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Phosphorus compounds are introduced into natural waters in significant quantities as a result of
anthropogenic activities. Agriculture and inadequate wastewater treatment are the main sources of
phosphorus compounds. Increased levels of phosphorus compounds in water bodies lead to
unbalanced eutrophication and significant changes in ecosystems. Therefore, monitoring phosphate
levels is very important for maintaining the normal state of aquatic ecosystems. Spectrophotometry
is one of the most widely used methods for measuring phosphate concentration. In the article, we
reviewed existing spectrophotometric methods for determining the phosphate content in water and
proposed a new method based on the use of a complex of metal indicators with metals. The
principle of the method is based on the change of the metal complex with the metal indicator as a
result of interaction with phosphate ions. Phosphate ions bind cations of metals such as zirconyl,
since its phosphates have a very low solubility. The indicator released as a result of the destruction
of the complex has a different color than the complex with a zirconyl cation. We experimentally
tested the feasibility of using such metal indicators as chromazurol S, 8-oxyquinoline, arsenazo I,
arsenazo Ill. The highest efficiency was demonstrated by the complex of chromazurol S with
zirconyl ions, which is reflected in a clear change in color from purple to shades of crimson, red
and orange for different phosphate concentrations. In the indicator system, we used a solution of
chromazurol S with a concentration of 0.005 M and a solution of zirconyl nitrate with a
concentration of 0.01 M. The ratio of the volumes of the solutions is 1:1. The proposed method of
determination requires a significantly smaller amount of reagents than molybdate method.
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1. Introduction

Phosphorus compounds are introduced
into natural waters in significant quantities as
a result of anthropogenic activities. For
undisturbed waters, phosphorus
concentrations are usually below
0.025 mg P/L, but in most freshwater bodies
of water, phosphorus concentrations are
above 0.05 mg P/L (Shaum, 2018).

Agriculture and inadequate wastewater
treatment are the main sources of phosphorus
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compounds (Sellal et al., 2024; Zahoor et al.,
2023).

Phosphorus is an essential element for
normal plant growth (Shaum, 2018).
Therefore, various types of phosphate
fertilizers are widely used in agriculture.
Atmospheric runoff leaches phosphates from
the soil and enters groundwater and surface
water (Patel, 2025).

Wastewater, especially municipal and
food industry wastewater, contains a large
amount of phosphorus compounds, as they are
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part of many detergents, food additives, etc.
(Goswami et al., 2021). In the case of
insufficiently efficient operation of treatment
plants, phosphorus compounds in the
composition of treated wastewater are
discharged into water bodies. In addition, pit
latrines, which are still found in rural areas,
can pollute groundwater with phosphorus
compounds that leach from excrements
(Graham & Polizzotto, 2013).

Minor phosphate impurities in drinking
water do not harm human health, and are
sometimes even specifically added to drinking
water to reduce lead leaching from old lead-
containing pipes (Ascott et al.,, 2016). But
aquatic ecosystems are much more sensitive.
Increased levels of phosphorus compounds in
water  bodies lead to  unbalanced
eutrophication and significant changes in
ecosystems (Hedayatzadeh et al., 2024).
Therefore, monitoring phosphate levels is
very important for maintaining the normal
state of aquatic ecosystems.

Spectrophotometry is one of the most
widely used approaches for measuring
phosphate levels. The most frequently applied
methods include usage of molybdovanadate
and ammonium molybdate (Badamasi et al.,
2019). As a result of the interaction of these
compounds with phosphates, a yellow
heteropolyacid is formed. It is also possible to
use sodium molybdate instead of ammonium
molybdate (Lin et al., 2024). Among these,
the spectrophotometric molybdenum blue
method is the most useful. This method
involves the reaction of orthophosphate with
an excess of molybdate in an acidic medium
to form molybdophosphoric acid, which is
then reduced to produce molybdenum blue
(Badamasi et al., 2019). Tin (Il) chloride,
ascorbic acid and antimony potassium tartrate
are used as reducing reagents. This method is
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quite accurate, but requires a large number of
various reagents, which makes it not very
convenient for use in field conditions.
Therefore, the development of other
spectrophotometric methods for detecting
phosphates is relevant.

The use of a combination of metal
indicators with metal cations is one of the
promising directions, since phosphates are
able to destroy these complexes, which leads
to a change in color.

2. Materials and Methods

As chromogenic compounds we used
chromazurol S, 8-oxyquinoline, arsenazo |
and arsenazo Il in the form of 0.005 M water
solutions. Zirconyl nitrate hydrate (Acros
Organics) was used as source of zirconyl ions
in the form of solution with concentration
0.01 M.

We prepared solutions with different
ratios to test the color change of chromogenic
compounds in the presence of zirconyl ions.
We added 1 ml of indicator solution and
different volumes (0.0, 0.05; 0.125; 0,25; 1.0;
1.5; 2.0; 3.0 ml) of zirconyl nitrate solution to
50 ml volumetric flasks. Then we made up the
mixture to the mark, mixed it, and measured
the spectra of the resulting mixtures using a
UV/vis spectrophotometer.

In the indicator system, we used a
solution of chromazurol S with a
concentration of 0.005 M and a solution of
zirconyl nitrate with a concentration of
0.01 M. The ratio of the volumes of the
solutions was 1:1. To test the effectiveness of
the indicator system, we used model waters
with different phosphate contents (from 0.5 to
40 mg P/L). We determined the color for
creating a color scale for a solution thickness
of 1 cm.
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3. Results and Discussion

Chromogenic compounds such as 8-
oxyquinoline, arsenazo I, arsenazo Il
demonstrated  unsatisfactory  efficiency.
Although the addition of zirconyl nitrate
solution caused a shift and change in peak
intensity (Fig. 1), these changes were visually
inconspicuous.
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Fig 1. Changes in the spectra of various
chromogenic compounds in the presence of
zirconyl ions

In the case of arsenazo I, the solution
changed color from pink to purple, in the case
of arsenazo Ill, the color changed from blue
to purple, and in the case of 8-oxyquinoline,
no visual changes were observed at all.

Chromazurol S changes color very
strongly in the presence of zirconyl ions
(Fig. 2), which is promising for the
development of an indicator system for the
detection of phosphates.
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Fig 2. Color changes of chromazurol S
in the presence of different concentrations of
zirconyl ions

The determination of phosphates (PO4*)
was carried out using chromazurol S and
zirconium salt (ZrO(NOz)2). In this method,
zirconyl initially formed a stable complex
with chromazurol S, which led to a change in
the color of the solution from orange to blue-
violet. However, in the presence of phosphate
ions, they interacted with zirconyl, forming
phosphate with a very small solubility. As a
result of this reaction, chromazurol S passed
into a non-bonded form, which is reflected in
the color change (Fig. 3).
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different concentrations of phosphate ions
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The chemical mechanism of the process
can be represented by the following main
stages:

1. Dissociation of chromazurol S and
formation of the previous complex. In a
weakly acidic medium (pH 3.5-4.5),
chromazurol S dissociated with the formation
of a tricharged anion, which was coordinated
with the zirconyl ion through carboxylate and
sulfonate groups.

2. Selective interaction with phosphate
ions. Phosphate ions displaced chromazurol S
from the inner coordination sphere of zirconyl
ions, forming strong phosphate compounds
with zirconyl ions.
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The sensitivity of this indicator system
could be altered by varying the ratio of
chromazurol S and zirconyl.

4. Conclusions

Phosphate pollution of natural waters is
a major problem, as it leads to unbalanced
eutrophication and, as a result, the death of
some species of aquatic organisms. Therefore,
frequent monitoring of phosphates in water is
extremely important to maintain a healthy
ecosystem. The use of a combination of metal
indicators with metal cations is one of the
promising directions in phosphate detection,
because phosphates are able to destroy these
complexes, which leads to a change in color.

The determination of phosphates (PO4*)
was carried out using chromazurol S and
zirconium salt (ZrO(NOz)2). In this method,
zirconyl initially formed a stable complex
with chromazurol S, which led to a change in
the color of the solution from orange to blue-
violet. However, in the presence of phosphate
ions, they interacted with zirconyl, forming
phosphate with a very small solubility. As a
result of this reaction, chromazurol S passed
into a non-bonded form, which is reflected in
the color change

The sensitivity of this indicator system
could be altered by varying the ratio of
chromazurol S and zirconyl.
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BU3HAYEHHSA BMICTY ®OC®PATIB Y BOJI 3
BUKOPUCTAHHAM OPI'AHIYHUX XPOMOI'EHHUX CITIOJYK

Cmyxanoea /. B., Jlimuncoxa M. 1.1
! HanionansHuit TexHiunuit yHiBepcuter Ykpainu
«KuiBcbkuii nmonitexHiyHUN 1HCTUTYT iMeHi Iropst Cikopcbkoro», Ykpaina

m.litynska-2017 @kpi.ua

Cnonyxu ¢ocopy nompannaroms y npupooui 600U Yy 3HAUHUX KIILKOCMAX 6 pe3Vibmami
anmponozennoi disnbrocmi. OCHOBHUMU Odcepenamu ChoayK gocgopy € cinbevke 20cno0apcmeo
ma HeOOCMAamHbO egheKmusHe ouuweHHs CmivHux 8o0. Iliosuwenutl emicm cnoayk gocgopy y
80001LMAX NPU3800UMb 00 He30aNaHCO8aHOT eempogikayii ma 3HauHux 3miH 6 ekocucmemax. Tomy
MOHImMOpuHe pieHs pocghamie Oyoice 8axdciusuil Oas NIOMPUMKU HOPMATLHO2O CMAHY B0OHUX
exocucmem. Cnekmpogpomomempisi € OOHUM i3 HAUDINbUL WUPOKO BUKOPUCMOBYBAHUX MEMOOi8 05
BUMIDIOBAHHS KOHYeHmpayii ¢ocghamis.y cmammi po3ensiHymo iCHYIOYi cnekmpogdomomempuyti
Memoou U3HAYHHHA emicmy gocghamis y 800i ma 3anpoONOHOBAHO HOBULL CNOCID, AKULL OA3YEMbCs
Ha 8UKOPUCMAHHI KOMNAEKCY Memanoinoukamopie 3 memanamu. Ipunyun memooy epyHmyemocs
HA 3MIHI KOMIJIEKCY Memainy 3 MemailoiHOUKamopom 6 pe3yibmami 63aemoodii 3 gocgham-ionamu.
Docham ionu 36'A3y10Mb KAMioHU YUPKOHINY, OCKINbKU iX @ocgamu maroms Oyice HUZLKULL
000ymox pozuunnocmi. InOuxamop, 6uGiNbHeHUll 8 pe3yaIbmami pyuHy8aHHs KOMNIEKCY, MA€ iHule
3a6apeneHHs, HIdNC KOMNIeKC 3 YUPKOHIN-IoHOM. Excnepumenmanvho nepesipeno OoyinbHicms
BUKOPUCTNAHHS MAKUX Memanoinouxamopis ax xpomasypon C, 8-okcuxinonin, apcenaso I, apcenazo
1Il. Hausuwyy epexmugnicmo npodemoncmpyeas komniexc xpomazypory C 3 yupKoHin-ionamu, wo
8i000pasicacmv sl y Yimkil 3MiHi 3a0apeients 3 Qionemoso2o Ha BIOMIHKU MATUHOBO20, YePBOHO20
ma opaHiCcego2o Ol PI3HUX KoHyenmpayiu Gocgamie. B  inouxamopuit cucmemi 0y10
gukopucmano pozuur xpomazypony C 3 konyenmpayiero 0,005 M ma posuun yupkouin nimpamy 3
xkonyenmpayiero 0,01 M. Cnisgionowennus o06'emie posuunie 1:1. 3anpononosana memoouxa
BUZHAYEHHS NOMPEOYE 3HAYHO MEHULOI KITbKOCMI PeaKmusia, Hide MOLOOamHuULL Memoo.

Kniouosi cnosa: soone cepedosuwe, 3a0pyOHenHs 600U, HOUKAmMoOpHa cucmema, gocghamu,
xpoma3zypon C
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