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(CRAEI TR SHREBE, 1S 330013)

B OE IR TR IR AR BRI AR A RE R R (Sil-IL ) , K A Ry [ AHAE I (SPE ) BRI, 25 6
TR (2 1 - S AMGT 7 1 (HPLC-UV ) 257 TS A=W Py JF . 25354 | mIWSE AT AR AR 4 Al
B RHTR 259 (NSALDs ) /0T )5 o B LTAMGRE . L& MIT R o Hr it Sil-IL HE1T T 3RAE, 1R
KT Si-L X BRI R RV AL, 2552 TRE SR pHAR . DRESEE . IO S e s AR AR R 3
Xf SPE RSN . 25 53 W] | Sil-IL X 4 A NSAIDs A5 B2 T 058 3ok i /K AV T RTBA 25 732 3 4 H, Sil-IL
W BAERI X 4 Fff NSATDs HLA #0510 A BUR BRI RIAEBUHCR . TEIRALEY SPE 450, FE2F AR MR A 2 MG T 31
FEl A 4~1000 wg/L, HE 3 Filt NSAIDs LML N 3~1000 we/L, IR E(R?) 4 0.9996~0.9998 , 6 Hi BR Ky
1.2~1.9 pe/kg(S/N=3) , F NI H [EPRE35 43 514 1.0%~3.0%F1 1.9%~6.3% , IR R 2 90.8%~105.3%.
ATERR AT RE . R R T ECTRAN  BRERTAE AT 4 Fh NSATDs 55 B 11 [R] B AGr

KGR WA AR ARRPIR S BAIAHG SRR G )

AE SRSB4 25 (Non-steroidal anti-inflammatory drugs, NSAIDs ) f&—28 A5 IR L5/ 0 N T & iy
Wy, BAW % . IR FLRERGEIE T 753 B FRR P BT T . 38T s AR AR BE s iR K
S FH AR T 22RO e 2612, ER ) NSAIDs EAT— 2 (085 IR FH , i i A s s FH ] 535
TEE AR ER WA , 2%t BRI . B, FFIERIM 2 RS s i E D, P2 E A NSAIDs
TEBPPIRIEED i b A B R B b AT T PR JR A 522 A SR (GB31650-2019) P22 T il | 25
e I 2 RS 3 Fh NSATDs B LA HLE AR BR DS PRI, g viem . RO SE 94007
D7 VTSI £ T NSATDs 5% B B0 4 W T OR R £t 22 4 B e i 2 5

NSATDs FAGIN 7 2 25 BRSO @ 0T Wb - Bty O R A - s 7S
Tk I B I £ b NSATDs (9 H 3 Wil = 355 B S0 A e A T AR O i o T ol v a3t
JFU 52 24T NSATIDs £ i AI% , I 2 T AFUEAT 30 24 AR ST A B, DA R B T 4R A 4 E AR , 3R 1) R
TR FIRERf A . FH B RE A AR BT 1 R A ORI (LLME) 51 BRI R (SPME) 8 g
PRI M 25 B (SBSE ) 2RI E AL (SPE) > 1122045 Horh | SPE R ELATHRER 8, EBIVELF . Beierhas
[ A 25 2 Sl o, oy R 22 A T 7 P ) 32 B0 — FRE S AT AL B v . E U B 302 SPE 3%
ARIIHZ s | VR85 77 122 R AL BP0 ek . L HE 1 SPE W BRI S AR B A BEIRE (Cog) 22
AHLEES YRR (HLB) 22| S /B B T3 B A e 0] (MAX) Y 4 @A HLE R (MOF ) B
SR TENIE A (MIP) 145 H ORI SO I 76— 5 LB X NSAIDs B4 B RE SR A5 Iy [ g% |
B 2B LR FH TS PR S I A AE — S0 R JE Al Gy A1 HLB Bt = e 80 | MIP (W i 25 B fm Ik , MOF £
SEVER S . DRI, SHRIEPEIERT | W B ok w28 AR S M A A W R A A 23 B

B T (Tonic liquid,, TL) J&—Fh 75 25 R 50 2 IR BT S S B0 88 TR A9 , A HLIH B T RITEHL
BB FEA DL B T4 B IL BAZRRAR . Rl IREE ot . S5 T B RIS VL 5 2245
ThARE R, 7R A AN (0 43 B AT A5 ATUAS B T 12 S g B R f 2 S T
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TL [ 5 76 B AR 3k A i A 8 0 TL [ A AP RE JEEL T 1L AE MR R AR R e B | R R IR T 1L
FHER ., AGARIEEAR L [ 2009 4F Tian 22 B YK 1L SbERRERAE N SPE W B0 H T FH2 bt
SR SPE LI, 1L [ 2 (b RHE SPE HF R AZ SRR Z A9 26, M THE SPE AR, i kLA
B A TR E PR . ARG R | IL R A DL S H bR 22 18] A 77 A 22 Rk B4 4%
PEa o BRI, A A DA 1L 2 AR 4= 03 h NSATDs 1950 55 & S A

AHIFFE 45 T — b2 TR e B YA [ S AR S (Sil-TL) K HAE Sk SPE W B 551 | 06 45 il % 2%
(KPF) . ZEEAE (NPX) . W EE (IMC) FIHFESFARER (TFA )4 Flt NSAIDs 1E AL Hnd, 5 %2 1 g Bt
FXF A= 17h NSAIDs 140 85 5 SERE 1, 45 & S 80RH - 52 MG 252 (HPLC-UV ), #8571 [R] el o
A4y 4 Ff NSAIDs BRI AT vk o AREIRER B . e T 58 . AL REUE S, nTHT40
H 4 Fh NSAIDs 5% 54 (1) [R] B o o

1 SLIGES

1.1 5 F

UltliMate 3000 /=850 AH €31 . Nicolet iS10 837 HHELAMEREIU AT Nicolet NEXUS 670 {8 B -7 €5l
T4 (32 Themo 23] ) ;5 DZF-6020 B EZS T4 ( MBS A AR A )5 Vario ELITITER M7
I (TEE Hanau A F]) 5 Easy RN LKA (Fils 1 RAEY BRTRHEERABR AR ) 3 KQ-50B A 11k
RIS S A RA ] ) s TCL-16G Hyl B AL (L2 SR8 ) s BF2000 2 (AbE /N
TR BR A ) s 12 A EIFAAEECR & (A LR R A PR AR .

fE M (Silica, FifE 40~63 wm) I FAI G HA AR 3-89 3 = A SLaEbE (MPTMS, 98%) 1
A WAL R A VR R A BR A F] 5 BRI 2 (KPF, 98% ) FI&L AT A (HCS, 99% )T Adamas i,
FIAT ;s 1-CHEEDKIE (98%) . 1-IRSFELE(99%) . 23K /R (PPN, 98.5%) . MIk3E-¢ (IMC, 98%) . %%
A (NPX, 99% ) HIFESSHRIR (TFA, 97%) WA Tt B R EFHEA AR AR THE (AIBN, fb240) 1y
TR L TABR A R S B2 fbalidl; FHRE (el ) A R (Caiif 2l W At s 7 Hiik
BHEARR AR . S2is ol e A2 2 o b gt 0 T [ 25 AR A A 2= iR IR BTS2 K R
ABAfK (18.2 MQ-cm)
1.2 FREBRMEH
1.2.1 FRAEMEEREH

Y HIFREL PPN, HCS, NPX, IMC. KPF Fll TFA b4 10 mg, FHHBEAMIFEAZE 10 mL, Bl
% 1000 mg/L (Y EAARERE , T 4 CHECIRAE
1.2.2 4FINSAIDsB R4 ik B B

5l EBCNPX . IMC. KPF Fl TFA AR WA 1 mL, W BER BT 25 2 10 mL, fi 6l 58
100 mg/L BIR-SFRUERE S, T 4 CREGIRTE . AR B 2 T T v B
1.3 &HEEIEEY

RN Kinetex Cig H£(250 mm x 4.6 mm 1D., 5 wm, FEF 1R Al A HH B, Fishi B 4
0.03% (RBUREE, VIV)RERIEW . BEEVEIER)Y . 0~3 min, 75% A; 3~10 min, 75%~100% A;
10~10.5 min, 100% A; 10.5~11 min, 100%~75% A; 11~12 min, 75% A. UV &% K: 0~6.4 min,
250 nm; 6.4~11 min, 292 nm; 11~12 min, 250 nm, 74 1.0 mL/min, H:7E 8 35 °C, FEEEAFR 20 uL.
1.4 Sil-ILEY#I&

Sil-IL Ayl g R PR QAL 1 B .
1.4.1 FHEEERSI-SHRH &

P IESCHR [ 28 15 X R IR EAT IR AL AL L, BRI 2 ¢ BT ALY REIR T 100 mL B FEHA , HUIA
30 mLJG/KHI 2K 8 mL MPTMS 1 0.5 mL = 2, 76 Ny SR F 110 C/AE 24 h, 5 1R, FRAEIEE
TR I U Y EE R R A R4 3 1K, 60 CE4s Tl 1, 753 Sil-SH.,
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OH HCO _ o}
N gjq Dried toluene, TEA N NN
OH + At St SH
H,CO 7\ e —— Pl
: OCH, 110 C o Nocu.

Silica MPTMS Sil-SH

AN PO 0 ~N
O /=N 2 3 Br AN\ /\/N \%
N NN e NG - Si
o~ I\OCH S Br Toluene, 110 C ST
Sil-IL Sil-Imz

P18 TR i AR R (Sil-TL) Y & ik

Fig.1  Synthesis route of ionic liquid-functionalized silica (Sil-IL) sorbent

1.4.2 BREEETHEE W AERZ(Sil-Imz) A il &

FRHL 2 g Sil-SH T 100 mL BEHHH, A 40 mL LI, 53803450 MRINA 0.3 g N-Z @ HEmrmg
F10.03 g AIBN, 60 CHiFER I 24 h, 2 HE IR 308, MK H G . oK LEE YR 3 1K, 60 CH
24 6 h, 153 Sil-Imz.

1.4.3 Si-ILEY$I&

PREC1.5 g Sil-Imz & T 100 mL BRSEHEH , HMA 50 mL JoK HAHN 0.5 g 1-55E5E , 78 N, 97
TL,7E 110 CHFRR N 48 h, R R E, w08 KPR . JoK CEE . KRR 35E% 31K, 60 CH
24 6 h, 153 Sil-IL.

1.5 HATaE

AR S A T AR T . 278 SCHR( 29 |17 FREL 10 g 4R W5 T 50 mL SR M4 BT 5.0 vh A

20 mL ZJE M 2 g NaCl, IAHEIR A, #A AL FE 15 min, F 5 °C F 6000 r/min Z.0> 10 min, 10 mL 2 (2
G2 )RS — TR LE T TE 50 CFAMMEKLE 229 0.5 mL, LA 20 mmol/L B2 £k 2% i (PBS,

pH 7.0) & 10 mL, B2 0.45 wm AR JE W H SPE H+k.

1.6 SPEI#2

FREL 200 mg A5 Sil-TL 320k}, B FAHAEARTUN 3 mL HIEHINAG B 286 Bif i SPE 25 #8719
IR T A Y OB 8E 35 5 SR IF AR A S — AN, HERS IO S, 45 Sil-IL SPE /VHE

WK 4 mL FEEAN 2 mL PBS(20 mmol/L, pH 7.0) 1% 1L Sil-IL SPE /ME . #RJ5 , A 10 mL £ & i
W, LA 3 mL/min JEGE R SPE /M FERE R SE 4l 5, KK 3 mL 20 mmol/L PBS(pH 7.0) Fil 4 mL
FH SRR E , A 2 mL 5% (V/V) F R - PR B W e i HL AR ), K AR A B I U T 45 CTF AT,
1 mL 20 mmol/L PBS(pH 3.0)-HEE(50:50, V/V) K, SIeiA )5 , ik 0.45 pm U8R, U8 W 1T HPLC
I3HT

2 ZR5iE

2.1 Sil-ILEYRE
2.1.1 hSHESW

FH T30 3 A 2L AN IE I 5 55 | FE LT ANGTE ol LIOWER 2], M0 Se R FH B2 61545 ) % Sil-SH
Sil-Imz 1 Sil-IL HEATRAE, 401 2A s, Sil-SH(E 2A #1128 a) 78 2580 em ™' Ab H IR 3 (—SH) R EIE
YLl MPTMS B LI A BIRERS H o 7 Sil-Tmz 35 & (1] 2A #HZE b)Hr, 2580 em ™ A S IEFFHE ML AT
2, [FIBFFE 3144 F13120 em™ ' Ab H BUHTAEEAE D | U518 Sk KIS ER o XU 1 14 C—H (4 41k 3hie , i Ik
WA 1 9k ke Dy 5 2] Sil-SH 3R 1A, I H. Sil-SH F i 538 JLFFER . ARYE Sil-Imz Fl Sil-SH &5 JERFAE
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WU TR AL, Sil-Imz B2 TF 90%. 28 1-1RFE4E S Sil-Imz RN, Sil-IL(E] 2A {128 ¢) AR Ui
% Sil-Tmz 7£ 3144 13120 cm ™' AL AYBKIRIR C—H FRAEIE , [FIA7 T 2800~3000 em ' Ab I J A B JE A H
(A 2 e i B B N, 26 B Sil-Imz 5 1-J2E%e O RN, fLIER Sil-1L g s Dyl 28 . AR$E Sil-1L A1
Sil-Imz FKIRIR C—H FFAFEIE R TR ARAL B, Sil-IL 1738258 95%.
2.1.2 L5MEIERAE

[l 2B 24 Sil-SH | Sil-Imz il Sil-1L fY£LAMEIEE . 5 Sil-SH B35 K] (& 2B 14k a) X L, Sil-Imz
(P 2B f14E b)7E 1515 cm™ Ab HBEBKIE IR C=N {45 4R sh Wi , 156 Kk 3L £ s B I B RE R
5 Sil-Imz BRE KA L, Sil-IL(K 2B #h4E o) 76 1515 em ™' 2 RSB BRRER A C=N FRAE W il | {H 78
1565 cm ™ AbHYER 1 AN, %06 5 i T IRk 3L e Ab 5 ) C—N RRAE IR e | 58 Sil-Tmz H 14 Hh P ks
HE P B 55 Ak Bk e 45 PH S 1, [ 2960 cm ™' Ab HY BT 3K A C—H 45 PR shié | O LA T 2932 I
2859 cm " A A FF 3 C—H WO IG5 B T 8 345 | E— 2B 136 Sil-Tmz HR BRI IE 5 1R R B R 2 I
N o FIRZERUEITE S A Sil-TL.

A 1.6 B
: Sil-SH 1002
L4} li: Sil-Imz
c: Sil-IL
; 1.OF 5] \|!
= 2 60 296012859 I
2 0.8} ° g
z : E 5 1565
2 0.6f Z 40} 2932 |
— < o QL !
0.4F__A S| b S 1515
gl & : 20F c: SilIL
0.0 . . L 1 " . 0 . . . . . . L
3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Raman shift/cm™ Wavenumber/cm™!

B2 SUEALRERE (SI-SH, a) . PKIEIEDREAL AL (Sil-Tmz, b) AT PRSI REALREM (Sil-IL, o) P
L (A) FILLAMRE (B)
Fig.2 Raman (A) and infrared (B) spectra of mercapto-functionalized silica (Sil-SH, a), imidazole-functionalized

silica (Sil-Imz, b) and ionic liquid functionalized silica (Sil-IL, c)

2.1.3 JTESH

FHITCE AT AR AEIE (Silica) . Sil-SH. Sil-Imz F1 Sil-IL H R . A & T T IE , 4558
WL 1. e gs Fnl A, Sil-SH H s & W 5 T Silica, YHTE A e IR I , $i3E B 905 | A B RE R
FTH ;5 Sil-SH ML, Sil-Imz H g8k &7 B 3G 0, JiE B mR e I A1 E R o i A B i e T,
Sil-Imz AHLY, Sil-1L A8k &t B B3 ARYEGR . AU i B TS B RE R R T Sk . DR 2 T
RFLPA A T 50 0.97 . 0.93 F10.92 mmol/g. FHILAITTASH], Sil-SH M FiFAN Sil-Tmz 1 K
e L LA 20 20 R 96% 1 99% , B T IRAARTERENE F T [ EE 5 7R R 95% , 25 S5 i Fr 2 il
MIEERIEAR S, RS RUL , Ol & Sil-1L, Hai B2k 95%.
2.2 SPE&HE4L

AT BN AR R AR IO | SR FH B — AR S VR A VAR pH L. IR L I TRV R I 7R AR
SR SPE BRI SEH6 2 3EAT T Ak . SR 20 mmol/L PBS Fis IR S bR UEIR M EA T2 5, 4 F NSAIDs
HFRYIH FE 2R 200 we/L, A SEs-BATIN5E 3 1R,
2.2.1 #HFminikpHERZNT

FERE T pH A B AR TR (AR AS | RISt e 7 W R 5500 2 v g/ S A, a2
S H AR5 W B0 2 18] AR LA, DR R A R TR pH (LR R SPE ORI — PN ZE B4, Sil-IL &
AT 75 2 Jot FE WK 25 YRR T RE AL, il 5 HAR Y Z ) R A Bk VERE . B Faci M AU 2 RE T . S8
PPN . HCS F14 Flt NSAIDs HAR# (NPX . IMC. KPF 1 TFA) 2> SV MBsrE . Ak PR e 259 R4t H
bRy, HZhH . pK, il 1gP GI&l 3 iz . SR 20 mmol/L PBS Bt il & itk 6 Ff H AR IR SRR, I
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1 RERS. Sil-SH. Sil-ImzAISil-ILAYIC R S Hrdd it
Table 1 Elemental analysis results of silica, Sil-SH, Sil-Imz and Sil-IL

TCEITHT el et
g 3] Elemental analysis Surface coverage amount”
Adsorbent c/ N/ SH/ Tmz/ L/
% % (mmol/g)’ (mmol/g)° (mmol/g)°
g s
el 1.290 0.000 — — —
Silica
22 H w3
”'LE_W?%‘ 4437 0.000 0.97 — —
Sil-SH
LT B T
PRI REARERE 10.651 2.386 — 0.93 —
Sil-Imz
ﬂ“llﬂ = 5 ] s R
g £ﬁ¥&ﬁm%{tﬁiﬂ& 18.236 2.187 — — 0.92
Sil-IL
RMHEA RSB IRSCR[36]; ° SHEREER RS AOSSE, HoA ARG & B Ima R REM R TR A AR, Lo BARYR A & it

P ILRORREI R IS (1 5 AL 71, Eﬁi*ﬁ%ﬁﬁk/" S
* The amount of functional groups on the silica surface calculated according to the reference [36]; * SH is the amount of sulfhydryl groups on Sil-SH
calculated from carbon content; ¢ Imz is the amount of imidazole groups on Sil-Imz calculated from nitrogen content; ¢ IL is the amount of ionic liquid groups

on Sil-IL calculated from carbon content.

Cl
HO NJ\
H
(2 K
R IR AL TTHIRA Mg 55
Propranolol (PPN) Hydrocortisone (HCS) Indometacin (IMC)
pK 9.50, 1gP 2.90 Neutral, 1gP 1.76 pK 3.96, 1gP 4.99
Cl
O
O,
SO
HOOC O O Eo0E
N
H
COOH
H*EE B %55 FE5F IR
Naproxen (NPX) Ketoprofen (KPF) Tolfenamic acid (TFA)
pK,4.84,1gP 2.88 pK,4.23,1gP 2.91 pK, 3.88, 1gP5.49

K3 AseaPrrfes456 . pK, fllgP {6

Fig.3 Chemical structure, pK, and lgP of the target compounds

NaOH Al HyPO, 157 pH L, 4518 1.6 7Y SPE J7ikfbATAE 0L, (H HREA 5% (V/V) F G- HY I iR
Y999 5 mlL, DA AR o8 U, 455 WL IAT 4.

T 1 REVE pH {1 (3.0~10.0) 7 Bl P9, BRE bR PPN Rk F AR HCS $57E 55— H Rk e
VR T K, HCS (9 RISCREEA RS2 R pH (E AR , 15 PPN (9 ISR LRE pH (4 00 FH 85 i
K, 16 pH=7.0 BREAFIR KA (8 4A) o XFF 4 FlTYE NSAIDs , 75 ERES I pH=3.0~7.0 i, 355745 =
5% (VIV) I RR-HY AV ORI i A v B AR e ok, JF EL ISR pH (ER T s o (151 4B) 5 44
ARV pHL (L F 7.0 TH2E 10.0 i, 4 Fh NSATDs #0546 55— HH BEpE th s /3 e BE , O ELBE# pH fETH

HUAE HBEDRIBLIR T 9 S S K (P 4A) TS A5 5% (VIV) R~ FR Rl A i iR g e
115&(1’;31 4B) ,{H 4 F NSAIDs 7 BERT 5% (V/V) H - B e e e 2 2 v iy RS RIS ACAR 32 pHL (B
W, 7E 90% LA o b BT, Sil-TL X B P A b B 4 0 W Y i KPR T, 5 4 R R
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A B
100 100
80 | 80 |
© 60 e 60}
> >
— S
2 40 S 40}
2 20} & 20}
of o
_20 1 1 1 1 L L L L I} _20 L L L L L 1 1 1 ]
2 3 4 5 6 7 8 9 10 11 2 3 4 5 6 7 8 9 10 11
pH pH

P4 RS pH (BN AR5 . (A) HESE TR (B) 5% HR-HY B et
Fig.4 Effect of sample pH value on extraction recovery: (A) eluate 1 with methanol washing; (B) eluate 2 with
5% formic acid-methanol eluting

NSAIDs Z [ £F7E & F 2 4 g K VE S8 2R E R o MHE R W pH < 7.0 B, Sil-1L Xt 4 F
NSAIDs AR B4 2 ad B FAC /B 2SRRI pH > 7.0 B, Bi/KVE FIBES pH (BT iz ik 3 5
YER . X ULEA Sil-TL J&H5A A/ BH B A8 e/ FH TR A R B3] o DAAE BB B8 P A ISR R TRIZ5
ke ek pH 7.0 VE g NSAIDs A fRefE FRE pH .

2.2.2 LHERE

AR RN SPE BCRI S —EH BN R . LA 100p E
T b2 S ECH PR RNSCRTT [ | TR /N R !
TAERCR . BET PR XS 4 FF NSAIDs % B[Rl

90
o\\°
A Sy E 80 —a— KPF
%E‘J%}u@ ,2£%IJ—ILA[7§] 50 %L#Wﬁﬁyg 1~3 rnL/mln HTJ‘, 8 —e— NPX
— S N 3 B ——IMC
4 BRI B0 0 R A T I I B TE 93% L £ 7O S

by Y EAEREE H 3 mL/min ZEZE0 AR, JLENICR G 60
Wi LA R IR AN ], %8 3 mL/min fEH N
L ER R : : F?ow r:te/(rflL/mifl) . S
2.2.3 HEiRETR _— ’

A R WA A e vER 5 LRIk
I TS AR SPE AESEATIRDE Rl o et o o e of foading sample on
BREFEM LAY T . 78 TS i & B S ) e )
(1) FP /K VA I T — 2 R TR IS, IR PR R YA . 7ERR S VA pH (EAR AL R v & B, JE FH % o R TR T
T FH FP B VOB R WACEE A R VROV DL, I B2 T R PR Ry . BRI, AR SR F W25 Itk
55 1258 H 20 mmol/L PB(pH 7.0) ¥k , LA #E AR B8 A mscPE T304 22 Bt , IR i 3455 NSAIDs Hiri 5
Sil-TL W BiE 500 22 [e] B s LR 7 5 28 2 A5 flt T i MLV R0 bk o 2 B3 i /K A PR B 7 SPEE i A 35
T BEHTH EERE SRR pH (BRI & B, B B R BFEAE SPE A rP AR B o A e 4 I AR A 25 Bk
RO, R A RIS B e R TP WA bk k0], X R AT T 2 48, SRR 254 PPN Flrp 2459
HCS 1EAETTHYIRED, B Hil & PPN, HCS f1 4 F NSAIDs HARY IR ARG R B T2 H, 430 %
ZAH AN FAFR) 20 mmol/L. PB(pH 7.0) M EEE T Sil-1L SPE #EJ5 , 5% (VIV) I R-FP LA e i 414y
H 4% HARY DGR AR L . (R EEFH R 5 mL, %57 20 mmol/L PB(pH 7.0) i) FH & X ZE USSR 1 52
M. 4niEl 6A 7R, 4 B NSAIDs HFRPIFE T % 5 A IAFR (2~8 mL) i [ P [ e e Ay B AR 4k KT
90%, T4 PPN Fl HCS JLF 58 29 J5bR o 275 7% I AL ACR AN ] | 5 Z43% 4% 20 mmol/L PBS(pH 7.0)
H AR 3 mL, HEE T ARARI(1, 2, 3, 4 F15 mL) FEEX TP E TSR, 45 R LK 6B,
FEARFCA 4 mL B T4E4 PPN Al HCS JEAR L BR5E 4, B HE 4 mL W BEIF TR 22505

extraction recovery
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A 100 B 100 .
NNI3 mL K13 mL
80F XX5mL 80  XX4mL
- L 8 mL | C5mL
o X
> 60F S 60
(5] N o "
z 3
3 40t S 40t
=1 i a2 5
20 F 20 F g{j
0 1 1 5| 0 md’—‘ =
PPN HCS KPF NPX IMC TFA PPN HCS KPF NPX IMC TFA

K6  WRUEFMAFRRTZE BRI . (A) 20 mmol/L BFRELZE 1Pk (pH 7.0); (B) W
Fig.6  Effects of volume of flushing solvent on extraction efficiency: (A) 20 mmol/L phosphate buffer solution
(pH 7.0); (B) methanol

2.2.4 BEBEFMAR

AR EREE R, 5% (VIV) I R-F A 4 Fh NSAIDs B AR5 B0 0 BB E 1) | ok £
5% (VIV) PRR-F AR N pE i, P54 T H R (2. 4. 6. 8 mL)X} 4 Flt NSAIDs BEBUASCR BRI,
ORIV 7. B GERHTE RIN , B DEIBOR TR, 4 F B brd o0 IR 8 B i hn . 52
A 5% (VIV) B RR-HY B MR R T 54 2 L,

100 - ZZIszESMmLXZ]émLL__;_;lsmL
N g 7
80 % ] %
- "
%60- ? ? Z
7 7
340- ? % 2
9 4
20} ) % ?
0- ? /

NPX

FE7 SR AU A % B
Fig.7 Effect of eluent volume on extraction recovery
2.3 SI-ILBWESH AN
Fr 5% Sil-1L W R A AT 8 2 R FPE | Sil-IL SPE /MEZUEDE , H 3 mL 5% (V/V) B FR- FY BEtEA 1k
VELABR 5% B A T, SR 5 F A2 64T SPE b B2 . 45 (151 8) %KW, Sil-IL SPE /IMEEZ AT 8 U5, 4 Fi
NSAIDs {4 [EISCR I LAEETE 91% A I, F2 1 Sil-TL HAG Sy i 58 R A
2.4 ZEEUMERELEE
R T 2552 Sil-1L X} NSAIDs AU RE , 56 F 3 i FH % R S AR IR B 35 (SampliQ Cg. Oasis
WAX Fll Oasis MAX) 5 F il /W B 551 Sil-TL i#E47 edss . AR B 551 45 FREL 200 mg, # 7 1.6 7157 SPE A%
SEHUTIL R AANLY SPE /M o TERAESLIR A0 T, R HUT 1A [R] SPE AEXS BRI 4 Fh NSAIDs HAw
Y23 AR SR T AR B AT, S R LR 2, AR5 ) 25 A IR B 55 Sil-IL % 4 Ff NSAIDs f) a1 SR 5 7
PR S AL IR A T B 5] (Oasis WAX FT Oasis MAX) A0, I HIIHE T SampliQ Cigo H LT UL, A5 il
A ) Sil-IL % 4 Ffr NSAIDs 1 EA 8 0F I #E L
2.5 FHiEFWIE
TEARISEG 560, SR AR IE S ST 1 Sil-IL-SPE-HPLC/UV J7 L4 PETE I . /B . &
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&8 W7 Sil-IL A E & A FH Pk
Fig.8 Reusability of Sil-IL sorbent
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Table 2 Recoveries of 4 kinds of NSAIDs using different sorbents as solid phase extraction (SPE) sorbent

Cig WAX Sil-IL MAX
&Y s EES ol g 228 o Ar 228
G " d e RSD/ Il RSD/ I RSD/ el RSD/
ompoun Recovery/ %, n=3) Recovery/ %, n=3) Recovery/ (%, n=3) Recovery/ %, n=3)
% 0, N= % 0, N=. % 0, N= % 0, n=
RS
73.6 1 v v 1. 2.4 7. .
KPF 3 9 93 3 91.3 97.3 3.0
. 2 4 4. 1. .1 4. 4.
NPX 76.3 3 89 5 91.8 3 94.0 8
HE| s 2 57
BRI 80.1 1.3 94.2 2.8 90.7 5.4 97.6 3.8
IMC
%E?ﬁjfm 82.4 4.8 96.9 32 84.7 4.2 94.2 2.8

T Cigr CogBBERERLIBN I (SampliQ Cig) s WAX: JSUMA/SS I B T ScHiR & BRI (Oasis WAX) s MAX: SOAH/3R B 7 Sl & B B
(Oasis MAX),
Note: Cyg: Cig bonded silica sorbent (SampliQ Cig); WAX: Reversed phase/weak anion-exchange mixed-mode sorbent(Oasis WAX); MAX: Reversed/strong

anion-exchange mixed-mode sorbent.

FRFIDRS 28 BE R AT T % 8%, 10 IR 1.5 1 A IR AL B AS (AR R B A5 8IS RV T ARE R I
25 A T T M 1) ZR 9 TR BE 9 NSAIDs 1R G PR fER ML, TR A B 254 T #647 SPE DL HPLC 437 7
3~1000 wg/L ¥ FETLRIP (TFA 24 4~1000 pe/L), 4 B NSAIDs (R B 5l FUEAT RAFAOLRPE G R HAH
KZEL(RY) H 0.9996~0.9998 ., J5iAK HIFR (S/N = 3) 1 1.2~1.9 pe/kg, EFRFR(S/N = 10) 4 4.0~6.2 wglkg
(32 3) 0 AITEMREUEE T E bR (4 F NSAIDs BOR HHBR H7 1~25 pne/ke) 0, I ELEE SR AL 3R
SRR g6, BE T AR EIME DMK, PR (10 F1 100 pg/L) 7S AR5 InprAs: il 2
377 H RN H [PRE 5 BEAIE , J5v4 0 H R H RDRE 5 BE 23010 1.0%~3.0%F11 1.9%~6.3% (5 3) , RIIA
T IPELF . DAZE SPE ZLBRJE 4 Al NSAID (9 B 5 S5 0 W rhovie B 1) LU (B R ' AR A5 8, T H A5 )
AJ7XT 4 B HERY) 0 s S AECh 9~10.
2.6 EERERSHT

K ST 1Y Sil-1L-SPE-HPLC/UV J5 54} 3 AR A 2i A= e S AT 0T . 6 3 Fh A= RE S b a8k
Kt 4 B NSAIDs . X 3 FhA-05RE S 70 4 Fh NSAIDs bRUEEBIEFT IR RIS SE 5 | 45 50 2 4 ZE W4
FRAKET, 4 F NSAIDs f4 [FIRCRAE 90.8%~105.3%2 0], RSD < 6.1%. K19 £k a FHIZE b R 2F ke S
FUINBRHE A 10 we/L B9 2E W54 28 Sil-ILSPE LA S /) HPLC 35, 1€ 9 i<k ¢ 4 100 wg/L iR & tr
VEVR IR E HEDERE Y HPLC 31K . S50 W RFF59) Sil-IL X 4 F NSAIDs B TR A L & £ 6 T, dEsr
(1) Sil-1L SPE-HPLC/UV J5 3 T F W%l i v NSAIDs 53 HrAsr I
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A3 Sil-IL- TR R AR (38 - S SMG I 7 4 (SPE-HPLC/UV ) K I AFINSALDs Y 43 MV RE S 44
Table 3 Analytical parameters of Sil-IL-SPE-high performance liquid chromatography-ultraviolet detector (HPLC-UV) method
for determination of 4 kinds of NSAIDs

o o R o H PR H [R]AE % J4
ey LA MR Hr iR FERERR Intra-day precision/ Inter-day precision/
) Linear range/  Correlation coefficient LOD/ LOQ/ % n=5 % n=5
Compound 2 (%, n=5) (%, n=5)
(ng/L) (R) (rg/ke) (ne/ke)
10 pg/L 100 pg/L 10 ug/L 100 pg/L
RO 3~1000 0.9996 15 5.0 1.3 2.3 46 2.6
KPF
2R
~1 ) 12 4. 2. 1. 2. 4.1
NPX 3~1000 0.9996 0 0 8 8
[IEI[iAS RVl
AR 3~1000 0.9998 1.4 46 24 1.0 35 1.9
IMC
LRI 4~1000 0.9997 1.9 6.2 3.0 2.5 5.1 6.3
TFA
4 AN[E) AR A WA f P ARE NS ALDs [ i [l i %
Table 4 Recoveries of 4 kinds of NSAIDs spiked in different brand milk samples
KR 1 KR 2 FEfh 3
ARHR Sample 1 Sample 2 Sample 3
fesdy Sj]‘kﬁiaf XV B B ELE
pl ed leve. R R P2y
Compound (/L) R , RSD/ R y RSD/ R y RSD/
ecovery ecovery ecovery
% (%, n=3) ”, (%, n=3) 0 (%, n=3)
W% 25 10 98.4 14 95.9 3.0 92.0 1.9
KPF 100 96.7 1.8 94.0 1.6 95.3 3.8
s rp: 10 91.6 3.9 101.1 2.7 90.8 6.1
NPX 100 923 49 96.0 3.6 94.7 1.9
B[ 57 10 92.0 1.8 95.5 15 91.4 3.8
IMC 100 91.3 26 98.7 34 942 1.7
FE2TR S 10 93.7 47 91.3 52 95.7 29
TFA 100 96.5 3.4 104.0 3.9 105.3 42
16
NPX

Signal/mV

0 2 4 6 8 10 12
t/min

(=)

K9 RIFRESH B HPLC %A (a) 28 Sil-IL SPE AEARBRAY A= WIRE R (b) 28 Sil-1L SPE AbFRA AR B
H 10 wg/L (AETRER s () R SPE ZbBREEHEFE) 4 F NSAIDs (W JE R 100 pg/L) R A PR UER R
Fig.9 HPLC chromatograms of different samples: (a) milk sample extracted by Sil-IL SPE; (b) spiked milk
sample (10 pg/L) extracted by Sil-IL SPE; (c) standard solution of the 4 kinds of NSAIDs (100 pg/L) directly
injected without SPE
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3 #Fit

il g T —FP A BB 12 EH . BKAE SRR A BN Sil-IL PR, IR HAE R SPE MR, 25
4 SPE Fll HPLC-UV %87 7T 4157 KPF, NPX. IMC 1 TFA 4 Ff NSAIDs 5% B8 iAok . 4551
FEWT | I B8 W AR T 2 AR Ak X R PR NSATDs SR ARG 1) A< B M A s SERE T, J2— Rl R 47 Y SPE
BB, BEAN, BUATREEAT O S5 i T E R R, P o B AR AR A BRI TR AR . AR T VAR A A
. RS MERRATRE . Sty A BT & b 250 NSAIDs /Y [R1AS
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Mixed-mode Solid Phase Extraction Coupled with High Performance
Liquid Chromatography for Analysis of Non-steroidal
Anti-inflammatory Drugs Residues in Bovine Milk

DING Jian-Hua, XU Wen-Ping, ZHU Yu-Ling
(School of Chemistry and Material Science, East China University of Technology, Nanchang 330013, China)

Abstract A imidazolium ionic liquid-functionalized silica (Sil-IL) was synthesized and used as mixed-mode
sorbent for solid phase extraction (SPE) of non-steroidal anti-inflammatory drugs (NSAIDs, naproxen, ketoprofen,
indoometacin and tolfenamic acid) residues from bovine milk. A method combining this mixed-mode SPE and high
performance liquid chromatography-ultraviolet detector (HPLC-UV) was established for simultaneous analysis of
four kinds of NSAIDs residues in bovine milk. The prepared Sil-IL was characterized by Fourier transform infrared
spectra, Raman spectra and elemental analysis. Then the retention mechanism of NSAIDs on Sil-IL sorbent was
explored and the parameters affecting the extraction efficiency were optimized. Experimental results showed that
Sil-IL had good extraction selectivity and high extraction efficiency towards four kinds of NSAIDs. Meanwhile,
the interaction between Sil-IL, and NSAIDs was mainly hydrophobic and anion exchange interactions. Under
optimal SPE conditions, good sensitivity was achieved with a limit of detection of 1.2-1.9 pg/kg. The method
displayed good linear relationship in the concentration range of 3-1000 pg/L. for ketoprofen, naproxen,
indomethacin and 4-1000 pg/L for tolfenamic acid, with the correlation coefficient (R of 09996-0.9998. The
intra-day and inter-day precision were 1.0%-3.0% and 1.9%—6.3%, respectively. The recoveries of four kinds of
NSAIDs in bovine milk at two spiked levels were 90.8%—105.3% with relative standard deviations less than 6.1%.
The established method was proved to be accurate, reliable, simple, sensitive and selective, and could be used for
determination of NSAIDs residues in milk sample.
Keywords lonic liquid; Nonsteroidal anti-inflammatory drugs; Solid phase extraction; High performance liquid
chromatography; Bovine milk
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