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Abstract:  There are over 4 000 types of synthetic perfluoro and polyfluoroalkyl substances
(PFAS) in the environment, which exhibit extremely high thermal and chemical stability. PFAS entering
wastewater treatment plants are generally difficult to remove, and in most cases, the PFAS content in
effluents is even higher than that in influents. This review systematically analyzes and summarizes the
evolution of common PFAS during wastewater treatment and sludge disposal processes, and describes
their fates. Primary treatment can divert a small amount of strongly adsorbable PFAS into grit and primary
sludge. In the secondary treatment, long-chain PFAS are more easily adsorbed, resulting in their
accumulation in the sludge phase. Moreover, due to the presence of relatively high levels of organic

precursors that can degrade into short-chain PFAS in the influents, short-chain PFAS dominate in the
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secondary effluent. In tertiary treatment, most methods have little effects on PFAS removal from the water

phase, with only reverse osmosis (RO) capable of intercepting and accumulating PFAS, although this

doesn’ t result in their actual destruction. Regarding sludge disposal methods, biological treatment, land

application and landfill primarily involve the transfer and transformation of PFAS. Only sludge

incineration can significantly disrupt the structure of PFAS, although it may produce some by-products of

combustion. Clearly, the most effective strategy to mitigate PFAS contamination is to limit their use at the

source. In this issue, the European Union appears poised to impose a strict ban on PFAS.
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Fig.1 Summary of the removal efficiency of different
types of PFAS and total PFAS by primary treatment
facilities in different WWTPs
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Fig.2 Summary of the removal efficiency of different
types of PFAS and total PFAS by secondary treatment
processes in different WWTPs
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Tab.1 Microbial degradation half-life and product of common PFAS precursors under different oxygen conditions
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Fig.5 Removal effect of different types of PFAS and total
PFAS by tertiary treatment processes

R2 F[EIPFAS RRIBHEIARNIES KRR

Tab.2 Mechanism and removal effect of different PFAS treatment techniques

4y PISLES N B AR S ALEER RVHTE/R| 2R
AR 93 A T8 T e R T A E‘%Zfﬂ N R \E%/i?M’EFﬁ N Bl 0.33 0.03 ~
wyam ) ﬂ%@“%ﬁﬂﬁjEﬂiﬂ%éiﬁxﬁfﬁk%%ﬁVﬁm jli{%“ﬁjj; ’ﬁj}%?ﬁ 480.00 2 960.30
SIRAIE BT ACHNE BRAORE S [ HREMEH B R SS HE me/g
JE A 5 RO .NF W 70% ~ 99%
Fem‘ggiig“m COH L4 % FAAE 2.5~120.0| 20% ~ 99%
b2 e i ?3&&@?@%@&; Tif5n0,~Sb/Pb0,. AARAE 05~5.0 |32% ~100%
e St A Ak R i Ti0, .2k Ti0,.In,0,.Ga,0,% fiEefb A fk 0.33 ~ 48.00| 45% ~ 100%
[ euy) SHME LYK .S,0,7 .80, i A 1~20 | 10% ~94%
R 7 A R A B IR 2570, - OH 1~5 26% ~ 100%
IR S B IR A A AALfER >99%
A7/ ety 5 WA ([ZGL/LAvT) 240 ~ 4224  >99%




%415 10

OE 4 K HE oK

www. cnww1985. com

H AT, 48 KHB 3 52 30 F 5% h PEAS W IR vk 32 (2
10 mg/L) I K F 3L FRi5 /K (<1 000 ng/L) ", #5722
W LR T 2 bR TRE T E 2348 i 2 BRMEE . A3 1
FUHE - G R LA B A 1 S A
b 8 Ak 44 T B 45 0 A Ak R A 45 4 25 Bk PROA |
PFOS™2% . (H H 1ij W A AT) A7 76 X J i PFAS W Fff
PERBHR 22 31X — B s A3 WF 53 R FH He 4 i s W B 1% &k
B 2, SRR K FR PRAS 19 25 B R 35 3 98% L)
IR, AR RS K P PRAS IR RS 44 1k B
55 A5 TR BTG
2 FRAEPPFASHIEE

PFAS i T HA 38 i C—F B T wfle L i 2 1y I
fiff, 38 T KA BT Y5 YR I B R HE 3R B
A R A B ST 5 o B i U Ak PR AL A R
PFAS 78R 5 e &7 . i T 4528 PRAS W B4 A
A T2 S X T KA PRAS fOZE %, 75 T v K B
PFSA K 4% PFCA 5 R Y) i Lt (75% ~ 86%"™ ) f1
Jr Tk (UL 3) , H— 83536 H (1) PFSA & (52%)
1 T PFCA (28% ) CHCHI U 1 H [ e AR 91 58 JAE Ti7 I
TG KARBR) ) HE, FRE S FIG YR AL PR Ak Y
TR AR A - I R e/ R AR T A+ R IR
JEE R IK + 7 SR A AR B+ T L Bl A
FAES S LA b Bl S8 & e IR S AR ) L AR
L EASE R Ge 5], XF PFAS FETS Je Ab B Ab '
b B AR 5 U A AT A
2.1 £YBES TR A DEEIE

A8 R I 55 DR AT A 43 0 R A e A SRR
PRASAE N G A 0L, DT S5 3075 e A2 Ak o
PFAS 783 9 Fft b 2 7 32 h T AR A7 oy 22 50
W e figk B it A O, — B JE BE PRAS 278 TH Ak ad 72
RN IR RN e 7] o A AR N (EP S Y
PRAS AR 045 TR EE R . A %
71N DR AAUTH A T A R S FiT AR ) 7 Ak R 5% PRA A, 1T
To K8t PFASTE 325 (H A N R m 15 IR AT 1k
Ja KA PRAAs (i J5 400 10~12 ) PFCAs Fllfilk
JEF AR 8 19 PFOS) “F- #4138 fin 1 4% ~ 62% .
HH B3 P 25 S5 10 JR L B 5 A JLAE A A ol B i )
Tl A BE PRAS SO AL G0 56 Hak L 5K
BEPFAS 1ET5 R TH AL R Fp T AR A5 56 . — i
5 VeI Ak ik 7 K4 PRAS AR Y R A4 5 rh [l 44
[ AR W B it S SRS G 05 55— T i, U e O

b3 A& b A ALY D T S B K B i A K
PFAS fif W, AT R A AE T3 08 R i & 2 HT
H G A PEAS B AR 5 h [RHA ) BT ) i
YA, W5 FilEi5 K AL B T2 S 400
Ko AN A U A S R AR N TR A
KB PFAS, 15 U6 &b B 0N 25 H 20888 i 440
SR UL, PFAS 7615 Je 14 fhad B v 9 328 DL T i)
A= W I A 5 A S U TP R AR 3 T PRAS Y 2%
WA SR 0 o Tl A P I A, LA AN i M SRR A K A
Bl

I DA SEE A T IS R AN, PRAS H K i %
B UE (PFAS Y 1] 1k 7 280~292 000 ng/1)",
I Bl 2 AE 5 7K A B R v R R — k.
x5l 1= MR s el R PRAS #5882 H 4 K R
YEY i AR E 25 (R RS , DAl 158 4 B i T
PFAS ., EAMFFE R, AR T 24 Py [ A ek
R A Y A SRR A T AFTE 2 98 T BER R (PFBA)
FIPFPeA . AL, TCIEKs ol 4315 6 T34 S A J2
T = Hb R #B TG 75 B OE 8% 3R PRAS, S ifi A T H
T,
2.2 iTiRBEKE

15 RS be Rl il K 20 AL A AL o i, S B GE
TSI, PR PRAS i U RRUe 1 &, AR ME Bk 1)
IR . 99% 1 PFAS 7] £ 600 “CF R fi , (HH 7 4k
W — T AE 1 000 °C LA I, HL 45 88 i a] >2 7,
T =75 R A Be b iR bR ofE— Bk 850 “CLA L 15+ FE
BF ] >2 s, o8 0] G847 76 AR X3, e, 61
PFASIABE = BB T LR AT . HAl, &
SPRTG K AR HR PRAS 4895 Y S5 Be I T AL L T 1)
WF T i A PR . R 405 e A e b (PR IR
830 °C, {52 BAIF ]y 8 s) PFAS Joi 1 Ui 1 5 M A 1 2
BB R ILE 6. AR, 15 IR Be v 7E — i 2
JE SIS PRAS By 22510

LA B A R SR S A AL B
FHLG 5t PFAS Kb SR 5, V5 e SR e o A 3K,
R IR R = A 2 H RGF ST 19— K ME RS . PFAS
56 A0k B R B LR A O H,0 . CO,  HF 5l 1k
Yy, Horb HE S — oA #5200 (AT 38 3 B 4% Ak 34
Je iR B HEBObRHE o SR, #5718 N B PFAS T 5 4
TR, b 2358 B R AR 58 BB = 0 s A1 F 5%
7R, & PFAST5 IR B B 55 th &8 K PFAS A 5%
SR BE T W R A B SR AR A ) (CHECR 2928 5. 076



www. cnww 1985. com

ARGEH, 5 PFAS 25 KL R A2 P ayig & 5 )2 75

keg/d)" o WA FFEVRI & PRAS 2B Py R 7E R
Bt B S B A AR M A RUR LR E R
(NI E NP PR TP S Y AV I 1
LG E . PRFASIALE ™= W) 4l il = 22 B TR be iR
JE R RS SRR BRI R R
Y BR  , H HESE 05T 1 A 1S B 5 PRAS 15 IR %
1k A5 AT BE R A (VR AE PRAS Bl P 1 4 BOEAR
M HL 5k = K [ SEBRT5 JR BE B0 1 PRAS HH &4
i, E LAUETR AL & PRAS 15 Ufe 5 B Bl Jot 6 A
K RABER R . AT UL, A e BT S A Ak B e
T2 CUn T 245 R Be TR | o0 5 B I [R] | A
P 5 A8 s/ I X I A5 ) IR B AR IE PRAS 11 58 42
Wik,

*51% AW
1200F [ WA
1118 Wiy
* N5 JepReR
1 000}
e
& 800
E
1 600
15
B 400

200

2 PFAS

S PFCA SPFSA S AR/ A
PFAS 257

6 FRTRELI PFAS RERES WA EBRESIT
Fig.6 Statistics of PFAS mass flow, destruction and

removal efficiency from sludge incinerators

3 FAKAIEEAE P PFASARE 5 ARE

IR PFAS TR 15 K AL BT rp (3 28 + 43 52 0%
BI04 AT 43 R 7K A (Rl s K Ab 38T R K HE i %2 52
PR ETG PR AL IR AL T K B GE e S
VPR T A S a7 e - HOR 7 E#) RARGE
RIS FE RS 55 IR A WA AR 3
B, BARIE 7 s

IR, HE R A PRAS B 1 /0 s A i 4
NG I BE B HE A KA PRAS S 5 a4t & HE
AFREEH PFAS B 19 0. 4%, BRI, 5 K Ab 3
A AREVGK ) M AR PFAS I £ 2R E . AR
15K ik K S5 e i PEFAS A & & ULIEI 8 1T
DUA Kb PRAS & i/ 5 KA 2T L, 22
2 KT S R B KA B Fh
T PFAS BT

i 2 e
%415 F 108

KA
75 KU ER ] R AT R ‘
AT ]

o R . Sk |

e

SR
By

e |
— i
I [—K‘”——l LB lﬁf

AR

— KA
ceneneeen SR
== RIRFI — [fl#R

HRK

7 PFASZETS/KACERT RIBEW R MM iR 5 VAT

Fig.7 Potential flow and fate of PFAS in WWTPs
my5 g mitk mifkk

100

80F

1%

IH ol
Jﬂ 60

40t

PFAS FHX

20F

JTHIEA I B oG F I H
KT KT HK)T HK)T
B8 S PFASTEHE/K WK . SRPHENSE
Fig.8 Total PFAS relative content in influent, effluent,
and sludge

H T, B BR X KA BT e o PRAS 19 £ B
FH TR, P2 ERE ARG L SR E .
i, 36 PR O 40 B 2R AR /K th PFOS \ PFOA Y
JEXIARRT 70 ng/L o FRE (A TR HIZK DA bR UE)
(GB 5749—2022) H1%f PFOA . PFOS FRAH 3 51 4 80
ng/L 5 40 ng/L. {HIC TR T5 I e 24k # rh PFAS
(A AF DGR T A BB, 55 B AR DR 4P B IR K I Ay
T 2018 4F K AT T — 1y X T AE Wy [ ik v T vk 1Al
IECE RS ety FLrbil KXt PRAS 14 IR, 3R
N BTz XU DAL s 5 TR ek e A Ok
BB H 2022 4 8 H 4 KM 2% [ 31 PFAS 76 £ 3
B RFATES BREUE, B 25 175 K75 e A+ b )
FAR i P X5 K V5 T A R S &) PRAS
15 e [] R 2 SR JRURH DG 48 i, {HL 76 53k 45 ) PRAS
75 YL 75 1, F6 [ © % PFOS 26 PFOA 2% PFHxS 2%
PFASHI| A 2023 4 1 J] St () € i A5 45 0 1 e W iy
(2023 4E /) ), 3K PFOS . PFOA 51) A Hp [ ™



%415 10

OE 4 K HE oK

www. cnww1985. com

s BRI A Bk E i Aok ) . BT, AR
FIF % Al B ARAL G2 PRAS (357 8 PFAS, [R I 13 % H:
PEAT MR A BB PR 2E 5T, i S H R . A b
GER I F ARV AR % 55 T ) F-53B (18 PR H 5L
Lt PROS B3 (R e W ifF — 25 BiF 58 PFAS A il £
AR H e H R AR AT, AR A S BOR A 5L
4 HiE

YER—F N T A B Re ATEA WL, PFASTE )™
CAFHE T B b, XF N Sl e s i 7 7™ o b o
PFAS il &3 75 7K R ZK AR I b7 18 08 W S 0E A 757K
ALPRT PR K S A s e HE AR . R, TS
K515 PR A RS A4 ] PFAS E AR5 1Y) S

HEAR TN T A ML 2 2= M i T5 K b 1T
HIHI UG PFAS 450 5 5w i 2% 24, AN IA] PFAS I
B AR fef HL A 7 K Ak B R P AR AR 43, KBk —
P AL PR g A E K BE PRAS K R B R A RIS
05T 1) o 2 [ AR (VDR RS e L DTs e )
JEBE PEAS 0[] B8 A7 7K AH 5 5 B = 2 kb P 152 it B
FOB AN, X PRAS (1 BRI T BAEH BB 3E
O HAE AT 5685 | T X e 4 T 2 Ah P

LA B S R A5 R S R] K T 45 R s ) R
B MLSS UE W B 5 22 A R 3R ) 5 ot el AR
T3 e W B B 5 LA W R A 18 T TS 1) PRAS 7Y 25
B AHE AR JE E R, K E R A
PFAS BRI AE 15 7K Ab Bl A b 1 £ W e i 15 K vp
T e HE TS YR B, DL AR [ B2 PRAS ) 3
Sl M I 22 S ¥ 25 R KR TP Y PRAS 2555 .

HEK o PFAS BURA ALY T 78 G b Bt i o
PR 5E A [ A% N PRAS, M L T PRAS R &4, PFCA
HIARYIE 5 TR . 5 B3] PFAS {34
85 TG K W L BE PRAS BT IR Y & AN A &2 | JE B
PICA AFXE 558 553 110 I B4 fef A5 7K R o — A7 A 6
W HHE PFCA . AN [A A= Y Ab PR R ST AF AR AN [R) 1Y
DB BN BOAS [R]85 A AOR A — B, BLAE
H AT RIS A g2 I e R

FE T T x5 e A B Ty b T e A e i
KA L, AT PRAS 772 A — 2 BRI (L BR R A
519%) AR A (G BR LR BRI =100 i 53 7 E— B AR .

28757k J5 IR PR S PFAS H 18 AT 43 R kA4 +
e KRR 3R o KA EE A, KA

AL 0. 4% (5 15 PR BB R PFAS)

B3 30k -

[1] EVICHM G, DAVISM J B, MCCORD ] P, et al. Per-
and polyfluoroalkyl substances in the environment [J].
Science, 2022, 375(6580) : eabg9065.

(2] AWM, RESCE, AR, 5. {5/KALBE) PFAS K

IR RAL S R0 (], BRI AR, 2023,
43(10): 1-14.
HAO Xiaodi, DI Wenxin, ZHU Yangmo, et al. Source,
transformation and removal of PFAS in wastewater
treatment plants [J]. Acta Scientiae Circumstantiae,
2023, 43(10):1-14 (in Chinese).

[3] LENKA S P, KAH M, PADHYE L P. A review of the

occurrence, transformation, and removal of poly- and

perfluoroalkyl ~substances (PFAS) in wastewater
treatment plants [J]. Water Research, 2021, 199:
117187.

[4] YANG G J, ZHANG N, YANG J N, et al. Interaction
between perfluorooctanoic acid and aerobic granular
sludge [J]. Water Research, 2020, 169: 115249.

[5] SILVA A R, DUARTE M S, ALVES M M, et al.
Bioremediation of perfluoroalkyl substances (PFAS) by
anaerobic digestion: effect of PFAS on different trophic
groups and methane production accelerated by carbon
materials [J]. Molecules, 2022, 27(6): 1895.

[6] QIAO W C, MIAO J H, JIANG H M, et al.
Degradation and effect of 6: 2 fluorotelomer alcohol in
aerobic composting of sludge [J]. Biodegradation,
2021, 32(1): 99-112.

[7] KIBAMBE M G, MOMBA M N B, DASO A P, et al.
Evaluation of the efficiency of selected wastewater
treatment processes in removing selected perfluoroalkyl
substances (PFASs) [J]. Journal of Environmental
Management, 2020, 255: 109945.

[ 8] ZHANG CJ, YAN H, LI F, et al. Occurrence and fate
of perfluorinated acids in two wastewater treatment plants
in Shanghai, China [Jl.
Pollution Research International, 2015, 22(3): 1804—
1811.

[9] KIMJ, XINXY, MAMO BT, et al. Occurrence and

Environmental Science and

fate of ultrashort-chain and other per- and polyfluoroalkyl
substances (PFAS) in wastewater treatment plants [1].
ACS ES&T Water, 2022, 2(8): 1380-1390.

[10] KUNACHEVA C, TANAKA S, FUJIL S, et al. Mass



WWWw.

cnww1985. com

ARGEH, 5 PFAS 25 KL R A2 P ayig & 5 )2 75

%415 %10 #

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

flows of perfluorinated compounds (PFCs) in central
wastewater treatment plants of industrial zones in
Thailand [J]. Chemosphere, 2011, 83(6): 737-744.
ARVANITI O S, ANDERSEN H R, THOMAIDIS N S,
et al. Sorption of perfluorinated compounds onto
different types of sewage sludge and assessment of its
importance  during  wastewater  treatment [1].
Chemosphere, 2014, 111: 405-411.
CHEN H R, PENG H, YANG M, et al. Detection,
and fate of fluorotelomer alcohols in
plants (1]
Environmental Science & Technology, 2017, 51 (16) :
8953-8961.

PAN C G, LIU Y S, YING G G. Perfluoroalkyl

occurrence,

municipal ~ wastewater  treatment

substances (PFASs) in wastewater treatment plants and
drinking water treatment plants: removal efficiency and
exposure risk [J]. Water Research,2016,106:562-570.
EBRAHIMI F, LEWIS A J, SALES CM, et al. Linking
PFAS partitioning behavior in sewage solids to the solid
characteristics, solution chemistry, and treatment
processes (1] Chemosphere, 2021, 271: 129530.
JIANG L L, YAO J Z, REN G, et al. Comprehensive
profiles of per- and polyfluoroalkyl substances in Chinese
and African municipal wastewater treatment plants: new
implications for removal efficiency [J]. Science of the
Total Environment, 2023, 857: 159638.

SEAY B A, DASU K, MACGREGOR I C, et al. Per-
and polyfluoroalkyl substances fate and transport at a
wastewater treatment plant with a collocated sewage
sludge incinerator[J ]. Science of the Total Environment,
2023, 874: 162357.

JIAY Q, SHAN C, FU W Y, et al. Occurrences and
fates of per- and polyfluoralkyl substances in textile
dyeing wastewater along full-scale treatment processes
[J]. Water Research, 2023, 242: 120289.

ERIKSSON U, HAGLUND P, KARRMAN A.
Contribution of precursor compounds to the release of
(PFASs) from
wastewater treatment plants (WWTPs) [J]. Journal of
Environmental Sciences, 2017, 61: 80-90.
RODRIGUEZ-VARELA M, DURAN-ALVAREZ J C,

JIMENEZ-CISNEROS B, et al.

per- and polyfluoroalkyl substances

Occurrence  of
perfluorinated carboxylic acids in Mexico City’ s
wastewater: a monitoring study in the sewerage and a
mega wastewater treatment plant [J]. Science of the

Total Environment, 2021, 774: 145060.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

NS, T, BT, . R RIS Yk
YRR SR AT R (1], SREEREE:, 2023, 44
(3): 1214-1227.
SUN Hongwen,

FANG Bo, CHEN Hao, et al.

Advances in  microbial and  degradation and
transformation of per- and polyfluoroalkyl substances
(PFAS) [J]. Environmental Science, 2023, 44 (3) :
1214-1227 (in Chinese).

RHOADS K R, JANSSEN E M L, LUTHY R G, et al.
Aerobic N-ethyl
(N-EtFOSE) in
activated sludge[J]. Environmental Science & Technology,

2008, 42(8): 2873-2878.
LENKA S P, KAH M, PADHYE L P. Occurrence and

biotransformation and fate of

perfluorooctane  sulfonamidoethanol

fate of poly- and perfluoroalkyl substances (PFAS) in
urban waters of New Zealand [J]. Journal of Hazardous
Materials, 2022, 428 128257.

R, M, BN, . SRS LR
TR (1], BEfeE, 2023, 42(7) : 2210-
2227.

TENG Ying, WANG Wenran, HUANG Liuqing, et al.
Reasearch progress on the removal of perfluorinated
allkyl .
Chemistry, 2023,42(7): 2210-2227 (in Chinese).
SAAWARN B, MAHANTY B, HAIT S, et al. Sources,

substances: a review Environmental

occurrence, and treatment techniques of per- and

polyfluoroalkyl ~substances in aqueous matrices: a
comprehensive review[J]. Environmental Research,2022,
214: 114004.

ZHUY M, XUTY, ZHAOD Y, et al. Adsorption and
solid-phase photocatalytic degradation of perfluorooctane
sulfonate in water using gallium-doped carbon-modified
titanate nanotubes [J]. Chemical Engineering Journal
2021, 421: 129676.

LI F, WEI Z S, HE K, et al. A concentrate-and-
destroy technique for degradation of perfluorooctanoic
acid in water using a new adsorptive photocatalyst [J].
Water Research, 2020, 185: 116219.

FRANKE V, ULLBERG M, MCCLEAF P, et al. The
price of really clean water: combining nanofiltration with
granular activated carbon and anion exchange resins for
the removal of per- and polyfluoralkyl substances
(PFASs) in drinking water production [J]. ACS ES&T
Water, 2021, 1(4): 782-795.

DAI X H, HOU L A, ZHANG L W, et al. Safe disposal

and resource recovery of urban sewage sludge in China



% 41 %

%10 4

B oE 2 K HE K

www. cnww1985. com

[29]

[30]

[31]

[32]

[33]

[34]

[35]

(1] Strategic Study of CAE, 2022, 24(5): 145-153.
LI Y J, BRAUNIG J, ANGELICA G C, et al
Formation and partitioning behaviour of perfluoroalkyl
(PFAAs)
anaerobic digestion [J]. Water Research, 2021, 189:
116583.
LAKSHMINARASIMMAN N,
PARKER W ],

acids in waste activated sludge during

GEWURTZ S B,
et al. Removal and formation of
perfluoroalkyl substances in Canadian sludge treatment
systems—a mass balance approach [J]. Science of the
Total Environment, 2021, 754: 142431.

YAN H, COUSINS T T, ZHANG C J, e al.
Perfluoroalkyl acids in municipal landfill leachates from
China: occurrence, fate during leachate treatment and
potential impact on groundwater [J]. Science of the
Total Environment, 2015, 524 23-31.

BLAINE A C, RICH C D, HUNDAL L' S, et al. Uptake
of perfluoroalkyl acids into edible crops via land applied
field studies  [J].
Environmental Science & Technology, 2013, 47 (24) .
14062-14069.

TAYLOR P H, YAMADA T, STRIEBICH R C, et al.

Investigation of waste incineration of fluorotelomer-

biosolids: and  greenhouse

based polymers as a potential source of PFOA in the
environment [ J]. Chemosphere, 2014, 110: 17-22.
ZHANG J H, GAO L, BERGMANN D, et al. Review of
influence of critical operation conditions on by-product/
intermediate formation during thermal destruction of
PFAS in solid/biosolids [J]. Total
Environment, 2023, 854. 158796.

STOIBER T, EVANS S, NAIDENKO O V. Disposal of

products

Science of the

and  materials  containing  per- and

polyfluoroalkyl substances (PFAS) : a cyclical problem
[J]. Chemosphere, 2020, 260: 127659.

@@.

[36]

[37]

[38]

[39]

[40]

QIAO B T, SONG D B, FANG B, et al. Nontarget
screening and fate of emerging per- and polyfluoroalkyl
substances in wastewater treatment plants in Tianjin,
ChinalJ]. Environmental Science & Technology, 2023,
57(48): 20127-20137.

ZHANG Z M, SARKAR D, BISWAS J K, et al.
Biodegradation of per- and polyfluoroalkyl substances
(PFAS) : a review [J]. Bioresource Technology, 2022,
344: 126223.

LOVINGOOD T, TRYNOSKY J, DRZEWIECKI J, et al.
EPA Unable to Assess the Impact of Hundreds of
Unregulated Pollutants in Land-applied Biosolids on
Human Health and the Environment[ R]. USA:the EPA’s
Office of the Inspector General, 2018.

MOAVENZADEH G S, ZIMMERMAN C, SHEA M E,
et al. Management of per- and polyfluoroalkyl
substances (PFAS)-laden wastewater sludge in Maine:
perspectives on a wicked problem [J]. Biointerphases,
2023, 18(4): 041004.

YANG R J, LIU S'Y, LIANG X X, et al. F-53B and
PFOS treatments skew human embryonic stem cell
invitro cardiac differentiation towards epicardial cells by
partly disrupting the WNT signaling pathway [J].

Environmental Pollution, 2020, 261: 114153.

TEF R e (1960- ), IPEMIARA i+
N B IREE T AR Lol e SR T
i, FZEBIEFE 7 0] 2 35 7K A ) 8 R B ol
NV OBiE ey K Ve / NNIES S-S5 0
YA o BN E bR oK BT Water Research
X 3k = 4 (Editor) o

E-mail: haoxiaodi@bucea.edu.cn

Wr#s H H#7:2024-04-14

&= B #1:2024-05-02

(4wl T R4H)

TR

<10 -




