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Abstract: Emerging contaminants (ECs) are a kind of environmental pollutants with characteristics of biotoxicity, environmental
persistence, and bioaccumulation, which pose great risks to the ecological environment or human health, and are widely detected
in the process units of wastewater treatment plants ( WWTPs) in China. This review focuses on the characteristics of ECs in
China’ s WWTPs and the efficiency of each process to remove ECs. The results show that; compared with foreign standards for
the control of new pollutants in WWTPs discharge and recycled water, China’ s standards mostly focus on the control of
pesticides, and lack restrictions on drugs and personal care products (PPCPs) and endocrine disruptors (EDCs) ; PPCPs and
EDCs have been detected in many domestic and foreign WWTPs studies. The primary treatment process of WWTPs has limited
removal efficiency of PPCPs and EDCs. Biological treatment can effectively remove the above two kinds of ECs, but it still needs
an in-depth treatment process to achieve complete removal. On this basis, the removal processes for different types of ECs in
WWTPs are proposed, and the future development of the process for removing ECs in WWTPs is prospected.
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Table 1 Concentration limits for wastewater treatment ECs in different countries
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Figure 1 Removal rates of common PPCPs and EDCs in primary treatment of wastewater treatment plants
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Table 2 The physicochemical properties of typical PPCPs and EDCs
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Figure 2 Removal rates of PPCPs
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Table 4 Removal of Emerging contaminants in activated sludge and MBR processes %
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Table 5 Removal efficiency of ECs by activated

carbon process %

ECs fi2k  PAC X ECs %% GAC *f ECs M £

PPCPs L D45 (90) K D75 Fif % vk (90 ~99) FEH W 2
(92) B T (58) RN (82.3) AL K (99.9) . K I 7§
SN (96~98) EH T E (23~99) A KR (98~99) i ¥k 4%
(88) HZRIEIR (91~94) . (92) FEA: (72) (EALHKIR (95) A
B B (70) LB (>80) SRR (79)

EDCs  FE2(99.9) EE2(83.3) % E1(99).E2(>43) E3(83),EE2
B A(53) (50) KU A(66~78) T M (84) .
EHE (75) EWE A FEB(42)

NGB R R M AR A g Ak T K R AR Ak
FErp ECs M 22 BRAR B N H 55 B S i PE X ECs #F
FTTA%,ERE T, o AdETERFIE
W, S SR RN s TR 5 T
Bl R R AT 25 T A0S W0 B B S 20 43 5 B 2H S
FRXS B ABATI ] 5 AN 5 C 2H R T R o
FEAERIL A S RN AR SRz REW
R AW HEAREN C—F #, H—COOH,
—SO,H AW 75 F e DL 5 A MR A R

(67-90) RIS 4 R RVR T &, SLAIE 5 4 5
w1l S HUE (95-99) BIAFLIR(92) ECs AR T2, IBA7 A — A T i) ) 8L, D 5% A4 1

AR Ahmed ) Rout! ") Rizzo' "',
SR S DR L 95K oY R 2
BCs ZIRAIH 22—, 505 SRR b 10 1
I, 8 S 5, T 1 S S

SEALREN ), EAR PRSI OK I 2 A R PR AL, — Se B
FEAL AR W] R4 AT BESS fn N-ME A 5L — i (NDMA ) 1Y
ek R R T MR T A

x6 RES5ECs REEMSDHE

Table 6 Group of ECs based on their reactivity to ozone

A R T P
% [L/(mol-s)?]

BT 2 OB A REVEF L08F AT B OB SRS R (EE2 E2 >80 [ >1000

A= R RER AR =k 50~ 80 4 100~ 1000

LR KRR S K <50 i <100

JEE AL PR T 20 UL TG K A B R R AL B T
LA IE (NF) Fl 58 3% (RO) X515 5 9 09 25 B 2%
A UE 2 BB AR B8R R, AT DL R G K b e

PLES T A HLIE Y, (0 REAE B, AH AT 0T 5 11 AE #E
9 NF BEHA A P 3, 5 Ak B0 A 25 B 2808 Ok T
ECs BYPET JBEAS R 45 P IR AE S 4 1, NF Xf



22 7N

\mind

T W42 5

BLAe g F AR Y (IR IY R (EL E2 EE2 i 3% 2%
)Y 25 R R A T R R M I A A R R il Y
BBRBBAL Y Coday 5 128 B H 15 Yo #4114
-5 R5% 3 T A RE B A ) B 4 43 B
MER PN IR O e 3 R R R R A R K R T Y
ERCE L7/ T OV I ST R G W N | e s IR R /]
) %2 R 7 R T, RO X — 26 5 UL 25 4 1) 7 2 K
BRI g BT i (93, 7% ) > K B 76 - (84. 3% ) > itk
il FSE M (75.2%) > Xt K By (60.9%) > 2K T}
(47.3%) " 57K KR LY 077 76 b, 23 52 i it
I U B AR, 510 B R T AR B 45 G, oF T AR
XFE1 B . RO X R FFIERZE 254 H [ Pt A XL
By A LBRFER 99% , BUE Y TR L BR BN 95% , B e
ZBRFE N 93% ,{H RO REEE & LR AER™S . W

il NF 1 RO £ 75 /K AL B vy FH ) 2R & Rl /=
(14 REFE B A | DA R V5 G 5 3010 T O 0 B 41 R o
e, BEad g e A e K Ak B b R — KRR

3 BRI FEEMERIZME

ECs 7E 75 /K A BT 1 25 B & 2R T — 90 3
AR BE A B R 4 it 2 TR A5 Ab B T 23S A BRI TS
Y AT I,

1)¥E/K ECs UL EDCs W RN+,

EDCs i ForF 4540 il o & A} & 5 ik
YIRESR , A BE T2 HEFE ) MBR LAAO AO 55,
T M S A R T AR W A BEUR  H 2 4 EDCs
B B L )l B A AR TR T ] R
FH 5L AU Ab I R T DE L, o A 3 P e b T R
Ah L TEDLIE 3,

—itAk—> YL MBR

— A T
— Tt st | wiueit it

1 7k

K3 fFxF EDCs 289 BT 1935 K AL BT 20

Figure 3 Wastewater treatment process of EDCs

2) kK ECs VA PPCPs EW il F

AbBE PPCPs EBARGE “HALI T 2 JEELA A
W= RAL T — AL B R e 22 )
T AT MBR AB T2 A K A0, Hk ] R H
AL R AAO T2 HAA AR AAO T 203 & i

KRBT AR B A B D0 I AR P TR R Ak B T
Lo UREEALH T 20 AI R AR S DUTE 15 1E A gt R
AT KPP R Y OB 2 I 4 77 {1 R
MG PE S, 2 "G K R IRA DL B2 IR B g
T 2L, PRI 4,

\/

bRl

\J

—Hik—> il

T R —

REFEHR —HK—>
? Wk — HiK—>
PAC

B4 £FXF PPCPs KW BTG /KA T 2

Figure 4 Wastewater treatment process of PPCPs

4 ERERE

ARSI ET B W AMG K T5 K FFA 7K ECs 19 HE
AR E , £53R T ECs H EDCs F1 PPCPs 2 288 W i5 ¢
YIAE SRR 5 K T W FLAL B T 25 b i 2 BRROR | IR 3R
T RBRFE R R AR AL T2 L BRA L ECs
i TEYAE 94 T EDCs PPCPs i& 75 /K AL 38 T

— AL X ECs 1 £ BRFBTE 0% ~20% Z 4], H
TR TR EE BT Wy s OBUR R B VE R, R BRRAB, H
R DT A OTEb I i) R FRAE I R W K2R, =

hio

(4 ECs J& 43 A7 76 4 W K& f# AF JH , K, >300 ~ 500 L/kg
MLSS (%) ECs B 53 47 76 15 Je W ff 4 1. MBR,AB %
MR A0 T X EDCs 1 PPCPs 8RR e 4f, 25 bRk R
TE 80% 7247, AAO A0 FIAE L T. 2 Z, AR
60% . VRIEALFE P T 1 i it A B AR AR A B
Bl ECs WA RF-B, 0 o F A Fiizs 17 48 7 i BR
B> 6 EC BIAL B ZE R AE LR By, R T
ECs B4 AP 09 2 SR WA T . SR mys
KALIET AR VLS4 Pk ECs i#F AK I8R5 2
FE IR 1 M4 ) % R SO & O e R

I IF A S ) GB 5749—2022( A= G Ak B K T3



%57 )

WSS TKT R PLIE e R L R R 23

AR UE) L, RBR T I AR R bR A T 2R AL
Y4B b, LA X & [ 7K 3R B8 o i 35 G 4 i o) AR
o AR R, 75 7K 0P A K B Ak BHR 9 A 75 225 IR
BE, AT ZAEAG 15K ) H UL Rk ECs 13RI
12 RN, | 30 7 1 S AH DG B9 ECs R AT 5, 42 e HF ik

1:/%‘{,%0
KT 5K BT 2 B 5 R g wE 58 A LR L

SRR 1) ARG KT K bR o T, AT % R 0t K vk
JE v B AT B AF T fi B BE AR R KUK Y EDCs AN
PPCPs A INMEA R KW I, 2 FAL G W H;2) &
HPEAL 2515 KB T2 AR T 54 N 19 ECs &
R RE 7R CRUEH TS Yo ) 25 PR SR AT 42 T, WA 25 bR
AR ECs iAW T 5 R BIESEG3) R ET

#R

R T R BR ECs YRR MAR & 1E, 50K

B AR A (8 T A7 1R 7 ¥ 5 4) TP R A R R85 4 W)
AR AL T 20

[4]

[6]

2% ik

FEEG, BRI SC, TRALIEE, 45, JE a0l S S A 35 K A B o g3
WT IR R LA [T]. BRI, 2004, 25(1) : 114-116.
HEME, U, SR, AF AL AE AR T VY R A RS K
ARBRTTHIAT A [T]. BREERL AR, 2014, 35(5) ¢ 1817-
1823.

LOPEZ F J, PITARCH E, BOTERO-Coy A M, et al. Removal
efficiency for emerging contaminants in a WWTP from Madrid
(Spain) after secondary and tertiary treatment and environmental
impact on the Manzanares River[ J]. Sci Total Environ, 2022,
812. 152567.

A 5t B BE AR P R, I TS K AL BT K S e W HE AR U
DB11 890—2018[S]. dtmt. b W MR 4 R, Jb 57T i &
AN B, 2018.

F3CHE, REgIe, e, S IRTG K HOR % o A LTS B
el HAR S M AL AR [T]. BREERE 22 0F 5T, 2021, 34(7):
1672-1678.

5 A3 2 B, T ¥ K AR R b R K WIEE K BT GB/
T 19772—2005[ S]. dtat. |65 Bk B A0 90 Ko g 1 )y, B 5K
R AL B2 B 2, 2005.

NRMMC-EPHC-NHMRC A. Australian guidelines 22 for water
recycling: managing health and environmental risks phase 2-
augmentation of drinking water supplies [ S]. Canberra; Natural
Resource Management Ministerial Council, Environment Protection
and Heritage Council, National Health and Medical Research
Council, 2008.

NWRI U. Examining the criteria for direct potable reuse [ M ]//
INSTITUTE U N W R, Washington DC. 2013.

AHMED M B, ZHOU J L, NGO H H, et al. Progress in the
biological and chemical treatment

technologies for emerging

[10]

[11]

[12]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[25]

[26]

contaminant removal from wastewater; a critical review [ J]. J
Hazard Mater, 2017, 323(Pt A) ; 274-298.

ADELEYE A S, XUE J, ZHAO Y, et al. Abundance, fate, and
effects of pharmaceuticals and personal care products in aquatic
environments[ J ]. Journal of Hazardous Materials, 2022, 424.
127284.

JMEA, ERest, R, & duatisK) 3 ok i g
P AL)]. PEGKHEK, 2009, 25(23) ; 75-78.

X, SERELL, FOR. BRTTE KT IO ER R S BT A R A AR
WEFE(J]. TR, 2012, 40(14); 153-156.
FRLL, EIRH TR, . 22N TS KAL) o e R g A R
BTG YRR RF S [ 0], BB R 3= %4k, 2016, 36(10) : 3765-
3773.

JAMEAR, EEE, SO, Wt Ts K T A SR BLBTS Y4 PPCPs
HET R BERE L], PR TSR, 2007, 1(12) : 1-9.
FEIFE, WA, TEKL, S N ST OIS K AL BT R
EDCs Il PPCPs {5 Y FEAE B2 AR 28 KU WA [J]. 2k kK,
2017, 43. 152-154.

B, WP, EMAL, SF. R T AL TS KT A% A B T v i A
EDCs (94345 [1]. " EZKHEK, 2011, 27(19) : 72-74.
YR, ST, ARTEAR, AE. SRLHT A R TR ol IS K Ak
BT A KT R AT M RRIE )] B RS, 2007, 28
(8): 1779-1783.

ROUT P R, ZHANG T C, BHUNIA P, et al. Treatment
technologies for emerging contaminants in wastewater treatment
plants: a review[ J]. Sci Total Environ, 2021, 753 141990.
ZHOU G J, LIN L, LI X Y, et al. Removal of emerging
contaminants from wastewater during chemically enhanced primary
sedimentation and acidogenic sludge fermentation[ J]. Water Res,
2020, 175 115646.

SUAREZ S, CARBALLA M, OMIL F, et al. How are
pharmaceutical and personal care products (PPCPs) removed from
urban wastewaters? [ J]. Reviews in Environmental Science and
Bio/Technology, 2008, 7(2) . 125-138.

TRHT, iR, BR. TGRKEDA I A R 0 BRI K
MR R[T]. HER, 2018, 39(11) : 438-450.

GG, BO5, 200, A5 St i M A 75 Kk Ak BB TS B Ry
WA RBR R AB (], BB R 2ok 4, 2023, 43(8): 141-
152.

SRS, B GE Fmm, SR AKAY A T A Y
LR femgm )], E g KK, 2023, 39(14) : 1-9.
GOSWAMI L, VINOTH KUMAR R, Borah S N, et al. Membrane
bioreactor and integrated membrane bioreactor systems for
micropollutant removal from wastewater; a review [ J]. Journal of
Water Process Engineering, 2018, 26, 314-328.

TIWARI B, SELLAMUTHU B, OUARDA Y, et al. Review on
fate and mechanism of removal of pharmaceutical pollutants from
wastewater using biological approach [ J ]. Bioresour Technol,

2017, 224 1-12.
Hig, £RE, RIUW, . EWEERG AP A BT Y



24 o TR o542 %
PR FE AR [ J]. Tk K Ab 3L, 2011, 31(8): 5-10. 2019, 655: 986-1008.

[27]  BRWR, SesF2E. 2% T st 9 3% 76 06 05 TR &R 4 b R R A o o [38] BMSA, AUM, BM J. Application of online UV absorption
JE[)]. H BB T R¥%%M, 2014, 35(4) ; 72-76. measurements for ozone process control in secondary effluent with

[28] M7, R/, I R. MBR KBR/K 8 8 75 Y 4 PPCPs variable nitrite concentration [ J]. Water Research, 2016, 104
R BN Z (], B8 TR, 2012, 30(1): 25-29. 111-118.

[29] JAAEIT, KT, =, PAEREGKAERE S WTE S [39] Marc, Bourgin, Birgit, et al. Evaluation of a full-scale wastewater
MRt RT]. R 548 AR, 2017, 40(8) . 83-92. treatment  plant upgraded with ozonation and biological post-

[30]  ES24ml, B sk, TEAEAS, 5. SRS K SR BTG Y 9 R AE R AE treatments ; abatement  of  micropollutants, formation  of
HadBuEmE AR []. Sk, 2022, 48(6); 26-34. transformation products and oxidation by-products [ J]. Water

(317 ok, XBakil, M@, 5. FEHTT G W) 3045 R 7 5 4% Research, a Journal of the International Water Association, 2018.
TP L], HEifkak, 2013, 32(7): 1129-1136. [40] DHANGAR K, KUMAR M. Tricks and tracks in removal of

[32] JAFFan, 2EG0, AE/NTE, 45 5 K AL BT v i B Py 4 i T AL emerging contaminants from the wastewater through hybrid
ML BRACRIFT[T]. AR AEE244, 2018, 27 152-160. treatment systems; a review[ J ]. Sci Total Environ, 2020, 738

[33] Sp4Ef, ko, 875, . iU 5 A5 KA ER ) 14 Fh i Y 140320.
PPCPs IR AF 5 R RIS [J]. 42 5WE TR, 2022, 29 [41] CODAY B D, YAFFE B G M, XU P, et al. Rejection of trace
(5): 241-248. organic compounds by forward osmosis membranes; a literature

[34] ook, WAL, BRLCHE, 5. N A A 2R BIRE & R 570 IR review[ J]. Environmental Science & Technology, 2014, 48(7) :
V5 KA B TR A AL Y S BRAOCR (], T E % 3612. DOI:10. 1021/es4038676.
JKHEAK , 2014 (4T 1) .6. [42] KIM S, CHU K H, AL-HAMADANI Y A J, et al. Removal of

[35] R, ZFEEC, BEMME, S5, ) JHi5 7K ) T e s o TR Bt A= 3R contaminants of emerging concern by membranes in water and

PAFAERFIT[T]. BRI S5 H AR, 2010, 33(6) . 144-147, wastewater; a review [ ] ]. Chemical Engineering Journal, 2018,

180. 335; 896-914.

[36] Tatde. EAKP2y5EEA NP HE S (PPCPs) 9 2 B 8 AR WF [43] SAHAR E, DAVID I, GELMAN Y, et al. The use of RO to
FEHEIRLT]. PUNIETE K2E24R , 2020, 43(2): 5-34,2. remove emerging micropollutants following CAS/UF or MBR

[37] RIZZO L, MALATO S, ANTAKYALI D, et al. Consolidated vs treatment of municipal wastewater[ J]. Desalination, 2011, 273

new advanced treatment methods for the removal of contaminants of

emerging concern from urban wastewater[ J]. Sci Total Environ,

(1): 142-147.





