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INTRODUCTION

Among the many global environmental and 
social challenges, the problem of drinking water 
quality is a priority. New data from Water Re-
sources Institute show that 25 countries – hous-
ing one-quarter of the global population – face 
extremely high water stress each year, regularly 
using up almost their entire available water sup-
ply. And at least 50% of the world’s population 
- around 4 billion people live under highly water-
stressed conditions for at least one month of the 
year [World Resources Institute, 2023]. Accord-
ing to UN data, over 785 million people still lack 
basic services, and 144 million people still drink 
untreated surface water [IHE Delft, 2020]. 1 in 3 

people globally do not have access to safe drink-
ing water [WHO, 2019].

Ukraine is one of the least well-off countries 
in the world in terms of reserves of usable wa-
ter resources. According to the definition of the 
European Economic Commission of the United 
Nations, a state whose water resources do not 
exceed 1.7 thousand m3 per year per person is 
considered water insecure. For example, in Can-
ada, this indicator is 94.3, in Sweden – 19.7, in 
the USA – 7.4, in France – 3.4, in England – 2.5, 
in Germany – 1.9 thousand m3. In Ukraine, this 
indicator is 1 thousand m3, which corresponds to 
the 111th place among 152 countries of the world 
[UN, 2023]. Ukraine is a country that is rapidly 
losing its drinking water resources due to military 
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actions on its territory. One of the most devastating 
consequences of military operations is their impact 
on the environment, in particular on the state of 
water supply systems and the quality of drinking 
water. The partial destruction and evacuation of 
some water laboratories from combat zones does 
not allow monitoring the quality of drinking water. 
The destruction of the water supply infrastructure 
during the war is used to subjugate and demoralize 
the population. Therefore, water supply is a critical 
issue for the survival of Ukrainians. According to 
the World Bank report, as of February 24, 2023, 
Ukraine’s direct losses from damage to water sup-
ply and drainage facilities amounted to $2.2 billion 
USA [World Bank, 2023]. 

During the analysis of the quality of drinking 
water in Ukraine, it was established that in most 
regions the main pollutants of tap water are iron, 
turbidity and hardness salts. Groundwater, which 
makes up more than 50% of the total water re-
sources and lies at depths of 30–200 m, has a high 
iron content, which is sometimes much higher 
than the norm. The high iron content in drinking 
water gives it a metallic aftertaste, after contact 
with air - a different color, and also causes water 
distribution networks to become overgrown with 
deposits. Iron is an extremely important element 
in the human body, but its excess is very harmful 
to health. This substance is concentrated mainly 
in the blood and, as a component of hemoglobin, 
takes part in the transfer of oxygen, as it is a bio-
logical catalyst. But with long-term intake in the 
body, the liver is oversaturated with iron oxide 
colloids, which destroy cells and cause cancer. 
Excessive iron in drinking water may have neg-
ative effects and leads to arteriosclerosis [Kempf 
and Wollert, 2020], diabetes [Sanjeevi et al., 
2018], hemochromatosis [Regan, 2009], Alzheim-
er’s disease [Kenkhuis et al., 2021], Parkinson’s 
disease and multiple system atrophy [Li and Re-
ichmann, 2016]. Therefore, the iron content in 
drinking water should not exceed 0.2 mg/dm3. Ac-
cording to the World Health Organization, the safe 
daily intake of iron for humans is 0.8–1.0 mg per 
kilogram of body weight [FAO, 1998].

The main sources of iron in drinking water 
are the following: surface water and ground wa-
ter sources, water treatment plants, water delivery 
networks to consumers. Iron is most common in 
ground water. Sources of iron in water are igneous 
and sedimentary rocks. This element is released 
from rocks in the process of hydrolysis and the 
action of carbon dioxide dissolved in water. The 

low pH of the water and the presence of organic 
compounds in it contribute to the transition of iron 
into the water. Other sources of iron in ground-
water may include mine waters with pollutants, 
effluents from industrial enterprises [Starovoit et 
al., 2021; Pyshyev et al., 2023; Turchanina–Ry-
bak et al., 2021], where substances with a high 
concentration of iron are used or processed.

Iron is part of the coagulant and can enter the 
water during water purification. The amount of 
coagulant and, accordingly, iron entering the wa-
ter depends on the level of water pollution. The 
use of a coagulant containing iron can increase 
the concentration of iron in purified water several 
times during the water treatment process [Pikaar 
et al., 2014]. Water supply systems in Ukraine 
are made primarily of steel and cast-iron pipes. 
In the case of corrosion of the water supply sys-
tem, iron can appear in hot and cold-water supply 
facilities. The amount of iron passing into the wa-
ter depends both on the quality of the pipes and 
on the parameters of the water quality (hardness, 
dissolved oxygen, pH, nitrate, residual chlorine 
concentrations, Larson Ratio) [Lin et al., 2021].

Iron is present in water in the form of divalent 
and trivalent compounds – Fe(II) and Fe(III), ac-
cordingly. In aerobic conditions, for example, in 
surface waters, Fe(III) compounds predominate. 
They undergo hydrolysis and precipitate under 
the influence of water. Therefore, the concentra-
tion of dissolved iron compounds is usually small. 
In underground, that is, anaerobic conditions, iron 
prevails in the form of divalent Fe(II) ions dis-
solved in water. In groundwater, where contact 
with oxygen is limited, the iron content can be 
significantly higher [Ityel, 2011]. Being in a liq-
uid, iron can also take organic, colloidal (water is 
cloudy, but without sediment), bacterial (formed 
by bacteria that use metal for their vital activity) 
forms, and in complexes [Rich and Morel, 1990].

There are many different methods that are 
used to test water for iron content. The most com-
monly used methods are the following: spectro-
photometric methods [Nurchii, 2021], fluores-
cence [Cha and Park, 1998], flame and electro-
thermal atomic absorption spectrometry [Tautkus 
et al., 2004; Freschi et al., 2008], inductively 
coupled plasma-mass spectrometry [Jeroen de 
Jong et al., 2008], solid-phase spectrophotomet-
ric methods [Alberti et al., 2019], chemilumines-
cence [Bowie et al., 1998], inductively coupled 
plasma optical emission spectrometry [Cui et al., 
2012], flow injection analysis (FIA) [Phansi et al., 
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2019], thermal lens spectrometry (TLS) coupled 
to FIA [Tomsič et al., 2019]. The simplest, less 
labor-intensive and energy-consuming method is 
the spectrophotometric method [Fernandes et al., 
2023]. This method with 1,10-phenanthroline is 
declared in the Standard ISO 6332:1988 Water 
quality – Determination of iron – Spectrometric 
method using 1,10-phenanthroline.

MATERIALS AND METHOD

Study location

This study was carried out in eastern Ukraine. 
The object of research was tap water from the wa-
ter supply system of the city Pokrovsk, Donetsk 
region (Figure 1). The research area is located at 
coordinates 48°16’42.2”N 37°10’39.6”E. Nowa-
days, the city of Pokrovsk is in an active com-
bat zone. Before the start of hostilities, water 
supply to the Donetsk region was carried out by 
transporting drinking water from the main wa-
ter source - the Siverskyi Donets River via the 
Siverskyi Donets - Donbass canal. As a result of 
the destruction due to shelling of the canal and 
pumping stations, water supply along this route 
was stopped. Currently, an alternative source 
of drinking water is used from the Karlivka 

Reservoir, as well as mine water and groundwa-
ter. These events led to a significant deterioration 
in the quality of drinking water. The total miner-
alization of drinking water in the Karlivka Reser-
voir was three times higher than that of the wa-
ter in the Siverskyi Donets – Donbass canal. As 
a result, the salt content exceeded the maximum 
permissible values   from 2 to 5 times. Among the 
substances whose concentration was above the 
maximum permissible values   was iron, for which 
the excess was up to 2 times. At the same time, 
the composition of tap water constantly fluctuated 
and required monitoring.

Despite numerous studies on the iron content 
in water, determining its concentration is problem-
atic for a number of reasons. This is primarily due 
to the nature and characteristics of the behavior of 
iron in aqueous solutions, which also depends on 
many factors. At the same time, the main criteria 
for choosing a research method are focused on op-
timizing the time, cost of analysis and the required 
accuracy of the study [Tran et al., 2023].

Materials

Materials used in this study were tap water 
samples, sodium acetate (CAS 127-09-3), ace-
tic acid (CAS 64-19-7), hydrochloric acid (CAS 

Figure 1. Geographical localization of the drinking water sampling site
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7647-01-0), hydroxylamine hydrochloride (CAS 
5470-11-1), 1,10-phenanthroline (CAS 66-71-7), 
ferroammonium alum NH4Fe(SO4)2·12H2O (CAS 
7783-83-7), distilled water. All reagents used for the 
analysis must be qualified as pure for analysis (PFA).

Equipment

Equipment used in this research were spectro-
photometer UNICO 2150UV (λ=200-1000 nm) 
was used for measuring iron content in tap water 
samples, Mi-150 pH meter was used to evaluate 
the acidity level, dry-air thermostat SNOL 58/350 
TermoLab was used for heating tap water samples 
during experiment. Additional equipment used 
were glass cuvettes (50 mm), analytical scales 
RADWAG AS 220R2, beaker glass, volumetric 
flasks, glass dropping pipettes, ceramic bowls.

Methodology of iron determination

To determine iron concentration, a calibration 
curve was constructed using the spectrophoto-
metric method with 1,10-phenanthroline, which 
forms an orange-colored complex with iron. Fol-
lowing the procedure, a standard solution of fer-
roammonium alum with an iron concentration of 
0.1 mg/ml was prepared. A working standard so-
lution with an iron concentration of 5·10-3 mg/ml 
was obtained by diluting the stock solution. For 
the series of standard solutions, specific volumes 
of the stock solution were accurately measured 
using a pipette and transferred to a set of 50 ml 
volumetric flasks. Hydroxylamine hydrochloride, 
acetate buffer, and 1,10-phenanthroline were then 

added to these solutions. The prepared solutions 
were allowed to develop colour for 10–15 min-
utes and were then measured using a spectro-
photometer at 510 nm. A solution containing all 
reagents except iron was used as a blank sample. 
Calibration curve is shown in Figure 2.

RESULT AND DISCUSSION

To determine the iron content in tap water, a 
1-liter sample was collected in a beaker. A 25 ml 
portion of this sample was transferred to a 50 ml 
volumetric flask, and the necessary reagents were 
added. The solution was allowed to stand for 10–15 
minutes. Then it was analyzed using a spectropho-
tometer. The iron content in the water was 0.130 
mg/l, which is within the maximum permissible 
concentration (MPC) according to the Ukrainian 
water quality standard “Drinking water. Require-
ments and methods of quality control”. The stand-
ards for the content of total iron in drinking water 
from different sources according to the Ukrainian 
water quality standard is shown in Table 1.

The problem was that each subsequent analy-
sis of the same water sample showed a result with 
a lower iron content. This raised doubts about the 
results obtained and sparked interest in studying 
this phenomenon. Thus, it was decided to study 
the dynamics of the iron concentration chang-
es in water. For this purpose, a 1-liter sample of 
tap water was collected in a clean beaker. 25 ml 
of this water was extracted from the beaker at 
half-hour intervals. The analysis of the extract-
ed water samples was performed in accordance 

Figure 2. Calibration curve (glass cuvettes l = 50 mm, t = 15 °С, λ = 510 nm)
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with the standardized procedure described in ISO 
6332:1988. The temperature was 15 °C.

To ensure the reliability of the results, the ex-
periment was replicated with a tap water sample 
collected on another day from the same sampling 
point. The initial iron concentration in this sample 
was measured at 0.080 mg/l. The different initial 
iron levels in the samples could potentially reflect 
a variation in water sources that could influence 
iron levels. The results of water samples studies 
are presented in Figure 3. These results provide 
insights into the dynamics of iron concentration 
in water samples and may help explain the main 
causes of the observed variations.

The decreasing concentration of iron in tap 
water over time indicates the instability of the wa-
ter composition caused by ongoing chemical reac-
tions among its components. The most substantial 
reduction occurs within the initial 30 minutes af-
ter water sampling. Subsequently, the rate of de-
crease slows down considerably, and the system 
approaches a quasi-equilibrium state. This may 
indicate that the ongoing chemical process is re-
versible. To fully understand this observed effect, 
it is critical to investigate the different species of 
iron present in tap water. This involves studying 
how each iron species interacts and transforms 
over time, and how these transformations affect 
the analysis process and contribute to the overall 
decrease in iron concentration.

The analysis method used is based on the re-
action of ferrous ions with 1,10-phenanthroline in 
the pH range of 3–9 with the formation of a stable 
orange-red complex.

The color rapidly develops at a pH of 3.0–3.5, 
necessitating the addition of an acetate buffer to 
the solution. Hydroxylamine hydrochloride is 
used to convert ferric ions to ferrous ions.

 4𝐹𝐹𝐹𝐹3+ + 2𝑁𝑁𝐻𝐻2𝑂𝑂𝐻𝐻 → 4𝐹𝐹𝐹𝐹2+ +
+ 𝑁𝑁2𝑂𝑂 + 𝐻𝐻2𝑂𝑂 + 4𝐻𝐻+ 

 
(1) 

 
[𝐹𝐹𝐹𝐹(𝐻𝐻2𝑂𝑂)6]2+

𝐻𝐻2𝑂𝑂⇔ [𝐹𝐹𝐹𝐹(𝑂𝑂𝐻𝐻)3]− + 3𝐻𝐻3𝑂𝑂+  (2) 
 
[𝐹𝐹𝐹𝐹(𝐻𝐻2𝑂𝑂)6]3+

𝐻𝐻2𝑂𝑂⇔ [𝐹𝐹𝐹𝐹(𝑂𝑂𝐻𝐻)4]− + 4𝐻𝐻3𝑂𝑂+  (3) 
 

 (1)

For the development of a colored complex, it 
is essential that iron is present in a soluble form. 
Iron can exist in aqueous solutions in two solu-
ble forms: Fe (II) and Fe (III). These forms are 
typically present as aqua complexes, specifically 
[Fe(H2O)6]

2+ and [Fe(H2O)6]
3+ for ferrous and fer-

ric ions respectively. Both of these aqua complex-
es exhibit Lewis’s acid properties. In an aqueous 
environment, these complexes are prone to hydro-
lysis reactions, leading to the formation of hydrox-
ide species and potentially altering their solubility 
and reactivity [Esmaeilbeig et al., 2022].

4𝐹𝐹𝐹𝐹3+ + 2𝑁𝑁𝐻𝐻2𝑂𝑂𝐻𝐻 → 4𝐹𝐹𝐹𝐹2+ +
+ 𝑁𝑁2𝑂𝑂 + 𝐻𝐻2𝑂𝑂 + 4𝐻𝐻+ 

 
(1) 

 
[𝐹𝐹𝐹𝐹(𝐻𝐻2𝑂𝑂)6]2+

𝐻𝐻2𝑂𝑂⇔ [𝐹𝐹𝐹𝐹(𝑂𝑂𝐻𝐻)3]− + 3𝐻𝐻3𝑂𝑂+  (2) 
 
[𝐹𝐹𝐹𝐹(𝐻𝐻2𝑂𝑂)6]3+

𝐻𝐻2𝑂𝑂⇔ [𝐹𝐹𝐹𝐹(𝑂𝑂𝐻𝐻)4]− + 4𝐻𝐻3𝑂𝑂+  (3) 
 

(2)

4𝐹𝐹𝐹𝐹3+ + 2𝑁𝑁𝐻𝐻2𝑂𝑂𝐻𝐻 → 4𝐹𝐹𝐹𝐹2+ +
+ 𝑁𝑁2𝑂𝑂 + 𝐻𝐻2𝑂𝑂 + 4𝐻𝐻+ 

 
(1) 

 
[𝐹𝐹𝐹𝐹(𝐻𝐻2𝑂𝑂)6]2+

𝐻𝐻2𝑂𝑂⇔ [𝐹𝐹𝐹𝐹(𝑂𝑂𝐻𝐻)3]− + 3𝐻𝐻3𝑂𝑂+  (2) 
 
[𝐹𝐹𝐹𝐹(𝐻𝐻2𝑂𝑂)6]3+

𝐻𝐻2𝑂𝑂⇔ [𝐹𝐹𝐹𝐹(𝑂𝑂𝐻𝐻)4]− + 4𝐻𝐻3𝑂𝑂+  (3) 
 

(3)

The solubility of the hydrolysis products is 
significantly reduced, which complicates their in-
teraction with hydroxylamine hydrochloride and 
suppresses the formation of a colored phenanth-
roline complex. This reduced solubility may be 
a critical factor preventing successful detection 
and quantification of iron. Moreover, since the 
investigated tap water was in contact with atmo-
spheric air, Fe(II) underwent oxidation to Fe(III). 
This oxidation process results in the formation of 
trivalent iron, which is significantly less soluble 

Table 1. Standards for the content of total iron in drinking water from different sources
Name of the indicator Tap water Water from wells and boreholes Bottled water from bottling points and pump rooms

Total iron, mg/dm3 ≤ 0.2 ≤ 1.0 ≤ 0.2

Figure 3. Iron concentration change in tap water over time: (a) at the initial concentration of iron 0.13 mg/l; 
(b) at the initial concentration of iron 0.08 mg/l
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than divalent iron [28]. As a result, hydroxyl-
amine is unlikely to be able to effectively reduce 
Fe(III) during the analytical procedure.

In addition to these factors, the tap water con-
tains a variety of other dissolved salts, including 
bicarbonates. The presence of carbonate ligands 
plays a crucial role in this context. These ligands 
sharply reduce the redox potentials of high-va-
lent transition metals, thereby facilitating their 
involvement in catalytic redox processes [Patra 
et al., 2021]. The mechanism of this process in-
cludes carbonate ligands donating electron den-
sity to the metal center, which stabilizes metals 
in higher oxidation states and promotes efficient 
electron transfer reactions. Consequently, an in-
crease in the concentration of bicarbonates leads 
to a significant acceleration in the reaction rate 
between [Fe(H2O)6]

2+ and O2, highlighting the 
profound impact of these anions on the dynamics 
of the reaction. This factor is even more signifi-
cant for water from an alternative supply source, 
which has a notably higher salt content.

Thus, transient species such as Fe(II) create 
additional difficulties for analysis due to their 
fleeting existence and highly reactive nature. 
Therefore, the reduction in dissolved iron con-
centration in tap water over time can be attrib-
uted to the intricate parallel-sequential process 
of oxidation and hydrolysis of the iron (II) aqua 
complex [Vijay et al., 2023]. To effectively pre-
vent iron hydrolysis reactions and increase iron 
solubility, it is essential to lower the pH of the 
solution. Therefore, when sampling water for 
analysis, it is strongly recommended to imme-
diately acidify the sample. This can be done by 
adding hydrochloric acid or sulfuric acid to ad-
just the pH to 1.

According to ISO 6332:1988, if the solution 
contains undissolved iron, iron oxides, or iron 
complexes, a relevant pre-treatment is required. 
In particular, to dissolve these components, the 
solution should be boiled with acid. During the 
settling process, no visible signs of insoluble iron 
were observed. This probably happens because 
the oxidation and hydrolysis products form small 
colloidal particles, which are too small to be seen 
with the naked eye. Therefore, some analysts may 
skip sample acidification especially if the analy-
sis is performed immediately at the sampling site. 
This can lead to incorrect results, as performed re-
search has shown that iron concentration decreas-
es rapidly immediately after sampling (Figure 3).

To investigate the impact of acidity on the 
iron concentration in tap water, an analysis was 
carried out involving the preheating of the wa-
ter in the presence of hydrochloric acid. Initially, 
25 ml of the tap water sample was transferred into 
a ceramic bowl. Following this, a one drop of hy-
drochloric acid, with a concentration of 36.5%, 
was introduced to adjust the pH of the solution to 
about 3. Additionally, 1 ml of hydroxylamine was 
added to the mixture. Then pH level of the result-
ing solution was measured using a laboratory Mi-
150 pH meter, ensuring precise monitoring of the 
acidity during the experiment.

The collected samples were transferred to a 
dry-air thermostat and maintained at a constant 
temperature of 40 °C. The bowls containing the 
samples were left uncovered to ensure continu-
ous exposure to air. At half-hour intervals, one 
bowl was carefully removed from the thermo-
stat. After that, the contents of the removed bowl 
were transferred into a 50 ml volumetric flask. 
To this flask, 2 ml of acetate buffer and 1 ml of 

Figure 4. Dynamics of iron concentration in tap water after heating it at t = 40 °C with the addition of HCl
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1,10-phenanthroline solution were added. The 
mixture was then diluted with distilled water un-
til the total volume reached 50 ml. This prepared 
solution was allowed to sit for 10–15 minutes, 
during which it cooled and developed color. The 
solution was then analyzed using a spectropho-
tometer to measure the iron concentration.

A similar experimental procedure was car-
ried out with another set of samples where the 
acidity of the water was reduced to pH 1.0 to 
observe any changes in iron concentration under 
the new conditions. The results of these experi-
ments are summarized and illustrated in Figure 
4. The results of the experiment demonstrated 
that the iron content in tap water increased when 
the water was preheated and treated at a lower 
pH level. In both experimental setups, the final 
iron concentration was measured at 0.230 mg/
dm³. Specifically, at pH 1 this concentration was 
reached after 90 minutes, whereas at pH 3 it re-
quired 180 minutes.

These observations show that the acid effec-
tively dissolved all the insoluble iron in the water 
in both scenarios. Notably, the dissolution process 
occurred twice as quickly at the lower pH level. 
This indicates a direct correlation between the 
acidity of the solution and the efficiency of iron 
dissolution. In contrast, an acetate buffer at pH 3.5 
was ineffective in dissolving the insoluble forms 
of iron. Its role was limited to two key functions: 
first, to quantitatively bind Fe²⁺ ions into the phe-
nanthroline complex [(C₁₂H₈N₂)₃Fe]²⁺, and sec-
ond, to inhibit the oxidation of Fe²⁺ to Fe³⁺, which 
accelerates with increasing pH.

It is important to note that the total iron con-
centration in the water is 6.4 times higher than its 
initial concentration measured in water without 
acidification. This indicates that most of the iron 
in the water was in an insoluble state. In addition, 
if the water was evaluated by its initial iron con-
centration, it could be characterized as high qual-
ity. However, in fact, the concentration of iron in 
it is much higher that is a significant concern be-
cause it exceeds 0.2 mg/dm³ - the regulatory limit 
set for safe water quality.

The presence of high levels of insoluble iron 
in water can be caused by several factors. One pri-
mary cause is the oxidation of ferrous ions within 
the tap water. Additionally, loose deposits found 
in water supply pipes can also enhance to high 
levels of insoluble iron. These deposits consist 
of a mixture of iron oxides and hydroxides, such 
as Fe2O3, Fe3O4, and FeO(OH). They accumulate 

in the metal pipes of the drinking water distribu-
tion system due to the corrosion of the pipes over 
time. This corrosion process results in the forma-
tion of deposits which then dissolve in the water 
and increase the iron content.

Both the oxidation of ferrous ions and the 
accumulation of corrosion-related deposits are 
critical factors that need to be managed to en-
sure water quality remains within acceptable 
limits. In most situations, loose deposits in wa-
ter are not easily identifiable and can be diffi-
cult to eliminate with standard household water 
treatment methods, such as boiling. Even though 
these deposits might become visible when the 
water changes color, this visual change does 
not provide an accurate assessment of their po-
tential toxicity. Smaller particles have a greater 
propensity to enter cells, which can lead to more 
pronounced cytotoxic and genotoxic effects 
compared to larger particles. This is because 
smaller particles are more likely to penetrate 
cellular barriers and cause damage at a molecu-
lar level, resulting in more severe health risks 
[Li et al., 2022].

The research has demonstrated that the con-
centration of insoluble iron in tap water is signifi-
cantly greater than that of soluble iron. This find-
ing carries substantial implications, particularly 
because insoluble iron, when consumed with 
drinking water, can dissolve in the highly acidic 
environment of the stomach (with a pH ranging 
from 1.5 to 2.0) and subsequently be absorbed 
into the bloodstream. The potential health risks 
associated with insoluble iron are noteworthy, as 
it may contribute to various health issues if not 
properly managed.

Based on the above, it is critical to consid-
er the intricate behavior of iron during analysis 
when determining its concentration in tap water. 
A comprehensive assessment of iron content must 
account for both its soluble and insoluble forms 
to provide a complete and accurate picture. This 
detailed analysis is essential for not only evaluat-
ing the quality of the water source but also for 
assessing the overall condition and performance 
of drinking water distribution systems. 

By accurately measuring both soluble and in-
soluble iron levels, we can gain valuable insights 
into the water supply’s quality and the effective-
ness of the distribution infrastructure. This infor-
mation is crucial for ensuring the safety of drinking 
water and for making informed decisions regard-
ing water treatment and distribution practices.
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CONCLUSIONS

This work studied the peculiarities of deter-
mining the iron content in tap water. Throughout 
the analysis, it was observed that the process of 
iron transitioning into an insoluble species occurs 
relatively quickly. This may have a negative impact 
on the analysis result and lead to incorrect results. 
Therefore, the impact of temperature and acidity 
on the dynamics of iron concentration in tap water 
was investigated. It was established that acidifica-
tion to pH = 1 and heating the sample to 40 °C for 
90 minutes allows to determine the true initial con-
centration of total iron in tap water. It was found 
that the total iron content in the analyzed water is 
6.4 times higher than the dissolved iron content.

Compliance with quality standards for iron in 
drinking water can only be confirmed by measur-
ing the total iron content in all its species. For that, 
it is crucial to determine the iron content in drink-
ing water immediately after sampling. If it is not 
feasible to conduct the analysis immediately after 
sampling, it is advisable to preserve the sample by 
acidifying it to a pH level of 1. This preservation 
method helps maintain the iron in its soluble form 
until analysis can be performed. In cases where 
acidification of the water sample is not possible, 
an alternative approach is to pre-treat the sample 
immediately before analysis. This involves heating 
the water sample to a temperature of 40 °C or high-
er in the presence of hydrochloric acid.

Because it is impossible to control the water 
intake sources, the quality of reagents, the purifi-
cation process, and the condition of water supply 
systems during combat operations, the only fea-
sible option is to monitor the quality of drinking 
water at the distribution points where the popula-
tion receives it.

Acknowledgements

This publication of research results was 
supported by the European Commission under 
the Project “EDUTIP - Energy-efficient Digital 
University for Technical Innovation Promotion” 
(grant number ENI/2019/413-664).

REFERENCES

1. Alberti, G., Emma, G., Colleoni, R., Nurchi, V.M., 
Pesavento, M., Biesuz, R. 2019. Simple solid-
phase spectrophotometric method for free iron(III) 

determination. Arabian Journal of Chemistry. 12(4), 
573–579. https://doi.org/10.1016/j.arabjc.2014.08.017

2. Bowie, A.R., Achterberg, E.P., Mantoura, R.F.C., 
Paul, J.W. 1998. Determination of sub-nanomolar 
levels of iron in seawater using flow injection with 
chemiluminescence detection. Analytica Chimica 
Acta. Volume 361, 189–200.

3. Cha, K.W., Park, K.W. 1998. Determination of 
iron (III) with salicylic acid by the fluorescence 
quenching method. 46(6), 1567–1571. https://doi.
org/10.1016/S0039-9140(98)00032-0

4. Cui, Y., Hu, Z.J., Yang, J.X., Gao, H.W. 2012. 
Novel phenyl-iminodiacetic acid grafted multi-
walled carbon nanotubes for solid phase extraction 
of iron, copper and lead ions from aqueous medi-
um. Microchim Acta. 176, 359–366. https://dx.doi.
org/10.1007/s00604-011-0725-x

5. Esmaeilbeig, M.A., Khorram, M., Ayatollahi, S., 
Zolghadr, A.R. 2022. On the Hydrolysis of Iron 
Ions: DFT-Based Molecular Dynamics Perspective. 
Journal of Molecular Liquids, 367, Part A. https://
doi.org/10.1016/j.molliq.2022.120323

6. FAO. 1998. Joint FAO/WHO Expert Consultation 
on Human Vitamin and Mineral Requirements. 
Vitamin and mineral requirements in human nutri-
tion: report of a joint FAO/WHO expert consulta-
tion, Bangkok, Thailand, 21–30 September. https://
www.fao.org/4/y2809e/y2809e00.pdf

7. Fernandes, S., Tlemçani, M., Bortoli, D., Feliciano, 
M., Lopes, M.E. 2023. A portable measurement de-
vice based on phenanthroline complex for iron de-
termination in water. Sensors 23(3), 1058. https://
doi.org/10.3390/s23031058

8. Freschi, G.P.G., Freschi, C.D., Neto, J.A.G. 2008. 
Evaluation of different rhodium modifers and coat-
ings on the simultaneous determination of As, Bi, 
Pb, Sb, Se and of Co, Cr, Cu, Fe, Mn in milk by 
electrothermal atomic absorption spectrometry. 
Microchimica Acta. 161, 129–135. https://dx.doi.
org/10.1007/s12161-011-9323-0 

9. IHE Delft. 2020. Safe drinking water & sanitation. 
Institute for Water Education. https://www.un-ihe.
org/theme/safe-drinking-water-sanitation 

10. Ityel, D. 2011. Ground water: Dealing with iron con-
tamination. Filtration & Separation. 48(1), 26–28. 
https://doi.org/10.1016/S0015-1882(11)70043-X

11. Jeroen de Jong, J., Schoemann V., Lannuzel, D., 
Tison, J.L., Mattielli, N. 2008. High-accuracy de-
termination of iron in seawater by isotope dilution 
multiple collector inductively coupled plasma mass 
spectrometry (ID-MC-ICP-MS) using nitrilotriac-
etic acid chelating resin for preconcentration and 
matrix separation. Analytica Chimica Acta. 623(2), 
126–139. https://doi.org/10.1016/j.aca.2008.06.013

12. Kempf, T., Wollert, K. 2020. Iron and athero-
sclerosis: Too much of a good thing can be bad. 



277

Ecological Engineering & Environmental Technology 2024, 25(12), 269–277

European Heart Journal. 41(28), 2696–2698. https://
doi.org/10.1093/eurheartj/ehz506

13. Kenkhuis, B., Somarakis, A., de Haan, L., Dzyu-
bachyk O., IJsselsteijn M.E., . de Miranda N.F.C.C.,  
Lelieveldt B.P.F., Dijkstra J., van Roon-Mom 
W.M.C., van der Weerd T.H.L. 2021. Iron load-
ing is a prominent feature of activated microglia 
in Alzheimer’s disease patients. Acta Neuropatho-
logica Communications. 9, 27–41. https://doi.
org/10.1186/s40478-021-01126-5

14. Li, K., Reichmann, H. 2016. Role of iron in neu-
rodegenerative diseases. Journal of Neural Trans-
mission. 123, 389–399. https://doi.org/10.1007/
s00702-016-1508-7

15. Li, P., Zhuang, Y., Shib, B., Zhang, K. 2022. Effects 
of boiling on iron particles in drinking water. Jour-
nal of Water Supply: Research and Technology-Aq-
ua, 1, 83–95. https://doi.org/10.2166/aqua.2022.244

16. Lin, X., Xu, Q., Li, Y., Zhao, B., Li, L., Qiang, Zh. 
2021. Modeling iron release from cast iron pipes in 
an urban water distribution system caused by source 
water switch. Journal of Environmental Sciences. 
Volume 110(1–3), 73–83. https://doi.org/10.1016/j.
jes.2021.03.016

17. Nurchii, V.M., Cappai, R., Spano N., Sanna, G. 2021. 
A Friendly Complexing Agent for Spectrophotometric 
Determination of Total Iron. Molecules. 26(11), 3071–
3081. https://doi.org/10.3390/molecules26113071

18. Patra, S.G., Mondal, T., Sathiyan, K., Mizrahi, A., 
Kornweitz, H., Meyerstein, D. 2021. Na3[Ru2(µ-
CO3)4] as a homogeneous catalyst for water oxida-
tion; HCO3− as a co-catalyst. Catalysts, Article 281, 
11(2), 1–21.. https://doi.org/10.3390/catal11020281

19. Phansi, P., Danchana, K., Ferreira, S.L.C., Cerdà, 
V. 2019. Multisyringe flow injection analysis (MS-
FIA) for the automatic determination of total iron 
in wines. Food Chemistry. 277, 261–266. 10.1016/j.
foodchem.2018.10.115

20. Pikaar, I., Sharma K.R., Hu, S., Gernjak, W., 
Keller, J., Yuan, Z. 2014. Reducing sewer corro-
sion through integrated urban water management. 
Science. 345(6198), 812–814. https://www.science.
org/doi/10.1126/science.1251418

21. Pyshyev, S., Zbykovskyy, Y., Shvets, I., Mirosh-
nichenko, D., Kravchenko, S., Stelmachenko, S., 
Demchuk, Y., Vytrykush, N. 2023. Modeling of 
coke distribution in a dry quenching zone. ACS 
Omega, 8(22), 19464–19473. https://pubs.acs.org/
doi/pdf/10.1021/acsomega.3c00747

22. Regan, E.N. 2009. Hemochromatosis: pumping too 
much iron. The Nurse Practitioner, 34(6), 25–9. https://
doi.org/10.1097/01.NPR.0000352285.81981.d5

23. Rich, H.W., Morel, F.M.M. 1990. Availability of well-
defined iron colloids to the marine diatom Thdassio-
siru weissflogii. Limnology and Oceanography. 35(3), 
652–662. http://dx.doi.org/10.4319/lo.1990.35.3.0652

24. Sanjeevi, N., Freeland-Graves, J., Beretvas, N., 
Sachdev, P. 2018. Trace element status in type 2 
diabetes: A meta-analysis. Journal of Clinical and 
Diagnostic Research. 12(5), OE01–OE08. https://
doi.org/10.7860/JCDR/2018/35026.11541

25. Starovoit, A.G., Zbykovskyy, Y.I., Shvets, I.B. 2021. 
Environmental and economic assessment of reagent 
treatment for wastewater used in coke quenching. 
Coke and Chemistry, 64(11), 532–535. https://doi.
org/10.3103/s1068364x21110077

26. Tautkus, S., Steponeniene, L., Kazlauskas, R. 2004. 
Determination of iron in natural and mineral waters 
by flame atomic absorption spectrometry. Journal 
of the Serbian Chemical Society. 69(5), 393–402. 
https://doi.org/10.2298/JSC0405393T

27. Tomsič, G., Goljat, L., Budasheva, H., Korte, D., 
Bratkič, A., Franko, M. 2019. Determination of 
iron in environmental water samples by FIA-TLS. 
Acta Chimica Slovenica 66(4), 814–820 https://doi.
org/10.17344/acsi.2018.4825

28. Tran, L.B., Nguyen, T.T., Padungthon, S., Huy, 
N.N. 2023. Development of facile field-test paper 
for rapid determination of iron contamination in 
natural water of acid sulfate soils. Water Practice 
and Technology. 18(12), 3271–3279. https://doi.
org/10.2166/wpt.2023.213

29. Turchanina–Rybak, O., Zbikovskyy, Y., Shvets, I., 
Castelbranco, A. 2021. Investigation for a Sustainable 
Use of Fossil Coal through the Dynamics of Interaction 
of Smokeless Solid Fuel with Oxygen. Proceedings of 
the International Conference on Industrial Engineer-
ing and Operations Management Rome, Italy, 171–182. 
https://doi.org/10.46254/EU04.20210173

30. UN. 2023. The United Nations World Water 
Development Report 2023: partnerships and 
cooperation for water. United Nations Educa-
tional, Scientific and Cultural Organization, 
210. https://www.unwater.org/publications/
un-world-water-development-report-2023

31. Vijay, A.K., Sharma, V.K., Meyerstein, D. 2023. Over-
looked Formation of Carbonate Radical Anions in the 
Oxidation of Iron(II) by Oxygen in the Presence of Bi-
carbonate. Angewandte Chemie International Edition. 
62(36). https://doi.org/10.1002/anie.202309472

32. WHO. 2019. 1 in 3 people globally do not have access 
to safe drinking water. New report on inequalities in 
access to water, sanitation and hygiene. https://www.
unicef.org/eap/press-releases/1-3-people-globally-do-
not-have-access-safe-drinking-water-unicef-who

33. World Bank. 2023. Ukraine Rapid Damage and 
Needs Assessment. Washington, D.C.: World Bank 
Group. https://documents1.worldbank.org/curated/
en/099184503212328877/pdf/P1801740d1177f-
03c0ab180057556615497.pdf

34. World Resources Institute. 2023. Securing Freshwa-
ter for All. https://www.wri.org/freshwater


