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This application note demonstrates how the advantages of the Forensic Toxicology Screening Application 

Solution with UNIFI™ can be used and adopted to provide comprehensive screening of new psychoactive 

substances (NPS) at low levels of concentration in wastewater. The approach incorporates tailored sample 

preparation protocols designed to overcome the analytical challenges posed by complex wastewater matrices 

and limitations of conventional detection methodologies.

Benefits

Single sample preparation protocol using Oasis™ MCX 6 cc/150 mg■

Established limit of detection (LOD) parameters reduced significant false positive determinations■

Screening and identification of more than 1,975 analytes are possible within a single injection■

Fully automated workflows with Forensic Toxicology Screening Application Solution with UNIFI, enabling the 

identification and detection of NPS and other drugs in wastewater

■

Introduction

NPS have emerged as a significant global issue; however, the understanding of their adverse health effects and 

social consequences remains limited, complicating efforts for effective prevention and treatment. The increasing 

prevalence of NPS poses a substantial threat to public health and further complicates the formulation and 

implementation of drug policies. Identifying and analyzing these chemically diverse substances present on the 

drug market is a complex task; therefore, effective monitoring and early warning systems are crucial to 

addressing the issue.

The detection and characterization of emerging anthropogenic substances in wastewater is an indirect but 

efficient approach for assessing environmental and public health risks. Traditional monitoring methods like 

ultraviolet spectroscopy, immunoassay, and thin layer chromatography (TLC) have often been inadequate for 

tracking the continuously evolving landscape of substances, due to limitations in selectivity and specificity of the 

techniques employed and the quantification at lower sensitivity levels.1 A more effective technology recently 

applied for wastewater surveillance is liquid chromatography coupled to mass spectrometry (LC-MS), providing 

high throughput capabilities for identifying a broad spectrum of organic contaminants. Here, the high-resolution 

mass spectrometry (HRMS) technique is described for the detection, identification, and monitoring of the 
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presence of illicit substances using a broad screening approach.

This work is based on adapting environmental screening methodology to facilitate the use of the Forensic 

Toxicology Screening Application Solution in waters_connect™ Software with UNIFI.2,3 In this study, the 

monitoring and identification of controlled substances in wastewater samples is demonstrated by developing an 

in-house solid phase extraction (SPE) protocol and a cutting edge UPLC™-based chromatographic method by 

using the UNIFI workflow. To evaluate the method performance, the forensic toxicology standards kit from 

Waters™ was used and the method performance and instrument parameters were evaluated using the system 

suitability mix (SSM) supplied in the kit.

Experimental

Sample Preparation

A total of 100 wastewater samples were collected from different geographical locations. The samples were 

collected in 500 mL polypropylene bottles and transported to the RASID Environmental Laboratory at Abu Dhabi. 

An SPE protocol was developed using SPE Oasis MCX Cartridges (6 cc/150 mg, p/n: 186000256 <

https://www.waters.com/nextgen/global/shop/sample-preparation--filtration/186000256-oasis-mcx-6-cc-vac-

cartridge-150-mg-sorbent-per-cartridge-30--m-.html> ). The cartridges were conditioned with 1 mL methanol 

and equilibrated with 1 mL Milli-Q® water. A volume of 50 mL untreated wastewater sample was initially 

centrifuged before being loaded onto the cartridges. The cartridges were washed with 1 mL 2% (v/v) formic acid 

in water, and analytes were eluted with 1 mL methanol: acetonitrile (70:30, v/v) with 5% ammonia. 

ACQUITY UPLC Conditions

UPLC system: ACQUITY™ UPLC H-Class PLUS System (FTN)

Column: ACQUITY UPLC HSS™ C18, 100Å, 1.8 µm, 2.1 mm x 

150 mm, (p/n: 186003534)

Vials: Screw Neck Vials, Max Recovery, 12 x 32 mm, 

screw neck (p/n: 186000327c)
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Column temperature: 50 °C

Sample temperature: 10 °C

Injection volume: 5 µL

Flow rate: 0.4 mL/min

Mobile phase A: 5 mM ammonium formate pH 3.0 in water with 

0.15% formic acid

Mobile phase B: 0.1% formic acid in acetonitrile

Gradient: 87% A for 0.5 min then to 50% A at 10 min and 5% 

A at 10.75 min hold for 2 min before switching to 

87% A

Run time: 15 min

MS Conditions

MS system: Xevo™ G2-XS QTof Mass Spectrometer

Ionization mode: ESI Positive

Source temperature: 150 °C

Desolvation temperature: 400 °C

Desolvation gas: 800 L/h

Reference mass: Leucine enkephalin [M-H]+ m/z = 556.2766
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Acquisition range: m/z 50–1200

Scan time: 0.1 s

Capillary voltage: 0.8 KV

Cone voltage: 25 V

MSE conditions: Collision energy function 1: 6 eV

Collision energy function 2: ramped 10 to 45 eV

Software: waters_connect Software with UNIFI application

Results and Discussion

This study highlights the precise mass screening capabilities of a novel in-house extraction method and a 

modified chromatographic approach by utilizing the ACQUITY UPLC H-Class PLUS System coupled with the 

Xevo G2-XS QTof Mass Spectrometer. The screening solution incorporates the readily available forensic 

toxicology installation standards kit to evaluate system parameters and performance. This method offers user-

friendly workflows, a comprehensive readily available database of more than 1975 toxicologically relevant 

compounds, and data-independent acquisition (DIA) of time-aligned precursor and fragment ions in a single 

injection (MSE) for effectively analyzing very complex wastewater matrix samples.

The acceptance criteria for a positive identification were as follows: retention time to be within ±0.35 minutes of 

reference method, the observed precursor mass to be within 5 ppm, minimum of one diagnostic fragment ion 

should be present within 5 ppm of mass error, and the precursor response should be ≥10,000 intensity.

To apply the primary identification criteria, adjustments to the UPLC method had to be made, as the forensic 

toxicology screening solution was originally developed on the ACQUITY UPLC I-Class System, and the system 

used in this study was the ACQUITY UPLC H-Class PLUS System. The dwell volume of the ACQUITY UPLC H-
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Class PLUS System plays a crucial role in matching the retention times of ACQUITY UPLC I-Class System. It can 

be adjusted with the gradient start time relative to the injection, which can either advance or delay the peak 

elution. Starting the gradient “before injection” shifts peaks to earlier retention times, while starting “after 

injection” delays them. For this study, the gradient starts when the volume reaches 400 µL with the gradient start 

set “before injection” as shown in Figure 1.

Figure 1. Tools for gradient adjustments between ACQUITY UPLC I-Class 

System and ACQUITY UPLC H-Class PLUS System method development.

System performance was evaluated using a SSM contained in the forensic tox installation standards kit (p/n: 

186007361 <https://www.waters.com/nextgen/global/shop/standards--reagents/186007361-forensic-tox-

installation-standards-kit.html> ) for positive ionization mode analysis. All 10 analytes in the SSM were accurately 

identified, confirming the method’s suitability as shown in Table 1. 
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Table 1. List of SSM compound summary with mass error, retention time, 

observed m/z information.

Additionally, an internal method validation was performed by including over 100 CRMs to determine their LOD, 

retention times, and instrument parameters. All CRMs were individually procured from ISO-certified labs and 

combined in an analyte mix in aqueous solution with concentration levels from 1 µg/L to 100 µg/L. To determine 

LOD levels for each analyte, the minimum precursor intensity was set at 10,000 counts. The determined LOD 

levels helped to reduce the number of false positive identifications significantly (Figure 2).

Figure 2. Representative chromatography of detection of flunitrazepam 1 

µg/L concentration for limit of detection establishment.

The forensic toxicology screening solution database provided by Waters Corporation includes a wide range of 

compound classes, such as amphetamines, analgesics, antidepressants, antipsychotics, benzodiazepines, 
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cannabinoids, cathinones, designer drugs, fentanyls, pesticides, and more. This database has more than 1,975 

relevant compounds in the library. The methodology employed for this qualitative assessment was applied to test 

wastewater samples, setting the aforementioned identification criteria in the screening workflow.

The identification of accurate mass fragments of more than 100 potential target analytes served as conclusive 

proof of the presence of controlled substances and significantly minimizes false positives. It was possible to 

identify 42 controlled substances and other classes of compounds in the wastewater with high confidence as 

presented in Table 2. Detailed fragment ion information from high-energy data (MSE approach) reveals specific 

fragment ion characteristics.9 Fragment ions that match those in the scientific library are automatically annotated 

with their mass error. Fragment ions identified via the fragment match tool are automatically annotated with 

suggested structures derived from theoretically calculated masses as depicted in Figure 3. The final confirmation 

of a match is evident in the chromatogram window where the extracted ion chromatogram is displayed for both 

precursor ions and matched fragment ions.

Table 2. Component summary.
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Figure 3. Low energy and high energy data with fragmentation 

identification for carbamazepine.

Conclusion

This study presents an internally developed analytical workflow specifically designed for detecting controlled 

substances in complex wastewater matrices. Utilizing advanced analytical techniques, the study employed the 

Xevo G2-XS QTof Mass Spectrometer in conjunction with the ACQUITY UPLC H-Class PLUS System. The focus 

was on developing an environmental toxicology screening method, particularly a suspect screening approach for 

identifying controlled substances in untreated wastewater against a library. The method incorporates a unique 

in-house SPE protocol using Oasis MCX to capture compounds of interest from wastewater samples. Unlike 

standard approaches such as toxicology untargeted screening in blood, urine, hair, and saliva, this methodology 

was custom-designed within the RASID ADQCC lab to address the limitations of conventional detection 

techniques, especially for emerging psychoactive substances in wastewater. Data processing was conducted 

using waters_connect Software through the UNIFI application. The innovative integration of suspect screening 

with high-resolution MSE acquisition and the UNIFI application forms the core of this internally developed 

system.

This integrated approach demonstrates the effectiveness of combining sophisticated instrumentation with 
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powerful software tools for comprehensive substance detection and identification in environmental samples. The 

combination of information-rich MSE acquisition and an integrated scientific information system facilitates routine 

laboratory screening for compounds of interest, their adducts, and potential metabolites. Having retention times 

and accurate mass fragment ions in Waters toxicology libraries allows for identifications based on more than just 

the accurate mass of precursor ions. This is crucial for reducing false detection rates and expediting data review in 

screening experiments. Leveraging UNIFI’s identification capabilities, 42 compounds were identified in a 

wastewater sample.
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