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Simultaneous determination of 12 kinds of synthetic musk in sludge by
ASE extraction-GC-MS/MS

CHEN Zhi-ran" , CUI Peng
(Yellow River Conservancy Technical Institute, Kaifeng 475004, China)

Abstract ; Synthetic musk (SM) in sludge is extracted by accelerated solvent extraction ( ASE) , purified on-line by
graphitized carbon black and Florian diatomite, and separated by HP-5MS capillary column. A method for the
simultaneous determination of 12 kinds of SM residues in sludge by gas chromatography tandem mass spectrometry ( GC-
MS/MS) is developed.The results show that 12 kinds of SM show a good linear relationship in the concentration range of
0.01-1.0 pg-mL™", with correlation coefficient ranging from 0. 999 6 to 0. 999 9.The detection limits range from 1.5 wg
ke 10 3.0 pg-kg™" and the quantization limits range from 5.0 pg-kg™" to 10. 0 pg-kg ' .The recovery rates range from
91.5% to 98. 8% and the relative standard deviations range from 0. 9% to 2. 8%.Aging effect and matrix effect have little
impact on extraction of 12 kinds of SM in sludge by ASE.This method features with low detection limit, high recovery rate
and good precision.
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FRAE I A B AR S B AR 5 R
P W AR I PR AR R A L, HAE AR R RDOR R
VR D I AT = SRR A BT
TR, 58 35 U8 A W) 41 4055 B & A Ak
U ONRREIE IS TR SMs i 2B R AT ASE
TRAEIG e SMs, 3 4 A7 25 4k o 22 Fn ok 2 B ek
FAELR ¥ Ak, I % HP - SMS B 4045 k5 4> 5, Rl
GC-MS/MS & [RIBF I 7 12 Flt SMs 5% BA i

1 KIFEB4SY
1.1 U5 F
Trace 1310-TSQ 8000 %I A 213 — — & PUZLAT

SR R TEEC FAY , 2518 Themol Fish Scientific 23 &) 4
77 ASE300 BY 7 71 A B, 25 [F Dionex 23 F] A=

FRGEAE . ASE ZEX-GC-MS/MS EBNESSRED 12 FEHRES <221 -

P2 LGI - 25 AU UR TR AL, J6 0 DU BR A8 F) AR R
MultiVap—8 B MK AA1Y , JL 5T LabTech 28 Al A 77
Mill-Q A10 ALK ES , 32 [E Millipore 24 47,

SRS A (0 LA A AL A 55T A
PERCE A ORISR W) (SRR (R
A AN BRI B R R R
TR ) AP bR Rt R A 44
), 4l =95. 0%, 2 [F Dr. Ehrenstorfer 2\ &) 4
77 AR 12 B SMs AL AP 1E B AN 1 s s IR
EC ke LR TR . P be O B, o8
ali, 528 TEDI 23 w277 5 A0 s Al o 2R 1 2 HEL kol
+ PR RERS TP SRR , 34 ko Hr At
¥R 2GR T A GE/B B B £ 4k ki 25 [E
Whatman 23 7] A= 72 SEEG H 7K R 4K

x1 SMs UEWMHEXER

A2 E4 45 CAS & 43 F 43 Wi/ log Koy
1 BRI B A ADBI 13171-00-1 Cy,H,,0 244.3 309 6.6
2 J7 LB VS 88-29-9 C,sHyO 258.4 130 5.2
3 FERL R A ATII 68140-48-7 C s Hy0 258. 4 289 8.1
4 AL MM 116-66-5 C4HgN,0, 278.3 254 5.3
5 TR MA 83-66-9 C,H605N, 268.3 185 5.7
6 T B MK 81-14-1 C,HgN, 05 294. 3 269 4.3
7 gl s AHMI 15323-35-0 Cy,H,,0 244.3 236 6.7
8 R MX 81-15-2 C,H;5sN;04 297.3 202 4.9
9 PARZR A DPMI 33704-61-9 C4Hp,0 206. 3 286 4.9
10 [LE MT 145-39-1 C3HN,0, 266.3 291 5.0
11 AR R A HHCB 1222-05-5 CigH,0 258.2 304 5.9
12 2 B A AHTN 1506-02-1 CsHy0 258.2 287 5.7
13 SRR d;s-MX 877119-10-3 CpDysN; 04 312.4 205 —
14 SRAR B d;—-AHTN 21145-77-7 CsHy0 273.3 289 —

TE: “log Koy " & W=7k /3L 25, Mo AN T 5 — R AR

12 F SMs 1 2 R B Y BRAEA 250 . 50 ) RS
FREL 12 Flr SMs BRifE sl 2 Fh INFR 445 0. 2 g (K51
£ 0.1 mg) , HIEC KM ZE 100 mL &= 2
25, BC I BB VR EE O 2 000 pg/mL,

12 Ffr SMs VR B ARETS IR < 53 0 MERA RS B & 12
il SMis # v i £ T, FH IE O e i 86 S 2%, T il B o
HERE N 100 wg/mL,

1.2 GC-MS/MS &%

SIS AATER S HP-5MS B 4048 50 M A

F,30 mx0. 25 mmx0. 25 pm; FEEE DR N 310°C

PERETT 0 R RE , r T HE R 1021, 2000 He, Uit
BN 1.0 mL/min; BERERE R 1wl 3 7 AE 3R B 8]
4 min; ¥R 80°C . FHERET : WIIRIEE A 80°C,
L) 10°C/min B E THE £ 160°C , B 2L 5°C/min B9
HEETHE 2 180°C , 145 4 min; Ll 1°C/min ) 3% JiF
THEZE 185%C , 4#4F 1 min; L 15°C/min 43 2 TR
% 300°C , f£%F 5 min,

s TR E IR (ED B RE R N
70 eV i A% R BE O 250°C 5 B IR N
230°C ; VUM AT IS S 150°C ; #6077 =X . 22 5 g W il
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(MRM) ;12 Ff SMs fb &9 % 5 5 F1 e 1 25+ a0
£ 2R,
*F2 SMsUEMRBHE . EEBFHNEESTF

frEmte, ERET ENET

Frs 2 )
min (m/z) (m/z)
1 I S A 11.15 229 229 244 173
2 AEEE 11.56 191 191,206,163
3 RERITE A 11.96 215 215.258.173
4 ERE 13.35 278 278 282 263
5 HETEE 12.51 253 253 268 238
6  EEE 12.53 279 279 294 191
7 R 12. 86 229 229 244 187
8 HIREEE 13.00 282 282 297 265
9 FFiFMle 15.34 191 191,164,135
10 VU A 15. 44 251 251,266,252
11 UL A 16. 12 246 246 261,190
12 HEREE 16. 54 243 243 213 258
13 HYNEEE 16.78 243 243 258187
14 GURZHOREA 22.76 294 282,294 276

1.3 HmpTkbiE
1.3.1 #eu#l&

BERAE BTG K TG TR RE S R AR YA T, A
RO T -40°C R R T 48 b, W J5 13 200
H i , B ARt
1.3.2 JmikiE A ER

TE ASE AEHH 42 BT B I AR U
2 YL YR ML A SR bk RN A B R e 1 A
0.5¢,1 JZDEELFAEJEME, FEAL 2.0 ¢ (KR 2
0.1 mg) JEAMWFRK (50 wL 1.0 pg/mL ¥ d,;-MX
1 d,—AHTNH) FIAJwD 5 g, 1 JZBE BT 4E 8 AR,
TN AT AR B S « 7R LR v A 70 47 28 Ak e S8 A
HREEE A EUA T R IE O ke, AR BUREE R 120°C
AIUE ST R 10 MPa, FRAZEECS min, HRTEARED
22 mL, BN g 60 s, JEFF 2 Yk, i A 7
FEELEEH I ASE ZEHUR, 35°C AM T8, FHIE
CEEEMIFERZE 1 mL, fF GC-MS/MS &,

1.4 FREM&LT

Oy F BUE B SMs TR A AR IR T, 45 A
100 pg/mL PIARPITE G (d s—MX Fl d;—AHTN)
100 wL, FH IE © e # B B i Al T 62 Wk B2 43 501l o
0.01.0.05.0.1.0.5.1.0 pg/mL [ RINR G AR 1ET

39 B 10 H

VR (BRI R 0.1 pg/mL) 3% 1.2 H
PR GC-MS/MS 5 AF#E17I5E , L SMs 5 NARY)
A B VR B2 L (o) S AR, L SMs 55 Y AR 400 1) 0
ARG (y) AR, il bR TAER 2, b vs |
MM MA MT MX MK L) d,—MX K H+r%, HHCB |
AHTN ,ADBI, AHMI , ATII ,DPMI [k d3-AHTN % 4
A7/

2 HR5iITiE

2.1 BIERREEENRL

XFH T RS AS [FIECRH HP -5SMS (EM M) |
VF-WAXms Al HP-FFAP 25 BN (A3 kE (K% A
30 mx0. 25 mmx0.25 wm) Xf 12 Ff SMs #7355 54
FOEERWME 1 pron, WE 1L PELIE |, VEF -
WAXms Al HP-FFAP (o34 o] S B KR 43 SMs 43
B (AR RS [R] 43 5 A8 4% 1) O B A R v 4 B A
535 s HP-5MS Atk nl s 12 Fh SMs 29705, H
3 06 I 07 (B 4 . PRk % HP - SMS 1R R &
Bk,

100 T4

60 112

AR EBE %

2 ol R

04 6 8 1012 14 16 18 20 22 24 26 38 30
B} /8] /min
(a) HP-5MS

o » 2
3 &8 8
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<

AR FBE /%
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| - -
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(=)
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6 ;3‘10 12 14 16 18 20 22 24 26 38 30
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22

1001 7 g

80r 1 3 10 11412
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60} 5+6
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HAXT /%
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2.2 ASE FEEUAFIHMEAL

H T SMs HATH R SERRTE (log Koy FE 4~7)
Gy T 9 SRR R, AR AR AR ARURH o B, %o
LT HEE NG R R R OFR OB L IE
OB SEANRA T XI5 Je b SMs (1) A8 BUESCR 1) 52
M, SR 2 SRR I AN [R] 7D 5 e i SMs 1 A€ X
[N = R AR IR Ky - B TR (97. 1% ) >1E &
$2(96.4% ) > AT BE(83. 7% ) > HE(72. 8% ) >N
il (67.2%) > N5 (63.9%) >H 12 (59. 8%) , Hh 2
Fii £ T86 FIIE C BEXT 12 Ffr SMs 1) A8 B[] I R 55 v
A% GC-MS/MS 53Hr, L8 LR AE B 2% Jot I 448
Z 1M IE Ot 2 BOHE 2% BT e 45 /0 | i ASE A2 U
FIBEREIE O b,

FRGEAE . ASE ZEX-GC-MS/MS EBNESSRED 12 FEHRES <223 -

2.3 ASE #BUREMML

ASE #BUE JE (80,100,120, 140°C ) X 15 &
SMs [ZE BRI R s a2 3 frx, M3 3 pmf
VIEH 2 ASE ZEHUR B 7E 80 ~ 120°C 15 [l 14, SMs
F14) 6 BT o 5 o Tk 8 ) TP v T 2 3 4 i 34, AR L
TR 120°C B, SMs 14 % B[ AT 8 45 55 (89. 4% ~
102. 6% ) , = BURSCREE YA R 97. 2% 5 A4 U B2
= 140°C i, SMs fi9 % B [ET i 3 St /N fa 3 i 2 [
R 224w I T R SMis 575 YR B T ] Y SR VT
46 07 A A T A B A 4 FH 7 5 AT BRI 00 1 2
FFRim sk 7, 38 m L Bk %, A B TR S SMs
FE 3 i, DT 206 260 A% RIS i), 12 8 37 791 1) A Uk
L ASE FEBURE BERE 120C .

&3 AREIRETH) SMs ZEEUE Y2

AL/ AT/ % S48y 1]

« \E MM MA MT MX MK HHCB  AHTN  ADBI  AHMI AT ppmI  We#/%
80 771 68.4 8.1 9.1 790 780 870 8.0 8.1 8.0 8.7  87.2 81.9
100 8.5 791 8.2 943 8.0 8.0 928 9.2 841 9.3 830 953 88.2

120 98.1 99.1 97.1 95.6 97.1 95.1

140 87.1 88.4 88.1 92.1 89.0 89.0

97.8 98.7 97.2 98.0 89.4 102. 6 97.2

92.0 86.0 89.1 86.0 86.7 92.2 88.8

2.4 ASE FERUEAWMRA

FZEL T ASE ZEHUE 7 (8.9,10 11 MPa) %57
o SMs 9 25 B TSGR g S2 B 45 SRR, Y
ASE ZEHUE 71 < 10 MPa B, Bfi#E ASE £ HBUE 111
HEK, SMs 2 BRI oR 52 38 R 35 > ASE A HUE
F1>10 MPa B}, [ifi %5 ASE Z£BUT J7 i35 K, SMs %
IR DR T4, £ A T RS, i ASE ZEHL
JE 13558 10 MPa,
2.5 ASE FEZ&E&UFIKEL

TSR AR B 2 B 4%, 0 TR
Ik SMs # B RIS Hh 2% B e i) T8, 48 1 k4R
TRAR A Sl BB RERE H % LR 4 TE A R
Pk C18 55 ASE FEZF LI 15 e SMs /9 ZE HX
IR A, g 2 R R, vk AR | R B
e (C18 BRI 3, A e 4 &2 5 1 M e ik
JRRTFF VR A e A AR B A |k 90 B B A7 AR W B VE T
AR SMs ZE I RIS 5 Ay A Ak o SRORN 9 25 VLA
T AEACROR RO, AT b e R A 81k
o SRV LA TR AR IR R TG, 1
FRACR T A, SMs 26 B DR FE 91. 2% ~ 101. 4%,
B ASE 7 26 ¥4k 70 5 15 A 55 b ok SRR B L R

B,

2.6 EUHIHIRNG

1T SMs 55 B A3 BLAR T 1 0 508 e 1 T 18 ik
JoR 28— 5 B [ fish T BB A A 5L B 19 40 ol s B,
Loy B 2 1M DA, B P As AR, BT T
AR5 SMs B ASE A€ B[R] T % A 52 0
SEERLA A SMs, 43 A CE 1.2.5.7.,15.,30.,60 d,
22 ASE BT it GC-MS/MS FEAT I 52 ; XF HE 21
AT SMs , HAp R ERI Lo d , g 25 LR W], 58
IRirh 12 A SMs [ ZE B RT3 (90. 7% ~ 101. 8% )
55%F BRZH A 2K B RTICR (90, 4% ~ 101. 3% ) TG ik 3
PEZE S BT AL X ASE 05 e 12 Fl SMs
PISEMEIN
2.7 ERIBE RN

SRy BT RE B AR X T 8 SMs AK BURICR I 5
i), SR FHAR AR AE 35 4l 0F O be AN AR
25 ISR BR TG U6 2 FEE 5T v 43 S A 28 5 i 43 5043 il
J90.01.0.5.1.0 mg/kg (9 12 b SMs, 3 i J i %%
N Me=A+Bx100% PEAl GC—-MS/MS 35 I %E 15
Jer 12 F SMs [ FE BTN, Hirhr A S a8 2 BRTs
e SMs i W AE , B A (3 4l 1F &b SMs i
TEN G . 24 90% <Me< 1109% I}, 3271 JE JTi 300w A
ETE N e S B N 2 ] e e & M 1 S
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U 2 A [R5 b A S 8 P 3 FHOKSP 9 12

Fir SMs, 2 ASE ZEHURT GC-MS/MS 5 5 5] Me {1

1E 95.2%~101. 8% , W35 4 Fi/R , RIBE UM A B2
4 SMs ZEIESHAE RIS b R

Me/%
5 R
0.01 mg/kg 0.5 mg/kg 1.0 mg/kg
1 )5 95.8 97.3 96.9
2 T3 L EE AT 95.2 95.9 97.5
3 SR ERY 95.9 95.8 97.3
4 PIEREE 96. 1 97.5 99.7
5 ETRE 95.5 95.2 95.9
6 Tl J53 95.7 97.3 97.5
7 bragich i 98.2 95.9 97.3
8 R 97.3 96.9 96. 1
9 PANAR YA 97.2 98.3 99.2
10 VR A 101. 8 99.5 99. 1
11 (BN s 9.5 97.2 99.7
12 2 B A 101.2 97.9 95.9

2.8 ZMXHR MMHRIMESR

K P bR 32 6 BT vk B 43 0l A 0,01, 0. 05,
0.1.0.5.1. 0 pg/mL 1B G A HE TAE W ( NFRY) BT
HIRE N 0.1 pg/mL) #E47E #5307, 15 3] 12 Fh
SMs (Y2t 7 18 AR G R 8, a5 Rk 5 s,
M5 AT LIE 12 Fl SMs 7£ 0. 01~ 1.0 pg/mL
Fr i v B N 2 R MR MR ) R
0.999 6~0.999 9, LMEMELL(S/N) =3 1R Irikk

x5 LWEE RHRMERR

LODs/ LOQs/

a2 (e G
(pg-mL™) ) ke

BEFIEEE  0.01~1.0 y=0.5913x+0.3385 0.9997 3.0 10.0
T 0.01~1.0 y=0.7737x+0.1538 0.9996 3.0 10.0
BERIERE 0.01~1.0  y=0.5096x+0.3961 0.9998 3.0 10.0
DAEEFE  0.01~1.0 y=0.8319x+0.3538 0.9996 1.5 5.0
TR 0.01~1.0 y=0.8657x+0.1831 0.9998 3.0 10.0
Tl B3 A 0.01~1.0 y=0.8389x+0.3765 0.9997 3.0 10.0
BHEEER  0.01~1.0 y=0.5214x+0.4975 0.9998 3.0 10.0
THZERE 0.01~1.0 y=0.7247x+0.1547 0.9996 3.0 10.0
JHAMEE 0.01~1.0  y=0.5190x+0.4931 0.9997 1.5 5.0
POREER  0.01~1.0 y=0.6319x+0.4547 0.9996 1.5 5.0
FEREER 0.01~1.0 y=0.4657x+0.1641 0.9998 1.5 5.0
HEER 0.01~1.0  y=0.5469x+0.4795 0.9997 1.5 5.0

39 B 10 H

HWER(LODs) LA S/N=10 58 F kg IR (L0Qs) ,
R 45 S E W, LODs } 1.5~3.0 ng/kg, LOQs N
5.0~10.0 pg/ks,
2.9 FEEEMMDER
FEAR B H bR 02 1T e o il A
(1.0 mg/kg) .*F (0.5 mg/kg) AK(0.01 mg/kg)3 Ff
LR BUKER 12 Fh SMs TR S bRiEE I, 4%
# ASE ZEHUF GC-MS/MS gt E , SFATHE 6
U ITHEASE] 12 Bl SMs i [B1SC% Ke J7 705 %6
gERINZE 6 s, M 6 thal LUA W, 78 bR i
500,01~ 1.0 mg/kg W, 1% 7 2 1 TR
91. 5% ~98. 8% , AH X ¥ir fE fs 25 (RSD ) 4 0.9% ~
2. 8%, ULHIZ I KG9 BE v ERA R 4, 7T 1 2 (]
AHAG N5 e R 12 Ff SMs 5% B8 4347 .
F6 ERIMBZE(n=6)
bR, TR 5 2 5 3
ST (mg- [alfg RSD/ [EWg RSD/ (Al RSD/
ke™)  E/% % /% % % %

) A 0.01 93.8 2.5 951 1.7 93.2 2.3
0.5 97.3 2.1 93.7 1.5 96.3 2.1

1.0 98.5 1.4 97.5 2.4 97.5 1.9

pagil) = 0.01 97.5 2.7 985 1.7 93.7 1.5
0.5 95.4 1.4 97.3 2.2 955 1.3

1.0 92.7 1.8 98.6 1.9 955 1.1

YR A 0.01 93.3 1.3 97.5 2.5 953 2.8
0.5 93.5 1.8 955 1.3 93.6 20

1.0 95.6 1.4 93.8 2.1 98.7 25

A B 0.01 93.8 1.5 953 1.4 97.5 1.0
0.5 955 1.7 955 1.3 936 1.3

1.0 97.7 2.3 957 1.4 93.7 23

T 0.01 95.1 2.5 97.3 2.1 9.5 1.7
0.5 953 2.1 939 1.9 957 1.5

1.0 95.9 1.9 95.7 1.8 959 1.1

i B 0.01 97.8 1.4 97.3 2.5 96.7 1.9
0.5 983 1.5 952 2.1 981 1.7

1.0 97.7 1.5 93.3 1.2 97.4 1.6

R A 0.01 983 1.1 93.6 1.1 947 1.3
0.5 951 1.5 981 1.3 983 1.8

1.0 95.3 1.1 91.9 1.9 93.8 1.3

THZEEEE  0.01 0 95.9 1.9 93.7 1.8 959 1.4
0.5 98.8 0.9 981 1.3 98.7 1.9

1.0 97.3 2.3 95.8 1.5 98.1 1.8
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WibiE,  TEl 159 2 V5 3
Vaxiit/l (mg- @l RSD/ [l RSD/ [AlYC  RSD/
ke™) v v /% % % %

TR JE 0.01 933 2.1 931 1.8 927 1.1
0.5 97.3 1.3 91.7 1.3 98.1 1.2

1.0 98.5 1.8 98.5 2.4 97.5 1.9

[ilpq 0.01 97.5 1.7 97.3 1.8 93.7 1.5
0.5 93.7 1.8 954 23 935 1.3

1.0 93.8 1.9 96.3 1.9 959 1.1

FER B 0.01 91.5 1.1 985 1.5 93.3 1.8
0.5 933 1.4 936 2.4 91.9 1.5

1.0 93.8 2.1 91.8 1.2 98.2 1.4

40 B 0.001 91.8 1.5 953 1.1 983 1.3
0.5 955 1.8 93.2 1.3 968 1.7

1.0 97.8 1.5 93.1 1.7 97.9 1.5

2.10 ELERESBEN
R B 357 5 5 ik %t V5 KA 3R HE 89 Sk AN

A 30 (5 R HEA TN . 1B 4 R W], 12 Fl SMs
bk R SR B A kN R A AR R A R RS A
Ho IR B A G RO 36. 7%, R A BOfE 3.2 ~
19. 4 mg/kg ;s MEGBE A 1 26 23. 3%, it 4040 AE
0.3~ 1. 7 mg/kg; #3480 5 5 F0 =BG A 4 R 34 28
13.3% , Ji 8 22 B0 5 M 0.02 ~ 1.31 mg/kg #l
0.01~0.24 mg/kg, 5 5% B 4 i ot o0 B 4
IR AN X R TR A AN
SR IE Ry SRR B g Nk SNl 1B | YN TR
FLAE TS P RE S bk 1 3R 28 8 5 T R AL 3 HE i TS
T b AEE— 2 Y SMs 5% B , IR0 T T R 1k 35 7K
AR AR BRI B, A0 TS et e
Y AP AR S ERER
2.11 5HMAERNLER

LA ) A G SCHER, K T ST Y vk S H A
SMs Rl ik b A7 g > g5 SRk 7 Bion ., M
F 7 HETLIEH, GC-MS/MS ¥ GC-MS % B A
TR ARG B  ASE R P K B 361 4H 45 BUEL A 4%
o FROHRG %5 B2 R [T fSC 8 i i ASE XL -GC -MS/MS
DR A BRI ISR v R 88 B S AR A

x7 FEIMFESEMTENLE

BN VLIDIE i Ab 3 € LODs Il 2/ % RSD/%
[12] 158 ASE GC-MS 2.9~3.3 pg/kg 83.6~105. 1 3.2~4.8
[13] BT KR [ 4 25 B GC-MS/MS 0.05~0. 70 ng/L 83.9~112.7 3.5~9.9
[14] A I T/ [ A AL HL GC-MS 0.2~0.4 pug/L 73~112 1.0~5.0
A7k V51 ASE GC-MS/MS 1.5~3.0 ng/kg 91.5~98.8 0.9~2.8
LR IRBE A [ )] T 2, 2013,32(2) :64-68.
3 #it

FIH ASE FAEBG5 Je r SMs , 38 i3 47 5 1k o B
i 2 Bk - 7E2iq Ml , 48 HP-5MS B H 0
BN T GC—-MS/MS &[] i 5 5 e 12 A
SMs 5% B3 & 9 40 M 7 i, 45 R 3R W, 12 Fh SMs 7
0.01~1.0 weg/mL JiT & ¥ B 3 [l P9 52 R 2 1 ¢
ZOMEEB ()N 0.999 6~0.999 9; LODs K
1.5~3.0 pg/kg, LOQs 4 5.0~10.0 pg/kg; FIR
4 91. 5% ~98. 8% ,RSD 1 0. 9% ~2. 8% ; ZALKINY
FEFRLN X ASE ZEHUI5 6 12 F SMs 1 52 i 45
INo DT R D BRAR DR RS R AR
A AT SR 12 i SMs 5% BT

&% 3k

(1] Mt BROAOEE 577, 45 SR €0 R B 038 10 5 A 3P By

[2] Jal#, sRme s, AR Dk, Im) fr A0 B —S0M (035 — B IR B i v s
Aot it rh 10 Fh G B [ 1] U4z, 2018,39(4) :476-484.

(3] Jeli. B AL G iU [ T]. B AL E T, 2016,46(9)
530-538.

(4] TWHGR, % 44F BWRAOH (035 - T 39 T ok I 5 5 7 28 kel
SR 10 PR A B A (], B A2 Tk, 2017,47(5) - 292 -
296.

[5] XUHt, R 280, 45N T A R B B 200 7 1 B3R 8
TEPBUR [ T] A3 HrA2E 4] ,2017,36(12) 1 1526-1535.

[6] Fitad, 2ok o4, 25 & BUR & T 037 0 B 5 Y i 3k
1« AT B P8 75 e 3 AR E ] T ] Ak~ kR, 2017, 29
(9) :1082-1092.

[7] HEFEER, T, A% AT & BUR 0 IR IG T 40 i & & 7 Pk )
HWEFE[ )] FEHAESR AR, 2012,26(6) :412-414.

[8] 3B, SRS, J0 3¢, 25 1 Ug 3l i ¥5 7K Ab B ) v & BB 5 1Y)
A3 A SR URENT[ )] T EFREE R 2010,30(6) :796-801.

(T35 229 W)



2019 F 10 B

4

&t

-

PASEERAEDRE I E H B =] A DWO-RLS % R

F Y RAEUE (K PR 2.0 ng/mL) ERREE (A1
98, 4% ~102%) NGH L (RSD 1 1.2% ~1.7%)
F R AT B, Bt A AR B B 2 T8 &, B A
fii 224 m] TR b B R B 24 7 vl B D B A pR

(1] e AR IEFNE 25 0 2 B3 22 AR R 3L AN 245 J

[2

(3]

[4

(5]

(9] MR, & BXRRA, 55. [ AHAE UM 3 - 5

[10

[11

[12

[13

[14

]

s

]

]

[

]

[

Eﬁ*ﬁ@
S 3Lk

(=)
[ M. Ab5T, A7 E R 2R AR, 2015:336.

Mohamad S S, Sabrina C, Lindomar P, et al.Use of multiresponse
statistical techniques to optimize the separation of diosmin, hesperi-
din, diosmetin and hesperitin in different pharmaceutical
preparations by high performance liquid chromatography with UV-
DAD[ J].Talanta,2017,167:695-702.

Szymanski M, Miynarek D, Szymanski A, et al.simultaneous deter-
mination of diosmin and hesperidin in pharmaceuticals by RPLC u-
sing ionic liquids as mobile phase modifiers[ J ].Iranian Journal of
Pharmaceutical Research,2016,15(1) :141-148.

oot YOI , kI 4 HPLC K VI 0 58 JL Iy se v int:
4 BIEE Y 9 R ()] 2R 2 S I R 25 2, 2015, 26
(4) :554-557.

Behruz B, Alireza A ,Maryam R et al.Simplified miniaturized ultra-

sound-assisted matrix solid phase dispersion extraction and high

AERESE  SURKIRA Y BETN E 25 ) Pt R 583

[10]

[11]

- 229 -

performance liquid chromatographic ~ determination of ~seven
flavonoids in citrus fruit juice and human fluid samples ; Hesperetin
and naringenin as biomarkers [ J]. Journal of Chromatography A,
2013,1311:30-40.

X FE DY HPLC 000 5 b B8 ) B Sl 24 2 v R0
K[ )]. T EZY 5 ,2013,24(29) :2773-2776.

Iman S, Mohammad R H, Moazameh P, et al. HPLC determination

WA

of hesperidin, diosmin and eriocitrin in Iranian lime juice using pol-
yamide as an adsorbent for solid phase extraction[ J].Journal of
Pharmaceutical and Biomedical Analysis,2011,56(2) :419-422.
Spanakis M, Kasmas S, Niopas I.Simultaneous determination of the
flavonoid aglycones diosmetin and hesperetin in human plasma and
urine by a validated GC/MS method : In vivo metabolic reduction of
diosmetin to hesperetin [ J ]. Biomed Chromatogr, 2008, 23 (2):
124-131.

Guo P P,Yan W Y,Han Q J,et al.Simultaneous quantification of
25 active constituents in the total flavonoids extract from Herba
desmodii styracifolii by high-performance liquid chromatography
with electrospray ionization tandem mass spectrometry [ J . Journal
of Separation Science,2015,38(7) ;1156-1163.

Dalia M, Shereen M T. Fluorimetric determination of diosmin and
hesperidin in combined dosage forms and in plasma through
complex formation with terbium [ J]. Bulletin of Faculty of
Pharmacy, Cairo University,2013,51(1) :81-88.

LiH C, Liu Y Q, Wang L, et al. Electrochemical behavior of
Diosmin and its sensitive determination on ZrO 2-NPs-coated poly
( diallyldimethylammoniumchloride ) -functionalized graphene modi-

fied electrode[ J].Microchemical Journal 2018 ,143:430-440.H

(3% 225 W)

Jo 335 36 I 5
W 1 AP S R[] (1 ,2018,36(8) :795-802.
JEBEMG , 42K AT R AT, A A P A B LA BB A -
- B B oK PN A B A (], 3 A i 4, 2012, 40
(1):159-163.

Jiang S, Wang L, Zheng M, et al.Determination and environmental
risk assessment of synthetic musks in the water and sediments of the
Jiaozhou bay wetland, China [ J ].
Pollution Research,2018,25(5) :4915-4923.

BATE, | SR, 5% 00l 38 70 22 USR535 S 1 v 0 7
Ui JE e K A AR O P A BB [ D). 20 #T 4k 5, 2010, 38
(6) :885-888.

SRBYE, G SO, S SN (0 — R IR 8 v ] I b e A
PREERRER 1L G B & [ 1] 20 BT B2 2412, 2016,32(2)
188-192.

XU, R, Tk, S5 R P BRI [RAR AR B 52 [ (R A B
B B KA BT R R BELAA R /44 SBR[ 0. 4 A a2 4l

Environmental Science &

[15]

[16]

[17]

[18]

[19] =

2016,35(1) :61-67.

Homem V, Alves A, Alves A, et al. Ultrasound-assisted dispersive
liquid-liquid microextraction for the determination of synthetic musk
fragrances in aqueous matrices by gas chromatography-mass spec-
trometry[ J ].Talanta,2016,148( 1) :84-93.

PRy I T, 56 R P 5 JRUBE A 25 10 W Bk PR R B K
MM IT IR R ST R [ T]. AR A5 AR, 2017, 36 (05) : 1426 -
1435.

Ménica M, Joaquin B. Determination of synthetic musk fragrances
[J].International Journal of Environmental Analytical Chemistry,
2016,96(13) : 1213-1246.

Che J S,Yu R P,Song Q J,et al.Determination of synthetic musks
in the sediment of the Taihu lake by using accelerated solvent ex-
traction ( ASE) and GC/MS[ J].International Journal of Environ-
mental Analytical Chemistry,2011,91(4) :387-399.

ZH WAL T U ASE 2 -GPC k- GC/MS 0 5E 58 be
WPl sy h 2 IR AR B R [ )] BARE T, 2017, 37 (5) <201 -
205.1



