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High-Throughput Detection of Multiple Classes of
Antibiotics in Source Water Using a Functionalized

Polyacrylonitrile Nanofiber Membrane
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[Abstract] Objective To develop a novel solid-phase extraction (SPE) method based on a functionalized
nanofiber membrane for the efficient co-extraction of structurally diverse antibiotics with markedly different physico-
chemical properties from source water, and to establish a high-throughput analysis method by coupling this technique with
ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods A polydopamine and
zirconium (IV) fumarate metal-organic frameworks (MOF-801) co-modified polyacrylonitrile nanofiber membrane
(PDA@PAN/MOF-801 NFMs) was prepared as the SPE adsorbent through hybrid electrospinning and dopamine self-
polymerization. Critical SPE and UPLC-MS/MS parameters were optimized, and the method was applied to analyze
antibiotic contamination in source water samples from 14 sources of centralized drinking water supply in Suzhou, China,
to evaluate the practical application potential of the method. Results The PDA@PAN/MOF-801 NFMs adsorbent
demonstrated efficient adsorption of 32 antibiotics from 6 classes through multiple retention mechanisms, including
synergistic electrostatic interactions, hydrogen bonding, and n-m interactions. In combination with UPLC-MS/MS, the
SPE method we developed enabled high-throughput detection of multiple antibiotics in source water, with limits of
detection (LOD) being 0.001-0.05 ng/L and limits of quantitation (LOQ) being 0.005-1.0 ng/L. Spiked recoveries were
70.14%-111.50%. Intra-day relative standard deviation (RSD) was below 14.12% and the inter-day RSD was below
15.07%. The method demonstrated excellent sensitivity, accuracy, and precision. Conclusion In this study, we
successfully developed an efficient analytical method based on a novel nanofiber membrane adsorbent. This approach

provides a new technical reference for the high-throughput detection of multiple antibiotics in environmental waters and
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shows promising potential for practical applications.

[Key words] Nanofibers
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AI6fE LA, R VL9048 o 4 AR 2R HR i R R i DX ek
Z—V, EABRICETE T 2010-20204F V15 B Hb X 2
JKYE DA, 20234FKAVTIR L HE R L T BH L I UL,
(2B NNDI L) N o5 S S/ Wa B S L A od s R
B2 | s bm RS DUPRR G . RIRNTRSE | B- Nt M
2| SRR IFIART] B 45 2 2 E R AL R Y [H]
B35 G, 250 T g 3 A 1 A R A A B M I
Ko el R AR SR A A AT . BRI ME R S S R 2
FBIPUA ZR, O e RSO AH (3 - R IR B (ultra-
performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) i% — it He AR & #4811
R A8 ) S Bt ZA 1R, BN DR OIS i

UEAEA, 9K B 2 SRR R b e 5l 1 A ot o Ak 31
TR . AW ST BRI F I N MR A T R A DG A
FRE BN T LKL 48 (nanofiber membranes,
NFMs)/E R E AHZE B (solid phase extraction, SPE) 4
BRIV 7o B T RE A A8 i Y 3R TR 0 I 4 K F 2
(polyacrylonitrile nanofiber membranes, PAN NFMs) £\ 3£
IR TR ity 5 470 A4 28 AR R B A g AT SR L
(polydopamine, PDA) & 7 JLAS I R HE S5 B BRI, AT 5
FUARY A He - AR . A ELAE | SRR LA
FHAV AR FAE PS5 2RO B AR ™Y, A i 2 FiAl
AR TR i e B 22 A2 R BT e . B IR -
JBAVLE A B Zirconium (IV) Fumarate metal-organic
frameworks, MOF-801 ) 4 J& Zr* 5 A VLA & DR
BE A I, A R i = 25 A A 2w i FLBR, A R
HI7KBEREME | A2 E R E PRI pHI 32 12, A5 rh A
FEM Zet T AL SRR ER, W 5 B ARY)TE nL i v AR B4R
FHAN AR AR I A9 E UGE TR A #2522
LA a 2 BE AR A S T MOF-8015PDA
XFPAN NFMs U I fiE L2, §il13PDA@PAN/MOEF-
801 NFMsfF: i SPEIK B 77], T AT == i F R4 149 105 i
YERIBL, Sy 52 BE 22 26 AT AR R i AU T RE

AT PDA@PAN/MOF-801 NFMsH: A% Bt ftf
JHEZ | WIS | DUERERZE . RIFNEEZE | Beta- N IEHESE
L e B 2 A 6 2 32 R L AR R WAL RE, A S IR AL 2L T

Solid phase extraction

Tandem mass spectrometry Antibiotics Water

PDA@PAN/MOE-801 NFMsHJSPE )%, 454 UPLC-
MS/MS#E ST Z2 Fh i AR R w38 LRI 48 ik, IFX o5
TR K IR B0 AR 3875 G DL AT VR BE, PR BT 7 vk
S BRI AT AT

1 #MR5FE

L1 {H5ER
L11 X

9FP i e 2% (sulfonamides, SAs) P b 2. il Jiie g e
(sulfadiazine, SDZ, Zlif£99.9% ) . fif it H S i
(sulfamethoxazole, SMX, 4li599.0% ) . fif Jfie 15€ 1
(sulfathiazole, STZ, Zif£99.5% ) . fiffi it 5 Wk %
(sulfachloropyridazine, SCP, Z1iJ£98.0% ) . fiff Jfie Xof FH 4
WE (sulfameter, SM, 25 99.6% ) . fift e M % mhk
(sulfaquinoxaline, SQX, #i %£99.0% ) . fif i fk
(sulfaguanidine, SGN, Zli£98.0%) . H % W% g
(trimethoprim, TMP, 4li[£99.9% ) Fl B & & Ak
(ormetoprim, OMP, 4l [i£99.0% ); 55 UM K 2K
(tetracyclines, TCs) 2k R : WU (tetracycine, TC, 4l
97.8%) . 75 &K (oxytetracycline, OTC, 4liJi86.9%) . &%
# (chlortetracycline, CTC, #fiJ£99.0%) . Z Vi &
(doxycycline, DOC, 4[i[#99.0% ) Fl13E fth 8 % (metacycline,
MTC, 41i£98.0% ) ; 7R M1 72 (quinolones, QNs)Hit A=
= 5P 2 (norfloxacin, NOR, 41i#99.6%) . RN VbE
(ciprofloxacin, CIP, £4{i#98.0%) . % #> & (ofloxacin,
OFL, 4iJi£99.3%) . Bi#i 7> & (enrofloxacin, ENR, 4 i
99.0%) . 91> B (pefloxacin, PEF, £[i[599.0%) | 1§ £ Tb
A (lomefloxacin, LFX, £li[&99.5%) M 7P £ (difloxacin,
DIF, £11/£96.1% ); 47 KIS (macrolides, MLs) Hi/E:
#: wwhi# & (clarithromycin, CLA, 21899.3%) , &' 41 %
# (roxithromycin, ROX, 4 [#97.5%) . A&HE XK
(erythromycin, ERY, 4l #98.5% ) FI B #f % &
(azithromycin, AZI, 4li[%97.0%); 35 Beta- N i (beta-
lactams, BLs)$i4: & Sk 12\ (cephalexin, CPX, 4l Ji
89.4%) . FISLPEbK (amoxicillin, AMO, 411/98.0%) . 7 %
4 (penicillin G, PEN, 4l 97.3% ) FI 3k 1 w4 npk
(cefazolin, CFZ, ZHF£99.1%); 3 F B iz it 2%
(chloramphenicols, CAs)#Hi/EFE. . A &HEZR
(chloramphenicol, CHP, 4liJ¥#99.9%) . M A JE %
(florfenicol, FF, £1i[£99.6% ) #1 FH iK% & (thiamphenicol,
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THI, 4{f£99.0%) . iRyt A: RARifE s Bk AR Hil5H,
F M A B TR AR ST L

RN (polyacrylonitrile, PAN, 43150 000)
B L& (fumaric acid, C,H,0,, 4liJF =98%) . WMk &
(zirconium sulfate, Zr(SO,),, ¥4l ). FhAR £ B K
(dopamine hydrochloride, £ & = 98% ) Fl Tris-HCIZZ i
(0.01 mol/L, pH=8.5) 4 [F [ BT HL T A ARG A R
A, ¥R (hydrochloric acid, HCI, ¥ 38% ) . S A fL4H
(sodium hydroxide, NaOH, 43#74li) . /L4 (sodium
chloride, NaCl, 73 #74t) . S 1L 8k (magnesium chloride,
MgCL, 43#74k) . To7K B (ethanol, EtOH, 4l =95%) |
N'N —H IR B (N'N dimethylformamide, DMF, 431t
) KRR A EgE e R A R A W (R, FifE) .
£t 3% 4 2% B % (methanol, MeOH) . Z /I (acetonitrile,
ACN) ., Z R Z i (ethyl acetate, EA) Fl 1 i (formic acid,
FA) I H 8 E B e 8wl . sk hMilli-Quk lifk R4t
(£ EMillipore/A 7)) il 45 o
1.1.2 R4

HEFFREUE i SAs . TCs. MLsFICAsHL A FARHES,
43 5E FHMeOHPC il Jy BTt v i 1 mg/mLAY AR A
W, BLsYU/EZRMIFHACN : H,O(1 = 1, AR EL) B il Ay
VR BE A1 mg/mLIFRERE B 1A . QNPT R
0.03 mol/L i NaOH/K I W FL il A 07 e & 1 mg/mLIY
TR A A5 TR I o 43 T8 P 8 i K s TR s v 22 T TR
100 pg/mL, 10 pug/mLAN1 pg/mLAARE TAER . BT A%
T T4 CROLIAT
1.2 PDA@PAN/MOF-801 NFMsHI#l & 5 R1E

W 25 22 ¥ MOF-801 5 PANIR %5 4115
PAN/MOF-801 NFMs, fifi j5 17 2 AL A R G, 1%
PDAEMi ZPAN/MOF-801 NFMsZE 1, 75 MOF-8015
PDAXUE i PDA@PAN/MOF-801 NFMs., EAKLUNF:

H#1.78 g Zr(SO,), A T 40 mL/KfS ¥ A; 0.59 g
C.H,0,# 720 mL EtOHTHA B, #BIAG 2 A,
FrE30 min/G HEFEI N4 he B0 TLRE, &K/
EtOHZZ BB E T, 60 CT RIS MOF-801, #1.0 g
PANY 7 mL DMF, $5$1:8 hi%s fi#; H200 mg MOF-801f
7920 minffi H/ 80 T3 mL DMEH, 1595223 . 1645 2251
Sk SO (RS 40) RIRE 15 e b fin+20 KV HL T, 2524
W LA mL/hi s i 2295 22513k, 97222 h#3PAN/MOF-801
NFMs. ¥PAN/MOF-801 NFMs# 412 cmx12 cm K /]y,
RA1.25 gih R Z U 19200 mL 50%EtOHE R, A
40 mL Tris-HCIZZ #hi, 65 CHR7 N6 ho KKK FI
EtOHT#E, 60 °C T4 PDA@PAN/MOF-801 NFMs.,

K FiHitachi $4800( H 37, H 7<) & FHAH T 2
% (scanning electron microscope, SEM ) MEXNFMsi MLIE
i, it Nicolet 6700(FEIR K IR, S ) A B AR 21 4b
Y614 (Fourier transform infrared, FT-IR) #AF LM E
AEM, 7 F]F Thermo Escalab 250Xi(FE 2k K iR, 351 )
XL HL T REIE (X (X-ray photoelectron spectroscopy,
XPS) 43 M NFM s il £ 2l #2 v 38 1 T 3% 41 0 S 1k 2 1
ik
1.3 tFmRE

TEFE N T 5 A (T34 20244F K A SR BE AR T
PETTRI DA% 14445 i R KK TR AR Ry A 52 0 SR B
A R (4 T v A TR A K K b K 5 W T St
Z(2012) VAR SR E BEA T /K BE M R AR TAE . Hopil i
RUKIELEK T UK 3100 mARSREE, 7K e 5 13k
JEAEHUK 1 E1100 mAk, 7K T#0.5 mPA R 2RAE, F20244F
7 H R ALK K FE S 144>, (i HIFR G BB 4 “CabL iR
FF o RAE R TR G 8 7 T DL 00 £ ¢ 5 B2 B 1
HoHE BB R IR T E R =B AL 85 B ot i
P23 [ 5E 2= °F- 5 (http://www.gscloud.cn)
14 EHHZER

PDA@PAN/MOF-801 NEMsfii T FLAR#E BT M B2
13 mm [ F, FREL10 mg, {57 PR R i Al [ 78 N A2 R
13 mm Y25 FEAE T, 2 H I SPERE . Al AT LA
7K. MeOHMIZK 4300 uLiFfk. SPEREIFAE124LF H ol [H
FHZEBUY E3EF7 . BU10 mL/KAELA 1 mL/min i@ i SPEAE,
B FS A5 2 mL R B 300 X H AR A T BRI, WSS VR i
AW ETJA, LL100 uL 0.1% FA-ACN : H,0O(5 : 95, I
L) % FH T UPLC-MS/MSA . Pl FHMeOH 5
EASRIATRIC A8 « 2 A T BCH, JF AR IATR M B 1% FA
1.5 BiERigEs

K FShimadzu Nexera X2 & %4 (5, HA) 4G
SCIEX Triple Quad 55005135 {X (SCIEX, £ ) ##47. ik
H: A Waters ACQUITY UPLC HSS T3(2.1 mmx100 mm,
1.7 pm) GRFEHE, S5, H:i40 €. Ji#°~0.3 mL/min,
HERERE 10 wLo JoT 3 A I A 2 oy 22 i o A T A =X
(MRM), BT 550 °C, % Hir¥ A UPLC-MS/
MSSHRIL I £ ¢ I B B 22

IER T (BST) B T s AHA: 150.1% FARIKIEH,
B: ACN; £ MEUEBLAEF: 0 ~ 0.5 min, 5% B, 0.5 ~ 3 min,
5% ~ 25% B, 3 ~ 5 min, 25% ~ 40% B, 5 ~ 8 min, 40% ~
60% B, 8 ~ 10.5 min, 60% ~ 95% B, 10.5 ~ 12.5 min, 95%
B, 12.5 ~ 13.0 min, 95% ~ 5% B, 13.0 ~ 15.0 min, 5% B.,

TR (ESI )BT s AHA: 7K, B: ACN; Zeth ik
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AL 0 ~ 2 min, 20% ~ 30% B, 2 ~ 5 min, 30% ~ 80% B,
5~ 6.5 min, 80% B, 6.5 ~ 7 min, 80% ~ 20% B, 7 ~ 8 min,
20% B.
1.6 PDA@PAN/MOF-801NFMsH it 14 BEiE 4

#PAN NFMs, PDA@PAN NFMs, PAN/MOE-801

NFMsHIPDA@PAN/MOF-801 NFMsHz 8 “1.4 [HAHFEHL”

T4 AL R A SPEAE & AL 45 H, A1 mL/minfiy
LA B MR M50 ng/mL K10 m AR #E % 08 i
SPEAE, AT ik . il FHUPLC-MS/MSKF 7 v AN
T AT RN . AR S AT (1) A B AR A W R

Adsorption rate = % x 100% (1)

Forb, AIA 3 SRR AR ORI 8 4% H AR 5
YU TRIFR
1.7 EEFEEREGAL

H5100 pg/mL b v T V6 8 folE P 4 /K A Bl

50 ng/mLAINFRVA T 10 mLiE 1f SPEAE, #21fi] “1.4 A AEHL”

£ R B — BB AR AR X SPE A fiT A v I B R
It FEMERIpH . BSOS B T, WO
TG TUPLC-MS/MSF3 T, VAR (D14 Bisd
IR B3, LA E B AR 25 . BB, i — 250k T
FEV R A o e L TR RIS | A RR R R 38 S X [l i %
YR, ARV I AU 22 T /5 LA 100 pL 0.1% FA-ACN :
H,0(5 : 95, f&FHLL ) ¥, W H T UPLC-MS/MS/3
Bro 2 HERPI eR LA (2) 15,

AV,
Recovery = Ax\‘? % 100% 2)

Forpr, AGRIA S SRR BRSO 2 VWP 2% H AR 14
W T AR, Vo RV, A3 AR R AR MR W (10 mL) FI & I W
(100 uL)IAFH
1.8 FEEERAMEETM

a3 Y SPEAE AT mL/K F1 mLyE VA7) S8 8
THVE3U, I W8 f R Y R LA 500, 23 ) Ak 22 1 05 DA
100 uL70.1% FARJACN : H,0(5 : 95, (AL ) i, &
VR WGHRE ST, 7E5E 30 B W i A HARYIS/N <
3, W E VG VR PR BV AT S SPEAT 1 FiA:=

TERf 5 SPERE T A DS BB , bRl TARRR
42 “1.4 FEIRIRERC AT iR 264 T SPESRAE, CAE R TRL, J4ic IR
A Q)T 58RI SPESRAE 5, R HIHTIAR 7 i
XF SPEAE HEAT AR A BE, FRUfE FHRTLA300 pL/KiER ., L
“SPE-FA: IR =AM IR — MG, B X — i I
M ARFUSPERY [BISCRR, Y [RISCRAREE TG EMA 3R

HATGE 22 RS T R4 1k, LS A R 9 A
SPEHE [ ] HL AL (P REPEAT 54

1.9 WEBHALE
A E 8 L B HE S SIS IR UEAY T vk, R T

PDA@PAN/MOF-801 NFMsMW ffH-iA: 2 i BHHLEE %
FARFREYLA E R JE 25U (acidity coefficient, pKa) {H2E
S, R pHAR T HAFEIRAS R [F], PDA@PAN/MOF-
801 NFMs ] figid it i A HAE 5 BARai & o AR
A AR pH= 2 ~ 735 B N Y Zeta LA, T 454
P A R pKafELff A o H SRS LAVTA, # H A LA FH 9 5T
ik LLASRIVE B B9 NaCIRIMgCLE B 454070, T4 E
B A ARY) 5 PDA@PAN/MOF-801 NFMs 1] HEAELE I #5
HUAHEAE T . HR AR R SR B Mg 3 Na 1 T £ 11
FLAF, 0 R AH B FH G T AR ) B8, A Mg B AT
W B 503 T B B 22, W) B 0 — 2 S8E 8 Fl A B A FH 1) A7
1£. PDA@PAN/MOF-801 NFMs# I & 5 &k . W& Jk |
FRHE BB B 5 AU AV R, T 5 L T PR SE R I i
YEM . BRI, AR 5T 5] A SRR AR S RSB,
T 1 T G R T A U, LI R RO A R 3 LA
TESEEUE BTk
1.10 SitEAHE

JA g 4 — = A0y, B R R R pm v
F R, [HHISPSSH A (IBM Statistics 26) X H#fk4 7 B[
Nl E MM (ANOVA), P<0.05 82 %A GiitrE X, it
— il i BonferroniykiFf T4 ] 2 5 HLA% -
111 FiEsgseiE i

W5 R B I SR K AR 4% R 1.5 (03 i 4k 1 4 B ot
TR, 753055 HAR Y AR B, Lh45 H AR 15 14 1L
S/N< 325 FAREAR, [ e oo s A 1 A 5 R
JRAEHEE 41.0, 2.5, 5.0, 10.0, 25.0, 50.0, 100.0, 200.0.
500.0 ng/LAYFE T VT febr v TAE M2k, #2108 “1.4 FEAIAERC
FEF AL B HEATUPLC-MS/MS/MT . DA% AR i 06 1
FURYNAR R, IARIR BE AR AR AR 2w br i TAERRZR, Dise
EREL(R) TN Ze A, PAS/N= 3 145 H R (limit of detection,
LOD), S/N= 104 2 Fi (limit of quantitation, LOQ) .

PLZS FURE SR AR L 3K B inpm st i, JF:
HRAE A3 (2) THFA BERP TR, AKX 45 H bs
PILOQ, H1 | 7K V4351 200.0 ng/LF1500.0 ng/L.
3ASIBR AT 7585 B TR B LAST-35) NSO b v (i 2 2
TNo FEEEELLH NAT B [RIAHXS AR E R 22 (relative standard
deviation, RSD)Z7~, BAKT 5, il id £ — K IRk
KA T 6K FE A AT oA s H DRGSR, 38 i A i 4
3 AN KT- 3 52 A ket H TEDRS 2 B
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2.1 PAN NFMs,PAN/MOF-801 NFMs.PDA@PAN/
MOF-801 NEMsHI R AE

PAN NFMs: IR HDGHT L AR 2540 (K1A), 3
A% 49(208.42430.33) nm; MOF-801A49 5| AJf- R ol A8 £F
4k 42 (216.61£26.04) nm, P> 0.05 ), {HGH AIPAN
NFMs3R 1 3 7R A4 (14118 ), EDSTC R REIHIE L

/ 6.5 mm x10.0k SE (UL)

LB
| T I |

T Zrjt Z7EPAN/MOF-801 NFMsHIPDA@PAN/MOF-801
NEMsH 5 AR5 500 (KB 1CHAT E A . &
PDARHEM G, 274 A% 351 K %(329.61£64.49) nm
(P<0.05)(Kl1C).

FT-IRZS 5 i (1D ) 7E3 442.42 e~ Ak (A IR SC e e
N -OHMARIR S, 1562.71 cm ™11 414.96 co ™ 4b (I
U3 550 V1 i Ay -C O O HL I AN S R Aok 45 i 51 45 36 R A1 45
B2 JIESIMOF-801 52 PAN/MOF-801 NFMs/8I)& i

B
342242 cm”! 161006cm™ 1 5o 408 omt

/ 3

\ \J

4 AN
1414.96 cm™
1562.71 cm™

rr-\f—v--*—'v——"—wl‘

—— PDA@PAN/MOEF-801 NFsM

—— PAN/MOF-801 NFsM

—— MOF-801

——PAN NFsM | ) )
4000 3000 2000 1000

Wavenumbers/cm™

Intensity/a.u.

Nis

PAN NFsM

Nis

Intensity/a.u.

PDA@PAN/ NH,
MOF-801 NFsM_—

406 404 402 400 398 396 394

Binding energy/eV
Zr3d
g
<
.é\ PAN NFsM
& |Zr3d
z
S Zr' 3dy,
Zr* 3d,, /‘
P >
PDA@PAN/MOF-801 NFsM

G 190 188 186 184 182 180 178
Binding energy/eV

1 PAN NFMs, PAN/MOF-801 NFMs, PDA@PAN/MOF-801 NFMs 97§ R 1E
Fig 1 Morphology characterization of PAN NFMs, PAN/MOEF-801 NFMs, and PDA@PAN/MOF-801 NFMs
A-C, Scanning electron microscopy (SEM) images of PAN NFMs (A) , PAN/MOF-801 NFMs (B) , and PDA@PAN/MOF-801 NFMs (C) (original magnification x 10000).

Sets in (B) and (C) show Zr elemental mapping images obtained by energy-dispersive X-ray spectroscopy (EDS) for PAN/MOF-801 NFMs and PDA@PAN/MOEF-801
NFMs, respectively. D, Fourier-transform infrared (FT-IR) spectra of PAN NFMs, MOF-801, PAN/MOF-801 NFMs, and PDA@PAN/MOF-801 NFMs. E and F, High-
resolution X-ray photoelectron spectroscopy (XPS) spectra: N1s region for PAN NFMs and PDA@PAN/MOF-801 NFMs (E) and Zr 3d region for PAN NFMs and

PDA@PAN/MOF-801 NFMs (F).
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1354.08 cm™'(-NH-Z[i#R3h) | 1452.01 cm ™' GFE&H#C= Cli
3l) 1610 e~ (B2 BL PR 2l ) AR A LR S IE T
PDA@PAN/MOF-801 NEMsH Il & . XPSHETE/Hr
(K11E) i /RPAN NFMsHIN1s%5 4 fE399.1 eV(C-NH-,
96.39% ) #1401.2 eV(NH,", 3.61%) ; ZPDABi G N1s45 &
fie~399.7 eV(C-NH-, 82.53%) #1401.3 eV(NH,", 17.47%),
NH, FI*% 55 B 427+ 13.86% A iEPD A BB M2 201
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Fig 2 Comparison of adsorption properties of PAN NFMs, PDA@NFMs, PAN/MOF-801 NFMs, and PDA@PAN/MOF-801 NFMs for 32 antibiotics in 6

classes (n=3)

AMO: amoxicillin; CFZ: cefazolin; CPX: cephalexin; PEN: penicillin G; CHP: chloramphenicol; FF: florfenicol; THI: thiamphenicol; AZI: azithromycin; CLA:

clarithromycin; ERY: erythromycin; ROX: roxithromycin; CIP: ciprofloxacin; DIF: difloxacin; ENR: enrofloxacin; LFX: lomefloxacin; NOR: norfloxacin; OFL: ofloxacin;

PEF: pefloxacin; OMP: ormetoprim; SCP: sulfachloropyridazine; SDZ: sulfadiazine; SGN: sulfaguanidine; SM: sulfameter; SMX: sulfamethoxazole; SQX: sulfaquinoxaline;

STZ: sulfathiazole; TMP: trimethoprim; CTC: chlortetracycline; DOC: doxycycline; MTC: metacycline; OTC: oxytetracycline; TC: tetracycine.
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Fig 3 Influencing factors of antibiotic adsorption by PDA@PAN/MOF-801 NFMs (n = 3)

The abbreviations are explained in the note to Fig 2. A, The effect of pH on the adsorption efficiency of 32 antibiotics in 6 classes. B, Zeta potential distribution on the
surface of PDA@PAN/MOF-801 NFMs. C, The effect of NaCl, MgCl,, and urea on the adsorption performance of antibiotics.
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H A H15 UG IR WL DR TR (P> 0.05), IR X 45
HFRY) () [T 58 29.89% ~ 98.85%, 1l i% SPE/IME ] 2 /1>
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F1 FAEHKRHR ESRMEHEITN (n=3)
Table1 The LOD, LOQ, and linearity evaluation of the method (n = 3)

2

Antibiotic LOD/(ng/L) LOQ/(ng/L) Range/(ng/L) R

AMO 0.02 1.0 1.0-500.0 0.991
CFZ 0.02 1.0 1.0-500.0 0.994
CPX 0.02 1.0 1.0-500.0 0.994
PEN 0.01 0.05 0.05-500.0 0.998
CHP 0.005 0.01 0.01-500.0 0.999
FF 0.01 0.05 0.05-500.0 0.997
THI 0.01 0.05 0.05-500.0 0.997
AZ1 0.02 0.1-500.0 0.996
CLA 0.01 0.05 0.05-500.0 0.997
ERY 0.01 0.05 0.05-500.0 0.999
ROX 0.01 0.05 0.05-500.0 0.997
CIP 0.05 0.2 0.2-500.0 0.997
DIF 0.01 0.05 0.05-500.0 0.997
ENR 0.05 0.2 0.2-500.0 0.993
LFX 0.02 0.1 0.1-500.0 0.997
NOR 0.005 0.02 0.02-500.0 0.998
OFL 0.005 0.02 0.02-500.0 0.996
PEF 0.02 0.1 0.1-500.0 0.997
OMP 0.001 0.005 0.005-500.0 0.999
SCP 0.02 0.1-500.0 0.995
SDZ 0.02 0.1 0.1-500.0 0.999
SGN 0.005 0.02 0.02-500.0 0.997
SM 0.01 0.05 0.05-500.0 0.996
SMX 0.02 0.1 0.1-500.0 0.997
SQX 0.02 0.1 0.1-500.0 0.993
STZ 0.02 0.1-500.0 0.996
TMP 0.005 0.02 0.02-500.0 0.999
CTC 0.02 0.1 0.1-500.0 0.993
DOC 0.05 0.5 0.5-500.0 0.996
MTC 0.02 0.1 0.1-500.0 0.996
OTC 0.05 0.5 0.5-500.0 0.992
TC 0.02 0.1 0.1-500.0 0.994

LOD: limit of detection; LOQ: limit of quantitation. The other abbreviations are explained in the note to Fig 2.
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Fig 4 Detection of antibiotic contamination in source water from Suzhou City (n=3)

TCs: tetracyclines; SAs: sulfonamides; QNs: quinolones; MLs: macrolides; CAs: chloramphenicols; BLs: beta-lactams.

Wit

AT B O MOF-801 5 5 N s i 8 i TR A i 2
23 % T B A MOFE-801 3 REAL A& M {3 55 Y PAN
NFMs, £ M 5 fly 1 i 22 1 e S0 Ak 1R 6 B g A& i
PDALIREAGAL 8, 5 Z4Hil % T PDAFIMOF-80 1 XL &1
13 6ELPAN NFMs(PDA@PAN/MOF-801 NFMs) . %
NFMs Al i # f A AR . SR T 4 2 R BLA/E T
ST K 632 A R I AN E 4. LIPDA
@PAN/MOF-801 NFMsfF Jy SPEW fff 71| 2% 5 UPLC-MS/
MSHEESE T — IR K o 7] iof G 0 6 24 32 Fh 1 A4 R 093

3

J7, ST R R R, AN SPEM FE AN 215 min,
HARUHE 2.6 mLA LA, IR ER HA Tk
55 SCHR B TGO T AR IR AR AR EE ST K TR BB
KK I e ds, A E R “Nanofibers mat” B
“Nanofibers membrane” AND “Antibiotics” AND “Water”
AND “Extraction” £ Web of Sciencef 2, FL4H AFH I SCHk
6 o IXGIUIFIE AR S BN M REFR AR G285 UL R 2%
GEIRMHAER R4 SRETERFICAR L, SR A Ty B A B
PR BRI B5F BT e 149 W o 7500 RN ALV FALRE X s 2, HL 523
T AR I S, RE A AT I 2R 2R B AE R RIS
m, HEA B0 REUE, IFBA 5 E ARSI



1206

PR A2 (B 2R

% 5645

H 2 B0 R R RORG S 1 o e, A T 3k T IO 114 95 s 51
ARG F M HIERE, PTSCB S BRI . A
7 B HA TSR L RBRRE LS | 4R A e 0 T EE A A
FHPERE RAFAF 005, IR S PR il B A A P E A7 55
Ik, PRBLH R A SEBRRHITE J

* * *

FEZETREH  EILOSHE SO Bl g, U007, AT
WEFET5 Sk TR AR S A, B S ST AT PRk
RUERATPLAL, A RFIGRBk S 1 ST B IR B =, VPSR
SCRYSEL, 2 BRARHL . WSk AP F A B SROE B W e
BT A RS TR R SRS A AT, HXPH 2RI
RRAS AT e 285 R, ) R0 A B A D T 65

Author Contribution WANG Kai is responsible for conceptualization,
data curation, formal analysis, investigation, methodology, validation,
visualization, and writing--original draft. NTAN Qixun is responsible for
investigation, methodology, validation, and visualization. WANG Chunmin
and ZHANG Qiuping are responsible for resources and supervision. XU
Qian is responsible for conceptualization, funding acquisition,
methodology, project administration, resources, supervision, and writing--
review and editing. All authors consented to the submission of the article to
the Journal. All authors approved the final version to be published and
agreed to take responsibility for all aspects of the work.

FIZESE  FTA 1R B IR 25 e

Declaration of Conflicting Interests All authors declare no competing

interests.

2 £ x W

[1] KHAN S, NAUSHAD M, GOVARTHANAN M, et al. Emerging
contaminants of high concern for the environment: current trends and
future research. Environ Res, 2022, 207: 112609. doi: 10.1016/j.envres.
2021.112609.

(2] 48, Eiib4, B, . 30 E MR F oK A 305 YL Bk K g

ARSI 2 4 5 FR8 T HE, 2024, 31(6): 217-224. doi: 10.13578/j.cnki.
issn.1671-1556.20231265.
JIANG Y, WANG S Q, YANG F, et al. Pollution status and ecological risk
evaluation of antibiotics in surface water environment of typical basins in
China. Saf Environ Eng, 2024, 31(6): 217-224. doi: 10.13578/j.cnki.issn.
1671-1556.20231265.

[3] ZzHANG Q Q, YING G G, PAN C G, et al. Comprehensive evaluation of
antibiotics emission and fate in the river basins of China: source analysis,
multimedia modeling, and linkage to bacterial resistance. Environ Sci
Technol, 2015, 49(11): 6772-6782. doi: 10.1021/acs.est.5b00729.

(4] B, 5T, 22 B, RAGUA 3 | PUbERE R A 53 A3 AR AE S A

AR PEAS . AR S FR A2 4], 2020, 25(7): 690-702. doi: 10.7524/AJE.
1673-5897.2024012100.
ZHAO S Y, SHEN S Q, LI A M. Characteristics of spatial and temporal
distribution of antibiotics and resistance genes and ecological risk
assessment in Lake Taihu. Asian ] Ecotoxicol, 2020, 25(7): 690-702. doi:
10.7524/AJE.1673-5897.2024012100.

[5] FAND,ZHANG Y, SUN S, et al. Occurrence, spatial distribution, source
apportionment, and risk assessment of antibiotics in Yangtze river surface
water. Emerging Contam, 2025, 11(1): 100437. doi: 10.1016/j.emcon.2024.
100437.

[6] YANG H, DAI H, CHEN'Y, et al. Efficient and simple simultaneous
adsorption removal of multiple mycotoxins from environmental water.
Sep Purif Technol, 2023, 317: 123888. doi: 10.1016/j.seppur.2023.123888.

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

LIF, LV H, ZHU F, et al. High throughput detection of veterinary drug
residues in chicken and eggs. Food Chem, 2025, 463: 141267. doi: 10.
1016/j.foodchem.2024.141267.

NIAN Q, YANG H, MENG E, et al. Polyvinyl alcohol electrospun
nanofiber membrane based solid-phase extraction for monitoring
administered aminoglycoside antibiotics in various animal-derived foods.
Food Chem, 2023, 428: 136771. doi: 10.1016/j.foodchem.2023.136771.
FERCE, SRR, RHETY, S5, B 22 e R 2T A HEE T AR ZE - e S50
A 335 - ER IR T T ARG 9 7K £ o DU PR R IR M T TS 2 AR .
ji, 2021, 39(6): 624-632. doi: 10.3724/SP.].1123.2020.12026.

LIANG S H, DAI H R, ZHANG H Y, et al. Determination of tetracycline
and fluoroquinolone residues in fish by polydopamine nanofiber mat
based solid phase extraction combined with ultra performance liquid
chromatography-tandem mass spectrometry. Chin ] Chromatogr, 2021,
39(6): 624-632. doi: 10.3724/SP.].1123.2020.12026.

HAKOVA M, CHOCHOLOUSOVA HAVLIKOVA L, SOLICH P, et al.
Electrospun nanofiber polymers as extraction phases in analytical
chemistry--the advances of the last decade. TrAC Trends Anal Chem,
2019, 110: 81-96. doi: 10.1016/j.trac.2018.10.030.

TANG S, ZHANG H, LEE H K. Advances in sample extraction. Anal
Chem, 2016, 88(1): 228-249. doi: 10.1021/acs.analchem.5b04040.
ZHANG B T, LIU H, LIU Y, et al. Application trends of nanofibers in
analytical chemistry. TrAC Trends Anal Chem, 2020, 131: 115992. doi: 10.
1016/j.trac.2020.115992.

R M, HilsE, M7, 55 PR Lk AR A M SO (L - HR IR
SRS A 5 Hh 25 R B B R . TR A, 2022, 41(6): 812-
819. doi: 10.19969/j.fxcsxb.22022805.

WU X X, JIANG D Y, MEI X M, et al. Determination of 25
glucocorticoids in milk by ultra-performance liquid chromatography-
tandem mass spectrometry with nanofiber solid phase extraction. J
Instrum Anal, 2022, 41(6): 812-819. doi: 10.19969/j.fxcsxb.22022805.
TR, L, T 05 T ROR SRR LT A [ AR A RS SR
JHAEAR TR I AG I PRI 1 ) i dL RUHTRS Ao 245490 . v [l PR 24 2
PR, 2024, 40(12): 1818-1821 doi: 10.13699/j.cnki.1001-6821.2024.12.025.
FAN L], AN J, DONG Z J. Determination of four atypical antipsychotics
in human urine by UPLC-MS/MS with polystyrene nanofibers as solid-
phase extraction sorbent. Chin J Clin Pharmacol Ther, 2024, 40(12): 1818-
1821. doi: 10.13699/j.cnki.1001-6821.2024.12.025.

CHEN A, SU X, ZHOU Y, et al. Rapid synthesis of covalent organic
framework at room temperature incorporated electrospun nanofiber for
thin film microextraction of quinolone antibiotics in honey and chicken
samples. ] Sep Sci, 2024, 47(23): €70035. doi: 10.1002/jssc.70035.

ZHAO X, LI Q, PACHFULE P, et al. Construction of covalent organic
framework nanofiber membranes for efficient adsorption of antibiotics.
Small, 2023, 19(26): 2301200. doi: 10.1002/sml1.202301200.

YAN X, WANG J, SHI J, et al. Facile synthesis of silicon nanoparticles
chelated lanthanide( Il )-based electrospun nanofiber membranes for
rapid on-site visual detection of tetracycline. ] Environ Sci, 2025, 156: 474-
485. doi: 10.1016/j.jes.2024.09.017.

ZHOU J, CHEN A, GUO H, et al. Covalent organic framework/
polyacrylonitrile electrospun nanofiber for dispersive solid-phase
extraction of trace quinolones in food samples. Nanomater, 2022, 12(14):
2482. doi: 10.3390/nano12142482.

ZHOU W, WANG X, LIU Y, et al. Synthesis of polydopamine coated
magnetic halloysite nanotubes for fast enrichment and extraction of
anthraquinones in brewed slimming tea. Microchem J, 2022, 181: 107646.
doi: 10.1016/j.microc.2022.107646.

AR, B, ERIBE, 5. JE T 3R 2 DL A BRI S BEAT LI B K A
EL BT . B, 2021, 40(7): 2204-2216. doi: 10.7524/j.
issn.0254-6108.2020072306.

YUJC, YANGLY, WANG L T, et al. Research progress of
polydopamine-based environmental functional materials for the
adsorption of the heavy metals in water. Environ Chem, 2021, 40(7):
2204-2216. doi: 10.7524/j.issn.0254-6108.2020072306.

HE X, OBENG E, SUN X, et al. Polydopamine, harness of the


https://doi.org/10.1016/j.envres.2021.112609
https://doi.org/10.1016/j.envres.2021.112609
https://doi.org/10.1016/j.envres.2021.112609
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.13578/j.cnki.issn.1671-1556.20231265
https://doi.org/10.1021/acs.est.5b00729
https://doi.org/10.1021/acs.est.5b00729
https://doi.org/10.1021/acs.est.5b00729
https://doi.org/10.7524/AJE.1673-5897.2024012100
https://doi.org/10.7524/AJE.1673-5897.2024012100
https://doi.org/10.7524/AJE.1673-5897.2024012100
https://doi.org/10.7524/AJE.1673-5897.2024012100
https://doi.org/10.7524/AJE.1673-5897.2024012100
https://doi.org/10.7524/AJE.1673-5897.2024012100
https://doi.org/10.7524/AJE.1673-5897.2024012100
https://doi.org/10.7524/AJE.1673-5897.2024012100
https://doi.org/10.7524/AJE.1673-5897.2024012100
https://doi.org/10.1016/j.emcon.2024.100437
https://doi.org/10.1016/j.emcon.2024.100437
https://doi.org/10.1016/j.emcon.2024.100437
https://doi.org/10.1016/j.seppur.2023.123888
https://doi.org/10.1016/j.seppur.2023.123888
https://doi.org/10.1016/j.foodchem.2024.141267
https://doi.org/10.1016/j.foodchem.2024.141267
https://doi.org/10.1016/j.foodchem.2024.141267
https://doi.org/10.1016/j.foodchem.2023.136771
https://doi.org/10.1016/j.foodchem.2023.136771
https://doi.org/10.3724/SP.J.1123.2020.12026
https://doi.org/10.3724/SP.J.1123.2020.12026
https://doi.org/10.3724/SP.J.1123.2020.12026
https://doi.org/10.3724/SP.J.1123.2020.12026
https://doi.org/10.3724/SP.J.1123.2020.12026
https://doi.org/10.1016/j.trac.2018.10.030
https://doi.org/10.1016/j.trac.2018.10.030
https://doi.org/10.1021/acs.analchem.5b04040
https://doi.org/10.1021/acs.analchem.5b04040
https://doi.org/10.1021/acs.analchem.5b04040
https://doi.org/10.1016/j.trac.2020.115992
https://doi.org/10.1016/j.trac.2020.115992
https://doi.org/10.1016/j.trac.2020.115992
https://doi.org/10.19969/j.fxcsxb.22022805
https://doi.org/10.19969/j.fxcsxb.22022805
https://doi.org/10.19969/j.fxcsxb.22022805
https://doi.org/10.19969/j.fxcsxb.22022805
https://doi.org/10.19969/j.fxcsxb.22022805
https://doi.org/10.13699/j.cnki.1001-6821.2024.12.025
https://doi.org/10.13699/j.cnki.1001-6821.2024.12.025
https://doi.org/10.13699/j.cnki.1001-6821.2024.12.025
https://doi.org/10.13699/j.cnki.1001-6821.2024.12.025
https://doi.org/10.13699/j.cnki.1001-6821.2024.12.025
https://doi.org/10.13699/j.cnki.1001-6821.2024.12.025
https://doi.org/10.13699/j.cnki.1001-6821.2024.12.025
https://doi.org/10.13699/j.cnki.1001-6821.2024.12.025
https://doi.org/10.13699/j.cnki.1001-6821.2024.12.025
https://doi.org/10.1002/jssc.70035
https://doi.org/10.1002/jssc.70035
https://doi.org/10.1002/smll.202301200
https://doi.org/10.1002/smll.202301200
https://doi.org/10.1016/j.jes.2024.09.017
https://doi.org/10.1016/j.jes.2024.09.017
https://doi.org/10.3390/nano12142482
https://doi.org/10.3390/nano12142482
https://doi.org/10.1016/j.microc.2022.107646
https://doi.org/10.1016/j.microc.2022.107646
https://doi.org/10.7524/j.issn.0254-6108.2020072306
https://doi.org/10.7524/j.issn.0254-6108.2020072306
https://doi.org/10.7524/j.issn.0254-6108.2020072306
https://doi.org/10.7524/j.issn.0254-6108.2020072306
https://doi.org/10.7524/j.issn.0254-6108.2020072306
https://doi.org/10.7524/j.issn.0254-6108.2020072306
https://doi.org/10.7524/j.issn.0254-6108.2020072306
https://doi.org/10.7524/j.issn.0254-6108.2020072306
https://doi.org/10.7524/j.issn.0254-6108.2020072306

Y S

A5 D BEP IR PO i 4K 21 A 5 e 3 G K v 2 R R P A R

1207

[22]

[23]

[24]

[25]

[26]

[27]

(28]

antibacterial potentials--a review. Mater Today Bio, 2022, 15: 100329. doi:
10.1016/j.mtbi0.2022.100329.

AGHAJANI HASHJIN M, ZARSHAD S, MOTEJADDED EMROOZ H B,
et al. Enhanced atmospheric water harvesting efficiency through green-
synthesized MOF-801: a comparative study with solvothermal synthesis.
Sci Rep, 2023, 13(1): 16983. doi: 10.1038/s41598-023-44367-1.

BIRE, XT3, MOF-801/3R-G W B AT Ay ) 6 Btk S 30 3% 9 TR AR AE
B AL 22 AR (SRR, 2025, 45(2): 165-175. doi: 10.3969/j.issn.
1000-1565.2025.02.007.

LIU P, LIU H Y. Preparation of MOF-801/polymer monolithic column
and solid phase extraction of isovitexin. ] Hebei Univ (Nat Sci Ed), 2025,
45(2): 165-175. doi: 10.3969/j.issn.1000-1565.2025.02.007.

WAN T, LI W, CHEN Z. Metal organic framework-801 based magnetic
solid-phase extraction and its application in analysis of preterm labor
treatment drugs. ] Pharm Biomed Anal, 2021, 199: 114049. doi: 10.1016/j.
jpba.2021.114049.

FU M, CHEN C, ZHANG S, et al. Emerging developments and
applications of Zr-fumarate MOF membranes for sustainable
environmental separations. Chem Eng J, 2024, 502: 157949. doi: 10.1016/j.
cej.2024.157949.

ZHANG Z, CHEN Y, TIAN Y, et al. Fabry-Pérot cavity based on
metal-organic framework/graphene oxide heterostructure membranes for
humidity sensing. ACS Appl Nano Mater, 2024, 7(6): 6148-6158. doi: 10.
1021/acsanm.3c06060.

LVY, WU J, DONG J, et al. A Study of hygroscopicity improvements to
adsorbents in solar-powered air water extraction. Coatings, 2024, 14(4):
472. doi: 10.3390/coatings14040472.

YANG X, ZHOU Y, SUN Z, et al. Polydopamine assists the continuous
growth of zeolitic imidazolate framework-8 on electrospun

[29]

(30]

(31]

(32]

polyacrylonitrile fibers as efficient adsorbents for the improved removal
of Cr(VI). New J Chem, 2021, 45(34): 15503-15513. doi: 10.1039/
d1nj03080a.

SONG W, ZHANG S, FEI B, et al. Mussel-inspired polydopamine
modification of bamboo flour for superior interfacial compatibility of
bamboo plastic composites: influence of oxidant type. Cellulose, 2021,
28(13): 8567-8580. doi: 10.1007/s10570-021-04089-x.

MA H, ZHANG W, YANG K, et al. Bimetallic MOF nanoparticles
decorated on polyacrylonitrile-based electrospun nanofiber membranes
for synergistic antibacterial activity and organic dye adsorption. ] Environ
Manage, 2025, 376: 124465. doi: 10.1016/j.jenvman.2025.124465.

ZHAO H, HE Y, WANG Z, et al. Mussel-inspired fabrication of
PDA@PAN electrospun nanofibrous membrane for oil-in-water emulsion
separation. Nanomater, 2021, 11(12): 3434. doi: 10.3390/nano11123434.
LEE A, KIM I, KANG S M. ZrIV complexation for stability enhancement
of polydopamine coatings and rapid grafting of amine compounds. Bull
Korean Chem Soc, 2023, 44(11): 939-942. doi: 10.1002/bkcs.12774.

(2025 - 06 — 184if, 2025 — 08 — 314&[A])

i A HE
FEBERB AR SOl T AR RS 22 8 2 —E R0 T
4. 0E BRI AT MY (CC BY-NC 4.0), PEAIME B35 Vil

https://creativecommons.org/licenses/by-nc/4.0/,

OPEN ACCESS This article is licensed for use under Creative Commons

Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by-nc/4.0/.
© 2025 (PUJIREEZEAR (BEEARR) ViR

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.1016/j.mtbio.2022.100329
https://doi.org/10.1016/j.mtbio.2022.100329
https://doi.org/10.1038/s41598-023-44367-1
https://doi.org/10.1038/s41598-023-44367-1
https://doi.org/10.1038/s41598-023-44367-1
https://doi.org/10.1038/s41598-023-44367-1
https://doi.org/10.1038/s41598-023-44367-1
https://doi.org/10.1038/s41598-023-44367-1
https://doi.org/10.1038/s41598-023-44367-1
https://doi.org/10.1038/s41598-023-44367-1
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.3969/j.issn.1000-1565.2025.02.007
https://doi.org/10.1016/j.jpba.2021.114049
https://doi.org/10.1016/j.jpba.2021.114049
https://doi.org/10.1016/j.jpba.2021.114049
https://doi.org/10.1016/j.cej.2024.157949
https://doi.org/10.1016/j.cej.2024.157949
https://doi.org/10.1016/j.cej.2024.157949
https://doi.org/10.1021/acsanm.3c06060
https://doi.org/10.1021/acsanm.3c06060
https://doi.org/10.1021/acsanm.3c06060
https://doi.org/10.3390/coatings14040472
https://doi.org/10.3390/coatings14040472
https://doi.org/10.1039/d1nj03080a
https://doi.org/10.1039/d1nj03080a
https://doi.org/10.1039/d1nj03080a
https://doi.org/10.1007/s10570-021-04089-x
https://doi.org/10.1007/s10570-021-04089-x
https://doi.org/10.1007/s10570-021-04089-x
https://doi.org/10.1007/s10570-021-04089-x
https://doi.org/10.1007/s10570-021-04089-x
https://doi.org/10.1007/s10570-021-04089-x
https://doi.org/10.1007/s10570-021-04089-x
https://doi.org/10.1007/s10570-021-04089-x
https://doi.org/10.1016/j.jenvman.2025.124465
https://doi.org/10.1016/j.jenvman.2025.124465
https://doi.org/10.1016/j.jenvman.2025.124465
https://doi.org/10.3390/nano11123434
https://doi.org/10.3390/nano11123434
https://doi.org/10.1002/bkcs.12774
https://doi.org/10.1002/bkcs.12774
https://doi.org/10.1002/bkcs.12774
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 材料与方法
	1.1 试剂与溶液
	1.1.1 试剂
	1.1.2 溶液制备

	1.2 PDA@PAN/MOF-801 NFMs的制备与表征
	1.3 样品采集
	1.4 固相萃取
	1.5 色谱质谱条件
	1.6 PDA@PAN/MOF-801NFMs吸附性能评价
	1.7 固相萃取条件优化
	1.8 可重复使用性能评价
	1.9 吸附机制
	1.10 统计学方法
	1.11 方法效能评价

	2 结果
	2.1 PAN NFMs、PAN/MOF-801 NFMs、PDA@PAN/MOF-801 NFMs的表征
	2.2 PDA@PAN/MOF-801 NFMs的吸附性能评价
	2.3 PDA@PAN/MOF-801 NFMs的吸附机制
	2.4 固相萃取条件优化
	2.5 可重复使用性能评价
	2.6 方法效能评价
	2.7 实际样品检测

	3 讨论
	参考文献

