg L™, ZLBRFN 65%—83%, &l i nl ikbrHERL. 1175 K Hr
JHAR A O E 2 BRACRAUA 9% ([E] 3a), RORAME, HAH4> (91%) BE 1 AKHEA 52 9830 K 4. X+
& TP BB, #8228 R AR DR AR i AU B e B e 3 S T %K, 3 3l -29% F1-5%, LT e 55
U6 v T AR B2 % ) A S IR A OG5 U 4R BERT S NEOs 25 BRS0R B s, 3 £ R R AF 32%; HE
LHMNETER B, RBRRKEBON 12%, HFRI K A 5 AR mT REXTHT RIS R — 2 B fE ), Rl
U B AT 48U 45 1T e A R T MRS % ) i) 25 B

KB 5% 2% B 5 e X B A A 21 2% He 70 A e 4 i I B L, ARG v CASS T2 Hi T U8 37 0 ik
2 25 HUFI B 2 B A AR, I B 2k B 54% (18] 3b) . TRAR 5 B4 W B AT BEAEAE — 5 1100 i 5 i B4
BT e OB R BRI R EE A, 60 W B 3R, S A B 30 A -34% F1-16%; i S BT BTG g
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IR B 2 41%, Ji A 75 T OB MRS 1% HUR A I B CR f e, T BB 64%, AT RES AN IR T
ARG e B BT A A K

80r @ rHM 175 = (v) ] THM

60k [mcro 150 [ cLo —
[ Vi XX ACE

w0k XX ACE 1251 (] SNEOs

1%

X100 |-

L [T Y NEOs H‘%-H

20k

0- i m H m’_l'ﬂ M
2 ‘Hﬁ

—20 ‘

—405

~
w
T

Removal efficiency/%

Removal efficiency
(3] wn

< w <
| —

]

B3 B AT CASS 2 F R e 45 B B L BRIFE, () 157K H;(b) 158
Fig.3 Removal of NEOs in the CASS system, (a) removal in wastewater; (b) adsorption in sludge

A AP AR S otk R E PR 25 R R4 -78% F-20%, WE K 1Y F3BR A 6%, WE
e L BR R I i, A 34%. M A Bk R 7E 75 008 Hh g & BRL, 1 e HR PR AE T Ue e B R R 28%, 188 Ul AE 5 6
W B h 12%, 45 SRR WATE CASS T. 25 8 H iz (19 25 B s SR AS BARL; 11 W He 3 7 V5 U2 Hh B FF 36 0
150%, L5 PR AT e 75 P AU BF T35 7K i A G 1 HUIR 3 1T A8 I A7 PR 4805 B 4 9 B3 v it 25 I
(RE R, 25 G bSO e U PR 25 5 L S5 R 2RI CASS T2 AT RE XS B RE 1 1) 7 21 7% H 75
(nmge B ), A7 B AT 1 A BEASCR, AR LB B MR A 7% AR B8 R A PR Sadaria 5515 76 X 35 [ V4 e &6
— JE RIS e 15 /K AR B AR R B, K i HRORR R R 1) 22 BRI R 1% R 12%, If:
540 T R U W R A L KA L SR AT TSR K T b ORI e K BRAICR AN B B I 28 2%
Rl i, Tancu 25 X} Bucharest 75 7K Zb 3 | 5% K PB IG5 ZS A8 HUR) DA 7K 22 5 HE 491 4 41, e o Jpk 2=
R Ry 23.2%, Nk HUE- 35 L BR50h 22.4%, WE BR324 L BR AN 20.3%. £5 b, B R R e 1L 4t
495 7K A B0 2R 5 Hh e LAAS B4 85 2 BRU, CASS Kb Bt i H 4V 4% 2 22 55 T BE AR 0 5 2 S i A i 28
A% HOFA ) 2 R B R R Can e e ) BT AR % R i 7 K A B R 5 K A HEAR T Rk ] R AR A A
Sk
2.3 HURBRZE A BRI AR AN ] b B R b 5 BR i AR T G BRER B [

b SCHE I CASS R4 Y AL BRGEFR IS, B MR A B ) A P/ D . MRS 1 T 5, eI
BTG K AL BT H BE KRR 2 JT i, HK S 1.98 Ji g, H B KI5 8 (80% i & /K ) 10 mfi, W R %05
KA 38 37K b B AR BRI A% e ) 244 9.07 mmol, FoH 0.44 mmol B W M EI K 15 P8 v, K
JRBE 2 R HURI I A 2 8.27 mmol (&l 4a), 45— 5 /3 BT MBS S A HURI Bl A W R A 2o o, FL g i | 1 ol
Jhiz . AHk Rmbk . R R S0 1 R 144 018, -0.58., -0.23 mmol, YNEOs 1= ¥ [% fift i >4 0.80 mmol. 4
T IR B A 2 B A A X I MR A A H) 2 B ) R, AR B AT KR A R U T B B T CASS T
2o LR B AR TTIR A (8] 4b) . A= W IR 2 CASS T2 b HBRF e A MR I E w2 X T
YNEOs, K FRIAm 20 91.2%, A=) B 1542 10 TR SR A 8.8%, T4 45 2135 U6 Hh {0 &7 0.02%, 44
43T KBS 2K H AT 5% B8 A K v, T 3 08 R B T R SR AR AR, T D % KR 28 % T I PSR
W2z, JUT- 0T LA ZZBEANTT. 55 4h, CASS T 20 b AR W [ ik 11 DT R3S 157 (8.8% ) , TN Rl A% 52 W4T 4R
FER TN B, X THERE S, KPR RN 65.5%, 2 5EYIEM R LR 34.5%, J& 5 Fhi i
BT AR B A % TR e A 0 9 A T AR i L, X I R ) 2 R AR AL TSt s H K v O R A
94.2%, Z 5 W AR B b7 5.8%, 5 BRACRANAE; SR, H K HR it A ohk e KR A 1 ) v T A K
b, IR 4y BN 178.3%, BE HUBKTEI 4y il 120.8%, UM o 14 hn 3 B iy T A MR AR AR,
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Fig.4 Mass flux and contribution ratio from different removal pathway of NEOs in wastewater and sludge.

(a) Mass flux; (b) contribution of each path

Al b, Sadaria 55 B 5% K T T3 U R B82S 2R HUR A vk B LA, A ST R Y 1%, X T
S A3 HTAEAE . BE—AEIE W], CASS T 25 % MBI 3% rh 5] 14 Ak BRSO A

FEKFERAE R X /K RE = ZEH bS5, 246 T(°C) . pH. DO(umol-L™") ., COND(uS-cm™), ORP(mV)
SEHEAT T ORI L X BT R 2 O T ok B 5 B AR A AR AT B A A (3R 3) R ELR G T((30.4+
0.3) °C). pH(6.7+0.3) B FbAN K, 553 AR BRI A H 5 e B2 A G R 400/ (7<0.8) , AHCME 35S . COND 5
ORP A M R AL WHE 4/ T 0.8, [RIREFIE AR RIS A% 50 e B A 55 A0 DGR sl B AT A DG, 845 45 Fh B
fRAB bR, 74 DO 51 W T X 218 A% 7] sk B2 52 B AR OGP, HoR 2t 7R G (P <0.01), 42
Rl DO 537 M2k A% B () 25 bR 2R IEAH 56 (P<0.01) , b — 250 B A S8 2514 1T e A ) 3 R B2k 2% A7)
14 £E W e .

R 3 OHORBEA B B RS R 1] AH 5 R KL
Table 3 Correlation coefficient between concentration of NEOs and wastewater physicochemical indexes

Al tems T/°C

pH DO/(umol-L™) COND/(uS-cm™) ORP/mV
e % THM —0.44 -0.56 -0.98 0.37 -0.28
ek CLO -0.27 -0.47 -0.82 0.70 -0.77
I bk TV 0.10 0.40 -0.35 0.19 —0.49
IE Uik ACE -0.23 0.33 -0.48 -0.01 —0.28
¥NEOs -0.36 -0.39 -0.95 0.43 —0.46

3 %518 (Conclusion)

(1) S RISRERTS /K AL B A S8 (CASS AT 20) Xof 3 AR i X 5% SR 25 BRASCR AN BEAR, R 280 (91% ) il
HKHEASZ DAL K AR, AT RE 200 8 320 7K PR3 R K AR 28 T BB e B R

(2) 775 eI B A0 A 9y e T T2 S B 75 /A A P28 8 R B MR IS 2% TR 1) 2 B L B A2

(3) B4 [ B T3 e RF 38 18 6 218 3% KT W82 B4 PB4, e S 28 0 Ak B T BE AT 01 38 JA B 4% U701 Y
e it
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