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 A B S T R A C T 
This study aims to estimate the concentration of iron and assess the extent of 

groundwater contamination by collecting eighteen random groundwater samples from 
the Al-Najila agricultural area. Additionally, the study seeks to evaluate the compliance 
of these concentrations with drinking water quality standards and to identify the 
environmental and health impacts associated with iron contamination in groundwater. 

For the purpose, iron concentrations were determined using the 
FerroVerspectrophotometric method, which involves converting all forms of iron in the 
sample into a soluble form through a reaction with 1,10-orthophenanthroline present 
in the reagent, forming an orange-coloured complex. The absorbance was measured 

using a spectrophotometer (DR 6000) at a wavelength of 510 nm. The results showed 
that iron concentrations in the samples ranged from 0.03 mg/L to 0.37 mg/L. To verify 
the accuracy of the analysis, the standard addition method was applied, yielding a 
linear equation of y = 2.083x + 0.0348 with a correlation coefficient of r² = 0.9992, 

indicating high precision and consistency of the results. Besides, the obtained values 
were compared with the Libyan national standards and the World Health Organization 
(WHO) guidelines for drinking water, both of which set the maximum allowable 
concentration of iron at 0.3 mg/L. It was confirmed that all samples were within the 

acceptable range, except for one that slightly exceeded the recommended limit. 
Conclusively, iron concentrations in the groundwater of the study area generally comply 
with the established standards. However, continuous monitoring is recommended to 
track changes in iron levels, identify potential sources of contamination, and implement 

appropriate preventive measures. 
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INTRODUCTION  
Ensuring the safety of drinking water is a critical aspect 
of public health.  Agencies such as the United States 
Environmental Protection Agency (EPA) and the World 
Health Organization (WHO) have established 
comprehensive guidelines to evaluate water quality and 
its suitability for human consumption [1]. Undeniably, 
groundwater is a vital resource that supports domestic, 
agricultural, and industrial needs [2]. However, 

groundwater contamination by iron remains a significant 
environmental concern in various regions [3]. 
Iron, one of the most abundant elements in the Earth's 
crust, is commonly present in the environment as iron 
oxides [4]. It can enter groundwater systems through 
natural weathering processes, particularly when 
rainwater percolates through iron-bearing rocks, 

dissolving and mobilizing the element [3]. In addition, 
anthropogenic sources contribute to iron contamination. 
These include corroded iron pipes, industrial discharges, 
and the widespread use of iron in infrastructure, paints, 
plastics, and water treatment processes [4,5].  
Water containing suspended particles rich in iron 
minerals or elevated concentrations of iron often displays 
a brownish coloration. Due to oxidation processes, iron 
can leave reddish or orange stains on kitchen utensils, 
household appliances, clothing, and various surfaces. 
Although iron in drinking water is generally considered 
safe when present within recommended regulatory limits, 
iron deposits may contain trace contaminants or serve as 
a medium for bacterial growth, potentially posing risks to 

human health [6]. 
Iron is an essential micronutrient for humans, playing a 
crucial role in numerous physiological functions [7]. It is 
a key component of haemoglobin, the protein responsible 
for oxygen transport in red blood cells. Iron also 
contributes significantly to metabolic processes by 
activating enzymes, enhancing immune function, and 
supporting energy production. However, iron deficiency is 

a leading cause of anaemia, a condition that affects 
populations worldwide, and is also associated with 
compromised immunity, insomnia, and other health 
issues. Conversely, excessive concentrations of iron and 
its compounds may result in adverse health effects, 
including lethargy, depression, coma, cardiovascular 
diseases, arthritis, hair loss, and additional complications 

[8,9]. Correspondingly, iron is essential for the synthesis 
of chlorophyll in plants, and both iron deficiency and 
toxicity can adversely affect crop yield and quality [10,11]. 
Previous research has documented elevated iron levels in 
groundwater in several parts of the world, often 
surpassing WHO’s recommended limits [12–15]. Thus, 
regular monitoring and assessment of groundwater 
quality are crucial for public safety. This study 
investigates iron concentrations in groundwater from the 
Al-Najila agricultural area using a spectrophotometric 
method. The findings aim to provide insights into the 
quality of groundwater in the region, identify potential 
sources of contamination, and determine the water’s 
suitability for drinking and agricultural purposes. 
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MATERIALS AND METHODS  
Sample Collection 

As stated earlier, eighteen groundwater samples (n = 18) 
were collected from the Al-Najila agricultural area in May 
2023. Samples were obtained using 0.5-liter     pre-
cleaned plastic bottles. Before sampling, well pumps were 
operated for at least     10 minutes, and bottles were rinsed 
with well water before collection. All samples were 
transported to the laboratory and analyzed for iron 
concentration within 24 hours. 
 
Reagents and Standards 
Iron analysis was conducted using the FerroVer Iron 
Reagent (Iron PHEN-ANTHROLINE). Reagents included 
1,10-phenanthroline-p-toluenesulfonic acid salt, sodium 
citrate, sodium hydrosulfite, sodium metabisulfite, and 
sodium thiosulfate. Iron standard solutions (1000 mg/L) 

were used to prepare working solutions of 100 ppm, 25 
ppm, and 10 ppm. 
 
Equipments and apparatus 
The equipments used in this study included a UV-Visible 

Spectrophotometer (HACH – DR6000), an analytical 
balance, a watch glass, a spatula, 100 ml, 250 ml 
beakers, a glass stirring rod, a funnel, a micropipette, a 
50 ml pipette,1000 ml volumetric flask. 
 
Preparation of the Iron standard curve 
A blank was prepared using 10 mL of distilled water and 
one sachet of FerroVer reagent. For calibration, five iron 
standard solutions were prepared by pipetting (0.05, 0.10, 
0.30, 0.50, 0.70 mL) of a 10-ppm solution into cuvettes, 
then diluting to 10 mL. The reagent was added, and 
samples were left to react for 3 minutes before absorbance 
was measured at 510 nm. The resulting calibration curve 
exhibited a strong linear relationship between absorbance 
and concentration (r² = 0.9961). 
 

 
Figure 1. Iron PHEN-ANTHROLINE Complex titration 

curve at wavelength 510 nm 
 
Principle of Operation  
This analytical method involves converting all iron 
species—both soluble and insoluble—into a soluble 
ferrous (Fe²⁺) form using a specific reagent. The ferrous 
ions then react with 1,10-phenanthroline, forming a 

stable orange-colored complex. The intensity of this color 
is directly proportional to the concentration of iron in the 
sample. The absorbance of the resulting complex is 
measured spectrophotometrically at a wavelength of 510 
nm, allowing for quantitative determination of iron 
concentration. 
 
Chemical reaction equation of iron with 1,10-
orthophenanthroline: 

Fe2+ + 3phenH+  ↔  Fe(phen)32+  +  3H+ 

 
 
 

Analytical Procedures 
The spectrophotometer was set to the FerroVer Iron 265 
program, with the measurement wavelength adjusted to 
510 nm. A Planck’s solution was used to zero the 
instrument, with a baseline reading of 0.00 mg/L Fe 
displayed on the screen. 
A 10 mL aliquot of the groundwater sample was 
transferred into a clean sample cell. One sachet of 
FerroVer Iron Reagent was then added to the sample, 
which was thoroughly shaken and allowed to react for 3 
minutes. During this time, an orange color developed, 
indicating the presence of iron. The exterior of the sample 
cell was dried to remove any moisture or fingerprints and 
subsequently placed into the designated chamber of the 
spectrophotometer. Upon pressing the "Read" button, the 
iron concentration is measured on the device, and the 
results appear on the screen in mg/l [16]. 

 
Standard Addition Method 

Due to accuracy verification of the measurement, the 
standard addition method was employed. Initially, the 
iron concentration in a 10 mL sample was measured, 
yielding a value of 0.042 mg/L. Subsequently, 0.1 mL of 
a 25-ppm iron standard solution was added incrementally 
to the same sample three times, corresponding to added 
volumes of 0.1 mL, 0.2 mL, and 0.3 mL, respectively.  
After each addition, the sample was shaken, allowed to 
react for 3 minutes, and the absorbance was measured at 
510 nm. Following the standard additions, the measured 
iron concentration is equal to 0.043 mg/L. 
A standard curve was constructed by plotting the total 
iron concentration (mg/L) against the volume of standard 
solution added. The resulting linear regression equation 
demonstrated excellent linearity, with a correlation 
coefficient r2 = 0.9992,      indicating a high degree of 
accuracy and reproducibility in the method [16]. 
 
Table 1. Standard addition and percentage recovery 

(%) 

Standard iron 
solution (ml) 

Fe (mg/l) Recovery % 

0.00 ml 0.042 mg/L 100% 

0.1 ml 0.234 mg/L 84.1% 

0.2 ml 0.448 mg/L 84.3% 

0.3 ml 0.665 mg/L 86.4% 

 

 
Figure 2. The standard curve represents the relationship 
between the volume of the added standard iron solution 

and the concentration of iron in the sample with the 
standard addition at a wavelength of 510 nm. 

 

RESULTS AND DISCUSSION 
In this study, the concentration of iron in groundwater 
samples from the Al-Najila agricultural area was 
determined using spectrophotometric analysis. The 
method involved the formation of a colored complex 

y = 0.4786x + 0.0039
R² = 0.9961
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between iron and the FerroVer (1,10-phenanthroline) 
reagent, with absorbance measurements taken at 510 nm 
using a UV-Vis spectrophotometer (HACH DR6000). The 
measured concentrations were compared to both the 
Libyan standard and the World Health Organization 
(WHO) guidelines for drinking water quality. 
The final results of iron concentration (mg/L) in the 
collected groundwater samples are shown in Table 2 
below: 

Table 2. Iron concentration (mg/L) in the selected 
samples 

Sample 

Number 

Concentration 

(mg/L) 

Sample 

Number 

Concentration 

(mg/L) 

1 0.19 10 0.09 

2 0.05 11 0.11 

3 0.03 12 0.05 

4 0.37 13 0.03 

5 0.21 14 0.03 

6 0.04 15 0.06 

7 0.06 16 0.07 

8 0.05 17 0.13 

9 0.04 18 0.14 

 

 
Figure 3. The results of comparing the samples with 

the Libyan standard 
 

As illustrated in Figure 3), the results were compared 

against the Libyan national standard and the WHO 
guideline for iron concentration in drinking water, both of 
which set a maximum permissible limit of 0.3 mg/L [17]. 
The iron concentrations in the groundwater samples 

ranged from 0.03 mg/L to 0.37 mg/L. 
Most samples were within the acceptable range, except for 
Sample 4, which recorded a concentration of 0.37 mg/L, 
slightly exceeding the permissible limit. This deviation 
may be attributed to a set of environmental and 
anthropogenic factors, including: Corrosion of iron pipes 
used in water infrastructure. The geochemical 
composition of the surrounding soil and rock formations. 
Agricultural activities involving fertilizers and chemical 
inputs. Contamination from sewage or industrial 
effluents. In a more accurate sense, these factors may 
contribute to the leaching and mobilization of iron into 
groundwater systems, impacting overall water quality. 
 

CONCLUSION 
Given the critical role of water in sustaining life, and the 
reliance of many communities on groundwater sources for 
drinking and domestic use, this study aimed to evaluate 
the concentration of iron in groundwater samples from 
the Al-Najila agricultural region. The goal was to assess 
compliance with national and international water quality 
standards. Overall, the results indicated that the iron 
concentrations were within the acceptable limits set by 
both the Libyan national standard and the World Health 

Organization guidelines, except a single sample slightly 
exceeding the recommended threshold. While the majority 
of groundwater in the study area is suitable for human 
consumption in terms of iron content, the presence of 
elevated levels in some areas highlights the need for 
regular monitoring and potential mitigation measures to 
ensure long-term water quality and safety. 
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