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Abstract

With the rapid development of chemical industry, emerging contaminants, including pharmaceuti-
cals and personal care products, per- and poly-fluoroalkyl substances, endocrine-disrupting chem-
icals, antibiotics and microplastics, are frequently detected in various water bodies. Characterized
by environmental persistence, bioaccumulation and high toxicity at low concentrations, emerging
contaminants cannot be completely removed by conventional wastewater treatment processes, pos-
ing potential threats to aquatic ecosystem and human health. This paper reviews the main catego-
ries, source pathways, environmental occurrence and migration-transformation characteristics of
typical aquatic emerging contaminants, discusses the occurrence, secondary risks and bottlenecks
of resource utilization of emerging contaminants in sludge medium, summarizes the quantitative
removal efficiencies of different water treatment technologies, sorts out China’s policy system for
emerging pollutant control, analyzes the synergy and disconnection among policy-technology-mar-
ket, identifies the bottlenecks in monitoring, treatment and management, and puts forward targeted
and practical future research directions. It can provide theoretical references for risk prevention and
pollution control of emerging contaminants in watershed water environment.

Keywords

Emerging Contaminants, Sludge Medium, Policy-Technology-Market Synergy,
Occurrence Characteristics, Water Treatment Technology, Risk Control

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

fGKIT R B E SO R AR A BB SRS E IR, TR AN LS B E AR
WNNFE IR, XTI TG R Bis G — AR R I s % 0E, B L stk
IESREANE . AP RBUNE, XHESIBE N BEA7 AL U, BT B A A DASEIIL XS B 28 ) Ak 2
Yl -

WIS AR K VK AR EREHIK . RV R AR5 82 A K IR B 4\ #2885
Y. B2 ng/L~pg/L MRIKEEAKSE, KB ERAK IH G ok BB R e . i U R 2 5 Rl A
& TIRNEA S WRGFE RPN CHrGRYaEATEhI7 R (1L “mod. mr )RRy
YIRS RS TR &, “AEPIFOA SRS VPG ShaS kA B BT RYITE R (EEET R
Prig s (2023 jio ) PR “ A A B SRR, S BORAATIEMZ G SR R E 7 [2]. AHIOHUE
BASLT “Of. PP 127 IR ELBE, KIAETHNG G O A O KIR B (R SUR BT LI . LA SR
R BN, B> RIS IR - BT AL, B AR EA R, Bk, T
=T BREN P JE BTN . ASCHISEK T8 R YIT SRR, MBELIBRIF . BTNy, iS5 AL B,
REGEERNFMRNE, LB TZERERICR, HINTBOR - 80K - Wiz RIR, 32 B PR ek
.
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2. KR BRI IS g A H 5 KR
2.1. EEHF

KRS P GV BE A RIS e o N HORZK[3], R R 1

(1) i 5N AP ELE(PPCPs): B8 &R/ PiAE R AR BIIFEL D Ve mins, RET
BEITRK . A5 K. BB IR

(2) ERMEZHEIEYF(PFAS): 45 F Kl PFOS. £ HE PFOA, HA&AWRREAME, #RAN
CORAMET , SRE . HERHEER. gig RS

(3) WA WTIRYI(EDCs): AW, WIWE A, T3EBY. A0 — FRREE I 7, v TN,
FEREWEEINT. Hib. TolBEK;

(4) WEEEL: RAR/NT 5 mm WRMRL, SF4ERE . SRIE T HRLRERE . 1430 RHK . MR

(5) FAVHEERIY) . A HIBEBRA) . E 2S5 AR R

Table 1. Typical emerging contaminants in water and their main sources

F 1 K HRBFNE R R EERIR

154 RED 5 FEHEBCR IR
PPCPs EREPUE R fisF. =& 4% ATETGK BEREK. BB
PFAS PFOS. PFOA. fi PFBA/PFBS AP B i, A TA
o) Wy A EEM . 40K — NS wEL Bk, kK
R PET. PE f/NBUkL 44k BEREAK R, HRAR
HoAth B i 44 B IR A ER S N ] AT Tl gl mis

2.2. MINKIREREERR
VG A N KA SR SR IR ZRIR T, TS i KRR R E A 1.

Figure 1. Schematic diagram of migration and transformation of emerging contam-
inants entering aquatic environment [3]
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(1) TS He: IBTS KA R /KR i B EDRIR, A& Geil MET5 e T 20 R AR 4 A8 15 4L,
FRAER S B R KHEANTTR s AT W w2 b AR K BRBE . UL & & IR IS K BB AR
JEHEIE KR KA TS Yt 2 I WA A2 BE TS TR A, 15 TR A BAS 2 2 FRHCRETBOR B IR TS G

(2) FERUET S RFFKARG, AR B2 IR, ABERL B AR
RATRRICEE, R AN R Pid i KT ROK S R K.

3. KIFE TSR FHFAE S IR X S
3.1. BTF4HE

B P K BRI & B, B K 1 R 7K RO KRR S5 T S 22 BBy e, K 2 46T ng/L~
JUHE ng/L, JRaBszi5 X nlik ng/L Fl[4]. BRIL IS K BE S )\ NI 1 Rl R 46 A s iz
T AR m A, JLRAIH 179 Fopris g, s 60 Fheg¥n. 70 Fhfczy. 35 FhTbibZ 8. 7 A A3
BT R, ). RZG. TR G s BT, B, HUPERE. SNIBE. HMMM
(e IR S BRA) S50 TR HE R 80%, e Wk ARV T S 3 TH MY /K AR IAE SRS 7K A 38 T B /KO 2% X 3k
SR FEERNIR[S]. | VOB A I R B, Bk, MR KRR PFAS BP0, &6
SR IK AL S A E A IR T R K, RIS TR R IE SKER GBI TS, ST
P 2N S IR o I o e B B B L 1 o w71 O 1 ) 7 ) I S D /S S
TGN, AR X3 g A8 RME A= 7= 5 N V3 BE2 ), 5 Je2H 50 SR B KPR B 22 R
BRI 3 AR R [6]:

(D) RIREES 75040, BEIREMYITIREA &, HEZFoHE fILAE, TERE AT,

(2) FAWIFFAVEN R, PFAS 1RME B AR B, o] DK RS IE 8, H N /K — BEATs Ju8 S HE R

3) HREEVESE, IFEWERHIBR, ERKEEMENTER.

3.2. SRETHITEIBE. NESHFRLLEE

15 7K Ab BRI AR A K S e B R TR R R E R TSR, TSRO e T,
T B AN N 2SR — RI5 G4 . PPCPs. EDCs. PFAS. TR Al EIRAE TS /K ) V5 Ve T s A
HAP IR WU RBPAER. R HREEEE e S BN EE, 2 90%H b R4 7 JoK
AR 2 5 YR A

TSR A A R 58 AL L 2R TS e B s s S 2 S W S e S XS 50 0 P 0 WA T 340 T S 20%~84%
bR IREVHWNT Z %0 PFAS JUF TG FEAERCR, &0 BRI T 22 2 AL 4R 1 PFAS, 1& RS AN ST
Fo 15U LT YRA A A2 [ N B AN B RR AR, (HYS Ye Bk B RS 0T B R KRB N R K, BR
LAV, ok T4 - Hh K - B RERE A . H AT BTG YR A AR HE MR RA9IN PFAS. #5
PPCPs 58115 G PRAE, 5 Ve TR B 003 is G RS VRl R R i AMg@ 4, il 207508 22 4 SRR HE .
TSR B B ] PR B G HUHTS 44, 185 PFAS SR M FAAEEA &R AR RO, 2K
EARATLE TR B R
3.3. ESE5RENE

(1) SR LA RmFFERS IR P PUAE R 25 5 K (ARGs) MG AL 176, & REYIIN 255 N5y
WG i MM R AR B TR RS BIR A AR e, G ER,  [FIR
Wb A B A VLSS, PR GEME7]. 15T SR NIREE S el R R 2 i R SRR AE Y
FEIEREN, M0 B 2 A .
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(2) NMfERRRUS:: PRI AR IR B B e 2 NAR L LR FR iR 1 . PFAS 5 NAARTESR A . ML 7 4
FAEARCNE s W T IS TR W, WA R T 2RI R G RENEGE0E, Hires
BRI PE AN TR, AR RERFIBR[8]. 15U IR RV AEY) = 5. SR KTT et R i A A i 2

RIS .
4. IR T Z 3K P HEIiTRMIBEERR
4.1. t£EG5KAIETE

WAL R S VREBEITHE « 18 T Z BTG G 5 B R R 22 AR K9] X 5 R B A sk PE R B
T IS e R BN T DASEILER 7 22 Bk X ToR K MEBUAE R PFAS, AR L ZEBRFMRML, KT HARELTH
10%~40%, KEIR IR KBEN BIRKI . 158 & & KRBT Y, 15T EA B2 KI5 5[ 10].

4.2. FELEBRAR[11]

(1) FHABARAOPs): A SFWl, KA - A, KEERIE E RSB A LTS 5
T Eit . Xt PPCPsy WA T I LBRACR B, (HXT PFAS KERRCRAR, R AL fEA e
JREE P B R ) R A )

(2) WMBAR: TEPER . SRR R WS PE R X R 2 BCA UG R RCR KA, SRR
XTAEBE PFAS KERATIR, W RATR 7 A, 384T A i, BT A e 6k B S R X A BE PRAS
R AT R AW R e -

(3) BEBEEAR: 998, RiBE. W4 KZH PFAS. PPCPs. WORL, LERRCER: Ha™
AR, WOKAEBRME R, B BB 518 AT A v

(4) WAL . ST REMUAED . S ORI SYE, SRTEREER 2 PUAE R WP RE 10, E32KIR . %
JREEAFBRAIR, XF “ARAMEEG” PEAS JLF-JoiE B -

SR TR W5 G BB R BRCR AL 2.

Table 2. Approximate removal efficiencies of emerging contaminants by typical processes (%)

2. BB T ZIS R ERKBEHR (%)

W T PPCPs PFAS Wi T IR
FEGEYETS 10~40 0~20 20~50 20~45
REmEEL 50~85 0~15 55~80

T IR R B 60~90 15~50 65~92 70~95
Y8/ B 1% 85~98 80~97 88~99 90~99

T HUELEE 2R E A TGRSR I S £ SR, 2R ISR BT S HEN, SRR TR AR
2 =" RBILTP LGRS NI LR

GRERA, WA T2 LB A ARSI, TR LA BRI S A T L Y PRAS 1K
HEWERRYDI, TS 7K AL B A WA 734 0 5« DI 75 32 5 U B S5 el oK A B P
5. BREKFMERISRMEEIR
5.1. XBERGGRZE SRS

FIBURAR M 0 - VF - 17 RRERETLIEES: (AR RMIS R A (2023 1) ) (205 14 2
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INNE BT R E TR, EORE A

R EEYIB, VESEERIE . IR IRHAEEE . HS VR
IREERNZY) SR AR LTS G S it [ B

AP SRR B AL Kimia B . RN RESS hiEE
PR AE12].

5.2. KIS RIEEER

AR E AR H BN MBORHESR, HBCREME PR, SR Wi =F AR BT,
JA R B A O S

() BERJZM: fftiil. T TR AL o #8730 Wis G i R 58 15 K HEOR B 5 /K A B8 o
brdE, 15U BEEAL A T SR BT G AR bR . I SR EZY T, B IS T RN A T

(2) BRZH: 53 RV BEOROUHFLHE PFAS Ab3)S280 S HCREF, (B LML . KM T
REN I SZBR[13]; 15U S S B AR % A 2, BORE SBERER R R A LA

HEMBETIA R : BTG RFPRE L, AASMAT = 2 H B, A I A v, S b At L I 75 9
IRZ IR T 7Kl 1 AR T 3 A AT e I, 5 PR o o v A S A o 55

(3) MR Fris RWia BRAN AR 55, V5 9 5 9 7 LA AN 4 Al BB BB 1A
HEBAZHREAR, SR80 HoR A 2 .

(4) PHEAERER, AE RIS R E AR RETS RN B KBSVl iR R 1 AN e, BOK -
TR - s O PR 5583 .

6. ARRE

G55 AR IRAF R AR S R i, ARRIR IR 5 Qe vl 5 T e AR W 505 17 -

(1) EBEZANTIEIMBAMR: KGR AT ESA, WK - 159 REFTG R, AL
AT AT I%, MUK - e & Hs S BRI T 3RS DNA (eDNA)BCARKIHHG S b4
WS s R R, SEOURBER &5 4 T A SR PREE .

(2) TFRACEAS R A B EOR s WA RPN AL REARALRL, B OT ABE X R 5E PFAS H ik
PV 5 D REAL AL RE, A R A SIS TR I REHE PFAS RERALAEA LBV R T RIE &5 KAk
HTHCE KK - isleth R B A T2, FRBUKA AL 5 Y AR S5 G, - FEAR TRE A .

() SRR E I 55V e AR B 12 HERAT B AT F A P A, B AW RS
Q7 BG; sedinle LRI BERRAL B SN RS R VR ik, AN SR YE BRI
B, AR A5 U BT e FDR A BN s IR &8 &R A AL IS R 4.

(4) SEENEPPL 5 TR BENLE] : Ines 2 Aos R B & REFEM T, EEaREALE
SNV T57E; Se K BARE . ARG VFRTRCERIEE; BECEET IS ReE A2 TR B8 4t
RE AT, RREHGWR . T BB AR TR, ITEBCE. BoR. T2 MR
m BWORARNE E SRS T .

(5) TTREFIE I FIRT4%, KBS RPN GFUIRER & B, SIS AW - KRS 3 - 150/ ot
Bris G RIG B

SE
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