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Background: Broad spectrum drug screening, also known as systematic toxicological analysis or 

general unknown screening (GUS), is a method commonly used by clinical and forensic 

toxicology laboratories to detect a variety of drugs and metabolites in biological fluids. Recently, 

there has been much interest in liquid chromatography-high resolution mass spectrometry (LC-

HRMS) techniques for GUS as these instruments have excellent full-scan sensitivity and are 

therefore often operated in an untargeted manner. Untargeted data collection is especially 

attractive in the setting of GUS as it allows for the identification of unexpected compounds. 

Hybrid instruments, such as the quadrupole time-of-flight (QTOF) mass spectrometer, can collect 

full-scan TOF MS data followed by information dependent acquisition of product ion spectra. 

Compound identification is then based on comparing the precursor mass, isotope pattern, 

retention time and product ion spectrum to that of a reference standard.  

 

Ideally, assays would only be based on intrinsic compound parameters so that changes in method 

conditions would not affect compound identification. The two intrinsic parameters (accurate 

precursor mass and isotope pattern) are not always sufficient for the identification of compounds 

due to the large number of possible structural isomers. In these cases, information-rich product 

ion spectra probably best distinguish between true and false positive compounds. Product ion 

spectra provide high confidence when identifying compounds since the fragmentation pattern is 

often unique to a precursor ion. Although compound fragmentation depends on method 

conditions, it can be fairly reproducible when conducted within a collision cell, and investigators 

have found mass spectral libraries to be largely transferable between different tandem mass 

spectrometers (Oberacher et al., 2009).  



 

Of all the parameters used for compound identification, retention time information is the most 

method-dependent. Retention times must be established when developing or changing a 

chromatographic method. Acquiring and running all of the drug standards for a broad spectrum 

drug screen is expensive and time consuming. In addition, commercial standards are not always 

available. Thus, removing retention times from compound identification could greatly simplify 

method development, save money and make drug screening methods more universal.  

 

Here, we developed a broad-spectrum drug screening method using a LC-QTOF mass 

spectrometer and explored how valuable the retention time is for compound identification. Data 

were collected in full-scan positive ion mode with information dependent acquisition of product 

ion spectra. Using results from 100 routine clinical urine samples, we compared how well our 

method identifies compounds with and without the use of retention time information. Ultimately, 

our goal is to make drug screening methods more universal while still achieving reasonable 

compound identification. 

 

Methods: One hundred clinical urine samples were obtained along with corresponding patient 

prescription information, immunoassay results, and mass spectrometry confirmation results. 

Urine samples were diluted 1:5 in 12.5% 50:50 acetonitrile:methanol. All chromatographic 

separations were performed using a Phenomenex Kinetex C18 column (2.6 µm, 50 x 3 mm) 

thermostatted at 30°C. A binary mobile phase consisting of (A) 5 mM ammonium formate in 

water and (B) 0.05% formic acid in 50:50 acetonitrile:methanol was ramped linearly from 2% to 

100% B over 10 minutes. Data were collected on a TripleTOF 5600 mass spectrometer 

(ABSciex) operating in full-scan positive ion mode with IDA triggered acquisition of product ion 

spectra. Targeted data analysis was performed using the MasterView functionality within 

PeakView software (ABSciex) and a list of 210 compounds, all of which had established 

retention times and product ion spectra in our library. Data were first analyzed using retention 

time information. Compounds were called positive if their combined score was greater than 70, 

where the combined score was the sum of 10% mass score, 10% retention time score, 10% 

isotope score and 70% library score. Data analysis was then repeated without retention time 

information. Here, compounds were called positive if their combined score was greater than 78, 



where the combined score was the sum of 10% mass score, 20% isotope score and 70% library 

score. Results were compared to each other and to what drugs were expected in each sample. A 

drug was deemed “expected” if the parent and/or metabolite was found by 2 or more methods. 

Finally, drugs and metabolites were grouped into “reportable drugs”.  

 

Results: Preliminarily, data from 30 urine samples were analyzed. In these 30 samples, a total of 

181 drugs were expected. When using retention time information, our LC-QTOF method found a 

total of 165 drugs, of which, 162 were expected. This is a 98% positive predictive value (PPV). 

This means that there were 3 false positive hits and 19 missed compounds. When retention time 

information was removed from the analysis, 88% (143 out of 162) of the expected compounds 

were still detected. Interestingly, analysis without retention time found an additional 3 expected 

compounds. Overall, this method detected a total of 178 drugs, of which, 146 were expected 

(82% PPV). There were 32 false positive hits. Almost half of these (15 out of 32) included 

structural isomers of true positive compounds. For example, phentermine, a structural isomer of 

methamphetamine, was detected 8 times in the samples that were also (correctly) positive for 

methamphetamine. In these instances, both compounds are assigned to the same extracted ion 

chromatogram, but the true positive compound usually had a higher score. Finally, when 

retention time information was not used, there were 35 instances of a missed compound. Certain 

drugs were missed multiple times including morphine (5x), codeine (3x), and cocaine (3x). 

Further investigation into why these compounds were missed showed that an incorrect extracted 

ion chromatogram was often selected for library searching. This often occurred when the 

expected compound was at a low intensity. 

 

Conclusion: When retention time information was not included in compound identification, there 

were more false positive hits, although these were relatively easy to distinguish with manual data 

review. A somewhat surprising finding was that there were also more false negatives. Although 

retention time is not a unique identifier of compounds, including this information during data 

analysis narrows the search window, which may be important for detecting compounds at low 

intensities. Overall, retention time is helpful in compound identification, and when available, 

should be included in data analysis. However, analyzing the data without retention time 

information is also a viable option for screening purposes, as this method still found 88% of the 



expected compounds identified when retention time was used. Overall, this finding is relevant for 

the screening of unexpected compounds for which product ion spectra, but not retention times, 

are available. 
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