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The identification of Novel Psychoactive
Substances (NPS) represents a challenge since
these substances are designed to evade legislation
and mimic the effects of other controlled drugs.
This work aimed to develop and validate a non-
target GC/MS method based on Linear Retention
Index for the identification of NPS without the
need for analytical standards.

The smallest half-width peak Resolution was for the
pair MDMA/5-MAPB at 1.27, suitable for qualitative
methods (RX,Y ≥ 1.25). Tailing factors ranged from
0.60 (MAM-2201) to 1.76 (5-IAI), and are considered
adequate (TX ≤ 2.0). Repeatability RSD values
ranged from 0.0026% (heroin) to 0.027% (5-IAI), for
replicates performed by the same analyst, on the
same day, with the same equipment. Literature
values ranged from 0,06% to 0,30%.
Intermediate precision RSD ranged from 0.02%
(amphetamine) to 0.29% (AM2201), for replicates
with different equipment on different days
(literature RSD ≤ 0,35%). Overall intermediate
precision confidence interval amplitudes ranged
from ±0.5 i.u. (amphetamine) to ±20.6 i.u. (MAM-
2201).
Robustness evaluation, using a Fractional Factorial
Design 2𝐼𝐼𝐼

6−3 , identified that column polarity is the
only statistically relevant factor, compared to gas
flow, split ratio, injection temperature, temperature
program offset and column brand. LRI was
calculated, without overlap for all 22 substances,
and RSD ranged from 0.01% to 0.06%, a small
standard error. Average LRI results showed excellent
correlation (𝑅2 = 0.9984) with reference literature
values.
A reference table for 22 substances, their Linear
Retention Index, confidence interval, and RSD is now
available for forensic laboratory. It can be used to
identify drugs according to SWGDRUG criteria
(Category A – Mass Spectrometry) and Category B
(Gas Chromatography with LRI).
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The method was developed and validated using
figures of merit such as Selectivity, Precision
(Repeatability, Intermediate Precision), and
Robustness. Linear Retention Index (LRI) was
calculated for the substances analyzed, according
to the equation:

𝐿𝑅𝐼𝑋 = 100 𝑥 𝑧 +
𝑡𝑥 − 𝑡𝑧

𝑡𝑧+𝑎 − 𝑡𝑧

Where z is the number of carbon atoms of the
alkane that elutes right before the analyte (X), 𝑡𝑥
is the retention time of X, and (z + 1) is the
number of carbon atoms of the alkane that elutes
right after the analyte. A mix of drugs was created
combining 22 substances of 10 categories:
phenethylamines (amphetamine, 2-FA, 5-MAPB,
MDMA, methamphetamine, 25C–NBOMe);
“classic” drugs (cocaine, ephedrine, THC, heroin),
synthetic cannabinoids (JWH-081, AM-2201, JWH-
210, MAM-2201), piperazines (o-CPP, p-CPP),
tryptamines (5-MeO-MiPT), synthetic cathinones
(N-ethylpentylone), synthetic opioids (U-47700),
aminoindanes (5-IAI), plant-based substances
(Salvinorin-A), and “other” (methiopropamine).
Precision and robustness studies were
accomplished with two GC/MS equipment from
Agilent 6890N Network GC System/quadrupole
mass spectrometer Agilent 5973 inert. An HP-5
MS was used as the reference column and Helium
as the carrier gas.

The method`s development and validation, using a
total of 22 substances, indicate the adequacy of
Linear Retention Index in identifying NPS. The
method developed is simple and reliable and can be
implemented in routine use by forensic laboratories
that are not able to keep up with the immediate
need of purchasing an ever-growing list of NPS
certified analytical standards.


