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Uncertainty Evaluation of the Analysis of Methamphetamine and Amphetamine
in Human Hair by GC/MS
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Abstract - Recently estimating the uncertainty of an analytical result has become an essential part of quantitative analysis.
This study describes the uncertainty of the measurement for the determination of methamphetamine and its major metab-
olite amphetamine in human hair. The method consists of washing, drying, weighing, incubation and extraction with meth-
anolic HCl solution, clean-up, trifluoroacetyl derivatization, and qualification/quantification of residues by gas
chromatography/mass spectrometry (GC/MS). Traceability of measurement was established through traceable standards and
calibrated volumetric equipment and measuring instruments. Measurement uncertainty associated with each analyte in real
samples was estimated using quality control (QC) data. The main source of combined standard uncertainty comprised two
components, which are uncertainties associated with calibration linearity and variations in QC, while those associated with
preparation of analytical standards and sample weighing were not so important considering the degree of contribution. Rel-
ative combined standard uncertainties associated with the described method ranged for individual analytes from 4.99 to

5.03%.
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J

Washing hair sample
to remove external contamination

Rinse with 10 m/ of ultra-pure H,O (twice) and then
10 m/ of acetone (HPLC grade)

[ Drying the hair I

Cut in small fragments
Weigh the hair sample

I Extraction I

Add internal standards and 2 m/ of 0.25 M methanolic HCI
under sonication at 50 C for 1h

[ Derivatization I

ﬂ Inject 1 W into GO/MS

l GC/MS I

Fig. 1 - Preparation procedures of hair sample for the analysis of AP
and MA.
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Fig 2 - Uncertainty factors associated with measurement results.
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Table I - Uncertainty estimation of weight by the repetitive meas-

urements
No. Weight (mg)
1 20.02
2 20.01
3 20.01
4 19.99
5 19.98
6 20.00
7 19.99
8 20.02
9 20.02
10 19.98
Mean 20.02
Degrees of freedom 9
Standard uncertainty 0.0162
Fel=
Uy
e ing = @)
T wmg W0
f 2 2
(qug= (ucert'l) +(urep'1) ’ WO . 20 mg)
o
Vet = ~—— 1 3

u.
o

HEFEZY =A2HHe| ST Tt

EFgae ool ule} BAEFEN(stock standard solution,
S)& 3A Azslo] AMEETh ZFEEN AT BEEE B
Auzgde £5, AR-A volumetric flask % pipette®] 221
o] Zgter}.

RATFLNE 108 22 13} EFE(Ist working
standard solution, W< Alzsl= A9 Ealx Akeg 918t
o] W7 RPEFEgA BT gl

RIS EFEEAC] AFAMERE £EF RG] ZFEIR
Uy 2 BHNEFETE(, puriry) S ANIE1] Table oY 4
gstgct BauREEA] £ Ffd g2EseE Axg
3 mofel B3| 2 BY BT HrF S o83l
Axedy, AEFEETE EFEAEE 3] 58 Wy
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Table II - Uncertainty of purity of amphetamine and metham-

phetamine
. Standard Relative standard
Analyte Concentration uncertainty uncertainty
range (mg/m)) " W )
purity(S) Ur purity(S)
AP 0.987+0.001 0.0005774 0.0005850
MA 1.027+0.002 0.0011547 0.0011243




210 Rt B

oY - HEE - AR

EFGN 3o AFEE volumetric flaskell &5 E3= WAy
L4F flask A9 EFE, 250 % EFE, vH 53T
o Jeh = 235 4 72 AZE). volumetric flask AR
9] Bglws wAAAMRRE 95%2) AN BT (k=2)
7} 0.008 MY O ZE BEFEHT (0 s 0.004mS & 5= AN
ot 2% 93 FFEITE FAAIF7E 0.00025 ml°Co) 1
AP 2% 70| 20+5°CO|BE EFEEHE Uy S
0.0007217 mi9-& & = A 9] W 40 Ed=E 10
mE 108] WHE 5795 An2E] EREE (1,0 0.0001398
m/Z A= ATk

Egx g WA o wkz} volumetric flaskS ©)4-3+ #3] &
oM FHEFEZE (0, = 0.0042378 m)UT, F-AAHF
EveE 76022 AR T80 ANEFESE (@, )8
24l 2-g3l0] 0.00042382) k& T3ISITh

Uyar
Upyor = T‘;ﬂ' @
1

(uvol'= '\/(ucen‘Z)Z + (utemp')2 + (urep')zr Vl =10 I’I]l)

17} EFEAWD ATl dlshs EE] 93
U)X QAR HARFEEAR ] 59} volumetric flaskell 213t
T 7 QAERE 25yl 28] ANEFELE W, gqmwn)
£ AE3IT, 1 3S Table Il AFjaigich.

2 2
u, std(W1) = '\/ (ur purity(S)) + (ur vol‘) (5)

22t EFEAW2)S 12 B8NS thA 108] 348t A
Zath W2 AZA s BEE 13F BF899] E3E,
3¢ AM&-2 volumetric flask 1A}, pipette 211l <Jgk 1At
A 7HAE Ae)e] ALt 23 BFE LA AEFESE
(u, std(WZ))—% ARESISIT) Fg% ez A7) (8)oll A-8-3t
o] 33} BEFZA(W3) I 43} ZFFH W4l et 242te] A
RFEHES ARele] AE Table Mol F7FsIATH

2 2 F
U w2y = «/ (U pipee)” F (W vor)” +(U; geacwn)) 6)

2 7 P
Uy staews) = «/ (U piper)” + (Urvor)” +(Ur seaeway) )]

2 2 2
ur std(W4) = A/(ur pipet') + (ur vol’) + (ur std(WS)) (8)

FEFEY 3|4of AMZ-E pipettec]] 2J8F BT Q4 pipette
A g} W SA) sk AR Wro] B 4 Slrt. Pipette
A2 EHEE AN AMESE 95%2] ATEelM B
(k=2y7} 0.003 mP|EE EFEIE(u e 0.0015m7} B
o 4= Qe HHE 24 BYTE 1miE 108 vHE 4% 2y
ZHE BFEETE (07t 00005871 midE & 5+ AUch

wbr pipette®] T EFEEE () 0.0016108 mio] 1L,
FEAE (= 5100100 281 FHNEEEE @, e
219l A8l AXrst A3t 0.0016108%S & &= AT

Upinet'
uy pipet' = "P'}& (9)
2

(upipet'z A (ucert'3)2 + (urep3' 27 V2= 1 ml)

BEFEN Az BHY 285 BEE dye] ) ual
EEEY ZATY ] JUEEEATE 210y FL3lo] At
3 A7} APE 0.00473281, MAE 0.00473500]31 2.1 o] ZHe-
Table IMeY) vFERYRC)

2 2 2 3
Up g = A/ (U staewn)” F (Ursaew)” + (e seaewny)” + (Up seaway)” (10)

EXZR(QC) A= 2ttt S5t I}

SHA2EL] AFA, 71342 3 (matrix effect), T D
NG 717140l Qo] 3 AEFojof & Ao BE &
oM YHEETH 23t QC AFE AR met QC Al
£9] Y% (precision) TAATAZTE] SHYAATS] AR A=}
of i3t BEeS A & Yok B AHelNE SE(03ng/
mg)?] QC ARE Agste] BT AEsIith. Y1k(interday)
A= FAS g8 547 oY HHEs] s e A1
o] Hgalo] QC AlRol 3t BERBHEZ AEe). 2174
&l i AHEFETEW, oS AP 00173748, MA

Table III — Relative standard uncertainties of diluted standard solutions (working solutions) and standard preparation

Conc' (ngml)  Analyte Ur purity(S) Ur vor Ur pipet' Ur stawi) Uy std(W2) U std(w3) Up stacwa) Up g¢q
100 AP 0.0005850  0.0004238 - 0.0007223 - - - -
MA 0.0011243  0.0004238 - 0.0012016 - - - -
10 AP - 0.0004238  0.0016108  0.0007223  0.0018155 - - -
MA - 0.0004238  0.0016108  0.0012016  0.0020538 - - -
1 AP - 0.0004238  0.0016108 - 0.0018155  0.0024638 - -
MA - 0.0004238  0.0016108 - 0.0020538  0.0026443 - -
ol AP - 0.0004238  0.0016108 - - 0.0024638  0.0029740
) MA - 0.0004238  0.0016108 - - 0.0026443  0.0031252
AP - - - 0.0007223  0.0018155  0.0024638  0.0029740  0.0043281
) MA - - - 0.0012016  0.0020538  0.0026443  0.0031252  0.0047350

J. Pharm. Soc. Korea
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0.0483283°] 1t} (Table IV).

/Z(s?x(ni-l))

Uyariation = | Hem———— (11)
ation Z (l’li-l)

(s; : standard deviation of each day, n; : number of
measurements)

Mol 22t S8 Yot

ko) MRS 2R gre] 293t Bl golo] B
o drbr oz o uA (Aol ot 333 AR
A& Arsle] APASRYS AETo RN B 5= ek o]

Ao

O

23t AFAY B3RS HUHE 93 8 oA 2dde oS
3} o] Uehd % k.
y=b+mXx 12

(v : ratio of the analyte area to internal standard area, x
analyte concentration, m: slope, b: intercept of the cali-
bration curve)

Table IV — Standard uncertainty of QC samples (n=30)

AL 4l F50.1, 1.0, 3.0, 5.0 ng/mg)2] EFRAS 7}
7} 23] A8l ZHJEISit(Table V). A3 T #dd WAses
712% gke) BE=r) 2% ghe] Batenrt k= e A
A Z2A0F slo] AF AXAFTHOE ANt O A AP
o] e AAS 09998, 7127] 0.117, y-EH -0.00370]
A3, MAS] A& AAAS 09995, 71€7] 02032, y-EH
0.02239) & Yehliglth AA Bgate] 2k Alg 28y 7t
422 Aol gt gL =& AP 0.75 ng/mg, MA
4.76 ng/mgo| AT}

A FHA2AFHOT 2438 Akl oJst
Ao ol Aake = Yok

o2
1,1, (%
p

n

r)~

oo
O -
A
A5

(e

HE

Of

BT e

-
[

U= (13)

(x;=y;-b/m, p : number of measurements to determine x,

n : number of measurements for the calibration, d,=y,-mX

- d; d;-d
Y d:zT',sy=zfl_'2), 2E S, =Y 1)

N AP (0.3 ng/mg) MA (0.3 ng/mg)
0.
1st day 2nd day 3rd day 4th day 5th day 1st day 2nd day 3rd day 4th day 5th day
1 0.308 0.321 0.326 0.302 0.320 0.295 0.295 0.308 0.293 0.298
2 0.310 0.307 0.321 0.306 0.321 0.299 0.289 0.325 0.290 0.301
3 0.312 0.315 0.320 0.310 0.318 0.295 0.299 0.294 0.294 0.303
4 0.318 0.310 0.330 0.305 0.327 0.316 0.296 0.317 0.301 0.309
5 0.307 0.319 0.326 0.321 0.320 0.325 0.295 0.286 0.304 0.293
6 0321 0.312 0.331 0.318 0.321 0.346 0.295 0.297 0.343 0.303
Mean 0313 0.314 0.326 0.310 0.321 0.313 0.295 0.305 0.304 0.301
Standard deviation 0.006 0.006 0.005 0.008 0.003 0.020 0.004 0.015 0.020 0.006
Standard uncertainty ) yoeg04q 0.0146724
(uvariah'on)
Relative standard uncertainty 0.0173748 00483283
(ur van'ation) ) )
Table V - Calculations for least-squares analysis
No. x. ¥i X * Yj 2 4 df drd @d-dy* .
' ' AP MA AP MA AP MA AP MA AP MA AP MA =
1 01 0019 0051 0.002 0.005 0.01 000530 0.00831 000003 0.00007 0.005390 0.008318 0.000029 0.000069 4.73063
2 01 0019 0051 0002 0005 001 0.00490 0.00875 000002 0.00008 0.004992 0008760 0.000025 0.000077 4.73063
3 10 0167 0218 0.167 0218 10 -0.00624 -0.00743 000004 0.00006 -0.006147 -0.007422 0.000038 0.000055 1.62563
4 10 0170 0221 0170 0221 10 -0.00312 -0.00482 000001 0.00002 -0.003032 -0.004813 0.000009 0.000023 1.62563
5 3.0 0521 0618 1562 1853 9.0 -0.00655 -0.01416 0.00004 000020 -0.006458 -0.014151 0.000042 0.000200 052563
6 3.0 0527 0628 1581 1885 9.0 -0.00016 -0.00342 0.00000 000001 -0.000073 -0.003407 0.000000 0.000012 052563
7 5.0 0830 1.042 4399 5208 250 -0.00156 0.00321 000000 0.00001 -0.001469 0.003221 0.000002 0.000010 7.42563
8 50 0888 1048 4.440 5239 250 000671 0.00948 000004 0.00009 0006796 0.009495 0.000046 0.000090 7.42563
Sum 182 3.191 3.877 1232 1463 700 - 0.00019 0.00054 - - 0.000191 0.000537 28.6150

yi-b
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Table VI - Detailed estimation of uncertainty contributions in the results of AP and MA analysis in human hair samples

Relative standard Effective degrees Coverage Degree of
Uncertainty factors uncertainty of freedom, v4 factor, k contribution (%)

AP MA AP MA AP MA AP MA
Sample weight (1, yp,) 0.0009516  0.0009516 17.2 17.2 - - 0.04 0.04
Standard solution (u, ) 0.0043281  0.0047350 88514  12679.7 - - 0.74 0.90
Run control (QC Variation, 4, 0 0.0173748  0.0483283 25.0 250 - - 119 93.8
Calibration curve (u, o) 0.0470327  0.0113965 6.0 6.0 - - 87.3 5.22
Relative combined standard uncertainty (u. )  0.0503349  (0.0498882 7.8 280 24 21 100.0 100.0

Relative expanded uncertainty (U) 01222536  0.1044324 - - - - - -

Uncertainty was quantified for a single measurement of drug user hair sample.,
Coverage factor, k, was obtained from the Student's t-distribution corresponding to the calculated effective degrees of freedom of
relative combined standard uncertainty using a confidence level of 95.45%.

Table VO] 3h& A(13)l H-43t] Folzl AZAo digt A Euelld MA U AP B4 Ale] EeE wrlsle] S4zk]
HEFEFE(y, o) AP 0.0470327, MA 0011396501109  &A] WHE AAToZH 14 Avle] TAL AgHor B3

71 A3+ Table VI Hehfigict. shaak 3kl
BT W7l S3EEE 1y AP YehiglE W)

EEEsTo| ANt k] FEsIgich. Qokhd EAgS AlEsked B e o
FHEEEE ALl A8le] AP MA RS B3 20 QIES sk R A4, 7 el oigt 2w 949
Sl thgt A EFESREE Table VIO Faisisich ala 78 22k A, 2R o gRE EREITE Atk 3o

A Azt B AFEEHE FEANES TokL, 9545% = 5E & ok w3 BEe Adule) W) 28 x3udt
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HT2RE Jojd YT EZES = (u, ) AP 00503, MA  FAEFHEE AAlsict
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At FAEEE W FEl 1 8 F AP B A%
o] v)AAg T} MAS] 739 QC AR BUer) 7R 2 9%
(140 2HE] A Axt AP 0.1222536, MA 0.10443249] < A= 21YE #lgh 5= 9, o]E 71A3 GC/MS2)
Row, 1 3k Table VIOl F7Fsic). Bj2 A4 9] Jkol] o3t 207 et &% o) BT
b 2ol APSE MAY] BE S 95% A=l 4 9 7t A 2AZ A1 e sgAA 2aka]
A =REE I8l LIS APE (0.75+0.09) ngmg Y IF2 A= W 283 °1P§°lt}

Ur(c) =kX U pep (14)

k=24, NF5ZE ok 05%), MAE (4.76+0.50) ng/mg (k=2.1, E = 2RSS o]83le] Y2 T Hokol R g sola= B
Alg)4Z ok 95%)0]9iTh. A SRAEET ES HE 24%0}01 Fokoi gRle] &
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