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B A HLHEZE (COF) FPBA-TAPT, 5 I B 4% #A M J5 AR 15477 A= Z LA A AL (PC) FTPC. i HL A5 J8 21 40 5 1%
(FTIR) . X HFZA7 5T (XRD) . Fr8 6% K A4 s B % (SEM) RALLE R Bow, 2 B2 IRIE, 10 258 9025
4, FLR AR R 499 m?/g. I F A G - M b JEL e B AN 5 0 22 3 1 A TR AR AT 4, 455 SR i
SET IS KRR FR AR IR H R R (PAEs) A 3 . X ZE ORI I 25 R T ORAL S, %0 6 BA 55 58 B 2 S
(0.5~100 pg/L) . BARAIAIN PR (0.018~0.106 pg/L) TR AT FAFS 0 M CREX bR E TR 2%, RSD<7.8% ). 4% 51 H
F 3R KAE R PAEs FAG I, AR (S pe/L) . H (10 pg/L) 12 55 (50 pg/L) AR [0 U 28 79.5%~123.9%, RSD
1.1%~12.2%, F2W 2 )5 84 RAFERHE, 7T SRR PAEs 94 R0E 550 8T .
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Determination of Phthalates in Water by Covalent Organic Framework
Derived Porous Carbon Solid Phase Microextraction Fiber
Combined with Gas Chromatography
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Jilin 132022, China; 2. Department of Analytical Chemistry,
Guangxi Vocational & Technical Institute of Industry, Nanning 530001, China)

Abstract The covalent organic framework (COF) FPBA-TAPT was synthesized with 4-formylphenylboronic acid
(FPBA) and 2,4, 6-tris (4-aminophenyl ) -1, 3, 5-triazine (TAPT) as monomer by the solvothermal reaction. Then the
porous carbon material (FTPC) was prepared by direct pyrolysis of FPBA-TAPT precursor. The FTPC was then
characterized using Fourier transform infrared spectroscopy (FTIR) , X-ray diffractometer (XRD) , Raman spectrum
and scanning electron microscopy (SEM). The results showed that the material was spherical and its surface was

wrinkled. Its specific surface area is 499 m’/g. It served as a coating modified on the surface of stainless steel wire by
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sol-gel technique to obtain a solid phase microextraction (SPME) fiber to determine phthalates (PAEs) in water

samples coupled with gas chromatography. Under the optimized conditions, the method has a wide linear range (0.5—
100 pg/L) , low limits of detection(0.018—0.106 pg/L.) , and good stability (RSD<7.8%). The method was applied to
detecting PAEs in three water samples. The spiked recoveries of low (5 wg/L) , medium(10 wg/L) and high(50 wg/L)
were 79.5%—123.9% and relative standard deviation (RSD) was 1.1%—12.2%, indicating that the method has a
good accuracy and can achieve an effective quantitative analysis of PAEs in water.

Keywords Solid phase microextraction; Porous carbon; Covalent organic framework ; Phthalate

LROR W R R (PAEs ) 8 5 43 A4 T S 43 F 5 PAEs! . Aot fofnAs A5 B o2 NSl
I F1 PAEs I FEORIE, 50T PAEs EZ/ERUR R 3550570, DARS e fas e,
F PAEs A5 5 R EWRTALFAEE G, M PAEs FEMMBK | ISR i 1, ki SR R JOF 2%
ML R B AEE h KIE 2 30N i R G Re ks | A aL Lo il o Re A%, XF 2R
{5 = f 7, B LASREE R PAEs RGN 22 G 828 . (RS Bropte i 56 il H A A 2%, T TR = i
PAEs, {8 R 0 LSRG o &, A3l POAE S AT AL B 5 AR it PAEs Kl rh o AN af 2

PAEs # WA RTAL PEEE AR B2 M-AE S | [BAHZEIC (SPE) | 43 B AHAE ' (DSPE ) [ AH
ZHC(SPME) A . HoH | -V AR O R IR 3 £ ) — P S T A B OR , A G AR A L
FIRTEAE R R, 25 2 WA B k5 4™, HA E S SPE 210 . _BAE | RVERIGEIT 4 1
B, PRVERCERL, IERIIEAE R DSPE 2 1 SPE & e MK iy , i tp 1 HE it 57 Sy 3% ZE i ke, 0.
W2 59 W B I B0 I T B G . SPMIE 432 A 2 20 120 90 4R A & Ji e I 1y — b7 0 R0 ot i Ak 3
AR VR R P IO A AL R, Z IR N, SERAE | BRI AR AR R SRR
o Bk TAEGERE R AT AL PR AR A B, R —Fh i | SR IR R AR ST R 3L 8 2 T
PRI P ZE U AT . ZE R 2R M LA US| A RS P R P Y S R R R
MLAE R B 1 2 (T 2 S G

HHT, 200 BRI HE 4 J8 A MLHEZE | LM HLHESL (COF) | 43 F BN R A W Mfi A Z Lok
(PC)ZE BT K AE R SPME BITRIZM RN, Hivh | 1742 PC HA G5k n] 45 | w8 Fb R AU R AT A fb 24
FEPESEA A R —FARAE F 5L 0 SPME IR 2 ML, TEARZ W& A4 PC B R, COF J&2—2882%
A NLREY, HAHEFLE . v IHMFLBU LA R DA 5 i E e A2, LRk i 4 HoA &
T LM I 2205 1 PC BYAL BLETIA . Huang &8 L COF-5 NI, 45 7 HA & R
T A (1460 m?/g) S A4 A 43 S FLBR 25 4 (AT ffL . FRFLARTRFLAG 3D HEZR ) A 42 4% PC (BC-MS-700-
14). ZARFEA TSI o 2P EBE LA S MERE, 78 10 mV/s I HCHL 284 160 F/g. Huang 25906 TpPa-1 1£
1000 “C~ EHEAMR, 4 T HA ARG AIE L3R 1L (435. 6 mYg) 1) PC(TpPa-1-1000) , FTF#HUK
FDURRZR , YRR PR K 285 mg/g. LiuZ5E L) TpPa-1 A RTHRMR, 7800 “C Fiib& M T it BB 4%
FLE% (M-NPC-800). iz RHEAG 3 i L R TR (509 m¥g) , K7k o Ay ik i v e EL A )0 S %) WO fF
W [ 25 8 R 143 mg/g. Yan 552 LA TpPa-1 Bt ELHEEAR G5 T COF fii4: PC, IF44 HH/E SPME £F 4k
W2, LT g 8 R M TR R E AT . %07 TR HAT R ST 2 M E T (30~30000 pug/kg) F
AR AR (LOD, 3. 12~8. 55 pg/kg). COF fisA: PC )32 W F T B Ak 2424 | Wi R 220 R A Ak 125 45 43
1, {HAE R SPME )24 BHH T PAEs FUAE U T i i DLARGE .

ASCLL 4-H LR AR (FPBA) 1 2,4, 6- — (4-2 2R )-1,3,5- =R (TAPT) A H A, 38 2 75 77 B
SN il 46 T COF (FPBA-TAPT) , ¥ H B H#2 4 # 4R 15111 4 PC(FTPC). DL FTPC R iR)J2 i 75 SPME % &,
HEMERER A, 87 17 SPME-GC-FID 77, F TR ARE F 5 F) PAES.
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11 iRXF 5
AR 55 T ER(DIBP, Z3HrdrEdh) 484 IR — T & (DBP, 4l > 99.5%) . SR _HIR
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TAEJER (DPeP, A3 trAndfEdl) SRR ZHER TR ER (BBP, ArHrbriEdh) . ABOR R = (2-2 52 ) iR
(DEHP, 43HrbruEdt) . XPRIIEH R ER (MP, 4-HrbrdEdh ) . SRR IR LBR (EP, 2FThniEdh) |
X R HEOR B R SN IR (IPP, 99%) . X556 0K IR N I (PP, /3 rAm it il ) | 4-H IR R (21 97%)
2,4,6- = (4-ZFEARH)-1,3,5- = F (4iE>95%) . AN (4i>99.5%) | 1,3,5- = H IR (4iE>98%)
PR 5 = PP AR LA (4l 98% ) . S Wb (41 99. 5% ) M = SR TR (a3 4li, 4lif>99. 5%) , b iR+
TAF; BROHIEREELE, Kigth BURARHE A BRA A E Ot (gl 4iEE>99. 5%) , Ktk
KA PR A A

Agilent 7890B FI S AH EIEY (GC) , B FID Al , HP-5 BIBANEHE, 92 Agilent 2 H] 5 FTIR920
T B AR 4 2T AR 6 TR (FTIR) . REETT R AL #8A BR A ] 5 Gemini SEM 300 7 45 4 v 7 i 1 B8
(SEM), {#[E%% ]/ 1l 5 Discovery SDT650 % TG-DSC i i Al A B A AL (TG) , S5 E IR K5 23 7] 5 DS
FOCUS B X AT HHX (XRD) , {83 415 6 55/ ] 5 LabRAM HR Evolution $7 2 Y6i%, H Z Horiba 23 7 5
ASAP 2460 #I 4 F 2 b & 1 M ALBREE /1L (BET) , 3¢ E Micromeritics 23 A .
1.2 LImidiE
121 @SN A% RH GC-FID & 5 Fh PAEs B9WEE . {(A35%4: . Agilent HP-5 B B 40454 (30 mx
0. 32 mmx0. 25 wm) ; ZAREEEN,S; SR THREE 270 °C; Ao iere ; FHEFRT : BRI 70 °C, LA
20 “C/min BAETHEE 200 C, FHLLS5 C/min #HARTHE 2 230 °C, P47 3 min; A E 6. 5 mL/min; A&
I 300 °C.
122 FREERAE S 1000 mg/L PAEs bRUERERTIL : 73 HIHL 10 mg bR i (DIBP, DBP, DPeP, BBP
FIDEHP) %% T 10 mL 1F C BRI, e il 1000 mg/L Y PAEs ARVERE U, B T 4 “COKEE % 1) ke
JEAtfE .

100 mg/L PAEs IR A FRUE R : 433200 pl 38 5 Fh PAEs ARiERE R F/INEH, FEIIA 1 mL 1E
CEIIR, Tl 100 mg/L 1) PAES IR S HRIERS IR, BUHELID, T4 COKFEH % SR .

1000 mg/L X 2 FE 2K H R IR (PBs ) bRifEfif 259 4370 B 10 mg (AR UE & (MP, EP, IPP I PP) % i T
10 mL ZJEF W, Bl 1000 me/L A PBs bRUERE &I, TBUE T 4 "CokAR rh 4% BHEEGE A7 .

100 mg/L PBs IS FRUEA I : 43 HHL 200 . |3k 4 #h PBs bRAERE &I T/ M S, AL 2 mL 2
NEHE, BEHl A 100 mg/L 1) PBs IR A AREV R, IUFHIRAC, T4 "CUKH 3% BHREEAE 1 .
123 FTPC By %] & 756 BOCHk [26 ] 77 il % FPBA-TAPT #4 %} . #RHL 100 mg TAPT F1 130 mg
FPBA, % 10 mL 4N IR = ORI (AR 1 D, A IRAHSE, BRI RN ST, &
T 120 CHEA N 72 by WEIEFR, R SN AR B E . B0, 7E70 CFEA T
12 h, 2R E AR FPBA-TAPT #4 8L, e, K FPBA-TAPT # kL & T8 =0 i, ZERAAE T F
700 CHERE2 h, RV R IR AR ERBAUKIEYE, F70 CFEA T 12 h, 52| FTPC.
124 VERR-BERER M E % ELDE P BIIA 100 WL & BE . 100 wl B 3L = FAEJERERE . 100
L 3R U ERRE AU AN 30 mg Y FTPC, W BEFH AR /MRS, FRIIA 80 wL =5 LR (95% 7K , R
TAHEAL TR, 153 FTPC VA -SRI .
12.5 SPME % E ## & H—MREK N 10 em MAFEPHLZ (EHAZE N 0.3 mm) , K H—4 (2 em) B A
PR Vs i AR 30 min Ji5 , FIRAEKISVERN B 2L R, e LTS5 A FTPC 155 B -BE 7 W rh I Te e
209K, BUH G T =T T8 3 min, FAEZERAE 6 IKIG T2 CE 24 h, FEHCA 280 CHER H 4b B]
2 h, MRB|FTPCIR)ZEFYE . KR ZEF4EiE A | mLIESEE, 43 SPME2EE . (FHHT, EARI T E
F280 CHYAHETEIERE 1124k 2 h.
12.6 ZEHEMF AR R EEER A SPME(DI-SPME) 1 )5 R B PAEs. B 20 wL 1B A AR EA
(100 mg/L) B F 30 mL AR /NI, I A SEKHGFE 2 20 mL, BOASE+, A RIUR a0 55
TR E, K5 0 SPME e EAf ARE /N b, PR E TR AR S P S T A L. R A G #
S BN SPME 6 B, B 364 AR (R A AR T , 76 B B R P 2> i PAEs R A AR
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2.1 MRRIE

K 1(A)} FPBA-TAPT, FPBA Fl TAPT (/) FTIR Y635l . 3410 11705 em™ &b 24 FPBA (1) O—H {45
PR EhIEFI C=0 W45 IR 3% ; 3463 #1815 em™ &by TAPT () N—H i 45 415 sh s 1 = B B G I BRF- T 25
IR B 5 7645 LAY COF Ff O—H, C=0 FI N—H 3 Mg 4%, 530k [26 1HRE—%; 815 em™ ik
IR BAST A T2 Ah R Sh W AR AR EE 5 744 F111594 em” b H BN TT BLO, BIAR 2L R FIE iz A 5
fiE0EE"2) | JE—AEUFRH FPBA-TAPT B4 A AL .

(A) B) 750} © 1350 1580
FPBA-TAPT v 600 Mw
FPBA 1594 ¥ Vg5 744 430r
> 300
3410 1705 15(0)' D N JTEC
TAPT 10 20 30 40 50 60 70
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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¢ 60 2 *—Desorption | =
. g 80r 2 0.010F
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Temperature/°C Relative pressure, p/p, Pore diameter/nm

Fig. 1 FTIR spectra of FPBA-TAPT, FPBA and TAPT(A), XRD patterns of FPBA-TAPT, FTPC
and FTPC coating(B), Raman spectrum of FTPC(C), TG curve of FTPC coating(D), nitrogen

adsorption-desorption curves(E) and pore size distributions(F) of FTPC

K1 1(B) A FPBA-TAPT, FPBA FiI TAPT ) XRD 3% 18] . W] LIF i, FPBA-TAPT M Bl m BE 45 . 20=
22° b HY B AR FE A XTI (002 ) S TR, FRBARRAL)S 0 FTPC LATCETE 45K R £ . FTPC I 2 7E 20=22" 4b [F]
FEA Fal , ULRTEERS T AR S FTPC 115 .

K 1(C) R FTPC BF7 & 614 E . 1350 A1 1580 em™ BHUE &4 — AN BE0% , 43 565 D G G i, H
SR L (1/1,) 4 0. 94, FFZAELEAT A S5 L 250 G & BURRA5 Y .

P TR R T A R T R T, PRI B IAER U T 25 i) SPMEE 214k fry fi FH i 143 BT 8
S SEEG G i AE TR (TG) X FTPC iR 2 M B e M AT T 0. B 1(D) gt 27 4k 1380 1)
FTPC 12 A3 Hr &, 7T U 2S5y 300 “CIF, FTPCIRJZ I 4R 2 200 7%, %% )2 HA B
IF AR E T .

F 1(E) R FTPC A4 U B - IBE 457 2R , L Brunauer-Emmett-Teller (BET) Z2 1 £ 4 499 m¥/g.
B 1(F) 7R FTPC LR 3 A1 IH R B, A B RAT LA FLE5AY

€2 FPBA-TAPT, FTPC K. H:SPME 42 (9 SEM B F Fl FTPC Fir & LR A . X HE I 2(A) il
(B) &I, At FTPC SR IAASHIRS , A7 W AR STEA . IIE 2(COFI(D) AT LA H, ANEFN LR AR
G, SRR S , SRR, AR T2 E . WEI2(E)ATLAE H, FTPC 5% IR-BER
BT MIRA, YA IR e N2 K00 . Beoh, B 2(F)EWIB, 0, NouEE#B43 pCcH, HB,
C, O FIN JLERTE FTPC 4 5] 4341 .
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100 pm

Fig. 2 SEM images of FPBA-TAPT(A), FTPC(B), stainless steel wire(C), treated stainless steel wire(D),
fiber with FTPC coating(E), and elemental mappings of FTPC(F)

Insets in (C) and (D) are enlarged images.

2.2 SPME /B9

221 FEBURE SR AFBUREIEE A IHCR M E RN R Z — . RSP PAES 192 8l
R TITZR 56 T 5 AR 18] 5 (R, o IR B R R O, e AR SRR B AR IR ZE )
A3 RE, X A BUCR T R AR Y. SEIR S T 45~85 " A A B, BE X AL UK 52 . 4
K 3(A) IR, YA B AE 45~65 °CI, SPME 214 A5 H PAEs 1 U4 11 AR [ 5 fin 528 e, 4k )
R 2 85 "CHY PAEs WETRIFLZ W /N . TR, #E4% 65 “CHEN JG L3830 i AL UL .

4000
(A) —=DIBP 3500 (B) 35001 _pipp
3500 —*-DBP -=—DIBP —.—
—+—DPeP 3000 F——DBP 3000} —*"DBP
3000 —BBP —a-DPoP —+—DPcP
5 —DEHP| & 2500 RRP o 2500 ——BBP
S 2500+ o 15} —+-DEH
& 8 5000 DEH & 2000}
=2 2000 = <
o o o 15001
& 1500 & 1500f S
1000
1000F éé:\:éi 1000} ’% 00
500F
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= 20001 —4=DPeP | - 2000F —4—DPcP 2000+
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= ~—DEHP| & 1500f & 1500f
1000~ 10001 1000
s00p L 1 1 500LC L 1 1 1 500 | | | L L
250 260 270 280 290 2 3 4 5 6 0 50 100 150 200
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Fig. 3 Effects of different extraction temperature(A), extraction time(B), agitation speed(C), desorption

temperature(D), desorption time(E) and NaCl concentration(F) on the extraction effect of PAEs
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222 FEREESNEE  AEARBRNEROEME, G AR R IR ZERSCRB WK, Rk EF
fir e, SN ES ) o] BE 2 H AR IR IZ AR Al o XS AR IUSOR AN RE . SRR T
15~35 min 78 ] P A% BUAS) 8] %o 45 BOCRCR B34 0 . An1&l 3(B) /s, 15~25 min B, [ 75 A€ B [a] (4384 it
SPME £F 4%t PAEs A BUCRZ W25 5 25~35 min B, F T 28 B E] B34 0 530 H AR N I8 2 27 4
FEI R, AR AR USR8 PR . R, 48 25 min 5 R J5 S2 5256 A AL U] |
223 HPHFEHEE BEEAT LU B AR RS SR ENRZ Y B, (AR KT RE R E
PRI SR 2SS G ARRE , XRG4 AR . SEER 248 T Bl R AE 650~1516 v/min YEH N
X AEBGCRISE . WE 3(C) TR, U3 REE 2R TE 650~1083 /min I}, B SRR Y40, SPME 1
%) PAEs I 26 BURCR B W T =y, AR SE3E Indie PE 28 2 1516 o/min, A BOBCRZEET T RE. Rk, %
1083 r/min /Ky 5 S 5256 A48 £ 8
224 BRRE NP CHMUCEERACE, HERYASBETE 4 I SPME £F 4k @b H ok, T s i) i
W Tk 2 = T 52 ) SPME 21 24 9 i 75 iy . SEI 542 T 250~290 “CH 11 PA) A W T 8 X 46 USSR 11 52
M), Qi 3(D) R . SRR BETE 250~270 “CHY, Z£H DPeP F1 DEHP (1) 04 A1 Fifl % B2 - e 1717 o 25 4
Jir, DIBP, DBP 1 BBP [ U4 [ AR 2 02 G M 5 Y i WL 7E 270~290 “CINF, PAESs U TR AR 2 M st/
I, B 270 CHE R o L2550 (A A W TR
22,5 fEREEEFE R RIPE BRI RE S AR Z R AT ST 2~6 minyL
P8 Fsf ) o) A BB A 52 . ANIRI 3(E) iz, 2~4 min i, BEE RIS A] A3 0, SPME £74E%f PAEs
() ZE B BWHE N 5 1] 4~6 min B PAEs WETHIFR R 22108 T REEH . RIL, 284 min 150 5 225200 A
W [
22,6 EHIRFEWFE  AESLVE R ELVR B A BACE FEEA IS TR . — 5T, Fhiim AR IR
fIC PAES FEVS T IOV 3, BT RS IR IO s o — i, b e 1 R Wk B S R VA M B i i Bl
PEFIE RS, BEART SPME £F4EXS H AR AW R 2. SEEE25 48 T #E 0~200 o/ L i [ P £6 1k B8 X AL B 1)
S . A& 3(F) iR, DPeP Al DEHP 4 2 BUSC3 il £R v B A S I A%, 15 B LA R m B n B 48
DIBP, DBP I BBP [ A< UK AE 0~150 o/L £R v B2 v [l P19 il 50 W B 385 fin ity v, Ak e hndh vk 5 &2
200 /L, ZEBULHRIIN T . 245518, IGE25 A A NaCl.
23 AEFEER
TEAR ST, 50T BT FIPC IR 2474k SPME-GC-FID 434 J5 2 B9 ZR G il . LOD . 5E F bR .

A CE R T MEL Y. R 1T, 320740 5 PAEs R H R AT C R (FHC R E0>
0.9977) . BIEILMETE R (0. 5~100 pe/L) K AAKAY LOD (0. 018~0. 106 wg/L, SIN=3). & T W55 i1
EEE, LR T AARLFGEXT 100 we/L FOAE SV TRIEA TR, 45 H A 3R, HURLF4E H
I 1) RSD<7. 80%; % 2% 3 K & I & /Y H [A] RSD<9. 25%; fdi Fi] 3 A 7 [a] £F 4k & &2 I & , RSD<
13.35%. WL & EFF PN TIRIZEFL4ERT PAEs FIZEBURE 1, DI FEBUH A PAES W 5 PAEs #)

AU T 2 HT AR R4 2 LT 4E X PAEs B SN T7F 1444~3116 2 8], F8 FTPC It)2 47 4 Xt PAEs E.

Table 1 Performance analysis of the established SPME-GC-FID method

RSD
Components Linear range/ Correlation LOD/ LOQ/ . . Enrichment

! 8 Linear equation © Single-fiber(n=3, %)  Fiber-to-fiber .

of PAEs (pg-L™) coefficien  (ug-L™") (pg-L7") factor
intra-day  inter-day  (n=3, %)

DIBP 0.5—100 y=11.34x-5.50 0.9984 0.077 0.256 3.05 2.48 5.89 1848
DBP 0.5—100 y=12.22x+22.96 0.9977 0.018 0.061 3.13 3.90 4.53 2620
DPeP 0.5—100 ¥=33.40x+19.66 0.9998 0.031 0.105 2.15 7.02 5.26 3116
BBP 0.5—100 y=10.92x+10.24 0.9992 0.106 0.354 2.79 4.85 7.80 1444
DEHP 0.5—100 y=14.27x-4.23 0.9980 0.068 0.226 7.80 9.25 13.35 1451

* The ratio between the PAEs concentration in the final extracted phase and the initial concentration of PAEs.
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A RAFAERUERE . JE T2 2 857 1) SPME-GC-FID 43 #7 5 2 v SEBUR B PAEs (AR BUHr, Hovik
BABIFEE M. IAh, SF4E25d 200 TS, 20U PAEs (I TE AR A W1 /b, AT L FTPC
WRIZAYE AT Rl H A
2.4 FPBA-TAPT 1 FTPC i&/EXf PAEs Z2EEX X R A9 bk

YT EE T 43 BILL FPBA-TAPT, FTPC A4 22 4 SPME £F 45 %t PAEs 19 2 BUSCR . g 4 (A) FFR, LA
FTPC J % )2 1) SPME £F 4k Z B 5 Tl PAEs 1% U6 18 B3 K F DL FPBA-TAPT J % )2 1) SPME £F- 4, 0] I,
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Fig. 4 Extraction effect of FPBA-TAPT and FTPC coatings on PAEs(A), chromatograms of direct
injection of 100 mg/L parabens(a), samples spiked with 100 pg/L. PAEs and PBs(b), and PAEs(c)
after SPME(B), chromatograms of tap water(a), mineral water-1(b), mineral water-2(c), direct
injection of 5 pg/L PAEs(d) and mineral water-1 spiked with 5 pg/L(e) PAEs after SPME(C)

25 FIEE
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B PBs FIAFETEXT PAEs FUZEIBUR 77 Az 5401
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Table 2 Determination of PAEs content in actual water samples and the result of spiked recovery

Tap water Mineral water-1 Mineral water-2

Components of Spiked/
Found/(pg-L™")  Recovery(%) Found/(pg-1™")  Recovery(%) Found/(pg:L™")  Recovery(%)

PAEs (pg-L")
+SD(%) (RSD, %) +SD(%) (RSD, %) +SD(%) (RSD, %)
DIBP 0.0 N.D.* — N.D. — N.D. —
5.0 6.0+0.1 119.4(2.4) 5.5+0.1 109.5(1.1) 6.2+0.1 123.5(2.1)
10.0 10.8+0.9 108.1(8.0) 10.2+0.4 102.3(3.4) 9.3+0.5 93.4(4.9)
50.0 50.123.1 100.1(6.1) 52.8+3.0 105.6(5.7) 46.4+1.3 92.8(2.7)
DBP 0.0 N.D. — N.D. — N.D. —
5.0 5.4+0.3 108.9(5.0) 5.70.6 114.2(9.8) 4.2+0.1 83.8(1.7)
10.0 8.4+0.4 84.4(4.6) 10.3+0.7 102.6(7.1) 11.420.9 114.1(7.9)
50.0 477+2.8 95.4(5.8) 49.9+1.6 99.8(3.3) 45.4+4.0 90.9(8.9)
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Continued

Tap water Mineral water-1 Mineral water-2

Components of Spiked/
Found/(pg-L™")  Recovery(%)  Found/(pg-L™")  Recovery(%) Found/(pg-L™")  Recovery(%)

PAEs (pg LY

+SD(%) (RSD, %) +SD(%) (RSD, %) +SD(%) (RSD, %)

DPeP 0.0 N.D. — N.D. — N.D. —
5.0 5.020.5 99.8(10.9) 4.00.1 79.5(2.6) 5.1+0.4 101.8(8.3)
10.0 11.620.5 116.0(4.3) 9.0+0.5 90.3(5.6) 8.9+0.6 89.2(7.1)
50.0 53.5+3.8 106.9(7.2) 60.2+2.1 120.5(3.4) 47.8+2.9 95.6(6.0)

BBP 0.0 N.D. — N.D. — N.D. —
5.0 5.9+0.1 118.8(1.2) 4.3+0.2 85.7(4.7) 4.9+0.3 99.0(6.9)
10.0 10.0+0.7 99.9(6.9) 9.9+1.2 99.1(12.2) 9.3+0.9 93.0(9.5)
50.0 54.642.6 109.2(4.7) 61.9+4.0 123.9(6.4) 50.8+3.2 101.6(6.3)

DEHP 0.0 N.D. — N.D. — N.D. —
5.0 4.5+0.5 89.9(11.0) 4.2+0.3 84.9(7.3) 4.5+0.4 90.6(7.9)
10.0 11.420.6 114.3(5.7) 9.6+0.3 96.5(3.0) 11.720.5 117.0(4.3)
50.0 43.3+3.9 86.6(8.9) 57.8+5.9 115.6(10.2) 46.2+1.8 92.5(4.0)

* Not detected.
2.7 A[EPAEsE /&ML &
B HE T AL T FTPC ¥ )2 1) SPME-GC-FID J5 s 5 Hog SCHR O v 0547 1 b, g5 Rk 3 s . ml
UL, 27 R A B ), 2R 20l g, B 5 SO S A F 520 R AN R AR

Table 3 Comparison of different methods for the determination of PAEs

Detection method ~ Coating material ~ Analyte Extraction Cycle RSD(%) Recovery (%) LOD/(pg-1.7") Ref.
time/min
HS-SPME-GC-FID CDs Water 60 >50 3.70—8.60 82.0—119.0 DIBP — [30]
DBP 0.40
DPeP —
BBP 2.75
DEHP —
DI-SPME-GC-FID Mg/Al-LDH-H,0, ~ Water 40 — 8302000 794—1072  pigp — [31]
DBP 0.42
DPeP —
BBP 0.78
DEHP 1.29
DI-SPME-GC-FID ~ CuFe,O,NPs Water 40 >80 3.90—12.40 81.1—103.7 DIBP — [11]
DBP 0.12
DPeP —
BBP 0.23
DEHP 0.40
DI-SPME-GC-MS ~ MWCNTs-PPy Water 60 =60 4.10—8.10 90.0—113.0 DIBP 0.10 [15]
DBP 0.07
DPeP 0.09
BBP 0.05
DEHP —
HS-SPME-GC-MS 1Go/SNW-1@PEs ~ Water 30 — 5.90—8.30 80.5—111.0 DIBP 0.01 [32]
DBP 0.01
DPeP —
BBP 0.20
DEHP —
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Continued
Detection method ~ Coating material ~ Analyte Extraction Cycle RSD(%) Recovery(% ) LOD/(pg-L7") Ref.
time/min
HS-SPME-GC-FID TPT-COF Juice 40 >55 0.83—4.67 79.4—110.3 DIBP — [33]
DBP 0.01
DPeP —
BBP —
DEHP 0.01
HS-SPME-GC-FID OHy,,,-TPB-COF ~ Water 50 =60 0.83—4.67 78.6—101.9 DIBP — [34]
DBP 0.032
DPeP —
BBP 0.034
DEHP 0.093
DI-SPME-GC-FID FTPC Water 25 =200 2.15—7.80 79.5—123.9 DIBP 0.077  This work
DBP 0.018
DPeP 0.031
BBP 0.106

DEHP 0.068

3

* The object corresponding to this article.
A
& it

¥ FPBA-TAPT AR} B AR AL HI 15 FTPC B RL, FH RN 499 m¥Yg, W HAE MR ZH 4 T SPME

214k, 454 GC-FID #1571 SPME-GC-FID J7 ¥& HF 2 U B K R v 5 Fh PAEs. £ 4k 1R 12 HA R
e, Wi - KR SZEE PAEs (A SR, &5 10 1444~3116. % B ALK
BRI R AP s M, T S2PR KA PAES 20T HERR B &, T A /KR IR i PAEs & 21455 201
Ko B .
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