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AHAJII3 EJJEMEHTHOI'O CKJIALY BOAHUX PECYPCIB
KHiBCHKOI'O PET'TOHY

Tlocmitinuii KoHmpons cKkaady 800HUX PeCypCig € 8aNCIUBUM O 30epedtcentsl eKON02IUH020 DANAHCY Ma 3aXUCHY
008KiNIA. 3a0pyOHenHts 800U BANCKUMU MEMALAMU CIMAHOBUMb CEPUO3HY 2100AbHY 3A2PO3Y Uepe3 IXHIO GUCOKY MOKCUY-
HICMb 01 JCUBUX OPSAHIZMIG HABIMb Y MAUX KOHYeHmpayiax. Tomy Hadiline ma mouHe BUSHAYEHHS BANCKUX MEMAnie
V 8001 HeoOXIOHe 01 3a0e3neuenHs ii be3nexu.

Hocnioscenuss nposoounucs 6 akpeoumosanii sunpodysanvuii iabopamopii HayionanvHoeo yHisepcumemy 6iopecyp-
cig i npupodokopucmysanus Ykpainu. Memoto docnioxcerns 6yn0 oyiHumu 6MICm XIMIUHUX eleMeHmis, 30Kpema 6aHCKUX
Memarnis, y 3paskax 600u 3 pisHux docepen Kuiscokoeo peciony. [ns yb02o 0y10 UKOPUCTIAHO AMOMHO-eMICIUHY CneKmpo-
mempiio 3 iIHOyKmueHo-38 ‘a3aror niasmoio (ICP-AES), wo xapaxmepusyemupca 8UCOKO0 MOYHICMIO MA YYMAUBICIIO.

Hoicepena 3a6pyonenns 8ax)CKUMU MeMAaiamil 6KI04A0My RPOMUCTIO8] BUKUOU, A2POXIMIKAMU, HEHANENCHY YMUNi3a-
yito 6ioxodis. Lle cnpusie HakonuueHHio ereMenmis y 008K, 30kpema 6 nogimpi, ipynmi ma 800i. Egexmusne eusnsnenns
BAICKUX MEMAIB ) 6001 € KPUMUYHUM OJisi KOHMPOTIO SKOCHIL.

Hocniooncenns, nposedeni ¢ Kuiscokiti obonacmi, GUs6UIU, wjo KOHYeHmMpayii Memanis, maxkux K Kooaiwm, KaoMitl,
CcBUHeYb, HIKeLb, XPOM, MiOb, YUHK, MAp2aHeyb, MOTIO0eH, Muul sIK, pmymb, nepedysaions y donycmumux mevxicax. Ompu-
MaHi 0aHi niomeepoN’CyIonb, Wo AKICMb 800U BIONOBIOAE eKOTOIUHUM HOPMAM I € OE3NEYHOI OISt CHONCUBAHHSL.

Pezynomamu docriodcenns 003601510mv po3podumu ehekmueHi cmpameeii YAPAGIIHHA BOOHUMU Pecypcamil, Chps-
MOBAHI HA 3HUIICEHHS PU3UKIG 3A0PYOHEHHS 8AJNCKUMU Memanamy ma 30epedcenHs exonoiunoi besnexu. Pezynapnuil
MOHIMOpUHe 0d€ 3MO2Y ONEPAMUBHO GUAGTAMU 3MIHU Y BOOHUX 00 €KMax i 3anobieamu NOMeHYiuHUM 3a2po3am 0
300p08’a nodetl ma exocucmem.. Le 6xazye Ha cmadiivHull ekonoiuHUll Cman 800HUX pecypcis peciony. Booa npudamua
02151 BUKOPUCMAHHA 63 HeoOXIOHOCMI He2aliH020 3HUICEHHS KOHYEHMPayitl Yux Memaris.
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ANALYSIS OF THE ELEMENTAL COMPOSITION
OF WATER RESOURCES OF KYIV REGION

Continuous monitoring of water resources is crucial for maintaining ecological balance and protecting the environment.
Water pollution by heavy metals poses a significant global threat due to their high toxicity to living organisms, even at
low concentrations. Therefore, reliable and accurate detection of heavy metals in water is essential to ensure its safety.

The research was conducted at an accredited testing laboratory of the National University of Life and Environmental
Sciences of Ukraine. The study aimed to assess the content of chemical elements, particularly heavy metals, in water
samples from various sources in the Kyiv region. Inductively coupled plasma atomic emission spectrometry (ICP-AES),
known for its high precision and sensitivity, was utilized.

Sources of heavy metal pollution include industrial emissions, agrochemicals, and improper waste disposal,
contributing to the accumulation of these elements in the environment, especially in air, soil, and water. Effective detection
of heavy metals in water is critical for quality control.

Research conducted in the Kyiv region revealed that the concentrations of metals such as cobalt, cadmium, lead,
nickel, chromium, copper, zinc, manganese, molybdenum, arsenic, and mercury are within acceptable limits. The findings
confirm that water quality complies with ecological standards and is safe for consumption.

The study s results enable the development of effective water resource management strategies aimed at reducing the risks of
heavy metal pollution and ensuring ecological safety. Regular monitoring allows for timely detection of changes in water bodies
and helps prevent potential threats to human health and ecosystems. This indicates a stable ecological state of the region s water
resources. The water is suitable for use without the immediate need for reducing the concentrations of these metals.

Key words: atomic emission spectrometry, heavy metals, water.

Introduction. Heavy metals toxicity in water  as improper disposal of industrial and household
is a serious threat to human health. Metals like = waste, contributing to soil and water pollution
lead, mercury, cadmium, and even aluminum do  (Kanwar, 2020).
not play a biological role in the human body and Effective and reliable detection of heavy met-
can negatively affect metabolic processes, caus- als in environmental water is crucial. In a study
ing severe illnesses. These metals enter the human  (Tokatli, 2019; Wagar, 2021), cluster analysis
body through water and can interfere with natural ~ (CA) was used to classify the elemental composi-
chemical processes by blocking essential enzymes  tion of water resources in various settlements, and
or replacing vital elements, resulting in dysfunc-  the weighted arithmetic water quality index was
tion of organs and systems. Lead, for instance, can  applied to evaluate the overall water condition.
replace calcium in the bones and brain, posing a  The study results showed that the greatest threat
particular danger to children, causing nervous sys-  to drinking water quality comes from elements in
tem disorders and cognitive impairments. Mercury  the following descending order of risk: Se > As >
and cadmium accumulate in organs and cause Mo > B >Ba> Cr>Pb>Mn > Ni>Cd> Cu.
chronic toxicity, affecting the kidneys, liver, and 37 elements were identified in samples of tap
other vital systems. The toxicity of heavy metals and bottled water (Chowdhury, 2021), using induc-
depends on the duration and intensity of exposure.  tively coupled plasma optical emission spectrom-
Even regular intake of small doses of heavy met-  etry (ICP-OES). The main goal was to assess the
als can lead to their gradual accumulation in the  concentration of various elements in the water and
human body thus increasing oxidative stress. It is  their compliance with established standards. The
a process that damages cell membranes, proteins,  concentrations of phosphorus (P), silicon (Si), fluo-
and DNA, and may lead to chronic diseases, such  rine (F), and chlorides (Cl) were within permissible
as cancer, cardiovascular diseases, or neurodegen-  levels of pollutants. Additionally, levels of elements
erative disorders (Shah M, 2020). such as aluminum (Al), boron (B), chromium (Cr),

Heavy metals, such as arsenic (As), cadmium  cobalt (Co), copper (Cu), iron (Fe), lithium (Li),
(Cd), chromium (Cr), copper (Cu), lead (Pb), and  manganese (Mn), nickel (Ni), titanium (Ti), vana-
mercury (Hg) enter the environment due to atmo-  dium (V), and zinc (Zn) did not exceed the limits
spheric dispersion and deposition of harmful sub-  set by government agencies. However, heavy met-
stances contaminating the air and ecosystems. als, including arsenic (As), cadmium (Cd), cobalt
The main sources of pollution include thermal (Co), lead (Pb), mercury (Hg), and silver (Ag),
power plants, electronics and automobile manu-  were detected in the tap water of urban districts,
facturing, excessive use of agrochemicals, as well  indicating higher concentrations of pollutants in
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urban areas compared to rural districts. Despite
this, the levels of heavy metals remained below the
maximum permissible concentrations (P < 0.05),
indicating the safety of the water for consumption.

Inductively coupled plasma mass spectrometry
(ICP-MS) is an extremely effective technique for
quantifying heavy metals in water. This method is
distinguished by its high sensitivity, precision, and
reliability, making it ideal for environmental moni-
toring and water quality control. The reliability of
ICP-MS in detecting trace concentrations of heavy
metals is confirmed by the optimization of sample
preparation methods and the analytical evaluation
of performance indicators. Further research should
focus on improving sample introduction techniques
and addressing matrix interference issues to enhance
the applicability of ICP-MS in various environmen-
tal conditions (Abdallah, 2023; Peng, 2015).

The ICP method, included in several standards
suchas DSTU and U.S. regulations, holds particular
significance for determining concentrations due
to its high sensitivity, accuracy, and capability
to simultaneously determine multiple elements.
Therefore, permanent monitoring and the use of
advanced water purification methods are critical
to preventing the accumulation of these hazardous
metals in water supplies and ensuring public health.

Materials and Methods. The research was
conducted at the Ukrainian Laboratory of Quality
and Safety of Agricultural Products at the National
University of Life and Environmental Sciences of
Ukraine (NUBIP), accredited according to DSTU
ISO/IEC 17025. Inductively coupled plasma atomic
emission spectrometry (ICP-AES) is one of the mod-
ern methods applied for the qualitative and quanti-
tative assessment of chemical elements, particularly
heavy metals. This method is known for its high sen-
sitivity, providing precise results due to its high res-
olution and minimal analyte loss, as well as enabling
rapid analysis and near real-time data acquisition.

Sample preparation for determining the elemen-
tal composition of water was carried out according
to the DSTU ISO 11885:2005 (ISO 11885:1996,
IDT) standard “Water quality. Determination of
33 elements by inductively coupled plasma atomic
emission spectrometry.” The elemental composi-
tion of water samples was analyzed using an induc-
tively coupled plasma atomic emission spectro-
photometer, with the detection limit 0.01 mg/dm?
for most elements. Calibration of the equipment
was performed using a multi-element standard
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solution IV from Merck KGaA, Germany, ensur-
ing high accuracy of the results.

Results and Discussion. The aim of this study
was to examine the elemental composition of water
samples from water bodies in the Kyiv region. The
water samples were filtered through membrane fil-
ters to remove suspended particles. The filtered
samples underwent acid dissolution by concentrated
nitric acid to ensure complete dissolution of ele-
ments. The determination of the content of elements
in the water samples was performed using the ICP-
AES method. The study examined the content of
elements (Ag, Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe,
K, Li, Mg, Mn, Na, Ni, Pb, Sr, Tl, Zn, Be, Mo, Se,
Ti, V, As, Hg, S, P) in water samples to assess pollu-
tion levels and ensure environmental safety. Calibra-
tion solutions were prepared by sequential dilution
of a multi-element standard solution. The obtained
spectra were analyzed using software that compared
signal intensities with the calibration curve to deter-
mine element concentrations in the samples.

The following conclusions can be done based on
the analysis of the elemental composition of water
(Table 1). The concentrations of heavy metals in

Table 1
Results of elemental analysis of water samples
from Kyiv region, region F

. Ma§ S Extended Defec.t ion
Chemical element | fraction, R limit,
mg/dm’ uncertainty mg/dm’
Calcium, Ca 49,98 +10,09 0,01
Sodium, Na 25,15 15,14 0,01
Magnesium, Mg 19,36 4,09 0,01
Potassium, K 13,84 +3,07 0,01
Iron, Fe 1,63 +0,48 0,01
Strontium, Sr 0,49 10,15 0,01
Zinc, Zn 0,14 +0,11 0,01
Manganese, Mn 0,17 +0,05 0,01
Boron, B 0,10 40,06 0,01
Lithium, Li 0,07 +0,01 0,01
Aluminum, Al 0,06 40,01 0,01
Barium, Ba 0,06 +0,01 0,01
Chromium, Cr <0,01000 - 0,01
Lead, Pb <0,01000 - 0,01
Copper, Cu <0,01000 - 0,01
Nickel, Ni <0,01000 - 0,01
Cobalt, Co <0,01000 - 0,01
Silver, Ag <0,01000 - 0,01
Bismuth, Bi <0,01000 - 0,01
Molybdenum, Mo | <0,01000 - 0,01
Cadmium, Cd <0,00100 - 0,001
Arsenic, As <0,00100 - 0,001
Selenium, Se <0,00100 0,001
Mercury, Hg <0,00050 0,0005
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the studied water samples are insignificant, indicat-
ing the safety of their levels. The detected values
are within permissible limits, ensuring no risk of
water contamination by metal ions. The content of
nickel (Ni), cobalt (Co), copper (Cu), zinc (Zn), and
manganese (Mn) in the water samples is very low.
These low concentrations further confirm the high
quality of the water and its compliance with regu-
latory standards. Thus, it can be concluded that the
levels of heavy metals in the water are safe, and the
water quality corresponds established standards.

It was determined that the concentrations of
cobalt (Co), cadmium (Cd), lead (Pb), nickel (Ni),
chromium (Cr), copper (Cu), and arsenic (As) are
within acceptable limits or detected in trace amounts
based on the results of the elemental water analysis
presented in Table 2. This indicates that these metals
are present in the water at safe levels, not exceeding
regulatory values. Results of laboratory analysis
showed that the water samples contain low con-
centrations of microelements. The concentrations

Table 2
Results of elemental analysis of water samples
from the Kyiv region, region H

of copper (Cu) and zinc (Zn) are 0.01 mg/dm?, and
manganese (Mn) is 0.011 mg/dm?, all of which
comply with standards. The levels of molybdenum
(Mo), cadmium (Cd), arsenic (As), and bismuth (Bi)
in the water are below 0.01 mg/dm?, which is a posi-
tive indicator of water quality. The concentration of
mercury (Hg) was found to be less than 0.005 mg/
dm?, meeting established standards and posing no
risk to water resources. This analysis demonstrates
that the concentrations of toxic metals in the sam-
ples were either below detection limits or very low,
indicating no significant contamination.

Based on the comparative analysis of the ele-
mental composition of water samples presented in
Table 3, the following conclusions can be made
regarding the content of heavy metals, cobalt (Co),
cadmium (Cd), lead (Pb), nickel (Ni), chromium
(Cr), and copper (Cu). The concentrations of these
elements in the water samples are insignificant. This
indicates that the levels of these metal ions in the
water are permissible and do not exceed regulatory

Table 3
Results of elemental analysis of water samples
from Kyiv region, region N

. Ma§ S Extended De?ec-t ion . Ma§ S Extended De?ec't ion
Chemical element | fraction, . limit, Chemical element | fraction, . limit,
mg/dm’ uncertainty mg/dm’ mg/dm® uncertainty mg/dm®
Calcium, Ca 31,43 +4.20 0,01 Calcium, Ca 29,22 +6,25 0,01
Magnesium, Mg 11,52 +2,00 0,01 Sodium, Na 21,21 +4,11 0,01
Sodium, Na 21,04 +3,71 0,01 Magnesium, Mg 13,96 +2.90 0,01
Iron, Fe 0,07 +0,03 0,01 Iron, Fe 0,06 +0,06 0,01
Potassium, K 6,15 +1,45 0,01 Potassium, K 6,88 +1,34 0,01
Strontium, Sr 0,25 +0,06 0,01 Strontium, Sr 0,18 +0,04 0,01
Barium, Ba 0,05 40,04 0,01 Boron, B 0,08 +0,04 0,01
Boron, B 0,08 +0,02 0,01 Barium, Ba 0,05 40,01 0,01
Lithium, Li 0,05 +0,01 0,01 Lithium, Li 0,05 40,01 0,01
Manganese, Mn 0,011 +0,005 0,01 Manganese, Mn 0,015 +0,005 0,01
Aluminum, Al <0,010 - 0,01 Aluminum, Al <0,01000 - 0,01
Zinc, Zn <0,01000 - 0,01 Zinc, Zn <0,01000 - 0,01
Chromium, Cr <0,01000 - 0,01 Chromium, Cr <0,01000 - 0,01
Lead, Pb <0,01000 - 0,01 Lead, Pb <0,01000 - 0,01
Copper, Cu <0,01000 - 0,01 Copper, Cu <0,01000 - 0,01
Nickel, Ni <0,01000 - 0,01 Nickel, Ni <0,01000 - 0,01
Cobalt, Co <0,01000 - 0,01 Cobalt, Co <0,01000 - 0,01
Silver, Ag <0,01000 - 0,001 Silver, Ag <0,01000 - 0,001
Bismuth, Bi <0,01000 - 0,01 Bismuth, Bi <0,01000 - 0,01
Molybdenum, Mo | <0,01000 - 0,01 Molybdenum, Mo | <0,01000 - 0,01
Cadmium, Cd |<0,001000 - 0,001 Cadmium, Cd <0,0010 - 0,001
Arsenic, As <0,001000 — 0,001 Arsenic, As <0,0010 - 0,001
Selenium, Se <0,001000 0,001 Selenium, Se <0,0010 - 0,001
Mercury, Hg <0,00050 - 0,0005 Mercury, Hg <0,00050 - 0,0005
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limits. The concentrations of copper (Cu), zinc
(Zn), and manganese (Mn) are sufficiently low, and
vary within no more than 0.011 mg/dm?. The pres-
ence of these microelements in the water does not
exceed allowable levels. The content of molybde-
num (Mo), arsenic (As), bismuth (Bi), and mercury
(Hg) also falls within acceptable limits, indicating
no significant contamination by these metals. Over-
all, the concentrations of toxic metals were either
very low or undetected, indicating their minimal
presence in the samples.

Conclusions. The results of the elemen-
tal composition analysis of water indicate the
absence of significant heavy metal contamination

in the water bodies of the Kyiv region. The con-
centrations of elements, such as cobalt, cadmium,
lead, nickel, chromium, copper, zinc, manganese,
molybdenum, arsenic, bismuth, and mercury are
within permissible limits, indicating a stable eco-
logical condition of the region’s water resources.
The water is suitable for use without the need
for immediate measures to reduce the concentra-
tions of these metals. However, further research
and regular monitoring are essential to maintain
ecosystem stability and protect public health. The
data from this study will serve as the basis for fur-
ther water quality control measures, contributing
to its safety and suitability for all types of use.
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