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sive micro-solid phase extraction DMSPE)

( liquid chromatography-tan—

dem mass spectrometry LC-MS/MS) 6
PCs o Fe,0,@ ZIF-67 DMSPE
6 PCs N
1
1.1 FeCl; « 6H,0.NaHCO,.L-
+Co(NO,), * 6H,0.2- ( =98%
) (
36%) . ( 28%
) NN
( TEDIA )
o (- amoxicillin AML) |

V( penicillin V. PNV)

( cloxacillin

( ampicillin AMP) |
( oxacillin OX) .

OB) . ( dicloxacillin DX) ( =
98 % Dr. Ehrenstorfer ) o
: 6 PCs 5 mg(
0.01 mg) 50 ml
. -4 C o
Fe,0,@ ZIF-67 ’ .
1.2 6  PCs Eclipse XDB-
Cg (3.5 pm 2.1 mm x 150 mm)  HPLC-MS/MS
( : 4000 AB SCIEX ) o
140 C; 110 ple A
B 0.1% ; :0.00 ~3.00
min 95% B; 3.01 ~ 13.00 min 50% B; 13.01 ~
16. 00 min 25% B; 16.01 ~20.00 min 95% B.
0.3 ml/min. ( ESI) ;
1400 C; 5500 V;
:0. 055 MPa; :0.079 MPa;
6 L/min; 190 V; 10
A% ( MRM) . 1

( transmission electron mi-—
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croscope TEM : JEM=2010) .

( scanning electron microscope SEM : JSM-
6480LV) Fe,0,
Fe,0,@ ZIF-67 .
( . Autosorb=Q
Quantachrome ) Fe,;0,@ ZIF67  BET
o X

( energy dispersive X—ray spectroscopy EDS) (

IE 300 X ) Fe,0,@ ZIF—

67 o

1 6 PGCs
PCs
(' min) (m/z) (m/z) (V) (V)

AMP 7.45 350.1 160.2 50 20
114.2 50 22

OB 9.62 436.4 160. 1 70 47
277.3 70 18

DX 10.26 470.1 311.0 78 20
160.2 78 20

0X 9.28 402.0 160. 1 68 19
243.0 68 19

AML 1.58 366.2 208.0 50 20
160.0 20 30

PNV 9.04 351.3 114.2 50 30
160.2 50 39

1.3 Fe,0,@ZIF-67 PCs DMSPE

1.3.1 10.15.20.25 mg
Fe,0,@ ZIF-67 PCs 500 ng
50 ml (2 000 r/min) 10 min
Fe,0,@ ZIF-67
HPLC-MS/MS PCs
o PCs
(R) .
1.3.2 10 mg  Fe,0,@ ZIF-67
50 ml ( PCs 500 ng)
0.1.3.5.7.10.15.20.
30.60 min PCs
1.3.3 pH
pH3.0~9.0
10 min. “1.3.27 pH
1.3.4 10 mg  Fe,0,@ ZIF-67

50 ml pH

6.0 10 min 2 ml
. : (V:V1:1)
PCs 2 o 2 min., 2
1 ml :0. 1%
(V:V 5:95) 0.22 pum
1.4 Fe,0,@ZIF-67 DMSPE
PCs N N N
o 50 ml 0.22 pm
pH 6.0, 10 mg Fe, 0, @ ZIF-
67 10 min Fe,0,@ ZIF-67. 2 ml
Fe,0, @ ZIF-67 PCs 2
2 min.
1 ml :0.1% (Vv
: V. 5 :095) 1 min 0.22 pm
HPLC-MS/MS o
1.5 N
1.0.10.0.100.0 pg/L  PCs
( matrix effects MEs) " ( relative
standard deviations RSD)
RSD = ;C‘ x100% o
1.6 8
1.0, 5.0, 10.0. 20.0. 50.0. 100. 0. 200.0+ 400.0
pg/L
o 3 (S/N =3) 10

(S/N =10) 6 PCs
( limits of detection L.OD)
tation LOQ) o

( limits of quanti—

2
2.1 Fe,0, Fe,0, @ ZIF-67 Fe,0,
5 ~10 nm
o 1A, Fe, 0, @ ZIF-67
500 ~600 nm o I1B. Fe,0,@
ZIF-67 SEM ( 1C)
Z1F-67 Z1F-67
Fe,0, o ZIF-67
Fe,O0, . Fe;0,
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@ZIF-67 EDS ( 1D)

C.Co.N.O Fe o Fe,0,@ ZIF-67

(V:V1:

1) o N
(V:V1:1) 6 PCs

BET 841.7 mz/g 75.5% ~93.6% 76.8% ~92.4%
3. 37 nmo. 86.3% ~95.7% »
PCs . .5 (Vivi:)
2.3 DM-
SPE
o 2 3
6 PCs MEs 90.3% ~
A 100 . z : "
90 3+ ¢ +—+ ¢
sof TR
1 Fe,0, Fe,0,@ZIF67 § y/ f
A: Fe, 0, TEM  x 150 000; B: Fe,0, @ ZIF67 oroz = gglp
TEM x40 000; C: Fe,0,@ZIF67 SEM ;D:EDS 60 1 —— DX
r e 3Oy o 1
! i §).4
+ + AML
50 < —4+ PNV
2.2 Fe,O, @ ZIF67 DMSPE T T T T
0 10 20 30 40 50 60
PCs {5 1] (min)
2.2.1 10 mg B 100
6 PCs 90.2% ~96. 8%
25 mg o %
2.2.2 1 min 80
10 min 6 PCs 9 -
1 min 80% 10 = —=— AMP
—— 0B
min 6 PCs 90% 60 —— DX
- 0OX
( 24). 50 + AML
—+— PNV
2.2.3 pH pH3.0~9.0 i
6 PCs 3 4 5 7 8 9
. pH3.0 6.0 78.8% ~89. 0% #rifipH
90.3% ~97.5% . pH 2 pH PCs
R pH 6.0 R 2B. A PCs ; B: pH PCs
2.2.4 N
2 Fe,0,@ZIF67 6 PCs (n=3 pg/L)
o MEs % ( RSD %) MEs % ( RSD %)

i 1.0 10.0 100. 0 1.0 10.0 100.0
AMP 90.3(4.1) 94.8(4.8) 95.1(6.0) 89.6(5.5) 90.5(4.6) 92.6(4.1)
oB 94.1(7.2) 95.7(5.7) 97.2(4.3) 92.7(10.7) 93.6(5.9) 94.5(3.9)
DX 102.2(5.1) 99.7(4.4) 99.4(3.6) 105.6(5.6) 103.6(4.1) 99.8(3.7)
0X 95.6(9.7) 96.1(3.8) 97.9(4.9) 90.1(4.3) 93.7(4.6) 94.2(4.0)
AML 92.6(11.9) 94.8(5.5) 95.6(4.7) 89.4(7.6) 91.2 (4.3) 93.9(5.5)
PNV 93.2(7.1) 95.0(3.9) 96.8(4.2) 90.9(9.5) 92.5(7.3) 95.7(5.1)
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3 0.1 pg/L PCs
A: AMP ;B: OB C: DX D: OX . E: AML
i F: PNV
102.2%  89.6% ~ 105.6% . MEs 3 6 PGCs
RSD.LOD LOQ( n =6)
bC % (RSD %) LOD  LOQ
 (pe/l) (pe/L) (pg/L)
2.4 6 PCs AMP 0.1  79.2(12.3) 75.9(13.4)  0.02  0.06
R? 0.9991~0.999 9 1.0 ~ 1.0 81.4(6.4) 79.5(7.5)
400.0 pg/L . 10.0  86.8(5.6)  83.2(4.9)
B OB 0.1 80.3(9.5)  77.6(12.6) 0.05  0.16
6 PCs LOD 0.01 ~0.06 pg/L LOQ 10 85.1(5.7) 81.6(7.9)
0.03 ~0.19 pg/L(  3) . 10.0  91.5(5.2)  88.2(8.1)
0.1.1.0.10.0 pg/L 3 PCs DX 0.1  89.2(9.9)  78.7(14.1) 0.0l  0.04
T ' 1.0 96.3(7.3)  90.4(9.2)
3 10,0 96.6(4.1)  92.3(7.6)
6 PCs 79.2% ~96. 6% 0OX 0.1 90.7(6.8)  91.9(8.2) 0.01  0.03
75.9% ~ 94. 8% . 01 1.0 92.5(5.4)  92.0(5.8)
10.0 96.2(4.7)  94.8(4.5)
pg/l PCs 3 AML 0.1  81.9(7.2)  80.3(8.0) 0.06  0.19
. 1.0 84.3(5.6)  80.6(6.4)
10.0  85.5(4.1)  82.7(4.3)
3 PNV 0.1  90.1(10.3) 91.7(7.9) 0.05  0.17
1.0 93.3(6.2)  92.6(5.5)
Fe,0,@ZIF-67 DMSPE PCs 100 95.8(5.8)  94.2(6.4)
o ~ pH\
PCs o 6 PCs
PCs 10 min o PCs
10 min o PCs o pH
B- ZIF-67  CoN4
p2- PCs Fe,0, @ o pH 6.0 pH
ZIF-67 B- . pH 6.0.
N.O Fe,0,@ ZIF-67 10 mg
pH PCs  Fe,0,@ ZIF-67 25 mg 6 PCs . 10
mg  Fe,0, @ ZIF-67 10
o pH3.0~9.0 pg/ml 50 ml PCs
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Determination of penicillins in water by Fe, O, @ ZIF-67

dispersive micro-solid phase extraction
Li Yanni' Hu Yanyun'? Chen Wenjun' et al
('Dept of Nutrition and Food Hygiene School of Public Health Anhui Medical University Hefei 230032;

*Hefei National Laboratory for Physical Sciences at Microscale
University of Science and Technology of China Hefei 230026)

Abstract Established Fe,0,@ ZIF-67 magnetic dispersive micro-solid phase extraction ( DMSPE) combined with
liquid chromatography-+tandem mass spectrometry ( LC-MS/MS) to determine 6 penicillins ( PCs) in water samples
residual method. Under the optimal extraction conditions the detection limit of 6 PCs in water samples was 0. 01 ~
0.06 pg/L and the limit of quantification was 0. 03 ~0. 19 wg/L; under the three concentration levels of 0. 1
1.0 10.0 pg/L the recovery rates of the 6 PCs in river water and aquaculture water samples were 79.2% ~
96.6% and 75.9% ~94.8% respectively; the matrix effect of the six PCs in river water and aquaculture water
were 90. 3% ~102.2% and 89.6% ~ 105.6% . Fe,0,@ ZIF-67 has the ability to efficiently adsorb PCs. Com-—
bined with LC-MS/MS it can realize the simultaneous rapid detection of 6 PCs in water samples.

Key words Fe,0,@ ZIF-67; LC-MS/MS; magnetic dispersive micro-solid phase extraction; penicillins



