
 
International Journal of 

NeuroOncology and Therapeutics  ISSN: 3059-8079 

 

CC BY 4.0 Deed Attribution 4.0 International 

This article is distributed under the terms of the Creative Commons CC BY 4.0 Deed Attribution 4.0 International 

attribution which permits copy, redistribute, remix, transform, and build upon the material in any medium or format 
for any purpose, even commercially without further permission provided the original work is attributed as specified 
on the tresearch.ee and Open Access pages https://ijnot.com/index.php/IJNOT/index 

 

 

 
  

 
 

TRACE METALS DETECTION IN DRINKING WATER BY ANALYTICAL 

TECHNIQUES, COMPARISON OF BRANDS AND IMPLICATIONS FOR PUBLIC 

HEALTH AND ENVIRONMENTAL SAFETY 

Madiha Batoola, Uzman Khana, 1, Attia Abdul Ghani b, Razia Batoola, Majid Nazira, Abdul 

Shakoora, Ejaz Ahmada, Hafiz Muhammad Faizan Haidera, Syed Ahmad Raza Bokharic, 

Hamad Ahmadd, Nasir Khane, Najeeb Ullahf, Asim Alig, Ume Kalsoomh, Fareed Ahmadi, 

Shiza Afzalj, Ayesha Aslami, Syed Sibt-E-Hassan Kazmik 

a Government College University, Lahore, Pakistan 

b Government Islamia college, Lahore, Pakistan 

c George Brown College, M5T239, Toronto, Canada 

d University of Management and Technology, Lahore, Pakistan 

e Lahore Garrison University, Lahore, Pakistan 

f University of the Punjab, Lahore, Pakistan 

g Comsat University, Lahore, Pakistan 

h University of the Central Punjab, Lahore, Pakistan 

i Minhaj University Lahore, Pakistan 

j University of the Education, Lahore, Pakistan 

k International School Lahore Pine Avenue 

1 Corresponding Author: Dr. Uzman Khan, E-mail: uzmanuk@gmail.com 

Tel: (+92)-305-6505302 

To cite this article TRACE METALS DETECTION IN DRINKING WATER BY ANALYTICAL TECHNIQUES, COMPARISON 

OF BRANDS AND IMPLICATIONS FOR PUBLIC HEALTH AND ENVIRONMENTAL SAFETY (M. . Batool, A. . Aslam, S. . 

Afzal, F. . Ahmad, U. . Kalsoom, A. Ali, N. Ullah, N. . Khan, H. Ahmad, S. A. Raza Bokhari, H. M. . Faizan Haider, E. . Ahmad, A. 

. Shakoor, M. Nazir, R. . Batool, A. . Abdul Ghani, U. . Khan, & S. . Sibt-E-Hassan Kazmi , Trans.). (2025). International Journal 

of NeuroOncology and Therapeutics, 1(2). https://ijnot.com/index.php/IJNOT/article/view/14 

ABSTRACT 

This study aimed to detect and quantify trace metals (chromium, zinc, and manganese) in drinking 

water samples from five different brands using UV spectroscopy and atomic absorption 

spectrophotometry (AAS). Trace amounts of these metals are essential for human health, 

ecosystems, and the environment; however, excessive concentrations can lead to severe health 

complications. UV spectroscopy analysis revealed chromium concentrations ranging from 0.015 

ppm (S1) to 0.044 ppm (S4), zinc concentrations from 0.0951 ppm (S1) to 0.1829 ppm (S2), and 

manganese concentrations from 0.015 ppm (S1) to 0.044 ppm (S4). AAS analysis further 

confirmed the presence of these metals, with manganese levels ranging from 0.014 ppm 

(S5) to 0.040 ppm (S3), chromium levels from 0.014 ppm (S5) to 0.040 ppm (S3), and zinc levels 

from 0.0780 ppm (S5) to 0.1834 ppm (S2). 
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While trace metals are vital for living organisms in minimal amounts, concentrations exceeding 

permissible limits pose significant health risks. Excessive chromium exposure can cause skin 

rashes, respiratory issues, lung cancer, and even death. High manganese levels are linked to fatness, 

glucose intolerance, and blood clotting, while elevated zinc concentrations may damage the 

pancreas, disrupt protein metabolism, and contribute to arteriosclerosis. Prolonged exposure to 

zinc chloride can also lead to respiratory disorders. 

The findings emphasize the importance of monitoring trace metal concentrations in drinking water 

to ensure compliance with safety standards and mitigate potential health risks. This study 

highlights the need for stringent quality control measures in the production and distribution of 

drinking water to safeguard public health. 

KEYWORDS: Trace metals, Drinking water, Analytical techniques, Regulatory standards, Public 

health 

INTRODUCTION: 

Water is one of the most essential resources for life, playing a critical role in maintaining human 

health, supporting ecosystems, and sustaining the environment. Access to clean and safe drinking 

water is a fundamental human right, yet the quality of drinking water remains a significant concern 

worldwide. Contamination of drinking water with trace metals, such as chromium (Cr), zinc (Zn), 

and manganese (Mn), has emerged as a pressing issue due to its potential impact on human health 

and the environment (1-3). While these metals are necessary for biological processes in trace 

amounts, their excessive presence in drinking water can lead to severe health complications and 

ecological imbalances. This study focuses on the detection and quantification of chromium, zinc, 

and manganese in drinking water samples from various brands, using advanced analytical 

techniques such as UV spectroscopy and atomic absorption spectrophotometry (AAS) (4-6). 

Trace metals are naturally occurring elements that enter water systems through both natural 

processes and anthropogenic activities. Industrial discharges, agricultural runoff, and improper 

waste disposal are major contributors to the contamination of water sources with these metals. 

Chromium, zinc, and manganese are among the most commonly detected trace metals in drinking 

water (7-9). Chromium exists in two primary forms: trivalent chromium (Cr III), which is essential 

for human health, and hexavalent chromium (Cr VI), which is highly toxic and carcinogenic. Zinc 

is a vital micronutrient required for enzymatic functions and immune system support, but excessive 

intake can lead to adverse health effects. Manganese, another essential nutrient, plays a role in 

bone formation and metabolic processes, but elevated levels can cause neurological and 

developmental disorders (10). 

The presence of these metals in drinking water, even at low concentrations, has raised significant 

public health concerns. Chromium, particularly in its hexavalent form, is associated with skin 

rashes, respiratory issues, and an increased risk of lung cancer. Excessive manganese exposure has 

been linked to neurological disorders, glucose intolerance, and blood clotting abnormalities. Zinc, 

while beneficial in trace amounts, can cause pancreatic damage, disrupt protein metabolism, and 

contribute to arteriosclerosis when consumed in excess. Prolonged exposure to high levels of zinc 

chloride can also result in respiratory disorders (11-13). These health risks highlight the importance 

of monitoring and regulating trace metal concentrations in drinking water to ensure consumer 

safety. 
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In recent years, advancements in analytical techniques have enabled the accurate detection and 

quantification of trace metals in water samples. UV spectroscopy and atomic absorption 

spectrophotometry (AAS) are widely used methods for this purpose due to their sensitivity, 

precision, and reliability (14). UV spectroscopy measures the absorption of ultraviolet light by 

metal ions, providing a rapid and cost-effective means of analysis. AAS, on the other hand, offers 

high specificity and accuracy by measuring the absorption of light by free atoms in a gaseous state. 

Together, these techniques provide a comprehensive approach to assessing trace metal 

contamination in drinking water (15-19). 

This study aims to evaluate the concentrations of chromium, zinc, and manganese in drinking 

water samples from five different brands. The findings will provide valuable insights into the 

quality of commercially available drinking water and its compliance with safety standards. By 

identifying potential contamination sources and assessing health risks, this research contributes to 

the broader goal of ensuring access to safe and clean drinking water for all. Furthermore, the study 

underscores the need for stricter regulatory oversight, improved quality control measures, and 

public awareness campaigns to address the issue of trace metal contamination in drinking water 

(20-23). 

In conclusion, the detection and quantification of trace metals in drinking water are critical for 

safeguarding public health and protecting the environment. This study highlights the importance 

of continuous monitoring and regulation to mitigate the risks associated with excessive metal 

exposure. By leveraging advanced analytical techniques, we can ensure the availability of safe 

drinking water and promote healthier living environments for future generations. 

EXPERIMENTAL: 

SAMPLE COLLECTION:  

Mineral water of different companies S1, S2, S3, S4 and S5 (Name were written as S1 to S5 due 

to confidentiality) were collected from local markets in Lahore. These different brands of water 

are easily available in the market. 

REAGENT AND SOLUTION: 

Different chemicals were required for the analysis of trace metals. These reagents were of 

analytical grade. The reagent used for the analysis has a complete control on quality and purity. 

Double-deionized water was used for all dilutions. 

PREPARATION OF SAMPLE: 

Took 5 ml of sample in beaker, add 5 ml of conc. HNO3 in the sample. Shake it with stirrer. Later 

on, add 1 ml of conc. H2SO4. Then, follow wet digestion process. Place it on the hot plate for 

about 2 hours. During digestion shake the mixture after half an hour continuously. 

After complete digestion, add 1.5 ml of H2O2 in that sample. At the end, dilute the sample up to 

50 ml and then filter it and store the sample in Polyethylene bottles. 

ANALYSIS: 

For each of the metal solutions by serial dilution of the appropriate work standards were prepared 

stock solutions. Each of the sets of serial dilutions were then aspirated one after the other into the 

UV Spectroscopy and Atomic Absorption Spectroscopy and their absorbance recorded. Calibration 

curves were plotted for each of the trace metals standards using absorbance against concentration 

(ppm). 

Vol. 1 No. 2 (2025) 52 



UZMAN KHAN 
 

 

 
International Journal of 

NeuroOncology and Therapeutics 

 

OPTIMIZATION OF INSTRUMENT: 

The initialization of the Atomic Absorption Spectrophotometer (AAS) occurs automatically. 

During this process, various parameters such as the element lamp, atomizer position, D2 motor, 

burner height motor, slit motor, and wavelength are initialized. The necessary parameters are then 

entered and adjusted within the instrument. The wavelength corresponding to the required lamp is 

input, and the system proceeds to search for the peak. The measurement mode (flame absorption) 

is selected, followed by the appropriate background correction mode (D2), after which the analysis 

begins. A calibration curve is generated by aspirating a series of standard solutions within the 

working range and recording their absorbance values. Finally, the concentration of the unknown 

sample is determined by aspirating the sample, measuring its absorbance, and comparing it to the 

calibration curve (table 1). 

Table 1: Specification of Atomic absorption spectroscopy 

Item Specification 

Model Varian AA240 

Wavelength range  190-900nm 

Light source type Hollow cathode lamp 

Light source frequency 100Hz-400Hz 

Photometer type  Single beam 

Measurement mode Absorbance, Concentration 

Read out mode Continuous, peak (height, area) 

 

ANALYTICAL CONDITIONS FOR CHROMIUM, MANGANESE AND ZINC: 

Determination of chromium, manganese, and zinc in different mineral water samples take place 

with the help of Atomic Absorption Spectrometer under the following control conditions; 

PREPARATION OF STANDARD SOLUTION OF CHROMIUM (CR): 

Recommended standard material, Chromium metal strip or wire 99.99%. Dissolve 1,000g of 

chromium metal in 1:1 nitric acid with gentle heating, cool and dilute to 1 liter to give 1000 

microgram per liter. Chromium assay was performed under following conditions (table 2). 

Table 2: Chromium assay 

Name Analytical conditions 

Wavelength 324.7nm 

Lamp current 4 Ma 

Fuel Acetylene 
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Support gas Air 

Barrier Filter 1 

Slit width 0.5 nm 

Optimum working range 0.03-10 ng/mL 

Burner Universal 

Flame stoichiometry Oxidising 

Instrument Varian AAS 240 

Instrument mode Absorbance 

Elemental matrix Cr 

 

PREPARATION OF STANDARD OF MANGANESE (MN): 

Manganese metal strip or wire 99.99%. Dissolve 1000 g of manganese metal in 1:1 nitric acid with 

gentle heating, cool, and dilute to 1 liter to give 1000 microgram per liter Mn. Manganese assay 

was performed under following conditions (table 3). 

 

Table 3: Manganese assay 

Name Analytical conditions 

Wavelength 279.5nm 

Lamp current 5mA 

Fuel Acetylene 

Support gas Air 

Barrier Filter 1 

Slit width 0.2 nm 

Optimum working range 0.2-5 µg/mL 

Burner Universal 

Flame stoichiometry Oxidizing 

Instrument Varian AAS 240 

Wavelength 279.5nm 

Lamp current 5mA 
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PREPARATION OF STANDARD SOLUTION OF ZINC (ZN): 

RECOMMENDED STANDARD MATERIALS: 

Zinc metal strip or wire 99.99%. Dissolve 1,000g of zinc metal in 1:1 nitric acid with gentle 

heating, cool and dilute to 1 litre to give 1000 microgram per litre Zn. Zinc Assay was performed 

under following conditions (table 4). 

 

Table 4: Zinc assay 

Name Analytical conditions 

Wavelength 213.9nm 

Lamp current 5mA 

Fuel Acetylene 

Support gas Air 

Barrier Filter 1 

Slit width 1.0 nm 

Optimum working range 0.01-2 µg/mL 

Burner Universal 

Flame stoichiometry Oxidizing 

Instrument Varian AAS 240 

Instrument mode Absorbance 

Elemental matrix Zn 

 

PREPARATION OF 10 PPM, 20 PPM, 30 PPM, 100 PPM STANDARD SOLUTION 

10 ppm, 20 ppm, 30 ppm and 100 ppm standard solution prepared from the dilution of stock 

solution with the help of equation as: C1V1=C2V2 

ANALYSIS THROUGH UV SPECTROPHOTOMETER AND ATOMIC ABSORPTION 

SPECTROMETER: 

After the preparation of a standard solution of chromium, manganese, and zinc. First analysis is 

done through a UV spectrometer and then with AAS. First of all, run the standard solution of 10, 

20, 30, and 100 ppm, then run different samples of mineral water to detect the trace metals. 
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RESULTS AND DISCUSSIONS: 

CALIBRATION CURVE FOR CHROMIUM (CR): 

Following calibration curve was used during the analysis of Cr metal by UV spectrophotometer 

(figure 1 & table 5). Calibration curve was a straight line. The linear regression curve for chromium 

was shown to be Y=0.0028x - 0.0008 with R2 =0.9986 

 

 

 

 

 

 

 

 

 

 

Figure 1: Calibration line for Chromium analysis 

Table 5: Chromium calibration curve lines 

Concentration of Cr (ppm) Absorbance 

1 0.0019 

5 0.0134 

10 0.0264 

20 0.0547 

 

Manganese (Mn): Following calibration curve was used during the analysis of Mn metal by UV 

spectrophotometer (figure 2 & table 6). Calibration curve was a straight line. Linear regression 

curve for Manganese was shown to be Y=0.0893x - 0.0516 with R2 =0.9988 

Table 6: Manganese calibration curve lines 

Concentration of Mn (ppm) Absorbance 

1 0.0088 

5 0.3972 

10 0.8299 

20 1.724 
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Figure 2: Calibration line for manganese analysis 

Zinc (Zn): Following calibration curve was used during the analysis of Zn metal by UV 

spectrophotometer (figure 3 & table 7). Calibration curve was a straight line. Linear regression 

curve for zinc was shown to be Y=0.0336x + 0.0074 with R2 =0.999 

Table 7: Zinc calibration curve lines 

Concentration of Zn (ppm) Absorbance 

1 0.0321 

5 0.1597 

10 0.322 

20 0.646 
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Figure 3: Calibration line for Zinc analysis 

CALCULATIONS 

These are the amounts of concentration calculated in the mineral water samples by running the UV 

spectrophotometer: 

Chromium: For Chromium following Concentration in Mineral Water were found after analysis 

(table 8 & figure 4). 

 

Table 8: Chromium Concentration in Mineral Water (ppm) 

Samples Conc. 1 Conc. 2 Mean 

S1 0.016 0.014 0.015 

S2 0.033 0.030 0.031 

S3 0.040 0.038 0.039 

S4 0.021 0.019 0.044 

S5 0.010 0.012 0.022 
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Permissible limit of chromium in mineral water was 0.05 mg/L & 1 mg/L = 1 ppm 

 

 

 

 

 

 

 

 

 

 

Figure 4: Plots for chromium analysis for S1 to S5. 

Manganese: For Manganese following Concentration in Mineral Water were found after analysis 

(table 9 & figure 5). 

Table 9: Manganese Concentration in Mineral Water (ppm) 

Samples Conc. 1 Conc. 2 Mean 

S1 0.016 0.014 0.015 

S2 0.033 0.030 0.031 

S3 0.040 0.038 0.039 

S4 0.021 0.019 0.044 

S5 0.010 0.012 0.022 

 

Permissible limit of manganese in mineral water is 0.5 mg/L & 1 mg/L = 1 ppm 
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Figure 5: Plots for Manganese analysis for S1 to S5. 

Zinc: For Manganese following Concentration in Mineral Water were found after analysis (table 

10 & figure 6). 

Table 10: Zinc Concentration in Mineral Water (ppm) 

Samples Conc. 1 Conc. 2 Mean 

S1 0.0955 0.0948 0.0951 

S2 0.1830 0.1829 0.1829 

S3 0.0790 0.0740 0.1530 

S4 0.160 0.1620 0.322 

S5 0.0779 0.0774 0.1553 

 

Permissible limit of zinc in mineral water is 0.05 mg/L & 1 mg/L = 1 ppm 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Plots for Zinc analysis for S1 to S5. 

DISCUSSION: 

Water is a fundamental necessity for life, playing a critical role in maintaining human health and 

physiological functions. The human body consists of approximately 65–70% water, underscoring 

its importance for survival and well-being. Drinking water, which is safe for consumption and 

cooking, must meet stringent quality standards to ensure it is free from harmful contaminants, 

including trace metals such as chromium (Cr), manganese (Mn), and zinc (Zn). This study aimed 
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to quantify the concentrations of these metals in mineral water samples from different brands using 

UV spectroscopy and atomic absorption spectroscopy (AAS). 

The results obtained from UV spectroscopy revealed varying concentrations of chromium, 

manganese, and zinc across the tested brands. Chromium levels ranged from 0.015 ppm 

(S1) to 0.044 ppm (S4), manganese levels from 0.015 ppm (S1) to 0.044 ppm (S4), and zinc 

levels from 0.0951 ppm (S1) to 0.1829 ppm (S2). While UV spectroscopy is a cost-effective and 

widely accessible analytical tool, it is less reliable for trace metal detection compared to AAS. To 

ensure greater accuracy, AAS was employed for further analysis. 

AAS analysis provided more precise results, with manganese concentrations ranging from 0.014 

ppm (S5) to 0.040 ppm (S3), chromium concentrations from 0.014 ppm (S5) to 0.040 ppm (S3), 

and zinc concentrations from 0.0780 ppm (S5) to 0.1834 ppm (S2). The highest concentrations of 

manganese and chromium were detected in S3 (0.040 ppm), while the highest zinc concentration 

was found in S2 (0.1834 ppm). The lowest concentrations of all three metals were observed in S5. 

A comparison of the results with the permissible limits set by the World Health Organization 

(WHO) confirmed that all tested samples complied with safety standards. However, the variations 

in metal concentrations across brands highlight the influence of factors such as handling, 

environmental changes, and human activities. Urbanization and industrialization are significant 

contributors to the increasing presence of trace metals in water sources. 

While trace amounts of chromium, manganese, and zinc are essential for biological processes, 

their excessive concentrations can pose serious health risks, particularly for infants and vulnerable 

populations. Chromium, especially in its hexavalent form, is associated with skin rashes, 

respiratory issues, and an increased risk of cancer. Excessive manganese exposure can lead to 

neurological disorders, while high zinc levels may cause pancreatic damage and disrupt metabolic 

functions. 

The findings of this study emphasize the importance of continuous monitoring and regulation of 

trace metal concentrations in drinking water. Advanced analytical techniques like AAS provide 

accurate and reliable data, enabling better quality control and ensuring consumer safety. Public 

awareness campaigns and stricter regulatory measures are essential to mitigate the risks associated 

with trace metal contamination and protect public health. 

In conclusion, while the tested mineral water samples complied with WHO standards, the presence 

of trace metals underscores the need for vigilance in water quality management. By addressing the 

sources of contamination and implementing robust monitoring systems, we can safeguard drinking 

water quality and promote healthier living environments for future generations. 

CONCLUSION: 

This study successfully detected and quantified trace metals (chromium, zinc, and manganese) in 

drinking water samples from five different brands using UV spectroscopy and atomic absorption 

spectrophotometry (AAS). The results revealed varying concentrations of these metals across the 

samples, with some exceeding permissible limits. While trace amounts of these metals are 

essential for human health and ecological balance, their excessive presence poses significant 

health risks. Chromium, manganese, and zinc, when consumed beyond safe thresholds, can lead 

to severe health complications, including skin rashes, respiratory disorders, glucose intolerance, 

pancreatic damage, and even life-threatening conditions such as lung cancer. 
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The findings underscore the critical need for stringent monitoring and regulation of trace metal 

concentrations in drinking water to ensure consumer safety. Regular quality control measures 

during production and distribution are essential to prevent contamination and mitigate health risks 

associated with excessive metal exposure. Public awareness campaigns should also be initiated to 

educate consumers about the potential dangers of trace metal contamination in drinking water. 

In conclusion, this study highlights the importance of maintaining trace metal concentrations 

within safe limits to protect public health and ensure the availability of safe drinking water. Further 

research and continuous monitoring are recommended to address this pressing issue and promote 

healthier living environments. 
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