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DETERMINATION OF IRON IONS IN RIVER WATERS
AND THEIR IMPACT ON THE ECOSYSTEM

Iron is an important micronutrient in biocenoses. Its balanced presence ensures the normal function-
ing of ecosystems. However, anthropogenic pollution with iron or artificial addition of iron can disrupt
the balance in ecosystems.

In this manuscript, we studied the influence of the iron ion in the Oxchu River passing through the
Burunlu and Sayifli villages located in Azerbaijan on various ecosystems. The dynamics of iron ion con-
centration affecting biosenosis were investigated from January to August. The GPS coordinates of the
sampling locations in the river were determined using an Etrex-10 device. Water samples were analyzed
in the laboratory using the SM 3030 (A-K) and ISO 11885 methods. The main analyses were performed
by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES). The maximum concentration
of iron ions in the Burunlu village section was observed in the first decade of May, reaching 2330 ug/L.
In the Oxchu River flowing through Sayifli village, the highest concentration was also observed in the
first decade of May. The migration of pollutants in the aquatic environment occurs rapidly; therefore,
studying it is extremely important from both ecological and economic perspectives.

Keywords: clean water, river ecosystem, iron ion, ecology, Inductively Coupled Plasma Optical
Emission Spectrometry.
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©3eH cyAapbIHAAFbl TeMip MOHAAPBIH
YK9HE OAapPAbIH, 9KOXYHere acepiH aHbIKTay

Temip O6MOLEHO3AAPAA MMKPOIAEMEHT peTiHAe eyl peA atkapasbl. OHbIH  OHTaMAbI
AEHrernAepi akoXKymeAepAiH AYPbIC XKYMbIC iCTeYiHe bikMaA eTeAi. AereHMeH apamM apeKkeTiHEH Hemece
OCbl 9AEMEHTTI >XaCaHAbl EHri3yAEeH TyblHAQFAH TEMIPAIH, AACTaHybl 3KOXYMEAEri TeHrepiMci3aikke
BKEAYI MYMKIH.

ByA Makarapa 6i3 OsipbaikaHaa opHasackaH bypyHAy >xeHe CaidpAm aybiAAApbl apKblAbl
arbin atkaH Ox4yy e3eHiHAeri TeMip MOHbIH 3epTTeaik. brvoueHo3Fa acep eTeTiH TeMip MOHbIHbIH,
KOHUEHTPALMSCbIHbIH, AMHAMMKAChl KaHTap-TaMbl3 apaAblFbIHAQ 3epTTeAAi. ©3eHaeri cbiHaMa aAy
opbiHaapbiHbiH, GPS koopamHatTapbl Etrex-10 KypbIAFbICBIHBbIH KeMeriMeH aHbikTaAabl. Cy yAriaepi
3epTxaHaAbIk >kafFpariaapaa SM 3030 (A-K) >xeHe ISO 11885 saicTepiH KOAAAHA OTbIPbIN TAAAAHADI.
Herisri TarpayAap MHAYKTUBTI 6aiiAaHbICKAH MAA3MaAbIK, OMTUKAAbIK, SMUCCUSIABIK, CMIEKTPOMETPUSIHbI
(ICP-OES) KoAAaHy apKpblAbl OpbIHAAAAbBL. BypyHAY ayblAbl yyackeciHAE TeMip WMOHAAPbIHbIH, €H
>KOFapbl KOHUEHTPALMSICbl MaMblp anblHbIH OipiHWI OHKYHAIriHAE GaikaAbir, 2330 MKI/A-re >KeTTi.
Canpam aybiAbl apKbiAbl 6TeTiH OX4y 63eHIHAE A€ eH >KOFapbl KOHLEHTPALMS MaMblp aiblHbIH, OipiHLLi
OHKYHAIriHAE 6arikaaAbl. Cy opTacbiHAAFbl AACTayllibl 3aTTapAbIH MUrPaLMsIChbl TE3 XKYPEAi, COHAbIKTaH
OHbl 3epPTTeY IKOAOTUSABIK, XKaFbIHAH AQ, SKOHOMMKAABIK, TYPFbIAQH AQ 6T€ MaHbI3AbI.

TyiiH ce3aep: Tasa Cy, 63eH dKOXYMEeCi, TeEMIp MOHAAPbI, SKOAOIMSl, UHAYKTUBTI GarAaHbICKaH
MA@3MaAbIK, ONTUKAABIK, AMUCCUS CMEKTPOMETPUSICHI.
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BakMHCKMIA FOCYAQPCTBEHHbIN YHMBEPCUTET, (DaKyAbTET SKOAOMMU 1 NMoYBOBeAeHus, baky, AsepbanayaH
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OHPEAe/\eHMe UOHOB )XeA€e3a B peYHbIX BOAAX
U UX BAUSSHUE Ha DKOCUCTEMY

JKeAae3o urpaet KAIOUEBYIO POAb Kak MUKPO3AEMEHT B Gu1oLeHo3ax. Ero ontmMaabHOE KOAMYECTBO
Croco6CTBYeT NPaBMAbHONM paboTe 3KOCUCTEM. B TO e Bpemsl 3arpsisHeHMe JKeAe30M, BbI3BaHHOE Aesi-
TEAbHOCTbIO YEAOBEKA, AN MCKYCCTBEHHOE BHECEHME 3TOr0 IAEMEHTA MOTyT MPUBECTU K AUCOAAAHCY
B 9KOCUCTEMAX.
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A.A. Samadova, S.R. Hajiyeva

B AaHHOW cTaTbe OblA M3yUeHO BAMSIHME MOHa >Keae3a B peke Oxuy, nMpoTekaiollen Yepes3 ceaa
BbypyHAy n Candpan, pacrionoxeHHble B AsepbaraskaHe. AMHamMKa KOHLEHTPALUMM MOHOB >KEeAe3a,
BAMSIIOLLLAS HA OMOLLEHO3, BbiAa MCCAEAOBAHA C SiHBapst no aBrycTt. GPS-koopamHaTbl MecT oT6opa npob
B peke OblAM OmnpeAeAeHbl C rnomolibio npubopa Etrex-10. O6pasubl BoAbl ObiAM MpoaHaAM3MpoBa-
Hbl B AABOPATOPHbIX YCAOBMSIX C MCTMIOAb30BaHMeM MeToA0B SM 3030 (A-K) 1 ISO 11885. OcHOBHble
aHaAM3bl ObIAU BbIMOAHEHbI C MOMOLLBIO OMNTUYECKON 3MUCCUOHHOWM CMEKTPOMETPUM C MHAYKTMBHO
cBsizaHHOM nAasmoint (ICP-OES). MakcnmanbHas KOHLEHTpaLmMs MOHOB »KeAe3a B CTBope ceAa bypyH-
Ay HabAlOAQAACh B MEPBOM Aekaae mMas u aocTurasa 2330 mkr/a. B peke Oxuy, npoTtekatoliei yepes
ceno Carichan, camast BbiCOKasi KOHLEHTPaLIMS Takoke HAabAIOAQAACh B MEPBOM AeKaae Masi. Murpauus
3arpsi3HSIOLLMX BELECTB B BOAHOM CPeAe NMPOMCXOAUT ObICTPO, MO3TOMY €€ M3yYeHne KpanHe BadkHO

KaK C 3KOAOTrMYEeCKOM, TaK M C IKOHOMMUYECKOM TOUKM 3PEHUS.
KAroueBble cAOBa: UMCTas BOAQ, peyHast 3KOCMCTEeMA, MOHbI >KeAe3a, 3KOAOMMs, ONTUYecKas SMUC-
CMOHHAg CreKTPoOMeTPUs C MHAYKTUBHO CBY43aHHOM MAA3MOMN.

Introduction

Constant monitoring of environmental pollu-
tion is of great importance in terms of its impact on
the biosphere. Pollutants can enter the food chain
in the environment and cause serious consequences.
Therefore, it is necessary to regularly monitor pollut-
ants in the environment. Chemical components have
the ability to migrate within the environment [4].
This migration occurs particularly rapidly in aquatic
environments. In this regard, continuous monitoring
of freshwater sources such as rivers, lakes, and res-
ervoirs is essential. Pollution by metals can spread
over long distances [2,8,13,19]. Therefore, rivers
are of particular importance in this context. Migrat-
ing metals can enter various biocenoses and affect
their integrity. For this reason, we have chosen iron
as our target element. Iron mainly limits the growth
of phytoplankton in aquatic ecosystems. This affects
the carbon cycle and climate change. Overall, both
phytoplankton and zooplankton are sensitive to high
concentrations of iron. The decline of these organ-
isms impacts the entire trophic chain, including fish,
amphibians, and birds. Excessive amounts of iron,
especially in water, can be toxic to certain organisms
[17,18]. It can lead to oxidative stress and cellular
damage, resulting in reduced species diversity. High
levels of iron salts (Fe** and Fe?) can alter the pH
level of water and affect the bioavailability of other
elements. This poses a risk of stress or poisoning for
fish and other aquatic organisms. Iron reacts with
oxygen to form iron hydroxide (Fe(OH),) precipi-
tates. This process reduces the amount of available
oxygen in the water, leading to oxygen deficiency
for fish and other aerobic organisms [1,3,9,11]. Iron
precipitates (rust-colored layers) accumulate at the
bottom of rivers, polluting the habitats of benthic
organisms and hindering their development. These
sediments also pose serious problems for spawning
fish, as the eggs sink and cannot develop in an ox-

ygen-deficient environment. Additionally, iron can
react with sulfides and other compounds to produce
toxic substances. These substances are directly poi-
sonous to aquatic life and can cause fatalities. As a
result, fish farm productivity decreases [12,15].

Materials and methods

Water samples were taken from the sections of
the river passing through the villages of Burunlu and
Sayifli, located in the territory of Azerbaijan. The
GPS coordinates of these locations were determined
using an Etrex-10 device. The coordinates are pre-
sented in Table 1.

Table 1 — Sampling coordinates

Areas Coordinates
Burunlu 39902'43.1" 46°44'09.0"
Shayifli 39°07'19.1" 46°34'19.7

For the determination of iron, the SM 3030 (A-
K) and ISO 11885 methods were used. SM 3030
(A-K) and ISO 11885 are standard laboratory
methods for the determination of metals and some
non-metal elements in water, wastewater, soil ex-
tracts, and other sample types. Both standards uti-
lize ICP-OES (Inductively Coupled Plasma Opti-
cal Emission Spectrometry) technology. In the
case of Inductively Coupled Plasma (ICP), plasma
is a high-temperature (approximately 6000—10000
K) ionized gas state. Argon gas (Ar) is ionized in a
plasma generator under the influence of a high-fre-
quency electromagnetic field. The high temperature
causes the atoms and ions in the sample to ionize
and transition to a high-energy state. With Opti-
cal Emission Spectrometry (OES), when atoms and
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ions of each element return from a high-energy to
a lower-energy state, they emit light (emission) at
characteristic wavelengths. The spectrometer cap-
tures this light and conducts spectral analysis. The
intensity of the emitted light is proportional to the
concentration of the element. Using these meth-
ods, elements such as Aluminum (Al), Arsenic
(As), Antimony (Sb), Bismuth (Bi), Barium (Ba),
Beryllium (Be), Calcium (Ca), Cadmium (Cd), Co-
balt (Co), Chromium (Cr), Iron (Fe), Copper (Cu),
Molybdenum (Mo), Manganese (Mn), Nickel (Ni),
Phosphorus (P), Tin (Sn), Lead (Pb), Strontium
(Sr), Zinc (Zn), Vanadium (V), Selenium (Se),
Lithium (Li), Sodium (Na), Potassium (K), Silicon
(Si), Boron (B), Titanium (Ti), Tungsten (W), and
other elements and rare metals can be determined.
ISO 11885 covers 33 elements including: Al, As,
B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg,
Mn, Mo, Na, Ni, P, Pb, Sb, Se, Si, Sn, Sr, Ti, TI,
V, W, Zn, etc. The standard defines procedures for
sample preparation, calibration, quality control,
and reporting.

During the laboratory work, the following
equipment and reagents are required:

1. ICP-OES device (Plasma generator (RF gen-
erator, typically 27-40 MHz), argon gas supply
(99.999% purity), autosampler for sample injection,
optical spectrometer and detectors (CCD, PMT,
etc.), computer and software (for calibration and
data processing)).

2. Other equipment (pipettes, markers, filtration
filters (0.45 um), glass containers and materials for
chemical reactions, chemical fume hood (for protec-
tion against toxic vapors), safety equipment: gloves,
goggles, lab coats).

3. Argon gas (Ar) — high-purity for plasma.

4. Acids (ultra-pure nitric acid — HNO,, ultra-
pure hydrochloric acid — HCI).

5. Standard element solutions (commercially
produced or high-purity solutions prepared in the
laboratory).

6. Distilled or deionized water.

According to sampling procedures, clean plastic
or glass containers should be used for water analy-
sis. Samples should be analyzed as soon as possible;
otherwise, they must be stored at 2—4°C. For cer-
tain elements (such as Fe and Mn), samples are pre-
served by acidification (e.g., with HNO, to maintain
pH <2).

During the preparation procedure, if necessary,
water samples are filtered using a 0.45 pum filter.
Acid is added (typically 2 mL of HNO, per 100 mL
of sample) to stabilize metal ions, which is essential
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for preserving the sample until it is transported to
the laboratory from a distant location [7].

During ICP-OES analysis, argon gas is con-
nected to the plasma, the device is turned on, and
the plasma is stabilized (~10—15 minutes). For cali-
bration, at least a S-point standard series is prepared
(e.g., 0, 0.1, 0.5, 1, 5 mg/L). Characteristic wave-
lengths are selected for each element (according to
ISO 11885 and the device manual). A calibration
curve is created (intensity vs. concentration). The
sample is introduced into the plasma using an autos-
ampler. The emission spectrum is measured at the
appropriate wavelength for each element (for Fe,
it is 238.204 nm). Duplicate analyses (repeat mea-
surements) are performed to ensure accuracy of the
results. The concentrations are calculated using the
software. Concentration units are typically in mg/L
(for water samples).

This method can be used for monitoring the
quality of drinking water, determining the pollution
level of wastewater, environmental control of indus-
trial processes, analysis of soil and environmental
samples, and metal analysis in food products (with
appropriate sample preparation).

This method offers several advantages, includ-
ing simultaneous determination of multiple ele-
ments, high sensitivity, a wide dynamic range, au-
tomation capability, simple sample preparation (for
water samples), and a short analysis time (a few
minutes).

Thus, samples are collected in clean glass or
plastic containers, and if there is a delay, acid is
added for preservation. Then filtration, acid diges-
tion, and dilution are performed. Various concentra-
tion standard solutions are prepared next. Calibra-
tion with standards and selection of the wavelength
follow. The sample analysis involves injection into
the plasma and measurement of the emission. Af-
terwards, data processing takes place, meaning the
results are calculated using the calibration curve.
Measurements and evaluation of blanks, replicates,
and internal standards are also carried out.

Results and discussion

During the study, it was found that the iron con-
centration was high between January and August
2023. The dynamics of iron concentration changes
during this period are shown in Table 2.

The concentration dynamics of iron in samples
taken from the sections passing through Burunlu and
Sayifli villages were determined, and their graphical
representations are shown in Figures 1 and 2.
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Table 2 — Dynamics of Chenges in iron Concntration Within 2023 (January-August) in mkg/I
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12 04.05.2023 mkg/1 2330 2330
13 10.05.2023 mkg/l 1310 1110
14 24.05.2023 mkg/l 1090 946.0
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Figure 1 — The concentration dynamics of iron ions in water samples taken from the section

of the Oxchu River passing through Burunlu village during the year 2023
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Figure 2 — The concentration dynamics of iron ions in water samples taken from
the section of the Oxchu River passing through Sayifli village during the year 2023
Conclusion studied months, the iron concentration in the river

was found to be very high. The increase of iron

Iron is an essential microelement in biosen-  levels in the river ecosystem can disturb the eco-

oses. Its balanced presence ensures the normal logical balance, make living conditions difficult

functioning of ecosystems. However, anthropo-  for organisms, and damage trophic relationships.

genic iron pollution or artificial iron additions  This can lead to serious ecological and economic
can disrupt the balance in ecosystems. During the  consequences.
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