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Uncertainty Evaluation of the Analysis of 11-Nor-9-carboxy-A’-tetrahydrocannabinol
in Human Urine by GC/MS
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Abstract — We described an estimation of measurement uncertainty in quantitative analysis of 11-nor-9-carboxy-A’-tet-
rahydrocannabinol (THCCOOH), the major metabolite of Ag-tetrahydrocannabinol, in urine sample by solid-phase extraction
(SPE) and GC/MS detection. The analytical results were compared and the different contributions to the uncertainty were
evaluated. Inter-day and inter-person validation were performed using statistical analysis of several indicative factors, Mea-
surement uncertainty associated with target analyte in real forensic samples was estimated using quality control (QC) data.
Traceability of measurement was established through traceable standards, calibrated volumetric glassware and volume mea-
suring device. The major factors of contribution to combined standard uncertainty, were calibration linearity, inter-day
repeatability and inter-person reproducibility, while those associated with preparation of analytical standards and sampling
volume were not so important considering the degree of contribution. Relative combined standard uncertainties associated

with the described method was 12.05% for THCCOOH.
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Fig. 1 — Chemical structures of delta-9-tetrahydrocannabinol and its
metabolite(11-nor-9-carboxy-tetrahydrocannabinol).
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GC/MS

Fig. 2 — Preparation procedures of urine sample for the analysis of
THCCOOH.
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Fig. 3 — Uncertainty factors associated with measurement results.
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Table I — Uncertainty of purity of THCCOOH

Concentration Standard Relative standard
Analyte range uncertainty uncertainty
(mg/ml) (Upurity(s) (U purity(s)
THCCOOH  0.09680.0008 0.000462 0.004771
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Table II - Relative standard uncertainties of diluted standard solutions (working solutions) and standard preparation

Analyte Conc' (mg/ml) Uy purity(S) Uy flask U, piper Uy sta(w1) U std(w2) U std(W3) U gt
THCCOOH 0.1 0.00477149 0.00040007 - 0.00478823 - - -
0.01 - 0.00040007 0.003 0.00478823 0.00566456 - -
0.001 - 0.00040007 0.003 0.00566456 0.00642240 -
0.0001 - 0.00040007 0.003 - - 0.00642240 -
- - - - 0.00478823 0.00566456 0.00642240 0.009811
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Fig. 4 — Representative SIM (selected ion monitoring) chromatogram
obtained from spiked urine sample containing 15 ng/m/ of
THCCOOH.
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Table III — Standard uncertainty of inter-day repeatability

THCCOOH (5.0 ng/ml)

No.
1st day 2nd day 3rd day 4th day
1 4.720 4.846 4.467 4.495
2 5.023 4.736 4.487 4.693
3 4.972 4.736 4.508 4.696
4 4924 4.741 4.509 4.883
Mean 4.920 4.765 4.493 4.692
Variance 0.018 0.003  0.0004  0.025
Standard uncertainty 0.165032
(uvariation)
Relative standard 0.033

uncertainty (ur vatiatinn)

Table IV — Standard uncertainty of inter-person reproducibility

THCCOOH (5.0 ng/m/)

No.
1st person 2nd person 3rd person
1 4.720 4.609 4.714
2 5.023 4.870 4.527
3 4.972 4.991 4.390
4 4.924 4.863 4.604
5 4.959 4.922 4.435
Mean 4.920 4.851 4534
Variance 0.014 0.021 0.017
Standard uncertainty 0.197161
(upcrsnn)
Relative standard 0.039

uncertainty (U, person)
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mAp n Sy

(x;=(y;-b/m), p: number of measurements to determine x;, n:
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d=Yd/m, 5,=C(d-d)W0-2), =3 x/n, S, = (x-%))

Table VO k2 21(13)ell 2-8-ato] Lojxl Aol st &
PEFEEE (u, 4 0024853019109 1 AIE Table VIe]
ERASIE



136 A - A - 5 - A8E - o184 - AE - QR
Table V - Calculations for least-squares analysis
No. X; y; X Y X d, & d-d (d-d ) Sy
1 2 0.124 0.249 4.0 -0.01091 0.00012 -0.010257 0.000105 256
2 2 0.136 0.273 4.0 0.00120 0.00000 0.001857 0.000003 256
3 10 0.655 6.548 100.0 0.01480 0.00022 0.015462 0.000239 64
4 10 0.643 6.428 100.0 0.00281 0.00001 0.003467 0.000012 64
5 20 1.279 25.571 400.0 0.00754 0.00006 0.008195 0.000067 4
6 20 1.253 25.052 400.0 -0.01841 0.00034 -0.017754 0.000315 4
7 40 2.499 99.951 1600.0 -0.03422 0.00117 -0.033564 0.001127 484
8 40 2.565 102.597 1600.0 0.03193 0.00102 0.032593 0.001062 484
Sum 144 9.153 266.67 4208.0 - 0.0029344 - 0.0029309 1616
yi-b Z —\2
=1 d,=mx;-b, d;= , Si= -
X;= - mx; Z(Xl )
Table VI - Detailed estimation of uncertainty contributions in the results of THCCOOH analysis in human urine samples
THCCOOH
Uncertainty factors Relative standard Effective degrees Coverage Degree of
uncertainty of freedom, v factor, k contribution (%)
Sample volume (u, ) 0.002 8 - 0.2
Standard solution (u, ) 0.010 8 - 5.3
Run control (precision, U, uiation) 0.033 15.0 - 233
Inter-person (precision, U, persen) 0.039 14.0 - 376
Calibration curve (u, ) 0.025 6.0 - 33.7
Relative combined standard uncertainty (u(C)) 0.058 35.8 21 100.0
Relative expanded uncertainty (UJ(E)) 0.12 -

Uncertainty was quantified for a single measurement of drug user urine 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%.
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