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TEE: MR TIRE S, Wl TR ILAETEL (Cell-COOH ), MR RN EE, I T
FET AR EAE AL - = O S R, TR 2R E . R FTIR. XRD. SEM. XPS X
Cell-COOH S5 T T A Pifb T EIAZEIGRAF, FXEHAERM: . JrTHiae )y . W EE R M Kk 17
PESEFT T IR, 4553, Cell-COOH R &ARIEEREA, MIARPIEABAFMTRHEE S ; A FHAbE
T2 AL T TIT  RIARI T BRI R AT TYLRE ST, 2656 7 UMl F A 2R B DSOS ARRELE 92%
DI Eo 1€ pH N 8, ZEEUH Cell-COOH Fiht 0.50 g/L, ZEHUHTE g 30 min, PeMHI T4 0.8% 0 ERER |
VEMIRIHESN 0.08 Lig (ZEBGH ). WEWAETE S 20 min BYRAESMT, ZENL RS 0.01~2.00 mg/L
(R*=0.9973 ), Kb N 2.5 pg/L, ERBRHN 8.0 pg/L. ] Cell-COOH X SZPRIRI A RIS T T 26 HL, H:
FEEURISCR A 74.41%~82.14%, FISTAREMmZ (n=3) N 2.32%~6.85%.
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Analysis of amphetaminein urine by cellulose-based
solid phase extraction material

LUO Jing'?, WANG Luying', LIU Yifan', LIN Chunxiang"’
(1. College of Environmental & Safety Engineering, Fuzhou University, Fuzhou 350108, Fujian, China; 2. Fujian
Huaxia Energy Design and Research Institute Co., Ltd., Fuzhou 350003, Fujian, China )

Abstract: Cellulose-based extraction material (Cell-COOH) was prepared from cellulose modification with
acid anhydride for amphetamine enrichment in urine, and characterized by FTIR, XRD, SEM and XPS. A
solid-phase extraction technique coupled with high performance liquid chromatography based on Cell-COOH
was established for the determination of amphetamine in urine. The solid-phase extraction conditions were
then optimized, while the interference resistance and reusability of Cell-COOH were evaluated and the
feasibility of this technique was verified. The results showed that the surface of Cell-COOH contained
carboxyl functional group with good adsorption to amphetamine. The method showed good specificity and
anti-interference ability under the interference of other abused drugs and urine co-existing ions, and the
extraction efficiency could remain above 92% when used for the seventh time. Under the optimal extraction
conditions of pH=8, extractant dosage 0.50 g/L, extraction time 30 min, eluent of 0.8% (volume fraction)
hydrochloric acid, eluent dosage 0.08 L/g, elution time 20 min, the linear range of the method was among
0.01~2.00 mg/L (R*=0.9973), and the limit of detection was 2.5 pg/L with the quantification limit of 8.0 pg/L.
The extraction recovery of amphetamine could reach 74.41%~82.14% when using Cell-COOH as solid phase
extractant in actual urine, with the relative deviation (n=3) of 2.32%~6.85%.
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1.1 E#, RFSEE

LFHEZEHY CRiAR 90 um ), PR FRRET (PMDA ) (Ji
HOEL99% )., B N (5 ). (R)-(H-1-KE (5
HIE=99% ). KCl (JTTE5140=99% ). NaCl (Jiit/34L
30% ). NaNO; (AR ), MgCL #7 (<200 um ), CaCl, ( Ji
5340 96% ). NH,CI (AR ), Na,COs (T /3%50=99.5% ).
FeSO,»7H,0 (AR ). Fe,S:05,H,0 (Fii/i4=99% ).
T (FR4=96% ). JKZ (AR ), JUMRIMAR (Ve,
T E=99% ), IR T AR RO BR A ] 5 1
bR (JIEsE36% ~38% ). NaOH ., N,N-—HIFEHI i
(DMF ), AR, EZJEAIARFIERRAR]; HEE. P,
NG, tokal, SEEER R ek, Al

AVATAR 360 7Uf B AR 4 21 AP, R HE
Nicolet /A ; Miniflex 600 % X SHEMRATEHMY, HA
ik ot s ESCALAB 250 8 X B4 FREREY,
Z£[E Thermo Fisher Scientific 23] ; 230 ZIF945HF iM%
5%, 95E FEI/A#]; STA6000 I [ shiftRERIAE BT,
2[H PerkinElmer 23] ; LC-20AT EEiiikH EiAy,
H7< SHIMADZU /A ; HB digital A48, RIS
FABR/AE]; DW-HL100A1 BUEEIRA GAH A, Rk
P A PR F] 5 Lab-1A-50 BT,
JC B AR A PR AR
12 FHEFRHE (Cel-COOH ) HFl&

Z:7% CRR[241 7 15 Tl & JE R AR i, B AL B
9. K 3 g PMDA Jil A 40 mL DMF 1, #7530 min
M, BMIEHRREE = DR IFmA 1 g
HEZE Ry, BT 115 CRimB, 7E5%3 300 r/min
MZAE TN 1.5 he RMZHRIE, fFHAHZEER
e, EVE I AEAK . RS EL 3 WK,
SEIRWL T REE R 1 mol/L 9 HCL AW 24 h, 4R
Ja B Ak R vk =k, fJEHE T-80 °CUk4E
FHAY 2 h, 7E-40 CHYARHTEILP T 12 h
138 H AR AR ARY T Cell-COOH.,

1.3 FAMERMERENK

SR B AR 0 2T SRS ASONT P S5 e A T
TE, PEGE A 600~4000 cm™'; SR XRD XFRE S
M) RTINS, TAER R R 40 kV, TAEHRKTN
40 mA, FHTEE 5°~60°, KK 0.02°, FHIEH
oM 1 (C)/min; SR X S T BB ASO A R i
FPERAE s A 7 0B 0 b4 R 2R 1 T SOOI 3 36
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ANCTEA I TEE R FRAE LA AT R 22 R e M s R
FH B 3l a2k 4 (5] 25 3043 B A A [5] 35 770 rh i 6 1
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BRI 25~600 °C. FHE#ZA 10 °C/min ),
14 ERERLRE

WERFPRBOE A 10 mg, AW BEAMITFERE
50 mL AR I, e SBT B R 200 mg/L K
VAR At A VA R, ol P i 7y LA B 2 B et ik
£ 0.1 mg/L, T4 °CIRE, %M.

A AR A B AR R B A 1 TR

o 2he

L B {%Hﬁ ' DL HPLC

+ AMP 3 Cell-COOH ¢ HCI1

B FEARAC G R B 1A

Fig. 1 Schematic diagram of extraction process

BTN . ¥4 10 mg Cell-COOH fIA &4 20 mL
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1E 25 CHUTEIRFEIRH PR AL 30 min, o FHE 25
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g ot

HHgR PMDA

R1% ="V 1100 (1)
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e p MR P ORI KB, me/L; VoA
Ve AT, mL; po A A& BRI 2 A i 900 4 Jo i ¥k
BE, mg/L; Vo HHILR T WA
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K. Ca*". Mg”". Fe*". Fe**. NH,". CI'. CO?% .
SO; . NO;. FiZifh. JRZE . PUIRIMLER AR A e i
W (0.1 mg/L), LK 20 mL &4 0.1 mg/L 44 i il
H A 259 (X By . BT R mRms | JRPETT .
TR, AT WIRGW, HHREEA 0.1 mol/L 1Y
NaOH /K&K b iAW Y pH I 2 8, I iA 10 mg
Cell-COOH, 7F 25 °CH1EEHE R ¥R 3% %6 B 30 min,
&9 43 5 I {8 A 1 mL B 430K 0.8% 0 HC K
T Cell-COOH PR 20 min. WA PEME# , 45 0.22 um
P S, FT HPLC R,
1.6 HmLEFHE

fERER R 2 28 A PRt . K IR A HTR
ik FRRE 10 A%, FFHMEEE R 0.1 mol/L ) NaOH 7K
WK pH M2 8, B0 (1000 r/min) 10 min P14}
BERES P E RS, BB T O E, B
F-10 CUKFHRAT

2 HR5WE

21 HHEZEZFESBNEHRRE
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FMR X 2 T Mg B4 W B A 1) e R IRk M R v
PMDA W54 4% —OH & A Mg b Iy A4 i,
Cell-COOH, —OCOCO—AHM K5I AFREL, BT,
KRR R TR PRI 4k 2 5 47 4 £ F—OH #E471g 1k
KR, T 45k T Cell-COOH | AY—COOH 5 4F
Y& b —OH 4kLe N, B T — MR EE #4912,
H R =W s

Cell-COOH
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E 2a M 254 KRR K A UM B 21 A ] TT
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Fig. 2

b HYER AR T —OH A ARAF IS AT Tk 55, H
TE 1711 cm b UL C=0 HERYHRIENE , KIS 4E %
LRSS RN, HochE AR R BRI
1. & 2b M EF4E 2 5UEHS Cell-COOH ) XRD o
A LABH, YRR 20=15.1°5 22 30 (F1rer4e %
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Cell-COOH 7£ i WA A 177 56f s 0 ik 155 BH Wb 9l 55, R A
PP I AR T AR 2 2R G S B RN AE , (ELZE
HFEAK . [N, @it XPS 430 1 ook A e Aok 2 i
B 2ZS (K 2c 1 d), BERTAF4ERD C s
R 8l C—C/C—H (284.8eV), C—O/C—OH
(286.5 eV ) Hl C—O—C (287.9 eV) ZHKE", i
Ak S0 5 2R 4E 2 i) C—O/C—OH W3R S AT T
&, HAE 288.9 eV AP T H A, HEHRN O—
C—0U¥ RV J5 £F 4 IR T, HA R
FRI IR I A

Y E W ATE R SEM UK 3 iR il LIE
A A S R 0 et i R O VN2 L L U e Y e L)
MRLR R L, BB Ry R, X RS
W I I [0 ) 2 fh v R K, A R W s 1 g 1A T

B3 £4E% (a. b) M Cell-COOH (c. d) HJ SEM K
Fig. 3 SEM images of cellulose (a, b) and Cell-COOH (c, d)

AT %55 Cell-COOH 7 A [R50 S Ja T B
FEME, MR T 7EAS RV 00 R 1 A6 UM Ak i 21
SIS R E IS, R NE 4 iR . A 4a 1]
PIBE N, ERPREBaiK . B, N R iR
WE, HLsMEE R &AW B AL (BEmIA R
IR LS, BPRHE 1711 em ' AL H C=0 W58 4 155
PR, DA BRI TR TE— R B b SRR R R
FLEEN, JE S AE B A v O 3k G B A 7 ) 4
& 4b T L, it i A OB A EE i 4 5 R
AR PRI AT RV 55 1 TR R R AR A 25~240 °C,
FERIKAE R RIS SRETHS E 240 °C
PLEBS, MR B IR B R, vl REZ th A0k
F S P A 20, n] R SR IR S R E
240 CNPHRILH BT IR EME . 28 Lrk, %
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Fig. 4 Chemical stability (a) and thermal stability (b) of
Cell-COOH

22 EEEREEMMTK

R T I £ 2 2R HE B L X A T 1) e A B
ROR, XAEWURAT (B pH . 2GR & . A2 U
] ) FIVEE A& CUEmERIANZE . VR = . Ve
B ) STtk

KN R T35 A VLIS, RIREAE T35,
B, W pH ANXRE R 0 A 5 B TE 7KV T B fid
B, ISRERS W T 4E R AR UM RHR R SE A i e RS, A
AR . R E R 0.1 mg/L BIZRA
JHe bR 7K REARFR[E 2 4 20 mL, 76 A5 B R &
0.5 g/L. ZHUHE] A 60 min, PEAEH R AF > Eh
0.8%M HCI1 KW . VR MG FH &4 0.1 L/g( AU,
TE ). BEMLEEE] A 30 min B &E T, BF5E AR pH
XoF A5 HURE L 2 ORI RO R 52, 25 5 LI Sa.
ALLEH, MIEWR pH< 6 5> 8 I, F4ERXTAN
Jiig B AE B RTSCR B B AAIG, 2 < 50%; 1124 pH oy 8
W, FEEGOR i, X FEREENTE pH AR,
N FAE K EE L, CoH N B IR A, 5
— 7T Cell-COOH [H R MBI B Z W H' Ik
FER ], (ARG Cell-COOH Z [M]ANREMKSE
FE S I EAER, SECEIRCR R, AR
pH MK, Cell-COOH i [ FRILE A fiff 25 N —
COO, frRIFRME M EMINZE, SKPHEFERN

i P R A EL A S, (15 K USRS B T
24 pH>8 Ji, ZRPMAE K TR T 2508 8 e A 4y
T, FERP R Z FRAC, AR T AU
HEAFPYS B, AR pH M 8.

GRS i A BSOS, BE
LFAEBGA SRS Z, iRty ERM Sk 2, %
BUSCR AL REAS B3 o, BRI, o AR G & i
T RSCAS R & o R T R e A B A B R
16 pH N 8 ZEHURFA] Ky 60 min . P& A IR FR 7 %k
0.8%F) HCl /KW . Vel A4 0.1 Lig. BB AT
[8]24 30 min B 5514 T, %42 Cell-COOH Ff ( #1il
TE 0.05~2.00 g/L) X RPN AL B RISCR 2 m, 45
AN Sb iR AT AR H, 2579 B G A B[ )i 2% i
# Cell-COOH FH & Ry 3E AN 3G fin , i >4 W B 55 FH
>0.5 g/L Ji, EGCRE TS, Fit, B0
BAEHTEN 0.5 g/L,

16 pH hy 8. ZEGRI A HH 0.5 g/L . PEBEFHI M 1A
R 48 0.8% ) HCL KW . BEBE IR 0.1 Lig,
VEMEET R A 30 min Z50F T, 48T AU (] X 46
BUSCRAG S, 45908 Sc, Al LAEH, AU
6] % 10 min B, A& U REXF 2 9 R A4 26 B[] % nT
ik 84.4%, AEHUNTE] A 30 min B X A48 P4 Jig A 2% B[]
R IR B e R E 97.8%

LR R VR R X AR B4y B E AR A
IR, VEMRIRNE . R MR i DL R Yk R (]
SRR H bR A FE B BB 5850 DE i GBS 80
TEVRMERI B 0.1 Lig . YRGS ] 4 30 min (192551
T, B THE, HRR (FA) -HFEE (FA KB
5% ). B ECR 0.8%I1) HCL KT . WFUECH
0.8% M1 HC1-H BRI 4 i 00T A P e Pk Rt 25 5 1
S, ZEHLULIE sd. PTRAEH, SHALERA L,
DIRFRA SR 0.8% 9 HC /K %W R PEL I, 2R HL
ISR 1k 97.8%, Wt T HAE ]

VEMGH A B K, PR By, (R R R
2 PRV R A AT B BRI, I, RS
TE PP A, TR BE AR IR v 1 25k SR S A v b
R, fEEAERECR, K Se iy pH b 8. ML
FIHE N 0.5 g/L. FHFE R 30 min, PEMEH] 4
HT 48 0.8% 19 HCL KA . VEMGESE] 2R 30 min /Y
ZAFT, VR B X 2R TR e A USR5, mf
IEH, Bl Ve S A3, AR ER R CR o p
23, YA >0.08 Lig W EICRE T V2, K
I, el PRI A &N 0.08 Lig,

I, 7€ pH iy 8. WG HE K 0.5 g/L. ZEHL
1] 2R 30 min , PR AR TR 2048 0.8% 1) HC1 7K %
W, VRN 0.08 Lig BT, 2T UM
s [E0) X 45 TR e 2K USSR (R s i), 5 SR AN &1 5€ T
ATLLVE N, RlE VR BE TR AORE K, R RDSCR AN T
THE, IHAE 20 min 58 T F1
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Fig. 5 Effect of extraction conditions on recovery of

amphetamine: Solution pH (a), extractant dosage
(b), extraction time (c), eluent types (d), eluent
dosage (e) and elution time (f)

ZE LR L A R AU R TR BN 0.1 mg/L
RPIE AR R B AN pH=8.0 AL
R 0.5 g/L. ZEHUE] 2 30 min; PEMGZ51F 1A
UL 0.8% HC A WAEGENR . BeMR &2
0.08 L/g (KB ). PEMERSE] R 20 min, 7ELLAEMF
IR Y AR B RNSCR AT 3K 98.3%

23 ZMEESKRHR
23.1 Fiktite R, £ERAGEAE

Pl Cell-COOH m#HUH, 7€ pH=8.0, #& B
HOM 0.5 g/L, FEHUE] A 30 ming PR A AR
ST EL 0.8%I1%) HCl /KIFWAEBERL A . BEBE I R
0.08 L/g., LEMLIE A 20 min 254 F XF 4P e k47 [
FHAEHC, MR R K H FR( LOD ) & 5 FR( LOQ ).
FERRE X IZEE I T I, S5 1. R 1 R,
fE 0.01~2.00 mg/L &I, ARG 28 79 i Jot i vk B
5500 0 o VR B RE B, H T AR R i A O R AR
(R*) 4 0.9973, 43#ILL 3 5 {5ME L (S/N=3) i1 10
fEEMELL (S/N=10) B2 J73k pks: BRI E et B 43 5]
2.5 F1 8.0 pg/Lo A, 38 1k X Sl 7K A mas S 5
HET RN MeAE 3 Fh vk B KSF (0.1, 0.2,
0.5mg/L) F, FEMHWHHRAEHE (RSD),
SR 2, SR, 3 ASKE B R 2 R R
1 83.7%~101.6%, H P H [8] 5 AH X Fr 5 A 22 43 51)
TE 2.10%~4.71%F1 2.45%~3.48%E FE N . Hta] U,
A 5% T 38 37 R TR I 1) A N v L A A AT 1 R
B R E I

1 PTESLITER AR A S H. LOQ Fl LOD
Table 1 Working curves of established methods and related
parameters, LOQ and LOD

LT, MR ) LOQ/  LOD/
V" e (eomg) X el (g

WM 0.01~2.00 y=42.75x+1.71 09973 8.0 25
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Table 2 Intraday and interday accuracy of established methods
S BT

RSD/% (n=3)

gy R — o
0.1 94.1~101.6 2.66 3.48
0.2 90.7~97.0 2.10 2.45
0.5 83.7~99.2 4.71 2.84

24 BHRESHTHMERE

F T IE W PRI AP I M IRAT A 1) AT REVE AN K
AR H AT B A I B R PR A RN S
Eah, IHEN FOR R W RE, Mok, T R
ATREAFAE BB M I 25 (X L B2 2Emy . Bl w] K
MELRPEIT TR AT ) DURGRE T (R
ULEABHE T MR . JRE . PUIRILAR ) X RN I
A WA, 255U 6.

a

FER T /%
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Table 3 Determination results of amphetamine in urine

FERL ARAKCOFA(mg/L) RO/ % RSD/%
0 _ _
PREE 1 0.1 80.94 2.32
0.5 82.14 6.85
0 — —
JRAE 2 0.1 74.41 5.14
0.5 77.88 3.50
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