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Abstract: We described an estimation of measurement uncertainty in quantitative analysis of 11-nor-9-carboxy-
A’-tetrahydrocannabinol (THC-COOH), the metabolite of A’-tetrahydrocannabinol, in hair samples by using the
bead-assisted liquid-liquid extraction and gas chromatography-tandem mass spectrometric (GC-NCI-MS/MS)
detection. Traceability of measurement was established through the use of reference materials, calibrated
volumetric tubes, volume measuring devices, and measuring instruments. The analytical results were compared
and the different contributions to the uncertainty were evaluated. Inter-day variation was performed by using

statistical analysis of several indicative factors. Measurement uncertainty associated with the analyte in real

% Corresponding author
Phone : +82-(0)2-535-4173 Fax : +82+(0)2-535-4175
E-mail : paxus@spo.go.kr



forensic hair samples were estimated using QC data. The major factor of contribution to combined standard

uncertainty was inter-day repeatability, while those associated with preparation of analytical standard and also

sample of weight were insignificant considering the degree of contribution. Relative uncertainty of relative

extended standard uncertainty divided into the measured concentration of the analyte was 17% in a hair sample.

The uncertainty of result evaluation will be invaluable to improve quality of the analysis.
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Hair sample

Rinse with 5 mL of isopropyl alcohol (x 3)

Drying the hair

Weigh the hair sample (25 mg)

Pulverization

Pulverize the sample for 8 min (30/s) with 3 steel balls in a 2 mL tube

Add 50 zL of internal standard (THC-COOH-ds, 0.001 mg/L)

Hydrolysis

React at 95 C for 30 min with 0.7 mL of 1 M NaOH
Add 120 L of acetic acid

Shake the sample twice for 2 min (10/s) with 0.8 mL of n-hexane:ethyl
acetate (9:1, V:V)

Centrifuge the sample at 30,000 x g for 3 min (x 2)

Organic layer

Evaporate the sample at 40 C for 15 min under N, gas stream

Derivatization

Derivatize at 70 C for 30 min with 30 xL PFPOH and 50 pL PFPA
Evaporate the sample at 40 C for 8 min under N, gas

Re-dissolve the residue with 100 L of ethyl acetate and filter with PTFE
membrane

GC-NCI-MS/MS

Fig. 1. Hair analysis procedure of THC-COOH.
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Stock standard
Solution (S)
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Volumetric
Flask Working standard

\ \ Solution (W)

Pipette  Volumetric

Balance ——»

Flask
CTHC-COOH
Recovery ——»
. Linearity
Repeatability
(precision)
Run Control Calibration Curve
Fig. 2. Cause and effect diagram.
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Table 1. Relative standard uncertainty of recovery measurement
from QC samples (n=21)

QC samples

No.
0.2 pg’kg 2.0 pglkg 6.0 pgkg
1 82.146 85.967 78.351
2 89.663 86.682 79.534
3 91.617 84.150 79.749
4 87.507 84.381 79.673
5 84.750 83.617 79.631
6 85.729 83.619 81.057
7 87.849 80.891 83.789
Mean 87.037 84.187 80.255
Standard deviation 3.152 1.868 1.745
Standard uncertainty 23432
(urecovery )
Relative standard 0.02795

uncertainty (ur recovery )

2.0, 6.0 pgkgS & 7tzko] Al ] 73] WkEsle] =
Ak o] HES 2 ®)°l A &3t EFESEE
AET A, Blgol] et FHETETE(Y, ecovery)
£ 00279501001 FEAEE 180 ATHTable 1).

B x(n=1))
urecovery7 W (8)

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

A9 dolee oJa) 92 & e AFa o
@ 2w} HelE Fol FEEE 2AG EF

23 3 ok oAb 4] S4B 97} 7

Eg =2 Yehlofol gttt F4 Aol dist 714
(matrix)?] BT L NG 71714 A] aFdoF &
Aoz FL9art XgkE R EFEE S A8
WHEEHES AEste] 3783 47k QC A8 Ad
T SHpoRE SR 7He dF 2 AY
2doll gt B g A 4= Stk B Ador= 3
N % F 7P A= ZFHA E 5520 02
nghkgol G3te QC A EE o] &3t BE=E 4t
Z3ATh A AEE SA S 8 4Y7F Sl
ZAom 2 (9HF o83l XFEIFEE 2HES
Atk B THC-COOH®] T EEEZE(U, recision)
= 007267019001 AFEE= 2001 TH Table 2).

S x (- 1))
Uprecision — W (9)

(sii standard deviation of each day, n; number of

measurements)

35. #™ J=Mo| <8t === "It

A4 FA0 MANRe 254 el BIE
%

AEdre s ek 5 ot of2id HA F4

4 A md2 (102 T

y=b+m-x 10)

(y: ratio of the analyte area to internal standard area,
analyte concentration, m: slope, b: intercept of the curve)

A4 FAL 570 FE(0.05, 0.1, 0.5, 1.0, 2.0 pg/
kg)el 2EE NS 13 £4 st 248 tH(Tuble

Table 2. Relative standard uncertainty of precision measurement from QC samples (n=24)

THC-COOH (0.2 pg/kg)

No.
1st day 2nd day 3rd day 4th day
1 0.184 0.225 0.189 0.200
2 0.162 0.223 0.211 0.223
3 0.170 0.209 0.211 0.222
4 0.165 0.238 0.228 0.219
5 0.162 0.224 0.188 0.227
6 0.172 0.238 0.198 0.266
Mean 0.169 0.226 0.204 0.226
Standard deviation 0.008 0.011 0.016 0.022
Standard uncertainty (umcwcry) 0.0141
Relative standard uncertainty (U, recoyery ) 0.07267
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Table 3. Calculations for least-squares analysis of calibration curve
No. Xi Vi X;'Y; xiz d; di2 d;—d (dra)2 Sxx
1 0.05 0.029 0.001 0.003 -0.00518 0.00003 -0.005237 0.000027 0.4624
2 0.1 0.061 0.006 0.010 0.00340 0.00001 0.003344 0.000011 0.3969
3 0.5 0.250 0.125 0.250 0.00027 0.00000 0.000216 0.000000 0.0529
4 1.0 0.493 0.493 1.000 0.00356 0.00001 0.003502 0.000012 0.0729
5 2.0 0.968 1.935 4.000 -0.00177 0.00000 -0.001825 0.000003 1.6129
Sum  3.65 1.801 2.56 5.26 0.0000543 0.0000543 2.5980
b
x =22 d =y —mx,—b,di = =S = S(x,~%)
m

Table 4. Detailed estimation of uncertainty contributions in the results of THC-COOH analysis in hair

Uncertainty factors Relative standard  Effective degrees Coverage factor Degree of
4 uncertainty of freedom (v.5) (k) contribution (%)

Sample mass (U, pajance ) 0.00036 8 - 0.00
Standard solution (u, ¢4 ) 0.00751 8 - 0.86
Repeatability (U precision ) 0.07267 20 - 80.35
Recovery (U; recovery ) 0.02795 18 - 11.89
Calibration curve (U, ., ) 0.0213 4 - 6.90
Relative combined standard uncertainty (u(C) 0.08107 29.2 2.1 100
Relative expanded uncertainty (U{C)) 0.16944 - - -

Uncertainty was quantified for a single measurement of drug user hair sample.
Coverage factor (k) was obtained from the Student's #-distribution corresponding to the calculated effective degrees of freedom of relative

combined standard uncertainty using a confidence level of 95.45%.
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