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Abstract 

Reports have shown the prevalence of the contamination of banknotes with a number of different 

drugs.  These studies have focused on investigating drug contamination levels on currency which is 

either nationally or even international distributed.  To present there has been no studies undertaken 

on banknotes circulating in well-defined and limited geographic areas.  In this present study we have 

investigated the presence of drug contamination on the Local Currency, circulating in a known 

geographic area in and around the city of Bristol, UK; the Bristol Pound (£B).  The effect of sample size 

was investigated and a post-hoc statistical power analysis undertaken.  Following liquid extraction 

with the aid of sonication, levels of cocaine, benzoylecgonine, MDMA, ketamine and 

methamphetamine were determined by liquid chromatography triple quadrupole mass spectrometry.  

Seven samples of each denomination in circulation were investigated.  The calculated median values 

per note were 2030 ng cocaine, 91.9 ng benzoylecgonine, 0.779 ng methamphetamine, 62.8 ng MDMA 

and 3440 ng ketamine.  This study focuses on our preliminary studies and to our knowledge this is the 

first investigation focused on the drug contamination of a Local Currency. 
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Introduction 

A high percentage of circulating banknotes have been shown to be contaminated with illicit drugs [1].  

This contamination is believed to result from drug dealing or drug usage [2] leading to the initial 

contamination of a small number of notes.  This initial contamination can then be spread either by 

direct contact or by subsequently contaminated currency-counting machines or Automated Teller 

Machines (cash points) [3,4].  It is also suggested that the hygroscopic nature of many drugs can lead 

to deliquescence and absorption to the banknote in warm, moist environments [5], such as in pockets 

and wallets.  Paper based banknotes are also believed to present a suitable matrix for the inclusion of 

drug particles [6].  Knowledge of the drugs and the amounts present on banknotes can provide 

important information [7].  Elevated levels above commonly recorded background levels can be used 

to determine drug usage and dealing [8].  The types and variety of drugs found can also give insights 

into changes in drug usage. 

The European Drug Report published in 2019 [9] show that the availability of illicit drugs is governed 

by the geographic location of ports of entry, related trafficking routes, production centres and 

consumer markets.  Cocaine is the most frequently seized stimulant in western and southern 

European countries, whereas, amphetamines and MDMA predominates across northern and eastern 

Europe.  This an interesting point, as if this is correct, then it should be possible to detect some 

geographical or regional variation in the drugs found on different banknotes.  Nevertheless, reports 

[4,10] have argued that there is no geographic regional variation in the quantities of drugs found.  

However, these studies have been undertaken on notes available in wide geographical areas, such as 

whole political regions and countries, not on specific geographic areas [1-8,11-22]; using currencies 

available throughout a much larger areas, diluting the geographic significance.   

To present there have been no investigations regrading drugs contamination of Local Currencies.  

These can be defined as a currency that can be spent in a defined geographic area in participating 

shops and organisations.  It is generally exchangeable on a one-to-one basis with the national currency 

and not designed as a replacement.  It is aimed to encourage spending and its related benefits to be 
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kept within the local community [23].  United Kingdom (UK) cities such as; Bristol and the towns of 

Lewes and Kingston have their own local currencies, along with areas as diverse as Brixton, the Lake 

District and the Findhorn Ecovillage.  This aim of keeping usage within a local area or community 

presents an interesting aspect, as these banknotes circulate in a relatively small, well-defined area.  In 

this present study we have focused on determining levels of drug contamination on the Local 

Currency, the Bristol Pound (£B).  We believe that this approach would give more specific information 

of drug usage in a specific geographical region.  We have developed a LC/MS/MS based assay to 

determine cocaine, benzoylecgonine, 3,4-methylenedioxymethamphetamine (MDMA), ketamine and 

methamphetamine contamination of the £B banknotes.  This is the first study of this type to be made 

on a Local Currency. 

2. Experimental 

2.1 Chemicals and Reagents 

All chemicals and reagents were purchased for Fisher Scientific unless otherwise stated.  Drugs 

standards: 20 µg/L mixed drug standard solution (cocaine, cocaine–D3, benzoylecgonine, 

benzoylecgonine D3, ketamine HCl, Ketamine D4 (HCl), methamphetamine, methamphetamine D14); 

were purchased from Sigma Aldrich, Poole, UK.  Water, formic acid and methanol were all LC/MS 

grade.  

Liquid Chromatographic conditions 

Chromatographic equipment consisted of an Agilent Tech 1260 infinity liquid chromatograph coupled 

to an Agilent Tech 6460 triple quadrupole mass spectrometer.  Separations were carried out using an 

Agilent Poroshell 120 reversed-phase C18- column (2.7 μm particle size, 100 mm × 3.0 mm i.d.) 

maintained at 30 °C.  The mobile phase consisted of A, 0.1 % formic acid in water, and B, acetonitrile 

at a flow rate of 0.4 mL/minutes.  The initial conditions were 80 % A 20 % B.  At injection, B was 
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increased from 20 % B to 80 % and held at 80 % until 1.50 minutes; at 1.51 minutes, B was decreased 

to 20 %.  The injection volume was 5 μL.   

Triple Quadrupole MS conditions 

The ion mode was ESI + Agilent Jet Stream. Gas temperature was set to 300 °C, gas flow was 5 L/min, 

and capillary voltage was 3500 V.  The cell accelerator voltage (V) was 4 V.  Table 1 gives an overall 

summary of the LC/MS/MS conditions used. 

Analyte  Retention 
Time (min) 

Precursor 
Ion (m/z) 

Product 
Ion (m/z) 

Dwell 
(ms) 

Fragmentation 
(V) 

Collision 
Energy (V) 

Cocaine D3 3.442 307.2 85.2 50 99 36 

  307.2 77.1 50 99 72 

Cocaine  3.444 304.2 82.2 50 113 32 

  304.2 77.1 50 113 72 

benzoylecgonine 
D3 

2.557 293.2 105.1 50 124 36 

  293.2 77.1 50 124 72 

benzoylecgonine 2.581 290.1 168.1 50 110 20 

  290.1 77.1 50 110 64 

Ketamine D4 (HCl) 2.416 242.1 224 50 88 13 

  242.1 129 50 88 29 

Ketamine (HCl) 2.438 238.1 220 50 106 13 

  238.1 124.9 50 106 29 

Methylenedioxyme
thamphetamine 
(MDMA) 

2.317 194.1 163.1 50 80 8 

  194.1 105.1 50 80 24 

Methamphetamine 
D14 

2.020 164.2 98.1 50 87 20 

  164.2 70.2 50 87 52 

Methamphetamine 2.061 150.1 91.1 50 82 16 

  150.1 65.1 50 82 48 

 

Table 1.  Analytical and detection conditions of target drugs and deuterated internal standards. 

Calibration 

A seven-point calibration curve was constructed using concentrations 1.0 µg/L, 5.0 µg/L, 10 µg/L, 50 

µg/L, 100 µg/L, 500 µg/L and 1000 µg/L was conducted for all five drugs under investigation.  Each 

standard was run in triple.  Typical chromatograms obtained for the target analyte and their 
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deuterated standards are shown in supplementary material figure S1.  Table 2 describes the analytical 

performance characteristics for the method for the drugs investigated. 

Analyte 
LOQ 

(ng/mL) 

Upper limit of 
linearity 
(ng/mL) 

Regression 
Equation r2 Significance 

methamphetamine 1 1000 y=0.247x 0.999 4.68x10-10 

MDMA 1 1000 y=0.112x 0.999 2.37x10-13 

Ketamine 1 1000 y=0.203x 0.999 1.78x10-10 

benzoylecgonine 1 1000 y=0.0641x 0.999 9.43x10-14 

Cocaine 1 1000 y=0.1359x 0.999 1.12x10-7 

 

Table 2. Linear dynamic range of drugs investigated. 

2.2 Banknotes 

A total of 28 banknotes comprising equal numbers of all the denominations issued; £B1, £B5, £B10 

and £B20 notes were kindly donated by the Bristol Pound CIC.  These had been in circulation from 

2015 to December 2018.  Banknotes were handled using nitrile gloves and kept in closed sealed plastic 

bags in the dark. 

2.3 Extraction procedure  

Individual banknotes were placed in glass tubes and aliquots of 20 % acetonitrile: formic acid (0.1 %) 

and an internal standard mix added to each tube.  Each tube was then sonicated for 15 minutes.  A 

suitable aliquot of the resulting solution was filtered and introduced to LC/MS/MS.   
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Results and Discussion 

Sample Size Power Calculations 

As this is a technical note on how to carry out this type of study a very small number of notes were 

sampled and we can calculate the post-hoc statistical power on these data, and suggest a minimum 

sample size required to achieve a 0.8 statistical power.  For the differences between denominations 

we calculate the statistical power of the biggest effect seen, which is between the results for cocaine 

on £B 5 notes and £B 20 notes, and this current study is found to have a power of only 21.1 %, due to 

the large standard in cocaine measurements on the £B 20 notes deviation (108.5 µg on a mean of 35.7 

µg) and the small sample size (7 notes).  To capture an effect of roughly the size seen in this preliminary 

study at an appropriate statistical power, we would require a sample size of 82 notes per 

denomination (using standard settings alpha = 0.05, beta = 0.2 and a power of 0.8).  If we look at the 

averages over notes of all denominations for each drug we have a larger sample size of 28 notes.  The 

post-hoc power for cocaine versus ketamine (the most novel and smallest result) is 23.4 %, and the 

largest result, cocaine versus methamphetamine, has a power of 41.3 %.  These powers are too small 

for this study to be quantitative.  Using the cocaine results as the reference group, the sample size 

required to have sufficient statistical power is between 145 notes per denomination and 280 notes 

per denomination.  This is because the very high variance on the cocaine data.  These numbers are 

the worst-case scenario, using a different drug as the reference increases the post-hoc power 

calculation and reduces the number of notes needed, however to design a follow-up study one usually 

wants to consider highest number of samples required to see if that is within achievability.  

Distribution of Drugs Based on Denomination and Drug Type 

The level of contamination is quite notably different for each of the drugs investigated and there is 

some correlation with denomination banknotes and the level of drug contamination found (figure 1).  

Low levels of methamphetamine and MDMA were detected and drug contamination was principally 

from cocaine and ketamine.  The £B1, was found to have the lowest mean contamination for all of the 
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drugs investigated.  The higher denomination notes, especially in the case of cocaine, were found to 

have exhibit the highest contamination levels.  Presumably, these notes have been used in drug taking, 

or have come into close or direct contact.   

The £B are generally kept separate from other currencies and contamination via sorting machines and 

related equipment is unlikely as the volume of £B circulated does not warrant their application [24].  

Consequently, we believe that the degree of contamination results from drug usage or contamination 

from storage in people’s wallets and purses.   

 

 

Figure 1. Mean distribution of methamphetamine, MDMA, ketamine, benzoylecgonine and cocaine 
with relation to £B denomination. 
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Figure 2. Comparative mean levels of cocaine (µg/banknote) recorded.  (a) Heller et al. 2013 [25]; (b) Esteve-Turrillas et al. 2005 [7]; (c) Rodrigues et al. (2013) 
[21]; (d) Almeida et al. 2015 [16]; (e) Oyler et al. (1996) [22]; (f) Di Donato et al. (2007) [14]; (g) Jenkins (2001) [11]; (h)this study; (i) Johnson 2016 [29]; (j) Zuo 
et al. 2008 [26]; (k) Johnson 2016 [29]; (l) Johnson 2016 [29]; (m) van der Heide et al. (2015) [27]; (n) Negrusz et al. (1998) [19];(o) Mackuľak et al. (2015) [35]; 
(p) Luzardo et al. (2011) [2]; (q) Wimmer and Schneider (2011) [13]; (r) Jourdan et al. (2013) [18]; (s) Bones et al. (2007) [12]; (t) Hudson (1989) [17]; (u) Song 
et al. (1996) [20]. 
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Figure 3.  Relative levels of ketamine, benzoylecgonine, methamphetamine and MDMA reported for 
different currencies.  Study: (a) Ieong et al. (2015) [28]; (b) Bones et al. (2007) [12]; (c) Mackuľak et al. 
(2016) [35]; (d) this study.   

 

Cocaine 

In previous studies up to 100 % of all banknotes were reported to be contaminated with cocaine [5,29] 

with average contamination levels of between 0.118 µg to 148 µg/banknote.  However, within these 

studies, levels as high as 1110 µg [21] and 1330 µg [22] are reported.  In this present study, cocaine 

levels showed an average level of 28.0 µg/banknote (range = 0.102 µg to 534 µg/banknote).  As can 

be seen in figure 2, the level of cocaine contamination sits close to that reported for small number of 

reports given for the Pound Sterling [29].   
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Figure 4 shows the distribution of cocaine and benzoylecgonine across all of the £B note investigated.  

Higher contamination levels were seen associated with the £B 20 notes.  One particular £B 20 (20.6) 

showed notably higher levels of 602 µg of cocaine and benzoylecgonine.   

Banknotes contaminated with cocaine were also found to show significant amounts of 

benzoylecgonine, with a mean of 3.73 µg/banknote and a median of 91.9 ng/banknote.  A strong 

relationship was found between cocaine and benzoylecgonine levels present on the £B notes (R2 = 

0.9870).  Due to the good relationship with cocaine levels found, we believe that benzoylecgonine 

originates from the degradation of cocaine on the banknote.  The presence of benzoylecgonine on 

banknotes has been shown in previous studies [12,13].  It has been shown to be one of the main 

biology metabolites of cocaine [30], but can also be formed chemically via the hydrolysis [31,32].  

However, this does not of course preclude the possibility of it not originating from contamination from 

sweat and other bodily excretions.   

 

Figure 4. Sum of cocaine and benzoylecgonine in µg/banknote.  High cocaine levels were detected on 
one £B20 note (20.6) as labelled in figure. 
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Ketamine 

To our knowledge, there have only been two reports on the determination of ketamine on banknotes 

[12,28].  Figure 5 shows the levels of ketamine determined in our study showing a similar prevalence 

of ketamine, with all of the £B notes sampled being contaminated with ketamine with mean and 

median levels of 9.95 µg/banknote and 3.44 µg/banknote respectively.  Unlike cocaine, ketamine 

contamination levels were found associated with the £B 10 notes (figure 1). 

In 2007, Bones et al [12] investigated 45 Irish euro banknotes for 16 illicit drugs including ketamine.  

Their study did not report the presence of ketamine on any of the notes investigated.  However, in a 

later study in Macao, China, in 2015 Ieong et al [28] reported that 98 % of all the banknotes 

investigated were contaminated with ketamine resulting from the trend of taking ketamine in 

nightclubs in that area.   

A recent report of illicit drug use in 2019 in the neighbouring Principality of Wales [33], ketamine along 

with cocaine were shown to be the most commonly reported drugs.  In this same study, ketamine was 

found to be the most commonly identified illicit drugs found in nightclub and festival amnesty bins.  

Similar trends have been shown in Europe, with studies in Munich nightclubs [34] showing 21.2 % of 

attendees had consumed ketamine in last 12 months.  
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Figure 5. Ketamine HCl µg/banknote. 

 

Figure 6. MDMA µg/banknote 
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MDMA  

3,4-Methylenedioxymethamphetamine, often referred to as Ecstasy or MDMA, is normally 

administered in small doses in tablet form.  As a result, only a small number of reports have shown 

detectable amounts present on banknotes [8,13,35,36].  Wimmer and Schneider [13] reported that 

MDMA was mainly found on small denominations Euro notes which shows some similarity to the 

results here with the predominate MDMA level seen for one of the £B1 (1.5).  This note also showed 

a high level of cocaine present as well (figure 4).  Similar to the £B10 and £B20 (10.4, 10.5, 20.5 and 

20.6) denominations to exhibit elevated levels of MDMA (figure 6), and high levels of cocaine (figure 

4).  This shows some possible relationship between the usage of MDMA and cocaine.  Studies have 

highlighted MDMA users to be more likely to use other drugs, specifically cocaine [37,38]. 

Methamphetamine 

Depending on its form, methamphetamine can be swallowed, snorted, injected or smoked in its more 

pure, crystalline commonly referred to as known as crystal meth.  Globally, amphetamine-type 

stimulants are the second most widely used drugs, with use levels often exceeding those of heroin 

and cocaine [39].  Fultz, et al. [15] undertook GC/MS analysis of one-dollar banknotes circulating in 

the Birmingham, Alabama metropolitan area in 2012 and reported 42 % of these were contaminated 

with methamphetamine.  However, the Bristol Drug Survey [40] reported little usage of 

methamphetamine in the area.  This is reflected in the levels we found for the £B (figure 7).  Notably 

higher levels have been reported in Europe, such as that reported by Mackuak and Gal [35] who 

showed that banknotes used in the Czech Republic and Slovakia were contaminated mainly by 

methamphetamine, at levels as high as 940 and 760 ng/note, respectively.  However, only two of the 

£B notes sampled were found to be contaminated with methamphetamine at levels greater than our 

LOQ (10 ng/banknote).  This agrees with a 2011 study by Wimmer and Schneider [13] of 53 Euro 

banknotes which showed low levels of methamphetamine (median: 7 ng/banknote), with 80 % of 

these with quantities beneath 15 ng/banknote.  Only three Euro notes investigated showed levels 
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greater than 100 ng methamphetamine/banknote.  Notably, the £B 10 note, 10.5 has the highest level 

of both methamphetamine (figure 7) and the highest contamination of ketamine (figure 5).  Reports 

have shown that ketamine has been used as an adulterating agent for methamphetamine [41] which 

could possibly explain this relationship. 

 

Figure 7. Methamphetamine µg/banknote. 

4. Conclusions 

This preliminary LC–MS/MS study has been successfully employed for the determination of five illicit 

drugs of abuse on £B banknote for the first time.  All circulating denominations of the £B were 

investigated.  Bristol Pound banknotes are circulating only within the Bristol area at a known number 

of outlets.  Consequently, geographical and sociological conclusions can be made with a greater 

degree of certainty compared to studies undertaken on currency circulating in larger geopolitical 

areas.  Statistical analysis of the results from this initial study has identified the sample numbers that 

would be required for a further investigation.   
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Cocaine represented the predominate contamination, with up to 500 µg/banknote, mostly associated 

with the £B 20 notes, the highest domination in circulation.  Notably, ketamine with levels of up to 80 

µg/banknote were found; principally focused on the £B 10 notes.  To our knowledge, this is only the 

second report of such levels of ketamine.  Those exhibiting elevated levels of MDMA (up to 10 

µg/banknote) showed similar high levels of cocaine.  Only two of the 28 banknotes examined were 

found to be contaminated at levels above the LOQ (10 ng/banknote) with methamphetamine.  This to 

a large extent reflects what has been reported in previous studies on other currencies.  However, the 

levels of ketamine found associated with the £B in this study have not be previously reported outside 

of China.  

The levels of contamination of the £B notes was found to fit into three board groups.  Those 

contaminated at low levels were believed to have originated from contamination from contact with 

other notes and represent a background level.  A smaller set of medium level contaminated notes 

were believed to have resulted from the taking of drugs, in some point in the past.  The third set with 

high contamination levels were thought to have resulted from their use in recent drug taking. 

To our knowledge studies have focused on mainly on cocaine, MDMA and methamphetamine and 

there has been no investigations focused on the possible contamination of banknotes by emerging 

new psychoactive substances.  Similarly, recent studies have highlighted changes in drug usage and 

composition, with increased usage of fentanyl [42] and increasing potency of THC in cannabis derived 

products [43].  We believe that these would be important areas of future investigations which could 

be combined with a study of wastewater drug levels or self-reporting questionnaire of Bristol Pound 

users. 
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Figure S1.  Typical LC/MS/MS chromatograms of (a) cocaine; (b) benzoylecgonine; (c) ketamine HCl; 
(d) MDMA and (e) methamphetamine. 

 
  



18 
 

References 

[1]  S. Armenta, M. de la Guardia, Analytical methods to determine cocaine contamination of banknotes 
from around the world, TrAC, 2008, 27, 344-351. 

[2]  O. P. Luzardo, M. Almeida, M. Zumbado, L. D. Boada, Occurrence of contamination by controlled 
substances in Euro banknotes from the Spanish archipelago of the Canary Islands. J. Forensic Sci. 2011, 
56, 1588–1593. 

[3]  J. F. Carter, R. Sleeman, J. Parry, The distribution of controlled drugs on banknotes via counting 
machines, Forensic Sci. Int. 2003, 132, 106–121. 

[4]  K. A. Ebejer, G. R. Lloyd, R. G. Brereton, J. F. Carter, R. Sleeman, Factors influencing the contamination 
of UK banknotes with drugs of abuse, Forensic Sci. Int. 2007, 171, 165–170. 

[5]  J. M. Poupko, W. L. Hearn, F. Rossano, Drug Contamination of U.S. Paper Currency and Forensic 
Relevance of Canine Alert to Paper Currency: A Critical Review of the Scientific Literature, J. Forensic 
Sci. 2018, 63, 1340-1345. 

[6]  F. Anglada, O. Delémont, O. Guéniat, P. Esseiva, Highlights of Analytical Chemistry in Switzerland. 
Detection and Significance of Cocaine Traces on Swiss and Euro Banknotes, CHIMIA, 2012, 66, 346. 

[7]  F. A. Esteve-Turrillas, S. Armenta Javier, Morros, S. Garrigus, A. Pastor Miguelde la Guardia, Validated, 
non-destructive and environmentally friendly determination of cocaine in euro bank notes. J. 
Chromatogr. A, 2005, 1065, 321–325. 

[8]  M. Lafitte, F. Brousse, L. Noël, Y. Gaillard, G. Pépin, Traces de stupéfiants sur les billets de banque : une 
comparaison entre les billets en circulation et les billets saisis à l'occasion de trafic de stupéfiant, Ann. 
Toxicol. Anal., 2002, XIV, 95-99. 

[9]  European Monitoring Centre for Drugs and Drug Addiction, 2019, European Drug Report 2019: Trends 
and Developments, Publications Office of the European Union, Luxembourg. 

[10]  R. Sleeman, C. Aitken, A. Wilson, Cocaine on cash. Does quantity vary by location? Significance, 2017, 
December, 18-23. 

[11]  A. J. Jenkins, Drug contamination of US paper currency, Forensic Sci. Int. 2001 121, 189-193. 
[12]  J. Bones, M. Macka, B. Paull, Evaluation of monolithic and sub 2 µm particle packed columns for the 

rapid screening for illicit drugs—application to the determination of drug contamination on Irish euro 
banknotes, Analyst, 2007,132, 208-217. 

[13]  K. Wimmer, S. Schneider, Screening for illicit drugs on Euro banknotes by LC–MS/MS, Forensic Sci. Int. 
2011, 206, 172–177. 

[14]  E. Di Donato, C. C. S. Martin, B. S. De Martinis, Determination of cocaine in Brazilian paper currency by 
capillary gas chromatography/mass spectrometry. Quim. Nova, 2007, 30, 1966–1967. 

[15]  B. A. Fultz, J. A. Mann, E. A. Gardner, Methamphetamine Contaminated Currency in the Birmingham, 
Alabama Metropolitan Area, Microgram J. 2012, 9, 57-60. 

[16]  V. Almeida, R. Cassella, W. Pacheco, Determination of cocaine in Real Banknotes circulating at the state 
of Rio de Janeiro, Brazil. Forensic Sci. Int. 2015, 251, 50-55. 

[17]  J. Hudson, Analysis of currency for cocaine contamination, J. Can. Soc. Forensic Sci. 1989, 22, 203-217. 
[18]  T. Jourdan, A. Veitenheimer, C. Murray, J. Wagner, The Quantitation of Cocaine on U.S. Currency: 

Survey and Significance of the Levels of Contamination, J. Forensic Sci. 2013, 58, 616-624. 
[19]  A. Negrusz, J. Perry, C. Moore, Detection of Cocaine on Various Denominations of United States 

Currency. J. Forensic Sci. 1998, 43, 626-629. 
[20]  D. Song, S. Zhang, K. Kohlhof, Determination of trace amount of cocaine on a bank note by gas 

chromatography-positive-ion chemical-ionisation mass spectrometry. J. Chromatogr. A, 1996, 731, 355-
360. 

[21]  N. Rodrigues, M. Guedes, R. Augusti, P. Marinho, Cocaine contamination in Belo Horizonte-MG paper 
currency. Rev. Virtual. Quim. 2013, 5, 125-136. 

[22]  J. Oyler, W. Darwin, E. Cone, Cocaine Contamination of United States Paper Currency. J. Anal. Toxicol. 
1996, 20, 213-215. 

[23]  P. North, Ten Square Miles Surrounded By Reality? Materialising Alternative Economies Using Local 
Currencies, Antipode, 2014, 46, 246–265. 

[24] Bristol Pound, personal communication, 2019.  
[25]  M. Heller, L. Vitali, M. A. Siqueira, A. V. F. Sako, M. Piovezan, G. A. Micke, Capillary Electrophoresis with 

UV Detection to Determine Cocaine on Circulated Banknotes, ISRN Anal. Chem. 2013, 2013, Article ID 
489705. 

 



19 
 

 
[26]  Y. Zuo, K. Zhang, J. Wu, C. Rego, J. Fritz, An accurate and nondestructive GC method for determination 

of cocaine on US paper currency, J. Sep. Sci. 2008, 31, 2444–2450. 
[27]  S. van der Heide, P. Garcia Calavia, S. Hardwick, S. Hudson, K. Wolff, D. A. Russell, A competitive enzyme 

immunoassay for the quantitative detection of cocaine from banknotes and latent fingermarks, 
Forensic Sci. Int.  250 (2015) 1–7. 

[28]  L. C. Ieong, S. D. Menacherry, F. P. Smith, LCMS Method for the Determination of Illicit Drug Residues 
on Paper Currency. Inter. Chem. Review, 2015, 1, 1-21. 

[29]  A. C. Johnson, Quantitation of cocaine on banknotes. MPhil thesis, University of the West of England. 
2017, Available from: http://eprints.uwe.ac.uk/27254 Accessed 26/02/2019. 

[30]  E. J. Cone, A. Tsadik, J. Oyler, W. D. Darwin, Cocaine metabolism and urinary excretion after different 
routes of administration, Ther. Drug Monit. 1998, 20, 556-560. 

[31]  M. Kiszka, G. Buszewicz, R. Ma̧dro, Stability of cocaine in phosphate buffer and in urine. Z Zagadnien 
Nauk Sadowych, 2000, 44, 7-23.  

[32]  J. F. Casale, R. W. Waggoner Jr., A Chromatographic Impurity Signature Profile Analysis for Cocaine 
Using Capillary Gas Chromatography, J. Forensic Sci. 1991, 36, 1312-1330. 

[33]  WEDINOS Annual Report, Welsh Emerging Drugs and Identification of Novel Substances, June 2019, 
Welsh Government available at 
http://www.wedinos.org/resources/downloads/Annual_Report_201819.pdf Accessed 02/07/19. 

[34]  T. -V. Hannemann, L. Kraus, D. Piontek Consumption Patterns of Nightlife Attendees in Munich: A 
Latent-Class Analysis, Subst. Use Misuse, 2017, 52, 11, 1511-1521. 

[35]  T. Mackuľak, A. Vojs Staňová, M. Gál, J. Híveš, R. Grabic, J. Tichý, Determination of illicit drugs and their 
metabolites contamination on banknotes, Monatsh. Chem. 2016, 147, 39–43. 

[36]  R. Sleeman, I. F. A. Burton, J. F. Carter, D. J. Roberts, Rapid screening of banknotes for the presence of 
controlled substances by thermal desorption atmospheric pressure chemical ionisation tandem mass 
spectrometry, Analyst, 1999, 124, 103–108. 

[37]  E. D. Wish, D. B. Fitzelle, K. E. O’Grady, M. H. Hsu, A. M. Arria, Evidence for Significant Polydrug Use 
Among Ecstasy-Using College Students, J. Am. Coll. Health, 2006, 55, 99–104. 

[38]  A. B. Scholey, A. C. Parrott, T. Buchanan, T. M. Heffernan, J. Ling, J. Rodgers, Increased intensity of 
Ecstasy and polydrug usage in the more experienced recreational Ecstasy/MDMA users: A WWW study, 
Addict. Behav. 29 2004, 743-752. 

[39]  UNODC, Methamphetamine continues to dominate synthetic drug markets, Global SMART Update 
Volume 20, August 2018. 

[40]  Bristol City Council, 2012 The Bristol Drug & Alcohol Online Survey. Available from: 
https://www.bristol.gov.uk/documents/20182/33003/drug-and-alcohol-survey.pdf/3e120198-b61d-
4d34-ba00-f71b11d92bf8 Accessed 12/04/2019 

[41]  C. Cole, L. Jones, J. McVeigh, A. Kicman, Q. Syed, M. A. Bellis, European Monitoring Centre for Drugs 
and Drug Addiction (EMCDDA), 2009, Methamphetamine. A European Union perspective in the global 
context. Lisbon: European Monitoring Centre on Drugs and Drug Addiction, Liverpool John Moores 
University, UK. 

[42]  L. LaRue, R. K. Twillman, E. Dawson, P. Whitley, M. A. Frasco, A. Huskey, M. G. Guevara, Rate of Fentanyl 
Positivity Among Urine Drug Test Results Positive for Cocaine or Methamphetamine, JAMA Netw Open. 
2019, 2, e192851. 

[43]  K. R. Thomsen, C. Lindholst, B. Thylstrup, S. Kvamme, L. A. Reitzel, M. Worm-Leonhard, A. Englund, T. 
P. Freeman, M. Hesse, Changes in the composition of cannabis from 2000-2017 in Denmark: Analysis 
of confiscated samples of cannabis resin, Exp. Clin. Psychopharmacol. 2019, 27, 402-411. 

http://eprints.uwe.ac.uk/27254
http://www.wedinos.org/resources/downloads/Annual_Report_201819.pdf

