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DESCRIPTION
The presence of pharmaceuticals in environmental water has 
become a significant concern due to their potential impacts on 
ecosystems and human health. Traditional analytical methods 
often struggle to detect these compounds at trace levels, which 
necessitates the development of more sensitive and reliable 
techniques. Chromatography, a fundamental analytical chemistry, 
has seen continuous advancements to meet these challenges. This 
article presents the development and validation of a new 
chromatographic method specifically designed for the trace analysis 
of pharmaceuticals in environmental water. The aim is to enhance 
detection capabilities, improve sensitivity and ensure accuracy, 
thereby addressing the pressing need for effective monitoring of 
pharmaceutical contaminants.

The newly developed chromatographic method represents a 
significant advancement in the detection and quantification of 
pharmaceuticals at trace levels in environmental water. At its 
core, the method utilizes Ultra-High-Performance Liquid 
Chromatography (UHPLC) coupled with High-Resolution Mass 
Spectrometry (HRMS), combining these two technologies to 
overcome the limitations of traditional analytical techniques. 
UHPLC enhances the method’s capability by providing superior 
separation efficiency and resolution compared to conventional 
liquid chromatography. This is achieved through the use of 
smaller particle size columns and higher operating pressures, 
which result in faster and more efficient separation of complex 
mixtures containing pharmaceutical compounds. UHPLC’s 
enhanced resolution is critical for differentiating between closely 
related pharmaceuticals and resolving complex environmental 
matrices.

To complement UHPLC, the method integrates high-resolution 
mass spectrometry, which offers exceptional sensitivity and 
accuracy. HRMS can precisely measure the mass-to-charge ratios 
of ions, allowing for the identification and quantification of 
pharmaceuticals even at very low concentrations, typically in the 
Parts-Per-Trillion (PPT) range. This high level of sensitivity is

essential for detecting trace amounts of pharmaceuticals that may 
be present in environmental water due to their low 
concentrations and the complexity of water matrices. The sample 
preparation phase of the method is optimized to address the 
challenges of extracting pharmaceuticals from environmental 
water. It uses SPE, which is a key step for concentrating and 
purifying the analytes. This process involves passing water 
samples through a specially designed sorbent material that 
selectively adsorbs the pharmaceutical compounds while 
removing interfering substances such as organic matter and salts. 
Advanced SPE techniques utilize high-selectivity sorbents that 
improve the efficiency of analyte recovery and minimize the 
presence of contaminants that could otherwise affect the analysis.

Chromatographic conditions are meticulously optimized to 
achieve the best possible separation of pharmaceutical 
compounds. This includes fine-tuning the mobile phase 
composition, which typically involves a combination of aqueous 
and organic solvents, as well as adjusting the flow rate and 
column temperature. These parameters are optimized to enhance 
the resolution of different pharmaceutical species and to reduce 
any potential overlapping of peaks that could lead to inaccurate 
quantification. Validation of the method is comprehensive and 
involves a series of rigorous tests to ensure its reliability and 
accuracy. Key parameters such as the Limit of Detection 
(LOD) and Limit of Quantification (LOQ) are determined to 
establish the method’s sensitivity and capability to detect low 
levels of pharmaceuticals. Precision and accuracy are evaluated 
through repeatability and reproducibility tests, while recovery 
studies assess how well the method performs across different 
environmental water samples, including surface water, 
groundwater and wastewater. The method’s performance is also 
validated by comparing it against known standards and 
evaluating its ability to consistently deliver accurate and reliable 
results in real-world scenarios.

Overall, this advanced chromatographic method significantly 
enhances the detection and quantification of trace 
pharmaceuticals in environmental water. Its ability to handle 
complex matrices, combined with its high sensitivity and
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high-resolution mass spectrometry, the method offers enhanced 
sensitivity, accuracy and reliability compared to traditional 
techniques. Its rigorous validation ensures strong performance 
across a range of pharmaceutical compounds and environmental 
matrices. This method not only improves the ability to monitor 
pharmaceutical contaminants but also contributes to better 
understanding and management of their environmental impact. 
Future research may focus on further refining the method and 
exploring its applications in other environmental matrices and 
complex sample types.
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accuracy, makes it a powerful tool for environmental monitoring 
and regulatory compliance. By improving our capability to 
measure pharmaceutical contaminants at very low levels, this 
method contributes to better understanding and managing the 
impacts of these substances on ecosystems and human health.

The development and validation of this new chromatographic 
method mark a significant advancement in the trace analysis of 
pharmaceuticals in environmental water. By utilizing the 
strengths of ultra-high-performance liquid chromatography and
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