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) PTFE . : 70V, 200
100 um (PDMS) 210 (SCAN) ,
65 um / (PDMS/DVB) 29~350, 4 min.
65 um / 5
(PDMS/DVB) 75 um
/ (PDMS/CAR) 2.1
85 pm / (PDMS/ ,
CAR) 50/30 pm ,
/ / (PDMS/DVB/CAR)
85 um (PA) , SIM .
( Supelco ). 4uL 2 ulL
21 : 23
1,2- , SIM ,
( 1.
N,N-
( TCI
)- ( Tcl )- /min  (M/z) I(m/z)  2(m/z)
( Fisher Scientific ). 4.950 30 29 31
5858 32 31 29
7492 31 45 43
1.2 7.883 43 57 72
21 100 mg 10 8.808 45 43 59
mL , DMSO , 1,2- 8983 58 29 43
10 mg-mL™ , DMSO 9.317 43 58 39
1000, 800, 400, 160, 80, 30, 15, 5,2.5, 1, 10.167 41 40 38
0.5mgL"! , 11.075 84 49 86
100 mg, 100 mL 11.725 57 43 86
. DMSO ’ 13508 43 61 70
13 13.858 83 47 118
2e — ’ 6 14150 42 72 39
14433 84 56 41
wm PDMS/DVB ’ 14793 56 41 31
30 10min; 30 min; 5 min. 15.033 73 52 39
1.4 15900 43 61 73
: Vocol (60 mx 17242 91 65 51
0.32 mm id, 1.8 um df, Supelco ); 17.675 43 56 73
, 1 mL-min’, , N,N- 18.150 73 44 30
; 210 18.958 106 91 77
45 7min; 10 -min’ 19.542 78 63 45
60 2 min; 30 -min’ 20.158 98 55 42
180 ; 3 -min’ 200 1 min. 22

(Electron Impact, EI)



32

, 7
100 um PDMS; (b) 65 um
65 um

1 (a)

PDMS/DVB; (c)
PDMS/DVB; (d) 75 um PDMS/CAR;

(e) 85um PDMS/CAR; (f) 50/30 um PDMS/DVB/

CAR; (g) 85 um PA.

2L 20 mL ,
5 min, 7
5 min. 7
) ,(d 20 22
® @ () , 17 min
; ® .
, , 10
4 ,5 6 , 15 16
, (c)
, , , 23
, (c)65 pm
DVB
2.3
0.5,1.0,2.0,3.0¢g,
SPME-GCMS
10 ,
( 2
, 20g
20g.
2.4
30, 50, 70 2.3
GCMS . 3 , 30

4 uL
60

10 min,

1

PDMS/

2.2

SPME-
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2.5 LU BN 5 min M |5 min
’ \;é R e e :':w‘ = ‘m:': T ——
s =
E‘ 8r e
5 N 5 &gi' 4+
’ Ll
0 1 1 1 1 1 1 1 1 1 1 1
, DOODOO DD W
5, 10, 15, 20 min, 2.4 HEdm A
SPME-GCMS . 4 s 4
10 min , , 300_-£8mi~n-28min
. L min 1 min
, , 10 min 150
i-( ...... oz :“:':‘:m ey ‘m:‘:': uIn i
e
2.6 B |
m
-l |
Y| P
° Ll L AR AR AL AR AHLANL
ODOOOWEOO®O®O®
s (AT
10, 20, 30, 40 min, 2.5 5
2 (n=3)
M(pgg") (R M(ngg") M(pgg")
0.021~2.896 y=0.749x-0.100 0.999 9 0.003 0.011
0.003~2.912 y=0.768x-0.041 0.999 3 0.001 0.003
0.003~2.544 y=2.065x+0.084 0.999 1 0.001 0.005
0.005~2.048 y=1.783x-0.434 0.999 2 0.003 0.010
0.034~2.992 y=4.636x-0.977 0.999 1 0.004 0.015
1,2- 0.034~3.200 y=0.543x-0.184 0.999 9 0.007 0.022
0.006~3.128 y=2.199x-0.226 0.999 2 0.002 0.009
0.034~3.120 y=2.669x-0.559 0.999 1 0.004 0.015
0.026~2.320 y=1.602x-0.172 0.999 5 0.003 0.011
0.013~2.624 y=3.637x-0.450 0.999 1 0.003 0.010
0.003~3.192 y=10.136x+4.183 0.999 2 0.001 0.004
0.007~3.072 y=4.408x-0.507 0.999 2 0.001 0.005
0.014~2.584 y=4.482x-0.714 0.999 1 0.004 0.013
0.006~3.360 y=5.511x+1.379 0.999 9 0.002 0.005
0.006~2.592 y=15.182x-1.527 0.999 3 0.001 0.004
0.006~2.880 y=18.230x-1.964 0.999 9 0.001 0.005
0.007~2.944 y=24.188x-2.986 0.999 9 0.001 0.005
0.006~2.488 y=25.538x-2.768 0.999 1 0.001 0.004
N,N- 0.005~2.616 y=7.015x-0.301 0.999 1 0.002 0.007
0.005~2.360 y=17.410x-1.673 0.999 5 0.001 0.005
0.006~2.336 y=7.224x-0.903 0.999 2 0.001 0.004
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SPME-GCMS 5 R 300 mm | min == 5min A
. ]SO_EI}min I:]7m4'12 .
40min =t i
& 8r
, 30 min. ;ﬁ 6k
2.7 &4l
2k
’ N - V- V-V - V- V-V - V-V
> 5 1)(2)B3)1)B)6L)(7)E8 10
, FES 44
6
, 1,3,5,7 min,
2.6 SPME-GCMS ( ) 1.2
6 R Smin 4 uL
, , , 2ulL 20g 20 mL
5 min R )
5 min. SPME-GCMS
2.8 )
2.8.1 , , 21
(S/N)=3
3 (n=3)
/% /% /%
X +SD RSD X +SD RSD X +SD RSD
94.43+2.85 3.22 86.24+3 .45 4.30 82.32+5.87 7.59
90.66+4.54 5.01 85.58+2.12 2.48 88.52+7.54 8.52
100.37+3.12 3.11 88.32+3.65 4.13 90.37+£5.16 5.71
90.81+2.53 2.88 86.85+2.54 2.92 88.89+6.56 7.38
89.02+5.08 6.19 88.02+3.21 3.96 84.11+5.17 6.15
1,2- 95.31+2.21 2.42 95.57+3.58 3.95 88.31+6.25 7.08
95.54+3.52 4.12 88.40+4.54 5.79 86.55+4.11 5.37
102.33+5.02 5.44 98.16+5.24 6.38 95.18+7.02 8.76
91.23+3.67 4.46 89.88+3.56 4.46 88.74+4.65 5.91
88.98+3.56 4.00 84.54+4.21 5.23 81.56+7.76 9.75
102.43+3.82 3.73 100.24+3.35 3.34 87.32+5.87 6.72
99.66+2.54 2.55 85.58+2.72 3.18 88.52+7.54 8.52
100.37+5.16 5.14 106.32+3.85 3.62 94.37+6.55 6.94
97.81£3.56 3.64 86.85+2.34 2.69 88.89+6.59 7.41
104.02+5.02 4.83 101.02+3.51 3.47 94.11+£5.15 5.47
101.314£3.21 3.17 95.57+3.88 4.06 98.31+6.24 6.35
105.54+5.57 5.28 98.40+4.54 4.61 83.53+4.13 4.94
102.33+5.28 5.16 82.16£5.26 6.40 83.33+7.32 8.78
N,N- 99.23+3.65 3.68 84.88+3.54 4.17 88.75+4.67 5.26
88.98+3.56 4.00 81.54+4.24 5.20 83.52+7.76 9.29
104.23+4.22 4.05 92.19+5.37 5.82 90.33+8.66 9.58
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, (SIN)=10
2 ,
0.999 0 , 0.001~0.007
ngg’ , 0.003~0.022 pg-g”
2.8.2

30, 400, 1000 mg-L"
, 1.3 1.4
SPME-GCMS , 3. 3
, 81.56%~105.54%

2.9

N,N- 10 ,
0.031, 0.432, 0.257, 0.048, 0.693, 0.264, 0.057,
0.009, 0.010, 0.832 pg-g™. ,
3 , N,N-
2 ,

SPME-GCMS

21 . 20¢g 30
65 um PDMS/DVB

30 min,

Vocol )

10 min,

5 min;

2
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Determination of residual solvents in curcumin by solid phase microextraction
coupled with gas chromatography tandem mass spectrometry

LI Yan, ZHANG Yu-hang, WANG Jie, ZHANG Jin-rong*, YAN Xiao-jun
( School of Marine Sciences, Ningbo University, Ningbo 315211, China )

Abstract: A solid phase microextraction coupled with gas chromatography tandem mass spectrometry method
was established for the determination of residual solvents in curcumin. Under the optimized experimental
conditions, the correlation coefficients of 21 solvents of formaldehyde, methanol, ethanol, etc are more than
0.9990, limits of detection are in the range of 0.001-0.007 ug-g”, limits of quantitation are in the range of
0.003-0.022 ug- g'l. Spiked recoveries of target solvents in high, intermediate and low level are in the range of
81.56%-105.54%. The results indicate that this method has excellent linear relationships, high recovery and
good precision. It covers more analysis targets and wider application range than traditional methods. It is suitable
for the quantitative analysis of residual solvents in curcumin, and it is instructional for the quality control of the
extraction and production of curcumin.

Key words: solid phase microextraction; gas chromatography tandem mass spectrometry; curcumin; residual
solvents



