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Abstract 

This research article investigates the application of inductively coupled plasma mass spectrometry 

(ICP-MS) for the quantitative determination of heavy metals in water samples. The study focuses on 

optimizing sample preparation techniques, assessing the analytical performance of ICP-MS, and 

evaluating its effectiveness in detecting trace levels of heavy metals such as lead (Pb), mercury (Hg), 

cadmium (Cd), and arsenic (As). Our results demonstrate the high sensitivity, precision, and accuracy 

of ICP-MS, making it a reliable tool for environmental monitoring and ensuring water quality. 
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Introduction 

Heavy metals are persistent environmental pollutants that pose serious risks to human health 

and ecosystems. Monitoring their concentrations in water is essential for environmental 

protection and public health safety. Traditional methods for heavy metal analysis, such as 

atomic absorption spectroscopy (AAS) and inductively coupled plasma optical emission 

spectrometry (ICP-OES), have limitations in sensitivity and multi-element detection 

capabilities. Inductively coupled plasma mass spectrometry (ICP-MS) offers several 

advantages, including lower detection limits, broader dynamic range, and simultaneous 

multi-element analysis, making it an ideal technique for this purpose. This study aims to 

optimize the use of ICP-MS for the accurate and reliable determination of heavy metals in 

water samples. 

 

Objective of paper 

The objective of this paper is to investigate the application and optimization of ICP-MS for 

the accurate and reliable quantitative determination of heavy metals in water samples. 

 

Materials and methods 

Sample collection and preparation 

Water samples were collected from various sources, including rivers, lakes, and tap water. 

Samples were filtered through 0.45 µm membrane filters to remove particulate matter. Acid 

digestion was performed using a mixture of nitric acid (HNO₃) and hydrochloric acid (HCl) 

in a microwave digestion system to ensure complete dissolution of the metal species. 

 

Reagents and standards 

High-purity reagents and deionized water were used for all preparations. Calibration 

standards for Pb, Hg, Cd, and as were prepared from certified stock solutions by serial 

dilution with 1% HNO₃. Internal standards (e.g., yttrium) were used to correct for matrix 

effects and instrumental drift. 

 

ICP-MS instrumentation 

An Agilent 7700x ICP-MS equipped with a Quadrupole mass spectrometer and a 

collision/reaction cell was used for the analysis. The instrument parameters were optimized 

for maximum sensitivity and minimal interference, including: 
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 RF power: 1550 W 

 Nebulizer gas flow rate: 1.05 L/min 

 Collision gas (He) flow rate: 4.5 mL/min 

 Integration time: 0.1 s per isotope 

 

Analytical performance evaluation 

The analytical performance of ICP-MS was assessed in 

terms of detection limits, linearity, precision, and accuracy. 

Detection limits were determined as three times the standard 

deviation of the blank signal. Linearity was evaluated using 

calibration curves over a concentration range of 0.1 to 100 

µg/L. Precision was expressed as the relative standard 

deviation (RSD) of replicate measurements, and accuracy 

was verified using certified reference materials. 

 

Results and Discussion 

Detection limits and sensitivity 

The detection limits for Pb, Hg, Cd, and as were found to be 

in the low parts per trillion (ppt) range, demonstrating the 

high sensitivity of ICP-MS. Table 1 summarizes the 

detection limits for each element. 

 
Table 1: Detection limits for heavy metals using ICP-MS 

 

Element Detection Limit (ppt) 

Pb 5 

Hg 2 

Cd 1 

As 3 

 

Linearity and calibration 

The calibration curves for all elements showed excellent 

linearity (R² > 0.999) over the concentration range of 0.1 to 

100 µg/L. Figure 1 illustrates the calibration curves for Pb 

and As representative examples. 

 

Precision and accuracy 

The precision of ICP-MS, expressed as RSD, was better 

than 3% for all elements. Accuracy was confirmed by 

analyzing certified reference materials, with recoveries 

ranging from 95% to 105%, indicating the reliability of the 

method. Table 2 presents the precision and accuracy data for 

each element. 

 
Table 2: Precision and accuracy of ICP-MS for heavy metal 

analysis 
 

Element RSD (%) Recovery (%) 

Pb 2.1 98 

Hg 1.8 102 

Cd 2.5 97 

As 2.3 99 

 
Table 3: Concentrations of heavy metals in environmental water 

samples 
 

Sample Source Pb (µg/L) Hg (µg/L) Cd (µg/L) As (µg/L) 

River A 1.5 0.3 0.1 2.0 

Lake B 0.8 0.2 0.05 1.5 

Tap Water C 0.5 0.1 0.02 1.0 

 

Application to environmental samples 

ICP-MS was applied to the analysis of water samples from 

various sources. The concentrations of heavy metals 

detected in these samples are summarized in Table 3. The 

results highlight the presence of trace levels of heavy 

metals, with some samples exceeding the permissible limits 

set by environmental regulations. 

 

Conclusion 

Inductively coupled plasma mass spectrometry (ICP-MS) is 

a highly effective technique for the quantitative 

determination of heavy metals in water. The method offers 

superior sensitivity, precision, and accuracy, making it 

suitable for environmental monitoring and ensuring water 

quality. The optimization of sample preparation techniques 

and the analytical performance evaluation confirm the 

reliability of ICP-MS for detecting trace levels of heavy 

metals. Future research should focus on further improving 

sample introduction techniques and addressing challenges 

related to matrix interferences to enhance the applicability 

of ICP-MS in various environmental contexts. 
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