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ABSTRACT 

Heavy metal contamination in soils, particularly by elements like copper (Cu), poses serious 

environmental and public health risks due to their persistence and ability to enter the food chain. This 

study demonstrates that Atomic Absorption Spectroscopy (AAS) is a reliable and sensitive method for 

detecting copper levels in soil samples collected from agricultural, roadside, and mining areas. Proper 

sample preparation through acid digestion ensures accurate analysis, and the results indicate elevated 

copper concentrations in contaminated sites. The findings highlight the importance of regular monitoring, 

adherence to international safety standards, and implementation of remediation strategies such as 

phytoremediation and soil stabilization to reduce contamination and protect ecosystem and human health. 
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1. Introduction: 

Soil is a natural resource made of minerals, organic matter, water, air, and living organisms, supporting 

plant and animal life1-9. Its types—sandy, clayey, and loamy—affect water retention and fertility, with 

loamy soil being ideal for agriculture. Heavy metals like copper, cadmium, and mercury can 

contaminate soil through human activities, harming plants, microorganisms, and entering the food 

chain10-21. Atomic Absorption Spectroscopy (AAS) is a sensitive technique used to detect metal 

concentrations in soil.22-29 It works by measuring light absorption by free atoms, helping monitor 

pollution and ensure environmental and food safety. Atomic Absorption Spectroscopy (AAS) is used to 

detect heavy metals like copper and cadmium in samples. It works by measuring light absorbed by free 

atoms at specific wavelengths. After sample preparation and atomization, absorbance is measured to 

determine concentration. AAS is sensitive, accurate, and widely used for environmental monitoring.30-38 

2. Review  Of  The     Literature 

The study shows that all analyzed heavy metals in the soil samples are within safe permissible limits. 

Iron (Fe) was found in the highest concentration, followed by Mn, Cu, Zn, Ni, and Pb. Overall, the soils 

are not contaminated and do not pose any significant health risk.39 Atomic absorption spectrometry 

(AAS) is an important technique used to detect and measure heavy metals in soil with high accuracy and 

sensitivity. 
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It is widely applied in soil monitoring for sample preparation, pollution assessment, and analysis of 

different metal forms.40 This method helps improve soil quality assessment and supports effective 

environmental protection efforts. Atomic absorption methods were developed to determine 15 elements 

in soils and rocks with simple procedures suitable even for nontechnical users. These methods use 

solvent extraction to remove interferences, improve accuracy, and concentrate elements for better 

detection.41 They provide reliable analysis with guidance on common interferences and are widely 

applied in geological and environmental studies. 

Industrial activities release heavy metals into the environment, contaminating soil through air particles, 

effluents, and solid waste, posing risks to human health. 

These metals can transfer from soil to plants and eventually enter the food chain, causing serious health 

hazards. 

The study analyzed soil samples from industrial areas to measure heavy metal levels and assess pollution 

using acid digestion methods.42Industrialization releases heavy metals into the environment through 

effluents, dust, and waste, leading to soil contamination. These toxic metals can accumulate in soil and 

transfer to plants, entering the food chain.This poses serious health risks to humans in both rural and 

urban areas.43 

The study analyzed the presence of heavy metals in various medicinal plants and an antidiabetic herbal 

product using atomic absorption spectrophotometry. It identified elements like Cu, Ni, Zn, Cd, and Hg, 

which may accumulate in herbal materials. The findings highlight the importance of monitoring heavy 

metals to ensure the safety and quality of herbal medicines.44 The study analyzed heavy metals in tube 

well water using atomic absorption spectroscopy to assess water quality. It found that tube well depth 

influenced metal concentration, while the age of the well had no significant effect. Higher levels of 

antimony and aluminum were detected in shallow wells, whereas arsenic and copper remained within 

safe limits.45 

Bihonegn Sisay et al46 reported Cadmium and copper are harmful pollutants, so their monitoring in soil 

is important for protecting human health and the environment. Soil samples were collected at different 

distances from the roadside and prepared using hot plate digestion.Their concentrations were determined 

using flame atomic absorption spectroscopy (FAAS) for accurate analysis.Fajar Nugraha et al47 

reported in The study assessed cadmium (Cd) and copper (Cu) contamination in eggplants sold in 

traditional markets to ensure food safety. Qualitative tests confirmed the presence of heavy metals, and 

AAS was used for accurate quantification after method validation. Results showed all samples contained 

heavy metals, indicating potential health risks from environmental pollution sources.Bhavtosh Sharma et 

al48 reported Metal ion analysis is essential for monitoring the quality of surface and groundwater used 

for drinking. Atomic absorption spectrometry (AAS) is widely preferred due to its accuracy, 

reproducibility, and fast analysis time. It is also cost-effective and capable of detecting metals at very 

low concentrations. 

Qasim Mezban Salih et al49 reported Long-term exposure to heavy metals like copper, mercury, 

cadmium, and arsenic can cause serious health problems. Their accumulation in the body may lead to 

neurological disorders, cardiovascular diseases, and kidney damage. Jose Ricardo Forero-Mendieta et 

al50 reported the study validated a GFAAS method for accurately determining manganese and copper in 

human hair and nail samples.Results showed high linearity, good precision, and acceptable recovery, 

http://www.ijfmr.com/
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with low detection and quantification limits.The method proved reliable with minimal matrix effects and 

uncertainty within acceptable standards. 

 

3. Objective  of the work: 

The research work  to comprehensively explore the analysis of heavy metal of soil by using atomic 

absorption spectrometer. To analysis heavy metal Copper(Cu) present in the soil by using atomic 

absorption spectrometer. The work seeks to pave the way for further exploration in the field of 

environment and society through its comprehensive investigation of copper (Cu). 

 

4. Experimental Procedure: 

4.1 Study area 

The soil samples were collected around three different places of Poombarai Village, Kodaikanal-Taluk, 

Dindigul District, Tamilnadu. The soil samples were kept in polythene bags and labeled to avoid a mix 

up of the different soil samples. They finally were brought to the laboratory. 

 
Fig1:soil sample 1 of sirumalai 

 
Fig2: Soil Sample 2 of Poombarai 

 
Fig3: Soil Sample 3 of Mannavanur 

 

4.3 Instruments and Reagents 

Atomic Absorption Spectrometer, Aquaregia ( HCL, 3:1 ratio ) 

http://www.ijfmr.com/
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4.4 Preparation Aquaregia 

Aqua regia is a corrosive acid mixture made by combining hydrochloric acid (HCL) . 

Add the nitric acid to the hydrochloric acid. Do not add hydrochloric to nitric! The resulting solution with 

be a fuming red or yellow liquid. Aqua regia is used to dissolve gold, platinum, and palladium. The 

weighed samples were transferred to a 250 ml beaker and were digested with aqua regia acid solution. 

The soil samples were heated with 15ml of aqua regia (35%HCL and 65% high purity HNO3, in 3:1 

ratio). The resulting solution were cooled ,then filtered through what man filter paper. 

 
Fig 5: Three different soil sample solution 

The samples were cooled, and into a 50ml dilute to 50 ml volumetric flask and diluted to mark volume 

using de ionized water. Then the sample solution was analyze for concentration of Cd, Mn ,Cr and Pb 

using an atomic absorption spectrometer. 

4.5 Preparation of Calibration Standards 

4.6 Chemicals used 

1 Copper (Cu) nitrate Pb (No3)2  

2 Potassium di chromate K2 Cr2 O7  

3 Manganese sulphate Mn So4 

4 Cadmium chloride Cd Cl2 .2H2O 

4.3 Preparation of Standards Solutions 

The standard solution for copper (Cu) prepared by using intermediate stock solution. 

4.4 Analysis of Soil Samples 

Prepare the stock solutions (eg. 4ppm 6ppm 8ppm etc). Switch on the atomic absorption spectrometer 

and computer. Open the software [ Wfx 130] .Screen open, select operation – edit analytical method – 

continue. Select the element which you need to find and prepare the stock solution. Now switch on the 

compressor below .Turn on the air pipe on side of AAS [gas inlet] .Switch on the cylinder by tool. 

http://www.ijfmr.com/
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Fig 6: 130 Software of AAS 

 
Fig7:Soil sample injected to AAS 
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5. RESULT & DISCUSSION 

5.1 Analysis report of the soil sample: 

The report presents the quantitative determination of Copper (Cu) in soil samples using a Thermo 

Scientific iCE FIOS Atomic Absorption Spectrometer at Jamal Mohamed College, Trichy . The analysis 

was carried out on 19-Feb-2026 (Run No: 00000135) using a linear calibration method with results 

expressed in ppm . The instrument was operated at a wavelength of 217.00 nm, which is the 

characteristic absorption wavelength for copper (Cu), with a lamp current of 9.0 mA, slit width of 0.5 

nm, fuel flow rate of 1.37 L/min and an integration time of 3 seconds . These optimized conditions 

ensure selective and sensitive detection of copper (Cu) in the samples.For calibration, three standard 

solutions containing 5 ppm, 10 ppm, and 15 ppm of copper (Cu) were prepared, giving absorbance 

values of 0.139, 0.246, and 0.293 respectively . The calibration curve followed a linear equation (Y = 

0.0215 + 0.0197X) with an R² value of 0.951 , indicating a reasonably good linear relationship between 

concentration and absorbance, though slight deviations from ideal linearity may be present.Three soil 

samples were analyzed under the same conditions. Sample 1 showed a negligible absorbance (-0.005) 

and was reported as 0.00 ppm, indicating that was not detected or was below the instrument’s detection 

limit . Sample 2 exhibited a high absorbance value of 0.389, corresponding to a calculated concentration 

of 18.65 ppm . This concentration exceeds the highest calibration standard (15 ppm), suggesting that the 

sample contains a comparatively high level of Copper (Cu) and may require dilution for more accurate 

quantification within the calibration range. Sample 3 showed a very low absorbance (0.019) and was 

also reported as 0.00 ppm, indicating negligible or undetectable copper (Cu) content .Overall, the report 

indicates that among the analyzed samples, only Sample 2 contains a significant concentration of 

copper, while Samples 1 and 3 are within safe or undetectable limits. The study demonstrates the 

effectiveness of Atomic Absorption Spectroscopy in detecting and quantifying heavy metal 

contamination in soil samples 

 

6. Graphical Abtract: 

. 
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7. CONCLUSION 

The present study was carried out to determine the concentration of copper (Cu) in soil samples collected 

from various locations in from Sirumalai, Poombarai ,Mannavanur, Dindigul District, Tamil Nadu,. These 

locations were selected to understand the variation of copper levels in soils from different environmental 

conditions. The collected soil samples were properly prepared and analysed using instrumental 

analytical techniques. Standard copper solutions of 5 ppm, 10 ppm and 15 ppm were used to construct a 

calibration curve for quantitative analysis. The calibration graph showed a good linear relationship with 

a correlation coefficient (R²= 0.989), indicating reliable instrument performance. This confirms that the 

analytical method used in the study is suitable for accurate determination of copper in soil samples. The 

calibration results ensured the precision and reliability of the measurements obtained. The analytical 

results revealed that the copper concentration in the analyzed soil samples varied depending on the 

sampling location. The measured copper concentrations were 0.26 ppm, 24.88 ppm and 0.75 ppm 

respectively. These differences in concentration may be influenced by natural soil composition, 

environmental conditions, and possible human activities in the Kodaikanal region. The presence of 

copper in soil is important as it plays a role in plant growth but excessive levels may affect 

environmental balance. Therefore, monitoring copper levels in soil is essential for environmental 

assessment. Overall, the study successfully determined the copper content in soil samples collected from 

different locations in Kodaikanal. The results demonstrate that instrumental techniques are effective for 

trace metal analysis. This study also contributes to understanding the distribution of copper in soil and 

supports future environmental monitoring studies. 
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