
The Misuse of Drugs Act 1971 classifies Class A, B and C drugs as illegal and over 30000 Class A seizures were reported in England 
and Wales in 2013/14.1  The drug substance is typically formulated with an array of cutting agents, e.g.  Benzocaine, Lidocaine 
and Phenacetin, leading to a complex mixture of organic species. Early attempts to automate identification of such materials were 
hampered by spectral overlap and interference. However, developments in computational deconvolution of a spectral data has led 
to the development of systems that potentially identify targeted components in complex mixtures.2  In this work, a Handheld Raman 
instrument (Thermo-TruNarc), incorporating an implementation of such an algorithms, was tested with an array of seized samples 
from UK forensic investigation. These ‘street’ samples were unmodified from seizure and presented as powders (43 samples) and 
oil (1 sample). The spectral output of the Handheld system was compared with spectra from a laboratory micro-Raman instrument 
obtained from at least three sites in each sample. Spectra from the laboratory system were assigned and the results compared to the 
identification reported from the portable system. In 39/44 of cases a valid identification was obtained although, of these, 12  required 
a sample treatment with an ethanol extraction followed by evaporation onto a proprietary SERS substrate (‘Test Stick’ analysis). 
A detailed evaluation of spectral features was undertaken for all cases and where assignments were inconclusive after direct 
sampling these were mainly attributed to sample fluorescence.  Hence, the TruNarc system was shown to be reliable and capable 
of identifying complex street sample and such identification are available to users with the minimum of spectroscopic expertise.

There a lot of Raman scattering technique has been produced including Raman microscopy, surface-enhanced Raman scat-
tering (SERS) and a compact Raman instrument after 87 years.3 A compact Raman is a user friendly and green vibrational 
analytical method for the detection of the substance. It has used been used in geology 4, archeology 5, meat industry 6, food 7, 
pharmacy 8 and forensic 9 to suit its purpose.

In the latter field, there is less number of the portable Raman used for the detection of drug of abuse. Although a 21 kg Raman 
instrument is considered heavy and not a mini instrument, it still produced rapid screen of liquids and powders for the detection 
and identification of a number of controlled substances.10 In earlier method 11, a portable Raman equipped with a fiber-optic Ra-
man probe showed a rapid identification of a Class A drug and selected adulterants. Two portable Raman (Renishaw and Delta 
Nu) from different manufacture were proven for the detection of three controlled drugs based on the analysis conducted at UK 
airport.12 A portable Raman was used to analyze simulated street drug mixtures. Chemometric method was proven to resolve 
the spectral differences between benzocaine, lidocaine, isoxsuprine, and norephedrine. Limited number of the reference spec-
tra in the database might reduce the detection performance. 

In United Kingdom (UK), TruNarc is already approved as a presumptive drug analyzer for Ketamine and Mephedrone based on 
the Home Office guidance in 2014.13 Further performance evaluation of TruNarc spectrometer compared with the benchtop one 
is still required. To the best of our knowledge, this work is the first study of TruNarc for bulk sample and the result obtained was 
validated with a benchtop Raman spectrometer.
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1. Peak shifting has been observed in the spectra. In future 
effort, this work aims to perform x-axis correction (offset) in 
all Horiba spectra. This correction should be applied to get a 
corrected spectra which are similar to the literature. It can be 
done by using “X-Axis Shifting” mode in GRAMS/AI. These 
new spectra should bring improvement for the comparison of 
the stacked spectra. 

2. Computational chemistry allows us to calculate the 
theoretical Raman peak and the spectrum in gas, liquid and 
solid phase. Molecules can be build using Gaussview 5.00 
and the calculation will be done using Gaussian 09W. The 
steps are; build the molecule in Gaussview, optimize the 
geometries to find the most stable conformer and obtain the 
vibrational  peak position using DFT calculation for the most 

44 ‘street’ samples donated from UK Police have been analyzed using TruNarc and successfully identified organic substances 
including Class A, B, C drugs, active pharmaceutical substance, cutting agents (adulterants and diluents) and excipients at 
gram level without destroying the powder. Valid identification was obtained after Direct Analysis and Test Stick Analysis. TruNarc 
user only requires minimum training to use the instrument and obtain those prompt results. TruNarc method does not require a 
high budget, easily deployable, no sample preparation (Direct Analysis), small quantity of sample and minimum spectroscopic 
skills compared with Horiba. Test Stick Analysis requires organic solvent for sample extraction and SERS substrate. Spectral 
validation with Horiba showed peaks consistency, better quality of Raman spectra and wider spectral range. The equipped 
microscope allowed particle size, transparency and morphological surface observation. It also captured a good quality of image 
of each particles. Raman peaks were assigned with the help of literatures and good agreement was observed. The assignment 
work was challenging and the several Raman spectra were left unassigned because they are not always be identified.

These authors would like to thank to the Universiti Putra Malaysia (UPM) in Malaysia for the scholarship for the student and 
Technical Staffs in University of Lincoln (UoL), Lincolnshire, United Kingdom for the technical supports and instruments.

1. Amardeep, D. Seizures of drugs in England and Wales, 2013/14. https://www.gov.uk/government/uploads/
system/uploads/attachment_data/file/367761/hosb0314.pdf (accessed 30 September, 2015).
2. Kwiatkowski, A.; Gnyba, M.; Smulko, J.; Wierzba, P. Algorithms of chemicals detection using raman spectra. 
Metrology and Measurement Systems 2010, 17, 549-559.
3. Paudel, A.; Raijada, D.; Rantanen, J. Raman spectroscopy in pharmaceutical product design. Adv. Drug 
Deliv. Rev. 2015, 89, 3-20.
4. Culka, A.; Kindlová, H.; Drahota, P.; Jehlička, J. Raman spectroscopic identification of arsenate minerals 
in situ at outcrops with handheld (532 nm, 785 nm) instruments. Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy .
5. Pestle, W. J.; Brennan, V.; Sierra, R. L.; Smith, E. K.; Vesper, B. J.; Cordell, G. A.; Colvard, M. D. Hand-held 
Raman spectroscopy as a pre-screening tool for archaeological bone. Journal of Archaeological Science 2015, 
58, 113-120.
6. Schmidt, H.; Scheier, R.; Hopkins, D. L. Preliminary investigation on the relationship of Raman spectra of 
sheep meat with shear force and cooking loss. Meat Sci. 2013, 93, 138-143.
7. Trebolazabala, J.; Maguregui, M.; Morillas, H.; de Diego, A.; Madariaga, J. M. Use of portable devices and 
confocal Raman spectrometers at different wavelength to obtain the spectral information of the main organic 
components in tomato (Solanum lycopersicum) fruits. Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy 2013, 105, 391-399.

COMPARISON / VALIDATION

SAMPLE

8. Hajjou, M.; Qin, Y.; Bradby, S.; Bempong, D.; Lukulay, P. Assessment of the performance of a handheld 
Raman device for potential use as a screening tool in evaluating medicines quality. J. Pharm. Biomed. Anal. 
2013, 74, 47-55.
9. Stewart, S. P.; Bell, S. E. J.; McAuley, D.; Baird, I.; Speers, S. J.; Kee, G. Determination of hydrogen 
peroxide concentration using a handheld Raman spectrometer: Detection of an explosives precursor. 
Forensic Sci. Int. 2012, 216, e5-e8.
10. Weyermann, C.; Mimoune, Y.; Anglada, F.; Massonnet, G.; Esseiva, P.; Buzzini, P. Applications of a 
transportable Raman spectrometer for the in situ detection of controlled substances at border controls. 
Forensic Sci. Int. 2011, 209, 21-28.
11. Carter, J. C.; Brewer, W. E.; Angel, S. M. Raman spectroscopy for the in situ identification of cocaine and 
selected adulterants. Appl. Spectrosc. 2000, 54, 1876-1881.
12. Hargreaves, M. D.; Page, K.; Munshi, T.; Tomsett, R.; Lynch, G.; Edwards, H. G. Analysis of seized 
drugs using portable Raman spectroscopy in an airport environment—a proof of principle study. J. Raman 
Spectrosc. 2008, 39, 873-880.
13. Home Office Home Office approved testing kits: annex A. https://www.gov.uk/government/uploads/
system/uploads/attachment_data/file/339669/approved-kits-drugs.pdf (accessed 5 November, 2015).
 

stable conformer. Softwares and a dual processor computer 
(128 GB RAM) are available to speed up this future work. 
Raman acitivity,  Animation and the theoretical spectrum will 
be displayed by Gaussian.

3. This work has produced 12 reference spectra and they can 
be used to identify the chemical composition of the remaining 
‘street’ samples. This can be done comparing the reference 
spectra with the Horiba spectrum by either visual inspection 
or chemometric study.

4. After second ‘Test Stick’ finished, several samples still not 
subjected to ethanol extraction and SERS. The next task is 
to use these samples and collect their Raman spectra using 
SENTERRA Raman Microscope.
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