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Abstract

Establishing an ethanol/dipotassium hydrogen phosphate dual-aqueous phase system to extrac-
tion—high-efficiency liquid chromatography determines the Naproxen and Nimodipine in water
samples’ analytical method. The effects of different ultrasonic times, ultrasonic power, KH2P04
mass fraction and ethanol mass fraction on the extraction efficiency were investigated. The optimal
extraction conditions were further optimized by response surface test design. The results showed
that the best conditions of ethanol/dipotassium hydrogen phosphate dual-aqueous phase system to
extraction the Naproxen and Nimodipine in water samples is: Under the ultrasonic power of 200 W,
centrifugation speed of 5000 r/min, centrifugation time of 10 min, mass fraction of ethanol is 39%,
mass fraction of KH2P04 is 18%, ultrasonic time of 15 min, the extraction rate of Naproxen and Ni-
modipine can reach 94.73% and 88.57%. The method is simple, fast and accurate, and can meet the
extraction requirements of naproxen and nimodipine.
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1. 518

AR, 25 AN N BB 5 (PPCPs) E /KBRS R g A E A tH, ©4 5| 18 (1 Oy [1] o KA )
PPCPs = Bk T it WIZ5 W i HEBCRI N & (O HEM (2] . BB R, 2000~2004 4E(8], 5 A7
M2 RGN T 62%. BEEAESIIREMAN N ZE L™ E, PPCPs I k2 [3], MZEY
A= HJE B & T2 SRS N SR BE S . 2534 (naproxen. NPX)J& —fh i F B0 3E SR HT 24, (EEE 2
TN THUR . ERACLREN . BAEARRI, 2 ERSEKEPRE, BRKREBAZEE L2
KR < IR, B A i A RN [4] [5]. B FEHESF( nimodipine, NMDP) & — it S & it g 2545
FPUR, fEERS ) 2N TP KA . e sh 2 o MBI A B E R, BN JE Sk
SPA K A TR R, B E SR AT ThEE 245 E i 6] [7].

MUK ZER AR (ATPS) & —Fl¥ BUR A B BB, B 5 THOK . ESANIRAE . SR
BAEMIRIE . BICRE EE [8]. ARFREIR, XUKAE R CL4 BRI N 3 68 257 [9]. #adik R
[10] (Fsspitk. eFER. PRV BE)RARAN > &b, HACRESF. EHTENSN, JUFERGR TS
AR B SEHSF R BUK AR B e A B AR IE , Pt DA S50 AR 95 76 XK AR A4 21 5 9 A H 23 B R 30 AS TR
WARECE ALY S B R A, R VARG 1 R A 52 B Kb AR s R UK

R B PRI AR AR S HAREOREH v B ARSI [11], B DA Y B
J72 WA B . R U A N, A B RIS [12] AR ARROR H A, BT A
5 H A AR (B AL BEA . AL BIAR) . Rk, ASBIF 78R FH i 7 T 10 768 75 38t il Bl UK A A R
A ) 14 0 ) 2850 7 A A B 25 387 A= A J8 S F
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2. #REIRH
2.1. MR

0.45 um HIEJERRE, WREZE, 15 mL B0, B, 2.

ZE A (R R TR IR AR B TFREN =FEA TEERER S ERAF); BiRE Mk
Vi [ 24 4 A 2R PR A 7). SRR (UK VU B AL E B PR A7) s BEER — Z AN 14k 24570
IRATE]); HEE(tikal); LEE(Hral); T B 400 (rdral); Z K54 Hra)s sei K oAk .
2.2. {U28

Agilent 1100 24 = olobl il . WA BEFIR I 2% (DAD) (S5 ZHEE R AR A 7]); UPWS-1-60D
R ALK 38 (UM AR IS LR E R A F): GL-20G-H A& X m s AR B O L 22 s RS ),
MS205DU 4 B1 T KF(METTLER TOLEDO); KQ5200DE 7Y %4t i s v as (B LU i A AR X RS A PR A 7)) o
3. LW HE
3.1. fRAEHIZREH

FREUBRFE 0.2 g, INH EEAE 2 iR, JFH B E A E 100 mL BEIRH, Ardh “RIGPr s 5
BT UK IREARTE. ARG 5FE 05 mL. 1.25 mL. 25 mL. 3.75 mL #1 5 mL T 10 mL & &+ /A
FF AR 58 25 N A ) VR BE PR B A HE VA A o
3.2. BUKHEZERLE

FREL 1.0 g & A AR B B KFET 15 mL E.08 W, InAEEREAE, SFinEadik s 10 g,
EEREF, HERBEFR FER—EMNEGE, 8 TS0+, Z.0%83E 5000 r/min T~ 2L 10 min
Ja B # b 10 min, XUKAHE K. LML 0.45 pm L JEREL 3, #F HPLC JI5E .

3.3. BAERE RN MRS

BRI ZREG . PRENZEM A A R SR R, WF R BUKAHA R B ACEUA] . B A AR R . WERR
S A B R B R B 28 A RN B BT AR AR e 8 TR A R T, 7 BRI
FARIR IR b, DAZEM A RN JE S R ECR S WA, RS ). R A T B R BN A
AECH B A BT R, BRI 1,

Table 1. Levels and factors of response surface methodologies
%= 1 W ESTERSKEE

K
H#®
-1 0 1
Extraction time/min 10 15 20
KH,PO, mass fraction/% 16 18 20
C,HsO mass fraction/% 36 40 44

3.4. BIEERH

%+ - K F%F Hyprevail Carbohydrate ES A:4:(4.6 mm x 250 mm, 5 pm) (RIEEMRFIRF B AXER A 7))
FEIROAN 30°C; JiahAH: HEE - /K(65:35); YiiiE: 1.0 mL/min; HEFEE: 10 pL; JK: 254 nm.
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35 ERRHH

g 2 B AL B A 25 0 A R S PRI, R EAR R RUIR AT O G b, FEARA I T AR5
Pl P A R 8 ST AR BE, R PR 2 5 3 (AR [13] . SR Excel 2010, Word 2010
HEAT Bl A AT o

REELH /% = (V, x C, )/M x100 @)

ARF: VO EAARL mLs C A EARMIBIKEE, o/lL: MOAIIAIIZE S R E, g.
4, BERE D
41, HEE, BEMEREMESEEXRER

1E 3.4 il E N, T BAH R 250 A R0 JE S P AR e, DAREE (ma/L) TR AR AL FR(X), DAIE
TR ARAR(OY)BEATER R (105, [B1VA 5 FE oA o R B 254 A FJE Sl P78 0~1.0 mo/L JE I MR MR R R
Uf, RMEAS RS r>0.999, HARUFHIRBUE. LL3 {50 (SIN) i E J7 i 1k HBR(LOD), LA 10 1545
W LU (SIN) B 8 7 V5 )8 B IR (LOQ), EAR W% 2, Z538 A FiTJ Bt P Fr otk iy )W T AR R 14 1 B

Table 2. Regression equations, correlation coefficients (r), LODs and LOQs

F+ 2. MM SR BXRAK . RERKEEER

T LR BT izt R/ (mg/L) & B/ (mg/L)
A Y =9909.9x + 63.231 0.9995 0.06 0.19
Je B Y = 11844x + 74.333 0.9993 0.04 0.13

mAU

500

400

3001

Peak identifications: 1-NPX; 2-NMDP

Figure 1. Standard HPLC chromatography
B 1. frfEmiy HPLC &Ik

4.2. RIS -3 8 P 3R B UK AR 25 B R B2

4.2.1. BKHBERRIEE

AAERTO KL 400 - Hifg. @ O - Wk, © O - Bk 2. @ o8 -5
FRE 4. © LM - BHIRE ATIE 5 FoSUK AR Z25% 2835 4 A JE ST [ A BUSUR .

W 2 fros, MUK RS, i KHPO, 5 2 E 4 B XSUK AR BB R e . I 0.5 g
ZEAEA 05 g eSS, JEINEAiKE 10 g, AN 20°C, A DIFA 200 W, ARy 10 min 1)
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ZMN, ZEEAKERCRAEL 87.02%, JEFEHST A FiA 81.31%. HMAHF IG5 2L KH,PO,
55 2 4 B UK AR 2 S5 A 0o 7K A o 25 A 4 8 B T (R A HL
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Figure 2. The effect of different extraction systems on extraction rate
2. FNEIZERA ARSI ZEERZE RS

4.2.2. FBAERTE
£ 16% KH,PO, 55 36% LBEH I RUKARA ZR 1, IO 0.5 g 2535 4EF1 0.5 g JEZEH T, J5 hnE4liK
#10g, BN 20°C, EEE D) 200 W ISk, LR 7S I (R] 5~25 min, 25 82T ] 2 HCR 500 .
H 3 Frmlsn, BEERIREIN, 283 A4 F1JE ST I AR EUR Je & 33 BT, 7B I R4 15 min
B, TR REHCRIAR RO, @A RIS, K A A, T 2 AR R 8 ST (I
H, FEERCRII K. BT LR AERTEN 15 min.
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Figure 3. The effect of time on extraction rates

Bl 3. EfEX 2R R AR

423 BEIHER

1E 16% KH,PO, 5 36% L BEA AT XUKARIR &2 A, NN 0.5 g Z534:H1 0.5 g JE ST, e niEE ik
109, HEN20°C, HAEREY 15 min AT, EFFE A IHE 120~200 W, 522NN R RUR 157
M
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MIE 4 B, BEEDHFREE, 258 A0 e Sh-P AR IZW BT, R A s TS R RO
BREZIS, 25842 A0 JE S T i) R BUR R A B oK AH - i DU DI 30 200 W
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Figure 4. The effect of power on extraction rates

4. THERXZEMER NI

4.2.4. KH,PO, lRE 5y ¥

FERRE N 20°C, HEA IR 200 W, HAE AN 15 min (% 4F T, M KH,PO, IR /041,
A3 AIFREL 1.2~2.0 g (B 25 50 12%~20%) 1) KH,PO, 55 i 243 % 36% [ 2.1, 0.5 g 253 2EF1 0.5 g JB 2L
HoP Ry 10.0 g SUKMIR &R

W 5 fitaw, BEF KHoPO, 157 8 43 B3 in, 2834 A2 8 B SF (O RE IR S0 2 121 - FF, 76 KH,PO,
(1R B BN 18%I, — F UK AIA B KA, 24 KH,PO, )5 B /3 30w i, KH,PO, #r i 181845 %,
SEAERCRM T . BT AR KHPO, (15 & 43 20N 18%.
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92 /0/\\
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Figure 5. Effect of KH,PO, mass fraction on extraction rate
5. KH,PO, HY L2 43 $ 3 25 B R B 221

425 ZERESHE

TEHE N 20°C, FEFEIhEN 200 W, #EFE IR 15 min (25 4F T, 8002 ZBERI =250 2
FREX 3.2~4.8 g (HP BT &5 £ 32%~48%) ) £ 5 i & 73 1 18%11] KH,PO,, 0.5 g ZEHFA4H1 0.5 g Je St
Fy% 10.0 g XUKHIE £ .
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EE 6, BFEE CEER R & BN, 2538 A4 R Je BT ) R BUR S 2 W BT, TE ORI R
BEHCON 40%I, T EREUREE R RRME, M OB E S B m, TR AR 2 AR R
TEH P R IR P AR, NTIHNE] T S EH AT, SECERCR T M. B LA LB R 2 Bt
5 40%.
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Figure 6. The effect of C,H¢O mass fraction on extraction rate
E 6. ZERIRE D BXIZERENEMN

4.3. MM EERUKEERS 54

4.3.1. HERIEEST

MRIEPIREER, EHAETIE 200 W IIZRAF T, PR A I ] KHPO, i 573 HUR Z e f5t 57 £k
NEAR, FHCEENFEAE, KA Desgin-Expert 8.0.6.1 # AT 3 (K135 3 /K1 mi 5 ISR 50 T Je 45 51
W 3.

Table 3. Design and the results of the response surface analysis
3. MM EIRE IR 5%R

A e B 7 I E)/min KHPO, SR /%  ZFERES % ZEWARECRY B FARECR %
1 -1 1 0 85. 01 83.83
2 0 -1 -1 88.11 85.87
3 -1 0 1 84.44 81.09
4 1 0 -1 90.1 84.80
5 0 0 0 95.23 88.17
6 0 1 1 87.70 83.05
7 0 0 0 95.20 89.32
8 0 0 0 94.98 89.15
9 0 -1 1 84.40 81.09
10 1 -1 0 85.32 79.84
11 0 0 0 97.23 89.74
12 1 0 1 89.67 81.37
13 -1 0 -1 91.74 82.77
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Continued
14 0 1 -1 89.04 83.36
15 0 0 0 92.32 88.03
16 1 1 0 89.44 83.19
17 -1 -1 0 87.31 81.04

4.3.2. FZEMEEIRIEER

1) ma RIS R R TT Z T

% 4 1%, Z5EA(P = 0.0015 < 0.05) iR EIH AR B 2%, 258 2E(P = 0.7693 > 0.05) 1 & IUA
B WA T 2T R, AR B X 25 Ea’mﬂlzﬂﬁmunf B, C R AEICR R
WiV 2 o % DAL 306 283 A AR B R 0 (1 K /MR UK ST B 50 B > KHPO, i & 704 > B ]

Table 4. Analysis of the variance of the secondary regression model of the influence factor of the extraction rate of NPX

F 4 FEEENMRYWEA T REVAREFENS T

T3 ZERUR S5 A H ¥7 F{H P {H
Modle 254.59 9 28.29 12.53 0.0015
A 2.03 1 2.03 0.9 0.3746
B 4.58 1 4.58 2.03 0.1976
C 27.31 1 27.31 12.10 0.0103
AB 10.30 1 10.30 4.56 0.0700
AC 5.93 1 5.93 2.63 0.1491
BC 1.40 1 1.40 0.62 0.4562
A 52.27 1 52.27 23.16 0.0019
B? 92.95 1 92.95 4117 0.0004
c? 37.42 1 37.42 16.57 0.0047
Residual 15.80 7 2.26
Lack of Fit 3.55 3 1.18 0.39 0.7693
Pure Error 12.25 4 3.06
R? 270.39 16

22 [l AR AL A, = DR O WA AR A 20 T LA AR =00 IR FE R -
FEHUA = -472.06 —1.00A+37.29B +12.20C +0.16 AB + 0.061AC +0.074BC —0.14A* —1.17B* - 0.19C?

2) SRR A E S RACKAE

Wi 7 BraR, 25 AR ZEECR R R I F O AR, ZERCRASUKAHAEBUA R ) = AR RS R
RAIE K Z . AB HITHIEBE, W [A] AT KH,PO, 5 &4 H 2 [R] K AH BAE FH S o 2 T AC. BC i
BN, FHI TR 2005 R B0 H A N KH PO, Ji &7 HM 20 5 B 70 B 1A AR ELAE N, BE%
ERSEE >, m SRR, X5 T R — 3 BB B RE AL FRoE AR AR
fE, >KH Desgin-Expert #1415 21258 A R R I B KM AR, BF IRl KHPO, JRE 24 ZEEf &5
BOGE R FRE 435 9 15.18 min. 18.14%. 38.82%, #EHNZf% K{H A 95.30%.
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Figure 7. Interactive effects of the two factors on extraction rate of NPX. (a) Effect of ultrasonic time and KH,PO, mass
fraction on the extraction rate of NPX; (b) Effect of ultrasonic time and ethanol mass fraction on the extraction rate of NPX;
(c) Effect of KH,PO, mass fraction and ethanol mass fraction on the extraction rate of NPX
7 ANEREEERERERENREERE. (a) BEENEM KHPO, &5 Xt NPX ZEREMFI; (b) BA
JRES BRI Z B2 B8 S 3%t NPX ZEBRERSZNE ; () KHPO, FRE 7 AN Z B 2 53 B3t NPX ZEBUR B9S2
4.33. REM 0N EHINIELER
1) maRLESE R R ITEZ5 T
H17 5 7%, JESCHF(P = 0.0011 < 0.05) (X [AIHT7 AR 2, Je#F-(P = 0.1010 > 0.05) ¥ &AL IHA
B IR T Z T AL, AR B X ESEHIS AR A AN 2, C X e S A EL AR 1)
SN o % DR 300 JE S M P 2 AR S MA OB PR R /MR IR B B 43 8 > KH PO, i & 7348 > I 1]
SRR RS, =P8 3 e RLAE ) s n] LU DL R =70 ZIRT R R

FHU# = —345.15+5.35A+21.97B+9.97C + 0.014AB —0.022AC +0.12BC - 0.16 A> —0.74B* — 0.15C?
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Table 5. Analysis of the variance of the secondary regression model of the influence factor of the extraction rate of NMDP
5. RRMFEREZMEF U REVIER HFE S

T3 ZERVR Rl H o) F{H P {&
Source Sum of squares Df Mean squares F P
Modle 165.41 9 18.38 13.98 0.0011

A 0.028 1 0.028 0.021 0.8889

B 4.64 1 4.64 3.53 0.1025

C 14.31 1 14.31 10.88 0.0131

AB 0.078 1 0.078 0.060 0.8141

AC 0.77 1 0.77 0.58 0.4703

BC 3.94 1 3.94 3.00 0.1270

A2 65.15 1 65.15 49.55 0.0002

B? 37.23 1 37.23 28.31 0.0011

c? 25.09 1 25.09 19.08 0.0033
Residual 9.20 7 131

Lack of Fit 6.97 3 2.32 4.16 0.1010
Pure Error 223 4 0.56

R? 174.61 16

2) #RRZZEAR AN R S5 AL IE
ik 8 Fz,  JESEH-T AR PN (T AR, AR ASOR A AR & AP =N R R 2 8L

IR

20.00

EEERE

HEE
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Figure 8. Interactive effects of the two factors on extraction rate of NMDP. (a) Effect of ultrasonic time and KH,PO, mass
fraction on the extraction rate of NMDP; (b) Effect of ultrasonic time and ethanol mass fraction on the extraction rate of
NMDP; (c) Effect of KH,PO,4 mass fraction and ethanol mass fraction on the extraction rate of NMDP

E 8. AN ERM FENEREZBMRXEIERE. (a) BEMAIEIF KH,PO, BE 5 #%T NMDP ZEEZERFN; (b) #B
PR AT B A CBE R E 57 BT NMDP ZEBRERRISM; (c) KHPO, TRE N HMAMZEERE 57 # Xt NMDP 25 BUEE HY #20

TR R . AB HITITRCSE, 2 BH I IART KHLPO, Jii 8 43 % 8] A BAE F BN B &5 1 AC BC Hh
P22, BTN 20 5 B2 B0 B KHLPO, Joit &2 M 2.1 5 B 70 B 1) Ak AR FR s, B
BAE 3 sk >, ma RN AR ARG N, X 5T T A R 3 AR B R A e AR A
KA, K Desgin-Expert #AF15 2] JE SV R 1) i KM BB, B[] KHPO, i 4. L RER
BB N A 2 7108 15.11 min. 18.17%. 38.97%, AEHUZ A% AAE N 89.09%.

434, RMFEWMEGWIE

DRI AEG 25 R B 5 LI — 5, BRI SERR B AE M E R, IR HUEE I A A8 B~ e A 2% A
BIEN: Th% 200 W, B[] 15 min, KH,PO, il /341 18%, CLBEiE /7% 39%, TEMLA/F NRET 3 ik
IOUESEEG, W H 25 AR A EL RN 94.73%, JE SEH P HL A 88.57%, 5 TR LS REAMFF, H
HEMERI

4.4. i

XK A PO & A BOKAE 288 A A JE ST, S 1 BRI R 25 0 A A e 5
P ) o RO IR BRI 757 SEER R I, XUKAH AT AR U S KRt 25 38 AR Mg S, BT i
SLETTIESR IR RAERIAE . eRRELr . REUER . BUIHED HARPUGR S, REWE T 2 SEPrFRE ih 2 Hr
MK . 38 FIZTTVEA AT RE R T I 58 SR /KR v R 258 AR M 8 St P SR A B R 24K 3

E&WE

WL BT 73 Al 55 H (LGC19B050010) .
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