
  

   

 

Results and Discussion 

Mass spectrometry and SPE methods were optimized separately for panels of bath salts (Mephedrone, methylone, 
methcathinone, fluoromethcathinone, methoxymethcathinone and methylenedioxypyrovalerone) and spice (JWH-018 N-
pentanoic acid, JWH-073-N-butanoic acid, AM2201-N-4-hydroxypentyl, JWH-081-N-5-hydroxypentyl, JWH-250-N-5-
carboxypentyl, RCS4-N-5-carboxypentyl, and JWH-210-N-carboxypentyl) and a respective deuterated internal standard on an 
Agilent High Throughput RapidFire Mass Spectrometry System (RapidFire 300 interfaced to an Agilent 6490 QQQ).  Drug-free 
urine was spiked with each drug or drug metabolite, hydrolyzed in the case of spice analytes, diluted, and injected for analysis.  
Sample cycle times for both panels were under 15 seconds per sample.  Data analysis was performed using Agilent 
MassHunter Qualitative Analysis (B.05.00) and Quantitative Analysis (B.05.00) software. 
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Results and Discussion 

Panels of bath salts and spice were quickly, accurately and precisely measured in urine using a simple dilute and shoot method 
on the Agilent RapidFire/MS system with the potential to add more analytes to these panels.  At a peak to peak injection cycle 
time of less than 15 seconds, this screening method is capable 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.    

 

Spice 
 

Forensic drug testing traditionally relies on immunoassay screening 
followed by GC/MS and more recently LC/MS for quantitative 
analysis. However, new designer drugs of abuse can easily be 
modified structurally and synthesized, which creates a challenge 
for their analysis using standard forensic drug screening.  As the 
number of these analytes increases, there is a need for the fast 
incorporation of each new analyte into the screening panels as 
well as the increased need for specificity and sensitivity of the 
screen while maintaining the speed of traditional technologies.  
The Agilent RapidFire High-Throughput Mass Spectrometry System 
is an ultrafast SPE/MS/MS system capable of analyzing samples 
with cycle times under 15 seconds. In the present study, we 
evaluated the ability of this ultrafast SPE/MS/MS system to 
screen for new designer drug panels, synthetic cathinones (bath 
salts) and synthetic cannabinoids (spice), in urine with very fast 
sample cycle times.  
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Rapid Analysis of Panels of Synthetic Drugs of Abuse in Urine Using Online SPE/MS/MS 
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Bath Salts 
  

Transition 
 

Precursor 
Ion 

 
Product 

Ion  

 
CE 
(V) 

 
CAV 

JWH-018-N-pentanoic acid 372.1 155 25 5 

AM2201-N-4-hydroxypentyl 376.1 155 25 3 

JWH-073-N-butanoic acid 358.1 127 45 3 

JWH-081-N-5-hydroxypentyl 388.2 185 20 3 

JWH-250-N-5-carboxypentyl 366.1 121 20 3 

RCS4-N-5-carboxypentyl 352.1 135 20 3 

JWH-210-N-carboxypentyl 400.2 183 25 3 

THCCOOH-d9 354.1 
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RapidFire Conditions   
Cycle durations (ms) State #1 aspirate          sip sensor 
 State #2 load/wash      3000 
 State # 3 elute              7500 
 State # 4 re-equilibrate  500 
Solvents Solvent A: water + 0.09% formic acid + 

0.01% trifluoroacetic acid  
 Solvenet B: 50%methanol + 50% 

isopropanol + 0.09% formic acid + 0.01% 
trifluoroacetic acid 

Column C4 
 

RapidFire Conditions   
Cycle durations (ms) State #1 aspirate           sip sensor 
 State #2 load/wash      1500 
 State # 3 extra wash     3000 
 State # 4 elute               5000 
 State #5 re-equilibrate    500 
Solvents Solvent A: water + 10mM ammonium acetate + 

0.1% formic acid  
 Solvenet B: methanol + 0.1% formic acid 
 Solvent C: 85% ethyl acetate + 15% isopropanol 
Column C4 
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Bath Salts:  Standard curves were analyzed to obtain intra- and interday precision and accuracy values on the Agilent RapidFire 
High-throughput Mass Spectrometry System.  The samples were analyzed in multiplicate over a four day period.  Standard 
curves in urine had excellent linearity within the measured range (31-2000 ng/mL) with an R2 value greater than 0.995.  Intra- 
and interday accuracies determined were within 15% and coefficient of variation values were all less than 5% for 
concentrations within the measured range.   
.   
 
 
 

Spice:  Standard curves were analyzed to obtain intra- and interday precision and accuracy values on the Agilent RapidFire 
High-throughput Mass Spectrometry System.  The samples were analyzed in multiplicate over a four day period.  Standard 
curves in urine had excellent linearity within the measured range (5-1000 ng/mL) with an R2 value greater than 0.995.  Intra- 
and interday accuracies determined were within 15% and coefficient of variation values were all less than 10% for 
concentrations within the measured range.   
.   
 
 
 

Structures of the six bath salts in the panel 

The reproducibility of the method was tested by 
measuring 2000 sequential injections of all six analytes 
spiked into urine at 100 ng/mL. The same cartridge was 
used for all 2000 injections without deviation in pump 
pressures or peak shape. The instrument response was 
stable for all six analytes with coefficient of variation less 
than 5%.   
 

The reproducibility of the method was tested by 
measuring 2000 sequential injections of all six analytes 
spiked into urine at 100 ng/mL. The same cartridge was 
used for all 2000 injections without deviation in pump 
pressures or peak shape. The instrument response was 
stable for all six analytes with coefficient of variation less 
than 10%.   
 
 

Standard curves of the panel of bath salts.  Sample analysis 
from injection to injection is 14 seconds. No significant 
carryover was detected. 
 
 

JWH-073 Intraday % Intraday % Interday % Interday % 
(ng/ml) Accuracy (n=4) Precision (n=4) Accuracy (n=4) Precision (n=4) 

5 99 5.4 100.8 3.6 
10 101.9 8.8 100.7 4.8 
50 95.9 5.3 99.1 7.1 
100 105.8 2.9 105.5 3.2 
500 103.2 7.4 98.8 3.9 
1000 99.3 3.7 97.8 3.9 

R² = 0.9998 
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Structures of the spice compounds in the panel 

JWH-018 pentanoic acid JWH-073 butanoic acid RCS-4 carboxypentyl JWH-250 carboxypentyl JWH-081 hydroxypentyl JWH-210 carboxypentyl AM2201 hydroxypentyl 

 
Transition 

 
Precursor 

Ion 

 
Product 

Ion  

 
CE 
(V) 

 
CAV 

3,4-MDPV 276.1 205 15 3 

Methylone-d3 298.2 171.1 15 3 

Methylone 348.2 302 15 3 

3-Methoxymethcathinone 194.1 161.1 20 3 

3-Flouromethcathinone 182.1 149.1 20 3 

Mephedrone 178.1 145.1 20 3 

S(-)Methcathinone 164.1 131.1 20 3 
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