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Abstract: A method was developed for quantitative detection of four amphetamine-type stimulants ( ATSs) in hair by ultra-per—
formance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) combined with the external standard and the uncer—
tainty of the method was evaluated.Through the analysis of the entire experimental process the uncertainty source is determined
from the standard solution preparation sample preparation linear fitting sample processing process matrix effect etc.Each uncer—
tainty component is quantified synthesized and expanded.The results showed that the main source of uncertainty in the determina—
tion of ATSs in hair was standard curve fitting. Based on the needs of forensic appraisal A complete uncertainty report of the four
ATSs in the hair at the addiction determination threshold ( 0.2 ng/mg) was especially given and the expanded uncertainty of
each substance was 0. 024 0~0. 035 6 ng/mg.The evaluation results can provide effective reference information for the forensic i—
dentification of drug addiction cases.
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i 0. 006) mg/mL) .3 4- (
( 1.000+0. 006) mg/mL) .3 4-
o ( ( 1.000+0. 006) mg/mlL)
( Cerilliant ) (
)« ) ) ( Merck
2016 11 ( ) ) ( )
; 2018 11 1.2
§ X 2018 10~100 L 1. 000
938 ) mg/mL . 4
N \3 4- 100 pL. 25 mL
(MDA) 3 4- 4.0 pg/mL
( MDMA) 0.2 A
ng/mg * . 6 10 mL 1~6;
10~100 L 100 pL A
. 1
o 40 ng/mL ;
500~5 000 L
’ 1.2.3.4.5 5.5.4.5.5 mL
o, 2.3.4.5.6
20.10.4.0.2.0.1. 0 ng/mL
2 1345 .
- ( UPLCMS/ 1.3
MS) 20 mg
( Y(JIF ; 100~1 000 pL
1059. 1—2012) 10 1.0 mL 3 400 r/min
o 2 min; 2 h 0.22
4 m UPLC-MS/
(0.2 ng/mg) MS o
6
o 20 mg 1.0 mL 1.0.2.0.
4.0.10.20.40 ng/mL
0.05.0.1.0.2.0.5.1.0.2.0
1.1 ng/mg
SCIEX QTRAP® 5500 - - .
( AB SCIEX ) ; Biotage® Lysera 1.4
( Biotage ) ; KQ-00 : Phenomenex Kinetex®
( ); Biphenyl (100 mmx3.0 mm 2.6 pum) ;
FA2014 ( A 5 mmol/L 0. 1%
); 10~100.100 ~ 1 000,500 ~5 000 pL B 0.5 mL/min;
Genex ( BIO-DL 2 nl; 40 °C; ~1.0
) o o min 5% B; 1.0~1.5 min 5% ~20% B; 1.5~9.0
: ( ( 1.000 = min 20% ~95% B;9.0~11.0 min 95% B; 11.0~
0. 006) mg/mL) . ( (1.000+ 11. 1 min 95%~5% B; 11.1~14.0 min 5% B.
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: DESI u( 1) = July(S) +uly(V)) +uly(Vy)
( MRM) ; - wy(S): 4
(IS):5 500 V; ;500 C. 4 1. 000
MRM Lo mg/mL 0. 006 mg/mL
1 4 MS/MS E=2
Tab.1 MS/MS acquisition parameter and 2 S). = 0.006/(1.000 x 2) = 0.003
i i f four ATS
retention time ot tour S uml( Vl) : 1.2
(m/z)  (m/z) IV /eV /min
ey o “ 5 e 10~100 pL 5 .500~5 000 L 5
91.1 25 100 L 5 000 pL
1501 Mo 30 16 . 2.0 p. %30 pL
91.1 26
. 6 k=y3  10~100 uL
MDA BT gy ¥ w2 500~5 000 pL
MDMA 194.2 ;(6): : 35 ;i 4.87 :
. ta( Vigo 1) = 2.0/(100 x/3) = 0.011 55
o il Vson ) = 30/(5 000 x /3) = 0.003 464
1.5
urel( Vl)
Uy Vioo ;,LL) et Vs 000 p,L)
' u = LL? uz =
X= (Y-a)/b Xfgz *fur wl( V1) 57161( Vio ,LL) + 51, Vs 000 ML)
y 5% 0.011 55 + 5 x 0.003 464> = 0.026 96
ra ib X ua( V2
ng/mg; fip; s
1 25 mL A 6 10 mL A
5 +0.03 mL +0.01 mL
2.1
UPLC-MS/MS k=6
25 mL 10 mL
1)
U Viosmr) = 0.03/(25 x/6) = 0.004 899
Ul Vg we) = 0.01/(10 x,/6) = 0.004 825
$2) 20 C
(20+x4) <
3) 0.001 18/C
) k=3
2.2 u(T) = (0.001 18 x 4) //3 = 0.002 725
2.2.1 25 mL 10
U 1) mL
2.1 u,(1) el Vasur) = Vsl Visar) +upa(T) =
ua(S) . 0. 004 899% + 0.002 725> = 0. 005 597

uml( Vl)
urel( Vz) o

ta( Viows) = Vbl Viewr) +ulu(T) =

0.004 8252 + 0.002 725% = 0.005 541
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uml( Vz) uml( Vas mL) uml( Vi mL)
u( V) = upia( Vas i)+ 6ui( Vig i)

0.005 5977 + 6 x 0.005 541 = 0.014 68

(1) (2) .(3)

Ul 1) = Vuly(S) +ul(V) +ul(Vy) =

rel

0.003% + 0. 026 96° + 0.014 68> = 0.030 84

2.2.2 u,4( 2)
1.3
,a( 2)
U(m)
el V3) o
wa(2) = Jug(m) +ui( V)
wa( m):
.
20 mg
O0sm=<50¢g +0.02
mg +0.02 mg
k=3
u( m)
Ul m)
wlm) = JuX(m) +u(my) =

(0.02//3)% +(0.02/4/3)2 = 0.016 33 mg
uy(m) = u(m)/m = 0.016 33/20 = 0.000 816 5

u(Vs): 100~1 000 wL
1 mL (
)
£10 pl
k=3

u( V3) = 10/( 1000 x/3) = 0.005 774

ua(2) = ufg(m) +uly(V;) =

0.000 816 5% + 0.005 774> = 0.005 831

2.2.3
U, 3)

1.3 0.05.0.1.0.2.0.5.
1.0.2.0ng/mg 6 UPLC-
MS/MS o 4

Tab.2 Linear equation and correlation coefficient of

four ATSs in hair matrix

y=1.491 9x107x-81 789. 2 0.998 4

y=2.652 1x107x+140 566.9 0.999 0

MDA y=5.334 3x10°x+97 904. 0 0.996 9
MDMA y=3.021 7x107x+340 826.0 0.998 7

2 0.05~2.0 ng/mg 4
r
0.995 y « o
S

5=J§‘1 Y, = (bxX; +a */(n-2)

Y (X +
a) yn=2x6=12
4 0.2
ng/mg 6
Xo X,
u( 3)

u(3) = (S/b) \/1/p+ l/"'*'(Xo—X)Z/Z(Xj—X)Z

)

ng/mLo

2;p=6
; X=0.641 7 ng/mg
X

il

u,(3) = u(3) /X,

. (n=

6) .

Tab.3 Standard fitting deviation for regression equation

average concentration ( n= 6) standard uncertainty for

average concentration and relative uncertainty of four ATSs

X()/ u( 3) /

uy(3
(ngemg™) (ngemg™') (9

0.215 1 0.016 31 0.075 81
0.2118 0.009 165 0.043 27
0.197 7 0.010 65 0.053 88
0.213 4 0.011 09 0.051 97

458 041

457 205

MDA 199 505

MDMA 629 008
S Al

4
Xo\
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u( 3) wu( 3) 35 Jre( fre = 1/RE)
2.2.4 Suel fup = 1/ ME) Xo
u,(4)  uy(9) o 4 RE.
N N ME. u (4 u (35 ¢t
4,
2.3
6 0.2 u,,( X)
ng/mg 1.3
UPLC-MS/MS w( X) = July(1) +ul(2) +uly(3) +uly(4) +uly(5)
(RE) = u(X) = ug(X) XX = uy(X) XX X frg X fye
(A) 7 4 N
(B) x 100% u,( X)
(ME) =
(B)/ u( X) . 5.
(C) x 100% A
Tab.5 Each source of uncertainty combined relative
tra( 4) e 3) uncertainty and standard uncertainty for determinations
ura(4) = SDyp/(RE X /n) of four ATSs
w( 5) = SDyy /( ME X /n) MDA MDMA
2 SDgg: i SDy
. RE - ME ; (1) 0.030 84 0.030 84 0.030 84 0.030 84
nz6 . u,( 2) 0.005 831 0.005 831 0.005 831 0.005 831
18 wa( 3) 0.07581 0.04327 0.053 88 0.05197
{ ) 9 u,( 4) 0.01864 0.01083 0.02522 0.013 54
t ( ua(5) 0.01435 0.01213 0.02503 0.019 00
2t=1(1-RE) /| REXu (4 | t=1(1-ME)/ U X) 0.08536  0.05587 0.07177 0.065 04
MExu,,(5) 1) RE W(X) /(ngemg™) 0.01781 0.01198 0.01419 0.014 08
ME 1 ° 1= 2.4
Lios 5= 2.57 U
4 4
A A U =k xu(X)
Tab.4 E i t ix eff % h=2
ab. xtraction recovery rate matrix eftect
their respective relative uncerItZinty and ¢ test result of 4 (0.2 ng/me)
four ATSs in hair samples 6.
MDA MDMA 6 !
( ngemg 1)/ 0.2 0.2 0.2 0.2 Tab.6 Expanded uncertainty and result report of
four ATSs in hair
(neg) g 1076549 1050528 98.96.1 106.7+3.5 U/ ngemg)) /(ngemg)
al 4) 0.01864 0.01083 0.02522 0.013 54 0.035 6 0. 208 720.035 6
. 3.79 515 0. 44 4. 64 0.024 0 0.214 4+0.024 0
MDA 0.028 4 0.197 7+0.028 4
(neg) o OSBERA 933228 976560 924243 VDMA 0.008 0.216 520,028 2
u(5) 0.014 35 0.012 13 0.02503 0.019 00

t 3.06 5.92 0.98 4.33
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