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2 fFEASfshs HAE AA GC-MS/MSE olg-ste] BAsiolth. 1 Ast BE A=) i) 4%
W U S5 AANS Ephglem, A4 niek Bgte] muzg] ol gE F Uk %

b ey, ALwet s IRleinh. A FA AATE)E 0998 ol UL A=
7 0.007 ng/mg ©)3IIeH 348 75.9-100.9%°] T} AU (intra-day) 2 L7} (inter-day) HEH=
B 26-17.0%2] ¥9E Jepon FUEE 10.7%0]812 25 7153020% ©13helule] wh& e
Atk BFEE B viek B-8xke] Tk A83k Ax v 2dwEldle] T EX= 0.97-19.30 ny
mgelR e AHEMNL 0.14-2.56 ng/mgC) AT}

Abstract: A gas chromatography-tandem mass spectrometry (GC-MS/MS) method was developed and validated
for simultaneous determination of amphetamine derivatives and norketamine in human hair. Preparation of hair
involves external decontamination, mechanical pulverization, incubation and extraction prior to instrumental
analysis. The samples were derivatized using heptafluorobutyric anhydride, and analyzed by GC-MS/MS. The
linear ranges were 0.05-20.0 ng/mg for the analytes except for 3,4-methylenedioxyamphetamine, with good
coefficients of determination (*>0.998). The intra-day and inter-day precisions were within 10.7% and 8.5%,
respectively. The intra-day and inter-day accuracies were between -1.6 and 17.0% and -2.6 and 10.5%, respectively.
The limits of detections for each analyte were lower than 0.007 ng/mg, while recoveries were 75.9-100.9%. When
the method was applied to hair samples obtained from suspected drug abusers, the concentrations in hair samples
were 0.97-19.30 ng/mg for methamphetamine and 0.14-2.56 ng/mg for amphetamine.
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Fig. 1. Chemical structures of amphetamine derivatives and
norketamine, and internal standards used.
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Fig. 2. Pictures of the blank hair before and after pulverization.
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Fig. 3. Particle size distribution of pulverized hair powder.
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Fig. 4. GC-MS/MS chromatogram for HFB derivatives of
S analytes and corresponding internal standards,
including (A) drug-free hair, (B) drug-fortified hair
at the concentration of 0.5 ng/mg for each analyte,
and (C) drug user hair samples.

o}, z}zhe] BAIEZ o] & Ek/\-ﬂ]EE“(mass spectrum)ﬂ
o] 7]5=0]2(base ion) =& S4J 022 precursor ion
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Table 1. GC-MS/MS information of 5 analytes and internal standards used as their HFB derivatives

Retention time

MRM transitions

No Analyte Molecular weight . - - CE (eV)
(min) precusor ion (m/z) product ion (m/z)
. AP 31 198 240.2" 192.0 8.0
) 240.2 168.9 10.5
2 AP-dy 339 4.95 243.2 168.9 11.5
3 MA 345 6.03 254.2 209.9 8.5
’ 210.2 168.9 9.0
4 MA-d, 356 5.97 260.3 212.9 8.0
5 MDA 375 797 1352 770 130
162.2 131.0 10.5
6 MDA-ds 380 7.88 136.2 78.0 13.0
254.2 209. .
7 MDMA 389 8.90 2542 2099 75
210.2 168.9 8.5
8 MDMA-ds 394 8.87 2583 212.9 8.0
9 NKT 420 9.49 3842 1710 100
356.2 338.8 6.0
10 NKT-d, 424 9.47 388.2 175.0 10.0
“Underlined transitions were used for quantification
Table 2. Sensitivity and calibration results
Calibration range . Linearity® LOD® LOQ*
Analyte Slope -intercept
Y (ng/mg) i e ) (ng/mg) (ng/mg)
AP 0.05-20.0 0.2292 0.0249 0.9993 0.007 0.023
MA 0.05-20.0 0.8608 -0.0051 0.9995 0.005 0.016
MDA 0.05-5.0 0.6371 0.0632 0.9981 0.006 0.018
MDMA 0.05-20.0 0.7419 -0.0178 0.9995 0.003 0.008
NKT 0.05-20.0 0.7625 -0.0468 0.9997 0.001 0.002

“Linearity is described by the coefficient of determination (%) for the calibration curve.
°Limit of detection (LOD) and “limit of quantification (LOQ) were based on the concentration corresponding to 3 and 10 standard deviations

from the mean of six replicates of QC samples.

mg, MDA: 3 ng/mg)el Al ol e] s YEREE H]
oA 3 fa AP s tH(Table 3)%

34. mEt AE e =

ellA 24 H EMHJ%*% °l ted 2009 39 12
UHE 268744 o= E whoF §ojzte] B
(n=15)yS E23 A7 MAS] E%E 0.97-19.30 ng/mg
o] W92 JeR o MAS F8 thAIAIQ AP
EEE 0.14-2.56 ng/mgS YERSIT APS] F% U
H] MA9] F5E H|E UeRH 2.99-40.0S »}E}Lﬂm
o}, © MA®] B9 & F%7} 0.97-2.65 ng/mgS] W

1 Afelle APS s&rt e olste] v=& LP

el AT

L

1z ©
oo

b 7o) 9loja] ReFE(parent drug)e] THARA <]
1S FA At 719 Fag Q40| BR AA
7t AEHA 4o muk A g9 AL B ALt AleA
A&l ATh

4.4 E

N
N
il
fi

g2 o o 4o F

flo

O

N i
o
ok

“r o
ol
ol
8
hu)
]:o{:
X
22
ro
>,
i
=
2
)

N
it
0
ofr
ok
rr
oL
— 2
i
")
o
=, ol
R Y
fo 2t d

i) 1
>
)
)
b
oft
v
£
B
ko
1

¢

b b 2 >

Analytical Science & Technology



GC-MS/MSE o] 83 =t A EfY] F =] 9 =2 AR $AEA 217
Table 3. Results of method validation
Nominal Intra-day (n=3) Inter-day (n=4)
. Recovery — —
Analyte concentration (% mean£SD?) Precision Accuracy® Precision Accuracy
(ng/mg) (% RSD) (% bias) (% RSD) (% bias)
0.3 88.1+£22 4.8 39 7.0 4.1
AP 3 95.9 +39 2.9 2.3 2.5 2.6
15 100.9 + 9.7 29 -1.2 1.8 -1.8
0.3 759 £9.0 1.0 17.0 6.3 83
MA 3 914 £ 6.1 0.9 -0.6 2.1 0.9
15 99.7 £ 82 2.1 0.3 2.1 23
MDA 0.3 783 £9.3 10.7 -1.6 3.1 7.0
3 95.1 £ 6.6 1.0 5.8 0.8 4.0
0.3 85.6 £4.9 3.0 14.0 8.5 10.5
MDMA 3 88.3 + 0.6 3.2 1.9 3.7 2.4
15 913 +£3.7 3.5 1.5 3.7 32
0.3 79.6 £ 4.0 3.1 3.4 7.4 2.4
NKT 3 87.7 2.7 1.0 0.4 0.7 0.7
15 952 + 1.8 12 -0.4 1.9 0.1

Standard deviation.

PExpressed as the coefficient of variance of the peak area ratios of analyte/internal standard.
“Calculated as [(mean calculated concentration - nominal concentration)/nominal concentration] x 100.
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