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Introduction
Bath salts, the informal “street” name 
for a new family of designer drugs, are 
synthetic cathinones with effects similar 
to amphetamines or cocaine. Bath salts 
can be modified structurally and synthe-
sised easily, preventing them from being 
detected in regular forensic drug screen-
ing. In this article, we present an ultrafast 
method for screening a panel of six bath 
salts in urine samples using a high-
throughput mass spectrometry system. 
The bath salts were analysed accurately 
and precisely measured within a linear 
range of 31–1000 ng mL–1. Increased 
sensitivity and specificity were achieved 
compared to traditional screening meth-
ods without compromising throughput 
and speed. 

Synthetic cathinones are derived 
f rom cathinone, a psychoac t ive 
component of the khat plant (Catha 
edulis Forsk). While cathinone deriva-
tives have previously been used as 
active pharmaceutical ingredients in 
licensed pharmaceuticals (for example, 
amfepramone), the last decade has 
seen unregulated ring-substituted cathi-
none derivatives enter the recreational 
drugs market.1 These derivatives include 
methcathinone (ephedrone), mephe-
drone (4 -methy l methca th inone , 
4 -MMC) , methylone (bk-MDMA; 
3,4-methylenedioxy-N-methylcathinone), 
M D P V (3 , 4 - m e t h y l e n e d i o x y
pyrovalerone), methedrone (bk-PMMA; 
4-methoxymethcathinone) and PPP 
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(a-pyrrolidinopropiophenone). Whereas 
cathinone itself and methcathinone 
are regulated, other derivatives are yet 
to come under international control— 
although Europe has now enacted a 
ban on mephedrone and the US Drug 
Enforcement Agency (DEA) has placed a 
temporary ban on mephedrone, MDPV 
and methylone, classifying them as 
schedule I (“no currently accepted medi-
cal use and a high potential for abuse”) 
status.1–3

Cathinone derivatives are power-
ful psychoactive stimulants, with similar 
effects to amphetamines, and the lack of 
regulation has led to their being marketed 
as “legal highs”, being labelled as “bath 
salts” or “plant food” and with packaging 
marked “not for human consumption” 
in order to circumvent detection,1 with 
a recent US study identifying as many 
as 37 different brand names reported 
among 236 patients treated for expo-
sure to bath salts.4 The use of bath salts 
presents a significant public health risk, 
with increased reports of toxicity and 
mortality, and medical reports of bath 
salts users presenting with tachycardia, 
hypertension, hyperthermia, seizures, 
severe panic attacks, agitation, para-
noia, hallucinations and violent behav-
iour (including self-mutilation, suicide 
attempts and homicidal activity).5,6  

Bath salts can be modified structur-
ally and synthesised easily, preventing 
them from being detected during regular 
drug screening. Traditional forensic drug 

testing relies on immunoassay screen-
ing followed by gas chromatography/
mass spectrometry (GC/MS) and, more 
recently, liquid chromatography/ mass 
spectrometry (LC/MS) for quantitative 
analysis. The need for greater throughput, 
faster turn-around times, and increased 
specificity have placed increased 
demands on these traditional technol-
ogies. In the present study, a method 
to screen urine for a six-drug panel  
consisting of mephedrone, methylone, 
methcathinone, fluoromethcathinone, 
methoxymethcathinone and MDPV 
(Figure 1) was developed using a high-
throughput MS system—a solid phase 
extraction with tandem mass spec-
trometry (SPE/MS/MS) system capable 
of analysing samples with cycle times 
under 15 s.

Experimental
The high-throughput MS system was 
a RapidFire MS/MS system (Agilent 
Technologies, Inc.), which consists of 
an ultrafast autosampler and online SPE 
instrument, a triple quadrupole mass 
spectrometer, and proprietary qualita-
tive and quantitative analysis software. 
Samples were analysed at a rate of 
14 s per sample. The conditions used 
maybe found as Table S1 in the online 
supplementary information at: http://bit.
ly/14MgrhZ. The standard curve for the 
injection cycle may also be found in the 
online supplementary material section 
and is shown there as Figure S1. Analyte 
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and internal standard ions were moni-
tored simultaneously in all experiments 
for all six bath salt drugs.

M e p h e d r o n e ,  m e t h y l o n e , 
methcathinone, fluoromethcathinone, 
methoxymethcathinone and MDPV 
(all at 1 mg mL–1 in methanol) and 
mephedrone -d3 (100 μg mL–1 in 
methanol) , were purchased from 
Cerilliant, Round Rock, TX, USA. All other 
LC/MS grade solvents and reagents were 
purchased from Sigma–Aldrich, St Louis, 
MO, USA.

Standard calibrators were prepared 
by spiking drug-free human urine 
with 1000 ng mL–1 of mephedrone, 
methylone, methcathinone, fluorometh-
cathinone, methoxymethcathinone 
and MDPV. Two-fold serial dilutions 
were used to achieve the remain-
ing standard calibrator concentrations. 
A set of standard calibrators contain-
ing all six analytes within a concen-
tration range of 31–1000 ng mL–1, as 
well as a negative matrix control were 
also spiked with 100,000 ng mL–1 of 
the same class of interfering drugs: 
methylenedioxyamphetamine (MDA), 

methylenedioxymethamphetamine 
(MDMA), methylenedioxyethylam-
phetamine (MDEA), amphetamine, 
methamphetamine ephedrine and pseu-
doephedrine.

All samples were diluted 1 : 10 using 
water containing isotopically-labelled 
methylone-d3 as a common internal 
standard (100 ng mL–1 final concen-
tration). Samples were transferred to 
96-well plates, centrifuged and injected 
onto the MS/MS system. Prepared cali-
bration standards were run four times a 
day, over a series of four days, to estab-
lish both intra- and inter-day precision 
and accuracy. The reproducibility of the 
method was tested by measuring 2000 
sequential injections of all six analytes 
spiked into urine at 100 ng mL–1. The 
same cartridge was used for all 2000 
injections without deviation in pump 
pressures or peak shape.

Qualitative analysis and quantitative 
analysis software were used for data 
analysis. A 1 / ×2 weighting factor was 
applied during linear regression of the 
calibration curves. The quantitation was 
performed by spectral peak area ratio 

to a known concentration of the internal 
standards.

Results and discussion
Mephedrone, methylone, methcathi-
none, fluoromethcathinone, methoxy
methca th inone and MDPV had 
intra- and inter-day accuracies within 
15% and coefficient of variation values 
less than 10% for all concentrations 
within the linear range. This method 
had linearity within the measured range 
of 31–1000 ng mL–1 with an R2 value 
> 0.998 for each analyte. Only the accu-
racy and precision measures (Table 1) 
and the standard curve linearity (Figure 
2) are presented here for methylone; 
details and results for the other analytes 
are given in the online supplemen-
tary material section (see http://bit.
ly/14MgrhZ). The limit of quantitation 
(LOQ) was determined to be 31 ng mL–1 
for all six analytes.

No suppression was observed for any 
of the six analytes when 100,000 ng mL–1 
of MDA, MDMA, MDEA, ampheta-
mine, methamphetamine, ephedrine 
and pseudoephedrine were present in 
the sample. Mephedrone, methylone, 
methcathinone, fluoromethcathinone, 
methoxymethcathinone and MDPV were 
all accurately measured, even at the 
lower end of the linear range, despite 
the presence of high concentrations 
of the other drugs. The negative matrix 
control was also tested and determined 
to be void of any interference from these 
drugs.

In the reproducibility tests, the instru-
ment response was stable for all six 
analytes. For example, methylone had 
a coefficient of variation of 2.05% and 
accuracy within 2% (Figure 3).

Methylone 
(ng mL–1)

Intra-day % 
accuracy (n = 4)

Intra-day % 
precision (n = 4)

Inter-day % 
accuracy (n = 4)

Inter-day % 
precision (n = 4)

31.25 106.2 1.8 107.4 2.0

62.5   92.7 3.9   90.2 3.4

125   92.6 3.7   91.5 4.9

250   93.3 3.4   95.5 2.5

500   97.4 2.1   98.1 2.4

1000 103.0 2.0 103.0 2.7

Table 1. Intra-day and Inter-day precision and accuracy for RapidFire/MS/MS analysis of methylone in urine.
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Figure 1. Structures of the six bath salts in the panel.
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Conclusions
The panel of six bath salts was quickly, 
accurately and precisely quantitated in 
urine using a simple “dilute and shoot” 
(direct sample injection) method. With 
peak-to-peak injection cycle times of 
14 s, this screening method is capa-
ble of throughputs greater than 240 
samples per hour. Using this SPE/MS/
MS methodology, increased sensitivity 
and specificity were achieved compared 
to traditional screening methods without 
compromising throughput and speed. 

The ability to add more analytes to this 
panel further broadens the potential use 
of this analysis system for the detection 
of cathinone derivatives within human 
urine samples.
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Figure 2. Representative standard curve for methylone. 
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Figure 3. Repeatability evaluation using sequential injections of 
methylone.
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