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Liquid-liquid interface synthesized covalent organic framework
films for efficient extraction of okadaic acid from seawater
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Abstract: Okadaic acid (OA) is a fatty acid polyether biotoxin that poses risks to human health
and the ecological environment. Determining the concentrations of OA in seawater not only allows
for early warnings of potential toxin accumulation in marine organisms, but also helps clarify the
actual impacts of OA on marine ecosystems. However, OA exists in seawater at extremely low
concentrations, and the matrix has a high salt content. Thus, adequate sample pretreatment is
necessary prior to high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/
MS) analysis. Film-based solid-phase extraction (F-SPE) has attracted considerable attention in
sample pretreatment. Unlike conventional solid-phase extraction (SPE), which relies on large
quantities of adsorbent particles, F-SPE uses a thin film, thereby addressing common issues in SPE
applications such as high column pressure, column clogging, and adsorbent leakage. Currently, most
such films are prepared by modifying polymer film skeletons with a certain amount of adsorbent
particles. Nonetheless, these adsorbent particles have inherent limitations, including insufficient
adsorption capacity or irreversible adsorption, leading to poor extraction performance for specific
targets. Therefore, developing new types of films with high extraction efficiency is highly significant,

as it can facilitate the wider application and popularization of this technology. Covalent organic
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frameworks (COFs) are porous crystalline materials with adjustable pore size, high specific surface
area, and excellent stability. COF films can not only inherit the high permeability of films, but also
possess strong COF adsorption capacity. In this work, a COF film (TPB-BTCA) was synthesized
through the liquid-liquid interface synthesis method under mild reaction conditions, and characterized
in detail. The Fourier-transform infrared (FT-IR) spectrum, X-ray diffraction (XRD) pattern, and
X-ray photoelectron (XPS) spectrum verify the successful preparation of the TPB-BTCA film using
a Schiff base reaction. The scanning electron microscopy (SEM) images and water contact angle
testing show the prepared TPB-BTCA film is a hydrophilic heterogeneous film with specific mor-
phologies, which is beneficial to a more thorough and rapid contact between the film and the sample
solution. The nitrogen adsorption-desorption experiment demonstrates the TPB-BTCA film has a high
surface area (1261.6 m*’/g) and porosity (0.6 cm’/g), providing sufficient and easily accessible sites
to adsorb these OA molecules. Subsequently, the TPB-BTCA film-based F-SPE method was used
for the extraction of OA in seawater. At the same time, the influence of potential factors on the
extraction efficiency was also investigated, including the sample loading volume, the pumping speed
for loading, the eluent type, the volume of the eluent, the pumping speed for elution, and the salt
concentration. Under the optimal conditions, the TPB-BTCA film exhibited excellent extraction
performance for OA. Finally, a new method for the detection and analysis of OA was established
by combining F-SPE technology with HPLC-MS/MS instrument. The developed method has a wide
linear range (0.8—500.0 pg/mL) with good linearity (7=0.999 0), low limit of detection (0.2 pg/mL)
and satisfactory precision (RSDs<6.4%, n=5). Meanwhile, seven seawater samples were used to
evaluate the feasibility of the developed method for detecting OA in actual samples. Ultra-trace
amounts of OA were detected in two seawater samples with concentrations of 5.4 pg/mL and 61.8
pg/mL, respectively. Compared with the reported HPLC-MS/MS methods, the developed method
only requires a single layer of film to process large-volume (100 mL) seawater samples and achieve
the lowest detection limit. This may be due to the advantages of the TPB-BTCA film, such as high
permeability, high porosity, and high specific surface area, which enable it to efficiently extract
OA from seawater. In conclusion, this study not only provides an effective analytical method for
detecting ultra-trace OA in seawater, but also demonstrates the application potential of COF films
in sample pretreatment.

Key words: covalent organic frameworks (COFs) ; okadaic acid (OA) ; film-based solid-phase
extraction (F-SPE) ; high performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS)
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solid-phased extraction, F-SPE) 7F ¥f /it fij Ab J 45
WA 52 R YRR 5 M GE i [ AH A8 L (solid-
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FEFE A B8 ZE R B 700 i O 55 SPE I H b (4 5 UL )
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ML ERE T F-SPE W ARBUECE . BT, KZH0H
JISE P 2 3 2ok AR SRS W R A B Y IR
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works, COFs) & —F HA nl J#5 FLA2 | bb & m FR
G 5 Fa e M 2 L AR AR . BUAR COFs fE
Sk W B R B 2 Bk )T 9z I A R R A B 40 3
2t fH 3L T COFs i [ A9 7 3k H) & A 4 18 .
COFs 8 f5E AN AX T LA 4k 75 T B5E 1) 25 98 B M i TR 7
Hsk K ) COFs WLl #& 71 . HHT, COFs i1 &
BAE T B — R, LU COFs R B A K If
T B R 22230 (HLY 20 14 5 2% A T R 23 ARR SR
4107 30 COF's Wi iy WH , X P E 5w 7 B A1
AL RE o W - A E A K (liquid-liquid inter-
face synthesis method) /& —# 5 F 1fii [ A% ¥ A H.
A AR RIS o £ Ty v LA O DM R LR
RS 1% T A TR0 1) A K T T i B X b A
D5 R ASURE DRI v ) 24— M 3 B Sk e b L 5
5304 1) B, AT 42 785 COF's JH7 JIEE 75 B &) 191 4k B4 A
Hh 3 A

g5 LTk, A 9 38 0 - S I S A TR
J2 B 4 F il # T —Fl COF's 3 i (TPB-BTCA) ,
FE 12 R Y 45 4 RN BE R AT T AN RAE . BE)S
J:F TPB-BTCA 55 () F-SPE J7 ik # F T ifg /K v
OA WYZEHL, [RIBT 3 25 58 T W A P 28 0] 28 U %
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1.1 XFE5RHA

Accela HPLC-TSQ Quantum Access Max &
ROHAH €831 - = 1 DU AR AT S5 35 356 FH AX (36 [ Thermo
Fisher /A 7 ) ; Nicolet iS50 f F i 725 e 2T 8 S 1% 4%
(FT-IR, 3 [ Thermo Fisher 2\ 7 ) ; K-Alpha X-4f
26 F B IS (L (XPS, 2 E Thermo Fisher A #] ) ;
D/MAX-Uitima V1 X-§f £ i7 # 2 1 (L (XRD, H 4
Rigaku 72 7 ) ; GeminiSEM 300 9 4 i1 + & 1 45
(SEM, f# [ ZEISS 7/~ 1l ) ; ASAP 2020 2 < W - It Bt
I 2 A2 ( 2% B Micromeritics 2 7 ) ; JC2000C 7k 3
fi 7 D A C B0 rh RECF R B AIRAH] )

IX] FH i 2 12 (298.0% ) ) [ i - Alexis 2\ A 5 —
FL B 52 BT (Sc(OTE),, =98.0%) . 1,3,5-= (4-% K
KL ) 2R (TPB, 297.0%) #l ¥ %% = H ¥ (BTCA, >
96.0%) W 1 | iff 22 vi phoA: AL B R A A PR 2 7 5 1
ALK IR (299.5%) . N, N- —. il 5L H1 % it (DMF, >
99.5%) . & & 1k #1 (NaOH, >96.0%) . £h iz (HCI,
37.0%) il 2. R 2. T8 (299.5% ) W [ 1 365 [ 24 48 A Ak 2%
R A AR A A 4B (ACN, 299.9%) | i
(MeOH, =>99.9%) #l H iz (FA, >98.0%) J H 7& [+
Merck A #] ., SE5 FHE 4K (18.2 MQcm) 1 3£ H
Milli-Q 23 R] i K 2% BT il 45
1.2 XWHE
1.2.1 R 3 700 T 4

OA Fr #E ¥ % W (100.0 wg/mL) F Y s g il 78
=20 CTIRAFE . RG] OA T WA PP - 7K I TR
(124, viv) W BEBC ] A EE
1.2.2 TPB-BTCA # Ji& t %] %

TPB-BTCA i i i & 7F £ 2 £ TR 5 /K i) 5t 1H
Qb HEAT I 5 B i AR (UL 1) HAR S BRI .
TG, R 6.0 mg 1 Sc(OTE), % f# 7£ 10 mL )i
afi Kk o, FREC 7.0 mg 9 BTCA Hl 14.0 mg /Y TPB
HAE 10mL M O R TR . A5 % 10 mL &5 A
BTCA il TPB W) LR £ Fa ¥ W 2 1% 0 I T A 10
mL Sc(OTE) , 7K 7 W 1B FF i J5 , 3t 10 6 28 4%
MOEE R R #E 36 he ff RNV SERUG , Br & B2
Vs T I 5 TPB-BTCA # B . e, MR A A 4l
7K \MeOH ., PU & W Il .\ DMF V&4 W5, 376 60 CT
H23 T 12 he
1.2.3 LR FF & B F] &

7 AU IKFE R AR TR IR X BT AT T K
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Fig.1 Schematic illustration of the synthesis of TPB-
BTCA films
BTCA: 1,3,5-benzenetricarbaldehyde; TPB: 1,3,5-tris(4-ami-
nophenyl)benzene; RT: room temperature.
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1.2.4 F-SPE #f £

e, K A2 N 13 mm i TPB-BTCA 3 i€ 41
e FAH N RS B B 2 R A L, R AR KO 1 mL
MeOH #l 1 mL #8 4K #1716 b . SR, F ] i 3l
DL 2.5 r/min 19 % A 100 mL 19 OA g 75 W
(250.0 pg/mL) 5% I 7K B i 8 2ok R . 7E W B 5 i
J& , F 1 mL 10% i MeOH ¥ M Ve # AL . e, H
2 mL MeOH LA 0.6 v/min 317 6B , U6 i W & WK e
FEZE R 200 pL, T HPLC-MS/MS 4317 .
1.2.5 HPLC-MS/MS 4 #f 4 1

{4, i #+ & Thermo Fisher Hypersil GOLD aQ
(150 mmx2.1 mm, 5 pm) ; i # A 200 pL/min; i
FEfE N 10 wLo s AH &% 0.1% FA 19 K 3 W -7
0.1% FA ) ACN ¥ (2:8,v/v) , 55 FE PR -

B IR Sk L 25 R B R (EST) I B 4 a5
Z WL i +3 000 V; 418 R 350 C; iRk IR JE
300 C 5 i B SRS S A AR(299.999%) , R )
4 9 A 3.5 MPa I 1.0 MPa; fif 8 < b & <
(299.999%) ; LAk £ Jz iij Wi i 482 =8 (SRM) H T 7
3BT . OA B BT 73 A 2 Bt AN A% B 3 I3 3R 4
HAFBE T8 m/z 827.33, T8 F 7 m/z 723.40, il fi
fiE N 46 eV,
1.2.6 M

F RN (ME) 115824 X8 ME=(K,-K,)/K X
100%. HH, K, A K, 43 5] 52 52 B i 7K 1 2l K
JIT 2 i) B A o il 22 RH % . ME 4 X R it 10%,

T 3% 1Y 256 J 280 7 45/
1.2.7 RHER

HARN 13 mm 13 553 50 1 mL MeOH F
I mL B4l K A7 154k 5, LL 2.5 v/min 593 K 1.0
mL (1 OA /¥ 8 o w0 A, JF 0 08 R 4R AT
HPLC-MS/MS 43 #1 , AT W B 25 2 (Q) o W BT 25
AT EARXWM T Q=(C,~C,)/mx100%. H+H, C,
(pg/mL) Fl C,(ng/mL) 43 il J& ¥) b ¥ W A0 U8 e
OA By I W FE ,m (mg) by 5 %) I o o

2 HFR5WiE

2.1 TPB-BTCA M RIE

AR SCK R A FT-IR . XRD #1 XPS % iF T TPB-
BTCA i 5 /) il 2 il % . £ TPB-BTCA ) IR
Elrh, TPB LKA N-H Wi (3 351 cm™' 1 3 428
em™) Pl J BTCA F{R iy C=0 Wi i& (1 688 cm™)
PIE WA, MAE 1624 em™ b BL T — AN H i C=N
W Wi (DL 2a) , Ui TPB Al BTCA Z Al &4 T
JE KN T T BB . TRl 7E XRD & Ap
IR BITE 5.8°4b A — > s i1 S 0 (WL & 2b) , W
W - BT A R TPB-BTCA 3 58 A7 55 J (14 45
PE. BEAM,FE N 1s &5 0 B XPS S i o 52 80 75 Fh
N JC R HFFAEIE , 43 5 R C-N 14 (398.1 eV) Fl C=N
I (399.6 eV) , iE — 25 UF B T i 8 19 T B (L ]
2¢) o LA b S 2 SRAIE BH 3 A Y-V A Tk R ) o A
T TPB-BTCA #iJi

i i+ SEM % %£ T TPB-BTCA ¥ I (19 & 51t 45
. aniE 3 Fias, Bl 4 9 TPB-BTCA §# [l 2 — Ff
Ak 590 IS, HC A K R — TS B G RUBR OB S
7 7E A AL — T8 D) 2 B0 R AR ok R R R 1 B
S0 BB A 280K R R R o TR Ak i
FXF OA WAL % . [RIBT, 38 o 7K £ fh Ay 3%
% 1 TPB-BTCA ¥ I (19 2% /gi K YERE . &l 4 i
7~ , TPB-BTCA {# 5% (1Y W T /K 2 fil £ 43 51 A 24.0°
(A5 HLAR) AT 18.1° (KA ) , #8 B A R 5 1 S5 K M
o1 45 75 2 WUk B rboRE S VR 8 PR IR i v R T
AHT OA By FRRLFERL .

3 2o 20 A - B S 58 X TPB-BTCA 8 1
Lo 3R AL AR RSP AT TR AE . WA 5 TR,
TPB-BTCA [l 52 90 HH T 804535 i 28, HC b % im FR
1 261.6 mY/g, fLIKFL N 0.6 cm’/g, ¥ fL#E N
3.3 nm. LK LR LW, TPB-BTCA # i HA7 £ 9%
FLESH, ILA L de s T IR W B AT Sk (T BUARRAE ), i
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Fig.2 (a) FT-IR spectra, (b) XRD pattern and (c) N 1s high-resolution XPS spectra of TPB-BTCA films

50 um

3 TPB-BTCA#[E#) SEM
Fig.3 SEM images of TPB-BTCA films
a. aqueous phase side; b. cross-section; c. organic phase side.

Organic phase

Aqueous phase

E 4 TPB-BTCA Kk iZftfa
Fig. 4 Water contact angle images of TPB-BTCA films
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32 U 7 58 2 (0.1 mol/L HCl) . % ## (0.1 mol/L
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Fig.5 (a) N, adsorption-desorption isotherms and (b)
pore size distribution of TPB-BTCA films

5.8 Jib f) AT S5 e 5 L AR PR HF AN (LI 6a) , 3R W]
TPB-BTCA #i i B A7 i i fb 2= fase 1k oAb, 52
Kk X TPB-BTCA I 1) 5 &2 i FH MR EAT T % %%
AT OA b e 7% Wi (250 pg/mL) # B |, B A
MeOH 7K 28 B Ve I IR , R AT N — S 2K 0L,
€l 6b Jif 7 , TPB-BTCA i [l 5 3 it R4 11 i 52 fiff
M &at 6 B A G X OA Y 28 H I
{hRE Ik F] 87.8%-
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0.1 mol/L HCI 100
[ e 0.1 mol/L NaOH 30
gl e s B g - T
g MeOH| S
ENen ACN| 8 607
SN DMF| g 40
= ~
A Wated T, ]
N A Pristine
T T T T T O T T T T T T
5 10 15 20 25 30 1 2 3 4 5 6
26° Reuse times

B 6 TPB-BTCA#ER (a)i2E M (b)EESEAMRI(n=6)

Fig. 6 Characterization of (a) stability and (b) reusabil-

ity of TPB-BTCA films (n=6)
DMF: N,N-dimethylformamide.

2.2 F-SPE T#EHMEL

R T ARAS A 1 A BURCR ot B R S
%81 F-SPE i B b iYW 7E 52w L&, AL 4G B AR AR
FEIE Bl 5 1R A R IR R S R IR R A R 0
B VR A R R T
221 FHEAER

R RRUY KRR % A SR A 0 A O R R R
MR, SCESAE 20~150 mL JE N 5 T EAERER
P OA AR % . WK 7a iR, 24 E AR EL7E
20~100 mL B, A& Bl 5 58 3] e KAE 5 4k 2238 K
FE SRR, ISR U I 06 3% 20 F B o X AT R X R
2 RE R AL KE, OA 4 B W] gl it T TPB-

BTCA i B i) S R W Bt , R 8 W B 19 O A Bl I TR
T A A LR AR . UL, S AR AR
R 100 mL.
222 HHER MR

NSNS TR RN BT S I ST Y ek
H AL A 1.0~4.0 r/min 38 [ P9 X5 2 U0 52
WIE 7o fizs , Y5 3 AL T 2.5 r/min B, A HC AR
PRAFAE B KAH ; B G B i — 20 4 &, Dl 30 52 R
TR, SR AE R R Y S AN, WA
SRS IR ] OA &A= AH ELAE i A s ok v ), )
52 AR o TEPRE S IR A AT R L 5K i R
AT LA 45 J R it i A LR ) DR O A Y 0 B R B
FEHL A 2.5 r/min.
2.2.3  EBEA

PRI X OA B A 16 5 i ¥ i v, DAt £ 31
PR A MICRR . SEE B EE TS Tl R R X A H
BRI, A5 DMF . L2 L g . £ B L ACN Al
MeOH. Wil& 7c s, ffi i N, N-ZHT 5 H ik iz vk
JIR L 3K A5 A (8] 0 R d5 22 (20.3%) , 1 B U] 0
f9(98.1%) . SCE 45 R Ul B, H EEXT OA HA e fE
(Vs b L DRI, 5 282 S 36 v ik 48 FR A Sl R 71
2.2.4 EBAER

S I B 58T PRI A FRAE 0.5~3.0 mL 7 [H

a b c
100 ; L 100 i 100
T~ 80
£ 80 S 80 e S
B ' 2 ’ g 60 :
g g g
§ 60 § 60 § 0
&~ ~ &~
40 40 20 ﬁ
20 20 0
40 80 120 160 1.0 15 20 25 30 35 40 1 2 3 4 5
Sample volume/mL Loading rotational speed/(r/min) Type of elution solvent
d (- f
100 100 . 100 ., . . .
— . \ s iw'\;\
= 80 5 80 x 80 Sy
: E \ g \
— v
3 60 Z 60 : £ 60 ‘
& E E
40 40 40
20— 20 20
05 10 15 20 25 30 0.2 0.4 0.6 0.8 1.0 0 02 04 06 08 1.0
Elution volume/mL Eluting rotational speed/(r/min) Concentration of salt/(mol/L)
E7 (a) EREER(b) EREHE. (c)ERFER . (d)ERFER (e) EREEUR (£) EREN OAEBBRMFM (n=3)

Fig.7 Effects of (a) sample loading volume, (b) loading rotational speed, (c) type of elution solvent, (d) elution volume,
(e) eluting rotational speed and (f) salt concentration on extraction efficiencies of okadaic acid (0OA) (n=3)
Numbers in Fig. 7c: 1. DMF; 2. ethyl acetate; 3. ethanol; 4. ACN; 5. MeOH.
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PG AE U R A S R . IR 7d BT R B 25 PR I 5
PRFUR B O, LR 23 T ¥, IF 7E 2.0 mL
iR B B RAE 5 #F— 25 38 U B0 500 R B [l i 26 T 1
AR, S 4R R, 2.0 mL AY PR M 2 LUK
OA I B I H5c G PR B M Ve B R ok . IR b, B AR Y
VB AR F R 2.0 mL.
225 EH R kM

[] B, S 00 A0 2 38 2o 5 2 A of 4 o v I o
JFTE 0.3~1.0 v/min 5 [l N 4% s i 47 170046,
Kl 7e iR, 5 U6 4% AR T 0.6 r/min W], [ 4 4
T e KAB NS | T 7 B 5 114 08 0 27 3 D) [ i 23
AL REAR . IX AT A8 B R Y A T B R A
7o BRI S OA $2 i, AN 2 DIKE 58 e Vel .
I, S5 A 1 05 30 22 PR B 5% 14K 0.6 r/min.,
226 #HRE

I AR S IR H 4T $h W E AE 0~1.0 mol/L
JU [P X A BUSCR B S2 R . IR 7E s Rl AR vk
JE M0 B4 E] 0.6 mol/L, A& B [m] i 2R ¥ A7 i & A
1k, Ui W] TPB-BTCA #i Xt OA M A HGI B EA R
GFR LA THRAE O . M ER U B i — 2D DN 0.6 15 i ]
1.0 mol/L B, [ 05 38 FF 4 38 iy T B, i ] RS2 4K
R R I OR T IR G L AR TS T OA 19T
(G2 I S N SRR 8 | o N =S R 1 N ]
W E 258 0.6 mol/L, [H it TPB-BTCA i# JI5 9 &
WA T KR OA AR, TEREXR , TH
AT ART 51 A1 1 18 6 20 3R

Ze it %F UL I F-SPE i 8 rh i 76 52w [ 36 19 %
B RAG T AL AR EAEARRCH 100 mL, |
BEFE B R 2.5 v/min, B0 Sk FYBE, 3 SR 44 R
2.0 mL, YL F% 3l 0.6 r/min.
2.3 KUEZRMEISEIE

e 4T il i F-SPE 4% R 5 HPLC-
MS/MS 7 Wit & & T —EH T E AT OA /Y
SIATARGI , IR PR R 2 PR O R A () K i
B (LOD) LA K K % B (RSD) #E A7 T % 88, 45 5%
B, 0A 7E 0.8~500.0 pg/mL i Fl N B A B 402t
KF (r=0.999 0) . K HI & AR we B2 A W i 00 75 19
LOD # 0.2 pg/mL. M4, SE5{# H 25.0 pg/mL /Y
OA P VA W6 3% 07 ¥k WS 9% B AT T %5 4%, A%
) H M RSD 24 5.1%, H [i] RSD 4 6.4%(n=5) , i
JITHEST B 3 BT T B A BT R R E T
24 mMERTHIERE

S 5% 3 3 22 W) S PR U 7K 5 DS C A o 2k

JR N BT O R PR T TR R AT T B A
A5 B 3 A I 7K RE i 1 3 S5 REN 4 i —4.2% -
6.5% F1-5.6%, 3% W I 7K JE 5T 2 9 il TPB-BTCA i
X OA Y W B 8L 2 VA 7K %) i S5 2 A T 532 1Y
T PRI P, AS 4 B 35 ) 56 ST R R AR 4 ARG

W Ah K P8 AT BE A AE A DL 2R3 R, Ak
HHRR(DA) A I TEE(STX) %, N Tik—20F
#r TPB-BTCA W B /) HT 3 5T TP hE J1, 76 OA #rife
W (250 pg/mL) HH il A 250 pg/mL ) DA 1 STX
Ve EAE T . ik 8a Frar, 244 Hl A DA A
STX i}, OA [ [ & 43 1] 2 88.6% F 86.5%; 7] fif
M DA F1 STX i, OA (4 [8] Yig K )5 BE {4 5 76
82.7%. LS5 FF W TPB-BTCA I B A 1k 11
711 7/ Y1

TPB-BTCA # i X OA % 8 L 5 i bt T4k
PERE, FEIFINA . (1) TPB-BTCA M &4 K&
(55 & 4500, e 5 OA I I i B - 48 & A i 7K AR
AR ; (2) % He TPB-BTCA 3 JE W i OA i J& Y
FT-IR &, o] DL & BLHERE 1 C=N B %k A4 T 48 1k
(WL 8b) , BLHHEIR S OA 2 JAI7A7E S E T T S5
C=N b2t 1T 2% EREAR, AR

a b
100 .
+ )
s 80 ] 3
§6O é After extraction ~ C=N
3 40 £
& £ | Before extraction
20 =
0

DA STX DA+STX 4000 3000 2000 1000

Wavenumber/cm™'

E 8 (a) TPB-BTCA # X #1 £ | T # £ 1 (n=3) # (b) TPB-
BTCA &R M OA B EH FT-IR B
Fig. 8 (a) Anti-interference experiment of the TPB-BTCA
films (n=3) and (b) FT-IR spectra of the TPB-BTCA
films before and after adsorption of OA
DA: domoic acid; STX: saxitoxin.

25 EmmiERILE

T 2% %% TPB-BTCA ¥ I 1) v 8 i FH 1 8 H:
55N S AL R AT T . il 9 TR, TPB-
BTCA # A X] OA B f5 KW M &4 2 236.6 ng/g, 77
W\ e FL I (C18, 1 302.7 pg/g) 1 1.7 5 il
it A6 4 M - & 4R 3L 3R W) I (SDB-RPS, 295.5
pg/g) i 7.6 f% . X AT g &y TPB-BTCA il it B
A ZFLE5H , AR E b SR R B K AR A A0k T
OA; AR C18 M [ Al J2 i 7K M b4 R}, {H JC L 45 44 ff
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R T A T VE AN BT A ST 40 AT O Tk R R R
5B R A HPLC-MS/MS 7 ik ¥EAT T He ke, nsk
1 TR, 28005 BaAEE T /INA B DL 2888 & 1 43 4T

7T A A RV KRR i 11 43 5 0 A7 WU A e T e o AR
2 R — 2w A Ak AR R (100 mL) f ¥ 7K
BE A RS R IR A RS H BR (0.2 pg/mL) o X Al fE S
T TPB-BTCA H A @& i1 = fLBRE & R T
FRAEAR A, BE 8 S AU AL O 7K TR i) OAL LA 45 2R
FWT T2 ST B 43 O 1 e L v RBORT R OR B R
P35 H K OA R .

F1 AAES5HMEREHPLC-MS/MS 775 M LL &
Table 1 Comparison of the developed method with other reported HPLC-MS/MS methods

Adsorbent Mode Adsorbent dosage/mg Sample volume/mL Sample type LOD/(pg/mL) Ref.
HLB-PGC SPE 400.0 400.0 seawater 10.0 [10]
BD-TFPM DSPE 1.0 5.0 shellfish 5.0 [6]
Fe,0,@TaTp MSPE 5.0 1.0 seawater, shellfish 20.0 [8]
N-CNTCs MSPE 1.5 20.0 shellfish 1.3 [9]
M-NCNTs MSPE 4.0 20.0 shellfish 0.4 [7]
TEB-DIB films F-SPE 8.0 shellfish 0.5 [5]
TPB-BTCA films F-SPE - 100.0 seawater 0.2 this work

HLB-PGC: porous polymer and graphite carbon; BD-TFPM: one kind of three-dimensional covalent organic framework;
Fe,0,@TaTp: one kind of core-shell structured magnetic covalent organic frameworks; N-CNTCs: metal/nitrogen-doped carbon nano-
tubes; M-NCNT: magnetic metal/nitrogen-doped carbon nanotubes; TEB-DIB films: one kind of microporous organic network films;

DSPE: dispersive solid phase extraction; MSPE: magnetic solid phase extraction.
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R T 25 BT ST 43 B O R TR S5 BRAE b A
W OA Y IE FIE , X5 >k FI A 2l v i XA 7 AN ¥ K
B UEAT T o0 8. W03 2 BT R, 76 K BE 5 2 A
KB 4 T ER R I ] TR & 1Y OA,L 43 il Dl 5.4
pg/mL Fl 61.8 pg/mL; i HoAth g A FE i b 3 AR
9 Jr R 1 1A% J5 ¥ 3 A g AKORE B 2 R0 KRR
a4 BT AR B Rk R .k Ah 4 i #E IR (5.0
pg/mL) . (25.0 pg/mL) .5 (100.0 pg/mL)3 7K
NHEAT TS BRI KRR AR g, A5 3 A0 1T
o 84.9%~104.5%,RSD H At 7.2%(n=5) ., 5
B 25 R 03 M 7 12 HL AT BB 1 E 1 B RORS %
JE 35 H TR OA 1) 2 A8k .
b

o

] 200 a.u. ] 1000 2.,

Intensity/a.u
Intensity/a.u.

t/min t/min

B9 (a)igkiER2%(b)BEAERINEER
Fig. 9 Chromatograms of (a) seawater No. 2 and (b) sea-
water No. 4

F2 OAEBKPINKFETHMIREYEKAEEE (n=5)
Table 2 Recoveries and RSDs of OA spiked at three levels
in seawater (n=5)

Sample Found/ Recoveries (RSDs)/%

No. (pg/mL)  50pg/mL  25.0pg/mL 100.0 pg/mL
1 N.D. 93.2 (5.2) 96.5 (4.9) 91.7(7.2)
2 5.4 102.5 (4.3) 94.9 (5.6) 100.4 (3.4)
3 N.D. 88.3 (5.1) 92.7(7.3) 98.1 (5.7)
4 61.8 97.8 (6.7) 104.5 (3.4) 92.5 (5.4)
5 N.D. 87.6 (3.8) 89.8 (6.1) 94.3 (6.5)
6 N.D. 102.4 (4.5) 91.9 (5.8) 96.4 (4.2)
7 N.D. 95.2 (4.9) 84.9 (6.2) 98.8 (5.4)
N.D.: not detected.
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