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Development of metrological models for the quantitative or semi-cuantitative GC-MS assessment of
the compliance of selt-defense weapons with legislation

INTRODUCTION

Self-defense weapons based on Riot Control Agents (RCA) (like lachrymators) are worldwide used, but its use is are limited by national legislation. In Portugal self-defense aerosols can only use the active principle (RCA)
Capsaicin or Oleoresin Capsicum (OC; extraction product from peppers and similar species) in a concentration lower than 5 (w/v) %. The juridical consequences of using illegal self-defense weapons demand the use of
validated analytical methods and the assessment of the weapons compliance with legislation considering the reliability of measurements. In Portugal, these evaluations are performed in the Scientific Police Laboratory
from Policia Judiciaria, in a two steps metrological procedure, divided on a qualitative (active principle identification) and quantitative analysis. The quantitative evaluation is further divided in two stages: a semi-

qguantitative (single-point calibration) and a quantitative analysis (multi-point calibration). -
] ] L e e e e e e e e e e e e e _ Single-point Uncertainty
Quantitative Sample Preparation €===========r=rereeee————— 7 r | Calibration  Standard Instrumental
) 1 A | : Deviation Solution Repeatability
m : [ Slgnal Signal = S]gnalsfd X Concentration Y capsaicin
Tetra@g (Chloroform : : I (Y) Concentrationg, O\(\\ 1, / S/Q”O/mpsa,cm
| Mehtanol I % 00 /
1 | Ao
( 1:1 )) i G I solut/on
i | g | / Purity Signal . ..,
1 [ |
1 Signal|--- - - -=----- : _ Signalgeq — ayax , I
: I (Sgtd) : Signal = Concentrationg g ><Concentrat10n+aMAXl Capsaicm
: [ : [
|
Mixture 1 Sample Dilution g l [ 3 V. Cint. std.
Preparation (1012 (V1+V2)-400mgL! : | : I Tol. '\ '\ mitre v ey . \ \ (Sample)
mg L of tetracosane) of tetracosane : I am mc[ : [ Viample Rep.Tol. Cint st ~ Volution
o o — — — I I I | (Calibration
: I Concentrationstd Concentr)ation (X) I Rep. Curve) y
Calibration Standards Preparation - Y=a+m.x < Signal = a+m.Concentration | fail Single-point """
- I | | Calibration
Capsaicin CapsaICln. 015% 0,20% 0,25% 0,30% 0,35 % : 1/ C . Xmono — XmurTi = Concentrationggg X I
Solid _Concentration l alibration Signal Signal — apax
Standard I o = ] I Devlatlon [( . )—( _ )] [ I— = (T —V— T _f — f_ -
_ _ _ I Signalgq Signalstqg — apmax | . . /I w = Zinter X Veor X Teta X Tain  Tintsta
e e e e e e e e e e e e e e - Multi-point /) | Wimpur - |
- . total
| > A n " : Instrumental ;’ngi%igﬁ; Calibration / w« — —b (Im)Purity (in mass fraction) |
: Quantification Veortion  Meapsaicin Purity cional / Capsaicin  Low purity standard (0,25 %) :
ignha .
{ Cinterpolation Tok: - Cal. I capsaici /' standard " |
__________ — _— —_— I ep. Rep . . High it [—
Capsaicin Calibration Standards Preparation: i fsta Signaline stg purity e Ca‘; Y
Capsaicin Stock A capsaicin stock solution aliquot and 400 pL of tetracosane stock : >Coppsaicin > (Wimpur) purity / Traceability I
Solution Preparation solution (internal standard) were diluted with chloroform:metanol : C.\ g \ —— I
(1:1) to a final volume of 1 mL using a volumetric flask. I VsolutionPhge staf X A (sample) Tol. V ixture 1 N I Cause-and-effect diagram is I
p =1 [ Cint.std. — NN/ PriacsedV | oo Vsample 7 I;\e SI' | \ similar to multi-point
Capasicin standard traceability: It was used a highly pure capsaicinto  {-~==="" | : (C"C’ﬁ’rrv"gf’” Rep. - 10l \ calibration :
determinate the purity of other standard. N 1 fint. std fai - =
. s EEES =N Lower 5 %
Overall Analytical Method
Multi-
for Self-defense Weapons s llessl e—"bOvE 5% i
- : No Capsaicin or 8 . _ Above or
COHStItUtIOn Oleoresin Calibration Closer to
Capsicum N _J 5 %
| l’ ------- -~ - Lower \ 4
ualitative o : o
Unknown QSampIe Qualitative : Quantitative Quantitative Single- 5 0/
constitution self- > preparation Analysis —  Sample —'—-> s — Point >  Legal
defense weapon T . GC-MS Capsaicin or | preparation : i Calibration
(Extraction) Oleoresin \_ o
IOk \ Capsicum ) S i —— ’ }
IBY; Y
Quantitative Analysis
X
Single-point Calibration €----—====—— e B 2 Multi-point Calibration
o o Acceptation criteria Acceptation criteria Acceptation criteria Decision criteria for single- Acceptation criteria Decision criteria for multi-point
Qualitative Analysis for single-point for sample for single-point point calibration | for multi-point calibration
e ] ' standards calibration
standencliiist] ISRACaLES i If Criterion Interval for Retention Time
i (repeatability) -
2 N C L o%U Plco Calibration Curve of samples(Capsaicin)
Elss Criterion Interval for T | f caps-SP caps-SP Li :
Elws . _ Criterion Interval for Then the self-defense weapon Inearity ‘T _T ‘ < 3><\/§><S
S Area Ratio of single- : : ra — 'rs| = (Tr
=1 Area Ratio of single- - r > 0.99
i 1} point standard e ooint standard s legal ’ If ,
e Criterion Interval for : Or Calibration Curve C +2%U < 5% Vet rologlcal
— . - rep||cate5 caps—-MP caps—MP
R+t xs, Retention Time of Coapssp T 2% Ugapg sp = 5% Control — Standard 3 The self-defense weapon is legal Model for
SRR cates ‘Rl F Rz‘ <3x42x "R [t eation is required ‘C ‘< Or
Criterion interval for (Capsaicin) . e ! T cscc ~ Cosa gp Quantitative
: : Criterion Interval for (Mutli-point calibration) ~ C +2xU > 5%
Retention Time of NG Retention Ti : <2><\/( )2+(u )z caps-MP caps-MP Analvsis of
I ‘Trl —Trs‘ <3XA2XS Sastuidiofnf L= o B . S Cossqp The self-defense weapon is illegal Y
single-point standard : .
it single-point standard = Criteria Data - self=defense
(_apsalcm) replicates °S|n.gle-p.omt Multi-point
| ' Tr ‘Trl TrZ‘ < 3x \/E N uncertainty 25% Curve =
| Capsaicin [~ First) ) 4 ) 4 ) (Ugps-SP) ,
or O;‘ Si (|Irs )- t S le Analvsi S.(Se;cond.) t e Sample Obtained Data Obtained Data Criteria Data
- ~ ingle-poin _y| Sample Analysis i ingle-poin Results Retention Tit kel iy ————
Standard (Replicated) Standard . 1 ALEROL SEERela
L _ _ (Single) standard 2500 mgL*(Tr;) C . librati
Qualitative | . Analysis \_ ) . Analysis ) Criteria Data apsalur.\ Calibra .|on
Analysis criteria | Obtained Data Obtained Data Obtained Data Obtained Data *Concentration and ek SISl uncertainty a ~
\_ ) *Chromatographic *Chromatographic Chromatographic *Single-point uncertainties for (Ceaps-MP) (U cqps-MP)
No Area Ratio (R,) Area Ratio (R.) Area Ratio (R,) Capsa|C|r.1 ] standard 3 (CC and QP) lllegal
Capsaicin *Retention Time (Tr,) *Retention Time (Tr,) *Retention Time (Tr,) Concentration <5% )[ & ]( <5% 25% R
or OC (Ca PSa iCi n) | (Ca PSa iCi n) (Ca PSa ICi n) \( Ccaps-5 ’D) —/ — _ \_ . F/
ACKNOWLEDGEMENTS:
CONCLUSIONS: BIBLIOGRAPHY:
SReilly, C.A.; Crouch, D.J.; Yost, G.S.. “Quantitative Anaylsis of To the B|0t0X|co!qu Are-a, .Dlrectlon of the Scientific Police
The developed analytical method and metrological models allow Capsaicinoids in Fresh Peppers, Oleoresin Capsicum and Pepper Laboratory of Policia Judiciaria (Dr. Sandra Santos and Dr. Joana
the reliable identification of the active principles in self-defense Spray Products”, J Forensic Sci., 2001, 46 (3), 502-9. Alegre).
weapons and the quantification of capsaicin in it. — Haas, J.S.; Whipple, R.E.; Grant, P.M.; Andresen, B.D.; Volpe, A.M.;
This was accomplished by a detailed method validation, that Pelkey, G.E.; “Chemical and elemental comparison of two , .
allowed the determination of used quantitative and qualitative formulation of oleoresin capsicum”, Sci Justice., 1997, 37(1), 15-24. Eurachem
metrological criteria. —>Eurachem Working Group, Eurachem Guide - The Fitness for International Year of CIT
Purpose of Analytical Methods, 1998. CHEMISTRY ) ,.,AC @

2011



