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Non-Targeted Analysis and Risk Screening for Emerging Contaminants in WWTPs
LI Yubo"
(Shanghai Municipal Engineering Design Institute <Group> Co. , Lid. , Shanghai 200092, China)

Abstract [ Objective ]  As an important source and sink of emerging contaminants, municipal wastewater treatment plants
(WWTPs) are a key barrier to controlling the discharge of emerging contaminants. Emerging contaminants in the wastewater treatment
process generate transformation products through a variety of pathways, which are diverse and structurally complex, making it difficult
for traditional targeted analysis to meet the detection requirements. The current non-targeted analysis technology is rapidly developing,
but faces the challenge of targeting substances of interest from the huge amount of data. [ Methods] In this study, the non-targeted
analysis method of high-resolution tandem mass spectrometry was applied to screen emerging contaminants with environmental and
health risks from the extracted molecular features. By reflecting the similarity between mass spectra, molecular networks had shown
innovative applications in identifying transformation products. [ Results] Six sets of samples were collected from a large-scale WWTP
in Shanghai, i.e. , total influent, pretreatment effluent, primary sedimentation tank effluent, bioreactor effluent, advanced treatment
effluent and total effluent. A total of 1 262 positive molecular features and 2 078 negative molecular features were extracted from all the
samples of the WWTP. After filtering, identifying and manually checking the molecular features, a total of 710 molecular features were
tentatively identified as compounds. Through the hazard data screening, five compounds were labeled with danger signs among the
compounds with high structural search scores, and these five substances were phytosphingosine, 3-methyl-2-oxobutanoic acid,

pyrocatechol , m-cresol, and nicotine. The high-risk contaminants were further used as central nodes to construct molecular networks for
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high-efficiency identification of known and unknown transformation products. [ Conclusion ]

This paper identifies high-risk emerging

contaminants in wastewater through a non-targeted analysis workflow and explores their potential diverse transformation products, which

will provide technical support and data references for the subsequent management of emerging contaminants.

Keywords emerging contaminants

network

BTS G4 BT B OC TE X A A R
SR RREA AL RS | 1 R 0 A S Bl AT 48 A
Tt AN J2 DA S8BT 4 RS ) 5 ey . AR ok is G Bls
FERB U, B TS G 52 3 4% 075G 1Y [) I 25 W B
1K EE R 2Pk . A TS KA T A E T
FERE W IR ML AR AL BT B e LA AL
L8RI5 K AR e B M IR AL R R B BT TS
Pt AR R TS YR A X 2 R E TS e
(0 BRARAXS AR, H = B T A RBRT B4, R
P F A TR TG B B R 5 ) S AR 2k
TRAL, i) kAL S 2 A
Ak, UL 16 73 AFr wfE LA 2 B AU AT K . Bl = o
PG A K R AR ] 43 HT ( non-targeted analysis,
NTA ) 32 ¥ 180 8 15 S ¥y o3 A i B 5 - B, AR,
NTA B 5T 15 B A2 2% B O, dn ey ple s ks
PTG HH DG T T 224 i T 1 Y T R AR

TERFRHFAE D BT NTA BHE AR
B, TERRER LTI AU f A I AR Lok B B
TR L TR BTV R E BT 4, ¥ il i i
VOIS AR T, 38 B O 2 B4 i vk ) v
AP IRZIAT 40 000 Fh2# 4 1 i1k & W8 7e il
FErP A 350 Fh e 56 [ i FE A SR A TR 41
SRR A 2 TR X AR A
A5 1y )RR 1) 3 B G2 A AV A2 B S A T v A e
TRIXS 1) D R A 5 i, DR e 1) 2 — T s o |
R BER NTA J7 i, B v 7 0% F i 0 B3 ot
TEHRMAWIE AT, NTA J7 E7E I AR 3 158
R BRI T B

NTA 38 53 %) R Jo 1% B0 R AT TR B e A, O
LT B S AR AT U], AT S TR
H ARSI E PRI E B3 BT, © A8 PR U 2 Bl
JIH0E G A B AR IE R Sl H Sk UL, NTA
BRI Jo i K A A AR HHE AR R R 4R ( data-
independent acquisition, DIA) BHCRAE | RIE R 4R
AR — R BT L 3 9 B 8 ( SRR i i
BT R AT TR IS BRI i) — B (E L

wastewater treatment plant ( WWTP)

non-targeted analysis  environmental risk  molecular

PRI, ARER o i 0 2 B, O B B )
i B B TRl RE Sk A 2R T SRR T B
XFRRATEM . NTA FiARIEF — RISk,
IBUR =B f e AN L ey (I R IR 57
SERRE SCL T BB A ) s B AR BT
B, T LA D HE 5 74— 253 i 2 i s b AT 4
G WA AR R E e e RS R
B DIA B3 e VL9 2549 . NTA ®F 58 H
JECiE o BT BR0E AT DA A B R AR A 7R R, AR
Waters . Agilent , Bruker 25" g5 L5075 1, H if
HVF 2 KIFRFEEE 1, 61 41 mzCloud | MassBank |
METLIN .MoNA ,CFM-ID MetFrag MAGMa %,

H TV K A3 oS Y ik oy 32 224
W LIRS Ye ) | i A R RRE AR TS Y 5
SEbR b BTG KRR A AT K f A AR PR i ft
SR AU 1 5 e M AT SR AT . AW S il aod
ghEG—E RN NTA TAERRE A A FE PR 50 4
e 15 AR R RTE g, It 5 A5 F M H R TR
S5 S Re) BR S5 AR AR S, $E R T K
Wb FRAT F 3t RS I (B TS Y i AR R
1 MB5FE
1.1 REHRIR LSS

AW S F 2R G G L H R Aaligk
8 BN EIE R W ZEER R A IR AR,
TRRE A B ASE Ry DU AR AT B[R] B S A (2 HE AR
6540 Q-TOF/MS) , 157K iR B iR KA 5
ARARER Ty B K AR B K A K AR R
b KRB ER K L K, i 6 AN, R
FEIHSE ] 500 mL IR, B4~ sS04 R AR 2 AR
T Tl g iy = S I ALY (DS S E =
TGKFERE R TRE, 3 mL F8RIRA T 0.5 mL T4F
R A FEMEN TP FE BB FE S 1 P AT AR A
i 0.22 wm JERE IS RS 6 A AE 4 C VKA T RIS
L53HT .
1.2 JRiE&ESH

A3 BT 8 AR 2 SSOBOR i A S B v 40 R

— 101 —



157K AR BT R 5 e B AR i o3 A SRR i A

Vol. 44, No. 6,2025

JFEREAY (UPLC-Q-TOF/MS) #47, #EFERN 20 pL,
HERENTUY R 1 BT ke 5 1E 5 61 F4E . A TE
RN ZHE S 0. 1% H R (W A) +H,0 5
0. 1% PR (W B) , A= G (B A) +H,0
5 1 mmol/L NH,F(¥H B) , Wi 4 0. 3 mL/min,
FHHL 555 55§ i (electrospray ionization, ESI) 7 IE |
TR T R AR TS B, BUEAE B /N T 5 me/L,
FRHR R 2 SRS, e T
BRI — A5 2, SR8 B BT L (m/z)
100~1 500, fiff 42 25 B AR ik 15 B,
TR AE F 3 5 9 10,20 eV Hl 40 eV, RAEH R N
2 GHz,
1.3 NTA L{ex#E

AHFFE A NTA J5 32 FE A B Z BT 4 19
Fhlh AT T AL TR, TAERARME 1 PR, B
e, Ml O OUR B M Mass
Independent Analysis version 4. 60 ( MS-DIAL) X} 4&
TR S0 A5 A 7 A B 2 2 ok N R
REFSREFIEERICE " BEEUS 8
R TFRIEE RS, A0 TR — 2
Fi A B G A SR AR B R RS R, MS-
DIAL #2090 i) Jot ot e 25 4
0.015 Da; 4Tk H BTt i 254 0. 025 Da; 51
BRI Sigma A 0. 5343 FHRHIE(F 53R EEAEFHE
IR B 3 AR T SRE b E, R % 1
FROE, T 25 1 8ok T A v i BRONE, i 6
FH Sigma (B3 & A A, 55 FC A R 82 1) i 5% ok
PR E R4 — B Zead et 57 AL T 2
e R N A L RN O] &5 e 3 d b W i i o110
TR AF SCE M MS-DIAL w48 J5 1 B MS-
CleanR X TUAY B AR PHE 19 4> FHAAEE AT 08, 1% R

Spectrometry-Data

-

s UPLC-Q-TOF/MS MS-DIAL

o - i

=3 | ..
BRW—% AW T
[T ST S

REFAL

MS-CleanR

BAFAL(R version 4. 4. 1) il 33— P B4 B 8] 75 ]
P B 2 REAE T BURR , SR 05 32 B PR Al R 5 5 ™
A I P RE AR AAEAE ) B0 I B A I K i
ZEWHE N 0.005 Da, fie KR B I ] 2224 0. 025 min,
2 38R B B R ROCIR B B () 43 FRRAE RS SR 8
HARER 2 D FREE, RN B

2 J5d IR 4 MS-FINDER version 3. 60'¢
XF 3k U8 B A3 AR AR HEA TR BT 45 A 2L, MS-
FINDER 1) 280 & . — 0 1% 1 = 25T 1% 19 fi
290598 5 mg/L #1110 mg/L; 4 F 2 UC BE A £ £E 10
TCR AR LR LVA B R TR TR T A
FAIVC FC B8R 14 9 00 08 ), 42§56 HMDB
DrugBank .FooDB STOFF \T3DB %5 Jg{#iIE 15 51| 4%
SRR IO 25 1 R T R ) S (I R
B, AR, FEAS b5 2 JE I D B g5 44 X, 259
J&H PubChem % ¥} (https ://pubchem. ncbi. nlm.
nih. gov/ ) F AL AR T T A , LAJSS AT REAE BT 1
BN THAER 45 =, MS-FINDER 2% i &1
SRR AR 28 S | 25 3 rhoxt i 2241~ 7T BE Y 45 4
2, IR P C 45 = AR HESY . MS-FINDER H' 4
B R B 2R 240 1 354 440 Fp e I T Bk
Fe AT B BN i (L% 643 307 A4ty
30) F1 PubChem X3k 119 50 33 20088 P22 (f0 2 M 1.1
fCFhE5FK) .

B, 8 € HUICE PubChem 354 H R385 1 i
BRI B, KX G2 0y B A 43 F R IE X 1 A K 28
B S5 R PubChem I3 i 23 42 it 1y 5t
(e AR B, DA A BRI 27 i G — 43 28 bR 2 1
Ji (globally harmonized system, GHS) ¥ G 15,
IFHIX L GHS i R AR 4™ AR B 43 28 O < s
M,

MS-FINDER PIR/AA b =
(=
R,
® 5 2
|!' . Pub@hem gj
IR ST 4y THHIE i
REAESCH PHAIEE R

B 1 NTA TAEHR
Fig. 1 Workflow of NTA

1.4 HIESH
AMEGERT 1L U8 J5 0T RRAE 22 (8] 5 25 Fa A e
177 2msr, FEHH MetGem version 1. 5. 217

— 102 —

XFIE SRR AR 4T R R 2 il 201 25 1A
MetGem B 4200 2 BB E O - FI W — 905t 1% A AL
PERY cosine FARMEIR B N 0. 7;m/z 224 0. 0243



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 6,2025
June 25th, 2025

FHEE ) B 2 B IR (E A 50 Thomson ( Th, — Ff1 J5 ff
Feitirsafr) o fdiFH SPSS 24. 0 Xt &3 #1788 12>
BT, 1550 F X245 v A B 32 22 1) 43 AR AR A 5 5
AL IAHDCE , AT 2 IR 2 A OC RO, K
FCE N 0. 05,

2 R

2.1 NTA%R

iH i MS-DIAL A9 43 FHRRESRBUS | Y5 7K
AR FET3E K B 4% B K R SRR 1262 AN IE
ey FHRAEFT 2 078 ATl sr FHHE, 157K AT
AR W G 2 A RN TS G
Yo RAE—RINIER AL, PTREAN S0 58 4 LBk
e TRALEE H K BT K AR R K TR
JEE AR PR KR K A U 1 73001 773,
17771 529 .1 486 ~F1 1 498 N3FAFHE . M EA
BERRT , DK FRAIEEGE BN K, 4ot Tl
AR HAL R | 4 FRFAE SR AR IR A K,
BAEA RO K A Re e Rl R A T W) b
25 R B A R R KRG B I R & AR I
Ak,

BRSO, IF SRR 2 s> &
1 0701 286 4~ Hf 1E M A B AR =X 1 71 REAIE SC
45 A ZE MS-CleanR J& , #3558 58 19 2514 % TUAY Y
02 10 00 (1 o SO VA8 (1 &= 151
A 858 .1 023 1>, ARJEHE L IEE M FHRHMERA
MS-FINDER #4T45#1H 5], 24 1 420 A>3 F4#1E
BRI A Y, a, N TR LR T4
TERRTRN GG S 6 L R A 2 R AE B 460 710
A, TEEMER AL R A PR % L
FE25Y A TR AR Py 45, R i i 35 7K 4 B
SRR, BREARESBRT 6.0 4 3A 40
MFHRHE, 2 1 BT 80K R B0 & T
FHIE, 7E PubChem 3 B4 5 v /s Horr 5 iy
BIRERMRRC, LAY GHS 18 65 B Xt 107 il BR 5%
SR R A o 3X 5 RGP0 g RS E A
B,

IR B A AT P i 2B ( CAS 5. 554-62-1)
JE—FIBERE , T T R R B AR R & R Ly,
XFfE A R K A A B R, 5 A
BUSITIAEEDEE 1 RS K AR BT AR T A
P JEAR O E L W R 2 5 5 A Nl

FH S — ok B Y B A 55w KU 8 BILTS L)
3-F 2% TR (CAS 5:759-05-7) U J&—Fh )
A BN B RS S, =2 R AT hiz
R RTAA , 20000 & LA 50 1 S il ik, 48R —
1 (CAS 5 :120-80-9) J&—FP &) Z AL 22 i,
FEAE A BEAR 0 52 70 B M Gt o 52 7] AR i) T vl
FhbL A A P AR RG], LR AR 2595 i
g XA G YRR Sk, O B RA B0
Pk, ) EEZE B (CAS 5. 108-39-4) T2 Tl &
B B RE AT AR B2 ) R AR Tl i ), i
G R B AR AR R K e FE s, e
T (CAS 5 :54-11-5) , AT FH B 25 B FHAE AR U0 45
KA EA SESEM KIS,

15 K HOBTTS Y it 2 B A ST T AR T 2 F
YIRS T K A BRI TR A AR L
PR UG K, R T TG fe R & T8 AR
FHET, 5K RS PR R A
an A NS N A0 T B DA R A 2R R
A A I — 2R 25, P AR R R N TR
7 DA E &R, STk R I8 T 1 5 K b B
JUHRR P AR R S O — A SR g R
(R A 24 DA AP B | TR B 4 AT 2820 k
T2y THRZGS, AR MG KPR TR
TR XM-RPIERELGY , W BAKRT 6 1k
ForE, AN BRI T R 25 A B AR
ROE (A GEA T AT — DRI, AR ALH
15 YA A s il O™ AR I 2 A0 N TA K
G, Tk A = i R R R a T2
Pk gk AP rg A 2555 . FEAS BRI 45 R
BT KA AL TR K b a] =4, B 1 |
TN SRR AR X ) T ORI TS K Ak
BT R S5 P9 Tolk Ak
2.2 SFMERER

Bl 7T 25 FE AR 1 H Ok LA, Ok 2 1 o
TEARATIF 0N LN F R 2 TR IR 22 ] B AR B G
R A F Mg A g S B A T ARE, 2
SERARRIE T, B M B O R S S
K JE R —HELL . BELL I o B AR 2 AR T
W =T AR R R 3R W AT BEAE X 7 1
AT MetGem SR AT FHOR 2 HIRE & 09 43 F
W 2% P | S B AT A 22 18] R 285 R AR AL | 9 Ok
HE— AW T REAA L R

— 103 —



157K AR BT R 5 e B AR i o3 A SRR i A

Vol. 44, No. 6,2025

R ARSI BHRL ISP B
Tab. 1 List of Tentatively Identified Compounds with High Searching Scores

F5 SRS (m/z) & SF- 351 B4 1 [7] / min W50 WL S [5E g
1 300. 289 52 [M+H]* 6.114 C5H3NO, L A e 7.0
2 318.300 54 [M+H]* 6. 094 C g HyNO, PN 6.8
3 115. 076 58 [M-H]~ 5.249 CeH,,0, S]] 6.7
4 161. 080 28 [M+H]* 5.340 C,H,0, B 6.6
5 437.193 45 [ M+Na]* 7.590 CpyH3004 EARWTE 6.5
6 135. 116 76 [M+H]* 5.390 CioHyy X -RAER 6.4
7 132. 065 46 [M+H]* 2.833 C5sHoNO, - H R 6.4
8 274.201 17 [M+H]* 5.552 Cy,HyyNO, B —1— A 6.3
9 297.243 23 [M-H]~ 8. 642 CsH3, 04 BRI AR 6.3
10 383.352 48 [M-H]~ 8. 641 Cp Hyg 05 I T A DR 6.3
11 162. 112 21 [M+H]* 2.492 C,H,sNO, 7 TE PRk 6.3
12 118.086 35 [M+H]* 2.713 CsH,, NO, L-#i R 6.3
13 591.318 18 [M+H]" 5.548 Cy3 HypoN, O D-JRIBZ R 6.2
14 199. 097 99 [M-H]~ 5.342 CioH,60, GEER A 6.2
15 130. 087 05 [M-H]~ 5.277 C¢H3NO, L-55t 2R 6.2
16 117.054 27 [M+H]* 5.341 C5Hg0s 3-HIE-2-A TR 6.2
17 167. 034 88 [M-H]~ 5.347 CgHg0, T HIR 6.2
18 101. 059 56 [M+H]* 3.125 C5H0, 3o 6.2
19 109. 029 73 [M-H]~ 5.260 CeHg0, AR 6.2
20 113.059 66 [M+H]* 7.293 CsH30, 24— F B -2 H - IR - 5 - 6.2

W 2 Ji7R 15 K EE S Y 638 A IEAR 4 FHEAE
FIEXE A 15 BT 69 ANRELH DL B 161 A gl 4
M Ho S FRAMERCE R Z R (530 ST D)
A 44 B RREA P 93 N FHEIE, 7EiX
4, Pos-737 (fR3R ESI+ELZ T K th 14 4 F FF-1E )T
) BRI U R A B, B B I PR
P, EH 10 M FHRHIES Pos-737 M, I X 2
O3 FRHAE RS589 5 BRI 7 PR R
HFAE 110 FRAE Y — 0 95 5 & B, ik
i — 22— R 57, B35 m/z A 70.065 67
B e B m/z T 88. 075 65 Y KLl 4:

W 3 B, K WA 5 K A B 1) 45 B
AR5 55 (S B0 o S s/ P R R dh 7
RIUCHL K P B A BB K A —2 Z R TEA
th HH K R R R T B AR R K T A S R
E—2 BTt Pos-607 [AEfL A5 Pos-737 i)
FE SRR, 5 55RO b e IS, B A S

— 104 —

SRRy ok g e A B AL B
AT Pos-671, A Bk /K 24 H K A 5 5 58 B (B 7
S K Pos-607 1 Pos-671 B m/z 43 5l h
262.237 98 Fi1 290. 269 01, {H [ A T2 31| i XF 1 1y
S5K A JE B 5 T 3 e At o A T Bk i — 2
PSS, &8 kiR, 5 Pos-737 FHIE ) 8
AT AR 5 5m B AR L 5 %A B3 A e
P, Pos-762 5 Pos-963 B9 2 /K & A1 R ECH 7
{8, HAR ¥ e E .,

TESRASEECT |, V5 7K BE 5 1) 782 A~ 43 T HEIEIE
BT 66 REAA 113 APk a5, Tt
i) FF 2R By LA 558 v 1) AR 358 UGS, %o 7 1) 3 7 R I
J¥'5 0 Neg-67, A 6 T HrE 5 H A #E , m/z
492025 54 BRI TE A S 1X 24 R E i H UL
) — R 254 . Neg-677 Bew ALk 2~ S
FITR , Neg-532 Bl 90 4 5L 0 A EE R 2 16, Neg-820
BRI R KA R BT ( CAS 5 :65405-77-8)



&

KoK
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 6,2025
June 25th, 2025

ATy

e B o % W W S B % L2

% {1 Lt & = & § S~ & = o+ o *
¢ s = e 2 A g o e FLITRRLLLILITLILLY
LITTIITHII] s rererrmennasesseannnaaaeanns
R R R R R
(a) IEARARL
gy A
< | )3
R
5 ..'hﬂ
100  WHCH K
AFIX U4 VKA Al
&
‘/‘&%\hfgg,mtAxa‘;qa
R I T USSR S e
e Soe e s S i G e sk o e $3 S0 e
(b) TR

B2 5K TR

Fig.2 Molecular Network of Wastewater Samples

A3 FHREAIXT SR

JTEHTHAER.

WE 4 Frs, B H 2R 8 915 55 00 2 B
T SR, AE AR RO K R s R T R R
PETF, IF HIA 4 4> 5% 0 4y FRE B 3L T
HEIRIEM ETF. A, Neg-677 Fl Neg-820 M| 7E 4=
R o NG I E N (O N e < A DS R
SRR, X 2 FhorFRAER m/z 43314 197.027 83
F1219. 102 46, 6] L8 By 8 T My 25 B, Hofs e
PGP 5057 /R &Y — 8, A &0T,
222 GG S AN U VAL DR VAN I o L1 B~ S S ]
IR HA AR RIS T R o R =
N R A A, AR AR s R LAS IR A
FERHER 4T W 45 H AR T R Tk — 25 45 4 ) H
T B FEAL =Y, 5 Neg-67 FIER) 6 N4> 745
fE, Neg-1187 FE5 /K AL BR T AS[R) 3815 ({5 5 o
AR b R B TR O, S B R M e R
BN 0.829(p<0.05), Neg-1187 #l#]iH 5 —
AR =% (CAS 5:162613-65-2) , HA £ 3
gy, H5 ) BRI 54 Ak RN A Ry E— 2B AR
AN Neg-677 HIf5E 5 58 JEAF 1L 5 Neg-67 KRB H i
G (AR BEM,

TFEULIA R 78 NTA #7758 s A LA 9 (v
FEARER SR L, FE R T ARLS

—— Pos-607 P0s-671 —%— P0s-695—4— P0s-737 —e= Pos-762
=~ P0s-799 —e— P0s-830 —e— P0s-963—8—Pos-1154

30

3]
S wn

(=]

(=3

BbR WA RIUit ARh AR Sk
Tk A

Bl 3 Pos-737 (EYHIIE) g b Lo 705 2% e f5 5 5 B2 AR AL
Fig.3 Pos-737 (Phytosphingosine) Centered Molecular Network and Variation in Signal Intensity

— 105 —



e

157K AR BT R 5 e B AR i o3 A SRR i A

Vol. 44, No. 6,2025

4 Neg-67 ([A] UL ) Ny rpOo i) 701 28 S AR5 iR A2 1k
Fig.4 Neg-67 (m-Cresol) Centered Molecular Network and Variation in Signal Intensity

YA ST T B T AR AR A B AN [) B 25 44 A
(N DR e 7/ R SN S I o N i OB e o ¥4
RO R, RS R AR (1 S B e A T
HE— 238 G0 R AR B, T A S AR AL (S
JERG AL R SR
3 g

(D) AW EL T —EHT NTA BRI
Sl i A ELAT BRI R (e B IRV 2 1) T A TR o L
AT A AL B0 & B RE ) i A ) 1 24
Y AL TR AR5 710 Fib A9, A TAE
TR T R BIP A TUAR W o FARE ST T3k
UE L PR TR,

(2) HTF PubChem P32k 4 £ 1) 155 A X
S FH B TE AT 58 st AL A 1 e AR
IR P AR IR R R AR Ak G . ZE R R,
HERR SR T 6.0 k&, S kG A
AR AR B A 3 - B -2 - T R (4B
ORI RIS E AL T, Hoh R R
FHSC M AN BT 5 B AT, A 5 R 5T N A K
FEHRARIR I 5 2 E R

(3) AWFFEIL 4 F M A, 23 B f b T 1E
FURARE T 434 HE 22 18] A 45 F4 AR AL | 3 S 9T
T F G h 5 KU A A I AEE 1 7 TR, 3X

— 106 —

—»—Neg-1187 —Neg-272 —e— Neg-532
—a-Neg-67 —+Neg-677 —e— Neg-820

Neg-658

w//‘::ix@

W

MK WAER Wi ARG HEEANFE K
15K 2T

Sefp S WG KA P R R A T MR AR A, 5 AR
TR AT REAE AL = A 2 T — e IR
AL IFAETS K AL B R AR RS AR K TS
A BERFLALT=PIR B 5E e L bR, 5 B 2 AR
B AT A H 0 e KU A 5 ) SR A = i 25
HSUE

S 3k

[ 1] skor, ZUSIM, BaRE4e, 45 J5oKT BB LTS e LB T

TRJEHR[T]. WETAR, 2024, 42(7): 15-24.
ZHANG L, HE S S, ZHEN X H, et al. Organic emerging
contaminants removal process in wastewaler treatment plants and
prospect[ J]. Environmental Engineering, 2024, 42(7) . 15—
24.

[ 2] skam, sk, FLIBOE, 55, Bis P e s Kb 38 v i) IR A7
L EBRIURAFFE[T]. WWARALT., 2024, 53(15) ; 264-268.
ZHANG Q, ZHANG J, KONG D C, et al. Research on the
occurrence and removal status of emerging contaminants in
wastewater treatment plants[ J]. Shandong Chemical Industry,
2024, 53(15) . 264-268.

[ 3] &%, Tuk, 2571, & WS KT #0054 U RAE R E K
EBRBARDIIEHERE 1], BHE PR, 2024, 42(11) : 36-46.
FENG T T, WANG B, LI J, et al. Research progress on
occurrence characteristics and removal technologies of emerging
contaminants in urban sewage treatment plants[ J]. Science &

Technology Review, 2024, 42(11) ; 36-46.



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 6,2025
June 25th, 2025

[10]

[11]

[12]

[13]

RO, SREL, BEAAE, SF. BTG KBRS Je A A
it S e et B AR B S (1], gk HEK, 2022, 58(6):
26-34.

ZHENG X C, ZHANG Y, BEN W W, et al. Occurrence and
control approaches of emerging contaminants in municipal

plants [ J ]. Water & Wastewater
Engineering, 2022, 58(6) : 26-34.

i, AN, i, 4. T (- T B 4
Mior st e [J]. @i, 2024, 42(2) : 109-
119.

YOU L, SUN G H, YU D, et al. New advances in exposomics-

wastewater treatment

analysis methods and research  paradigms based on

chromatography-mass spectrometry [ J ]. Chinese Journal of
Chromatography, 2024, 42(2) . 109-119.
ABRAHAMSSON D, WANG A L, JIANG T, et al. A
comprehensive non-targeted analysis study of the prenatal
exposome [ J]. Environmental Scicence & Technology, 2021, 55
(15): 10542-10557.

EI, M, X, SF. DT A RAK PRASs # a5 R 01
GPAT BCHA B BEAG [T, PR EEfe, 2024, 43(11): 3733
3745.

WANG X, BAO J, LIU Y, et al. Target and non-target analysis
of PFASs and related risk assessment in drinking water of
Liaoning Province [ J |]. Environmental Chemistry, 2024, 43
(11) . 3733-3745.

ARG, T, PRIEEAE LB S e AR ) U5 2R i A
R LIESEPRAR RIS (1], TR, 2024, 42(7): 81~
87.

ZHAO X, WEI S. Development of an evaluation system for
ranking quantitative detection list from nontarget screening of
emerging pollutants in environmental samples[ J]. Environmental
Engineering, 2024, 42(7) : 81-87.

VR, ek, TR, & RIDILIRBolis f 9 JE 5 iR
SIBFFELT]. Bk, 2023, 44(2) : 267-276.

XU K, WANG X B, YU N Y, et al. Nontarget screening of
emerging contaminants in jiangsu section of Yangtze River[ J].
Journal of Chinese Mass Spectrometry Society, 2023, 44(2):
267-276.

TSUGAWA H, IKEDA K, TAKAHASHI M, et al. A lipidome
atlas in MS-DIAL 4[ J]. Nature Biotechnology, 2020, 38(10) :
1159-1163.

LI'Y, LU Z, ABRAHAMSSON D P, et al. Non-targeted analysis
for organic components of microplastic leachates[ J]. Science of
the Total Environment, 2021, 186 151598. DOI; 10. 1016/].
scitotenv. 2021. 151598.

TSUGAWA H, CAJKA T, KIND T, et al. MS-DIAL: Data-
independent MS/MS deconvolution for comprehensive metabolome
analysis[ J]. Nat Methods, 2015, 12(6) : 523-526.

WANG A, ABRAHAMSSON D, JIANG T,

et al. Suspect

[16]

[17]

[18]

[19]

[20]

[21]

screening, prioritization, and confirmation of environmental
chemicals in maternal-newborn pairs from San Francisco [ J].
Environmental Scicence & Technology, 2021, 55(8): 5037 -
5049.

ABRAHAMSSON D, WANG A, JIANG T, et al. A

comprehensive non-targeted analysis study of the prenatal
exposome[ J]. Environmental Scicence & Technology, 2021, 55
(15): 10542-10557.

FRAISIER-VANNIER O, CHERVIN J, CABANAC G, et al.
MS-CleanR; A feature-filtering workflow for untargeted LC-MS
based metabolomics [ J]. Chemical Analysis, 2020, 92 (14) .
9971-9981.

TSUGAWA H, KIND T, NAKABAYASHI R, et al. Hydrogen
rearrangement rules: Computational MS/MS fragmentation and
structure elucidation using MS-FINDER software[ J ].
Chemistry, 2016, 88(16) : 7946-7958.

OLIVON F, ELIE N, GRELIER G, et al. MetGem software for

Analytical

the generation of molecular networks based on the t-SNE
algorithm [ J ]. Chemical Analysis, 2018, 90 (23). 13900 -
13908.

KUMAR M, SILORI R, MAZUMDER P, et al. Screening of
pharmaceutical and personal care products ( PPCPs) along
wastewater treatment system equipped with root zone treatment: A
potential model for domestic waste leachate management [ ] ].
Journal of Environmental Management, 2023, 335. 117494.
DOI: 10. 1016/]. jenvman. 2023. 117494.

AR, ARNE. T5KALBETT R AK HETON 52 4 7K B A
TR T]. BT TR, 2024, 42(9) : 167-179.

LI Y N, WEN D H. Impacts of wastewater treatment plants
effluent on microbial community of receiving water bodies[ J ].
Environmental Engineering, 2024, 42(9) . 167-179.

H AR TR TS KA B K MR S e A3 A RRAE B
HIG P ARBIFELD]. M ERETR, 2023,
XIAO S H. Research on emerging contaminant distribution
waslewater

characteristics in the effluents from municipal

treatment plants in Guangzhou City and their removal
technologies [ D ].
Technology, 2023.
WG, KR, BIREE, %5 ZET 0T MR HARPUNHTTS
Qe SR Ut e ()], 3, 2025, 43(1) .
33-42.

TAN X M, ZHANG Y W, JIAO Z Y, et al.

Guangzhou:; South China University of

Advances in

molecular networking technology for discovering emerging
contaminants and transformation products[ J]. Chinese Journal of
Chromatography, 2025, 43(1) . 33-42.

T, E4&JH, T—Yl, 4. ZF UPLC-Orbitrap-MS/MS
ARIKA GNPS 43 16 2% P 8 43 B 2 2L il 46 ARk R 552 1L 43
[J]. Jif2edi, 2024, 45(6) ; 874-883.

(FT#% 124 )

— 107 —



2 AR SR, H
R F 57K AR B HE O 58 sk B AR - 5T Vol. 44 ,No. 6,2025

L
&5

Beijing: China Architecture Publishing & Media.

[10] TSENG L, ROBINSON A, ZHANG X, et al. Identification of
preferential paths of fossil carbon within water resource recovery
facilities via radiocarbon analysis[ J]. Environmental Science &
Technology, 2016, 50(22) . 12166-12178.

(111 fodkde, BRZSIE, Frdedr, 5. BT AR fydt et 3 )8

X im AR B AE R HEBCRRAE [ J ], BR4RE AR 22 40, 2023,
17(9) : 2827-2840.
HE Q H, CHEN Y T, QIAO J Y, et al. Characterization of
annual carbon emissions of three district-level wastewater
treatment plants in Beijing based on monthly emission data[ J].
Chinese Journal of Environmental Engineering, 2023, 17(9):
2827-2840.

[12] FHE=, H3CWS, Bk, 55, T5KAL BT 4k 24 BRmioRs i 15
RGBT ——LNL AR I 5K B A E[J]. 1)1 3R,
2021, 40(1) . 228-232.

YINY Y, PUW P, CHEN Y J, et al. Study on the precise

control system of chemical phosphorus removal in wastewater
treatment plant—Taking a wastewater treatment plant in Shandong
Province as an example [ J ]. Sichuan Environment, 2021, 40
(1):228-232.

[13] RF47, EBEAR, BT, 4. ST KA BT B gk

[14]

[15]

g A KT [ )], PR TR, 2022, 40(6) : 212-218.
WU Y H, WANG X D, CHEN N, et al. Full-scale study of an
intelligent carbon dosing control system in a typical urban
wastewater treatment plant [ J ]. Environmental Engineering,
2022, 40(6) : 212-218.

Wk, T, WikdE, 5. Ik Bk h S T AR T
BERELT]. ALk, 2022, 48(3) : 292-305.
YANG Q, WANG Y X, CAO X X, et al. Research progress of
carbon neutrality operation technology in sewage treatment[ J].
Journal of Beijing University of Techonology, 2022, 48 (3) .
292-305.

ARIERL. U T 3 T 15 KAk BUAT b B Bk ool Ik 2 A2 AT 5
[J]. WU 53R, 2024(10) ; 13-16.

LI W X. Research on the path of carbon reduction and emission
reduction in sewage treatment industry under the background of
"dual carbon". Resources Economization & Environmental
Protection, 2024(10) : 13-16.

Tl i T R TS KT A KR g AR R 5T SR 2R BT
[J]. HKEAR, 2022, 41(s1); 144-148.

QIN B. Research and benefit analysis of reclaimed water
utilization at a sewage plant in Shanghai City [ J]. Water
Purification Technology, 2022, 41(sl) . 144-148.

(E#% 107 W)

WANG L, DONG J X, WANG Y K, et al. Rapid identification
of constituents of aronia melanocarpa ( Michx. ) elliott fruit by
UPLC-Qrbitrap-MS/MS and GNPS molecular network [ J].
Journal of Chinese Mass Spectrometry Society, 2024, 45(6) .
874-883.

(23] JBILE, S, thAE, . S POE D & P g e

HG R TP R [T]. P EEREINEIN, 2023, 39(s1) .
97-104.
KUANG J M, GUO T, XU N S, et al. Application of orbitrap
ultra-high resolution mass spectrometry on the analysis of
emerging contaminants[ J ]. Environmental Monitoring in China,
2023, 39(sl): 97-104.

[24] GAUGLITZ J M, ACEVES C M, AKSENOV A A, et al
Untargeted mass spectrometry-based metabolomics —approach
unveils molecular changes in raw and processed foods and
beverages[ J ]. Food Chemistry, 2020, 302. 125290. DOI.
10. 1016/j. foodchem. 2019. 125290.

[25] B, [ ERIEAR 8 A 7k S A LB B 58 [ D] ik

DL R, 2020.
RUAN H Z. Screening of m-cresol degrading bacteria and
identification of its metabolic mechanism [ D ]. Wuhan:
Huazhong University of Science & Technology, 2020.

[26] KRUVE A. Strategies for drawing quantitative conclusions from

nontargeted  liquid  chromatography-high-resolution ~ mass

— 124 —

[27]

[29]

[30]

spectrometry analysis[ J]. Analytical Chemistry, 2020, 92(7) .
4691-4699.

BRARAR, PN ) RO, AF. T A R SE TR 1 S g W
WISEHERL)]. Bk, 2021, 42(5) : 755-771.

WEIJJ, SUNJ H, YINY Y, et al. Recent developments on
reaction monitoring by electrospray ionization mass spectrometry
[J]. Journal of Chinese Mass Spectrometry Society, 2021, 42
(5): 755-771.

ABRAHAMSSON D P, PARK J S, SINGH R R, et al.
Applications of machine learning to in silico quantification of
chemicals without analytical standards[J]. Journal of Chemical
Information Modeling, 2020, 60(6) ; 2718-2727.

LLY, LU Z, ZHANG X, et al. Non-targeted analysis based on
quantitative prediction and toxicity assessment for emerging
contaminants in tire particle leachates [ J ]. Environmental
Research, 2024, 243:. 117806. DOI: 10.1016/j. envres.
2023. 117806.

BRESL, B3, TR, & 15KPHGE R Ry
G TSR], LkKARHE, 2021, 41(6) : 48-57.
QIANY L, GENG J J, YU Q M, et al. Research progress of
identification of emerging contaminants in wastewater using non-
target screening[ J]. Industrial Water Treatment, 2021, 41(6) ;
48-57.



