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Abstract

Nikitina N., Reshetnyak O., Nemets N., Chernyshova O., Lukovykova P.: Determination of iodides and bromides in associated produced groundwater
by the visual test method. Ekoldgia (Bratislava), Vol. 45, No. 1, p. 1-7, 2026.

A technique has been developed for the semiquantitative visual determination of iodide and bromide ions in their simultaneous presence in highly
mineralized produced waters from oil and gas condensate fields. The technique is based on the oxidation of iodine to iodide with potassium iodate
and bromide to bromine with potassium bromate, followed by the bromination of fluorescein with the formation of eosin. Both iodine and eosin were
adsorbed by modified polyurethane foam tablets. The conditions for visual determination of the indicated analytical forms were investigated. The
limit of quantification using the color scale was 3.2 mg/L for bromide ions and was 0.48 mg/L for iodide ions. The determination range was 5-80 mg/L
for Br~ contents and 0.5-16 mg/L for I". The semiquantitative method with visual detection is expressed and suitable for the analysis of associated pro-
duced groundwater: the analysis time is reduced threefold compared to the quantitative determination method using oxidation-reduction titration.
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Introduction

Associated produced waters (APWs) are waters that rise to the
surface together with oil and gas during their extraction and, af-
ter settling, are returned to deep horizons of oil and gas fields.
The waters are classified as highly mineralized by their composi-
tion and contain a significant amount of dissolved chemical el-
ements and compounds. Information about the general nature
of mineralization of APW and the content of individual specific
components, which include iodine and bromine, is very impor-
tant for the search and exploration of oil and gas fields. Elements
I and Br, 90-95% of which are present in groundwater in the
form of I and Br~ anions, have high mobility and form extensive
dispersion halos; they are classified as hydrogeochemical indica-
tors of hydrocarbon deposits and oil and gas accumulations. At
the depth of 3000-5000 m, the mass concentration of iodine in
APW in the eastern region of Ukraine reaches 100 mg/L, while
bromine reaches 1000 mg/L; the bromine content is 10-150
times higher than the iodine content.

Associated produced groundwater can be a raw material for
obtaining iodine and bromine, which are in short supply world-
wide. It is known that the minimum content of I and Br for their
cost-effective mining is 18 and 250 mg/L, respectively. Currently,
methods for extracting I and Br~ anions from aqueous media

using the ion exchange method have been developed (Sanemasa
et al., 2008), and methods for obtaining molecular iodine by
treating APW with oxidizing agents, Cl,, NaClO, SO,, H,O,, or
O,, have been proposed.

The technology of APW ozonation without adding strong
acids and catalysts is more environmentally friendly (Niemets
etal., 2019).

Preliminary data on the halide content are necessary for the
development and optimization of extraction technological pro-
cesses and for the timely detection of pollution. For analyzing
water bodies containing iodides and bromides, various methods
have been used: ion chromatography with various methods of
postcolumn detection (Buchberger, 1988; Eickhorst et al., 2004;
Cheng et al., 2005; Mehra, Frankenberger, 1990), gas chromatog-
raphy (Reddy-Noone et al.,, 2007), luminescence spectroscopy
(Zhu et al.,, 1990; Fu et al., 2017; Pilipenko et al., 1989; Garcia-
Figueroa et al,, 2017), surface plasmon resonance method (Bo-
thra et al., 2015; Liu et al., 2023), spectrophotometry (Dobolyi,
1984; Fukushima, Aikawa, 2021; Amourizi et al., 2020; Zhang
et al., 2000), capillary isotachophoresis (Fukushi, Hiiro, 1997),
amperometry, and potentiometry (De Souza et al., 2016). The
methods are characterized by different selectivity and different
values of quantification limit (LOQ): for iodides from 310 mg/L
(Pilipenko et al., 1989) to 5 mg/L (Cheng et al., 2005) and for
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bromides from 1.3-10° mg/L (Pilipenko et al., 1989) to 5 mg/L
(Cheng et al., 2005).

The use of hybrid analytical methods, including the extrac-
tion and concentration of analytes on sorbents with their sub-
sequent determination in the sorbent phase, allows for the ex-
pansion of the list of analyzable objects and simplifies sample
preparation. Different materials were used as sorbents for ana-
Iytical control of iodides and bromides: paper (Zhu et al., 1990;
Loh et al.,, 2015; Gorbunova et al., 2019), polymer films (Ged-
des, 2000), methylmethacrylate matrices (Fedan et al., 2018),
membrane filters (Zuy, Maznzya, 2014), and polyurethane foams
(PUF) (Trohimenko, Zaporozhets, 2014). Thin-film polymer
sensors were used for the determination of I, Br, and CI- in
weakly alkaline waters. The operating principle was in quench-
ing the fluorescence of acridine fluorophore dyes covalently
grafted to a hydrophilic copolymer. The films swelled in an aque-
ous medium, which facilitated the diffusion of halide ions and
electrostatic interaction with the polymer cations of the dyes
(Geddes, 2000). The operation of a fiber optic sensor, which al-
lows the simultaneous determination of I (¢, =3.8 mg/L) and
Br (c,,=32 mg/L) (Zhu et al., 1990), is based on the quenching
of fluorescence of two fluorophores (quinine and harman) im-
mobilized on paper.

Triacetylcellulose membranes with immobilized methyl-
trioctylammonium chloride (Rastegarzadeh et al., 2009) and
paper test strips modified with silver triangular nanoparticles
(Gorbunova et al., 2019) were used to determine iodides in food
products and mineral waters. The authors note that other ions,
primarily Br- and CI, interfered with the determination.

A significant part of spectrophotometric and hybrid meth-
ods of determining I~ and Br is based on their oxidation to mo-
lecular forms and subsequent bromination of organic reagents.
Chloramine T, KIO,, KBrO,, KNO,, and oxone (potassium per-
oxomonosulfate) are most often used as oxidizing agents.

In the study by Zuy and Maznzya (2014), bromides were oxi-
dized to bromine using sodium hypochlorite. The bromine then
reacted with fluorescein in an acidified sample of natural water to
form eosin. The addition of a cationic surfactant led to the forma-
tion of an ionic associate with a colored product; the solution was
filtered through a nitrocellulose membrane filter, and the bright-
ness of the colorimetric characteristics of the concentrates was
measured. The determination of 50 ug/L bromides was not inter-
fered with by 1000-fold excesses of chlorides but was interfered
with by equal amounts of iodides. A paper-based microfluidic
analytical device was proposed for the colorimetric determination
of bromides in produced waters (Loh et al., 2015). Three layers of
Whatman filter paper were soaked in solutions of a pH 4.6 buffer,
phenol red dye, and chloramine T. The color of the bottom layer
of the paper surface changed from yellow to blue as a result of the
dye bromination. RGB color characteristics were measured using
a spectrophotometer or a wireless colorimetric sensor connected
to a smartphone. LOQ of bromides was 3.2 mg/L; high concentra-
tions of I and CI- did not significantly affect the results. lodomet-
ric control of iodates in food salt was carried out by solid-phase
spectrophotometry using optically transparent polymethacrylate
matrices (Fedan et al., 2018). As a result of the interaction of io-
date with excess iodide in an acidic medium, molecular iodine was
formed, which was extracted into colorless polymer matrices.

A convenient and accessible sorbent for extraction, separa-
tion, and concentration of various inorganic and organic sub-

2

stances from aqueous media is polyurethane foam (PUF). This is
apolymer based on simple or complex ethers; it is a multifunctional
sorbent, has a membrane-cellular structure and high sorption ca-
pacity, and is not subject to decomposition as a result of chemical
interactions. In 1970, Bowen H.].M. proposed using polyurethane
foam as a selective absorber for a range of substances, including
molecular iodine (Bowen, 1970). For physical immobilization of
organic and inorganic reagents or their extraction from aqueous
solutions, polyurethane foams based on simple ethers are most
often used (Bowen, 1970; Dmitrienko et al., 2002). Trohimenko
and Zaporozhets (2014) proposed a method for solid-phase spec-
trophotometric determination of the total iodine content in sam-
ples with an organic matrix (dry milk, sunflower oil with certified
iodine content). The method included the sorption of molecular I,
on PUE formed during the oxidation of iodide with oxone. They
confirmed that PUF based on simple ethers has better character-
istics for I, sorption, namely, higher values of the analytical signal,
color stability of the modified sorbent, and, consequently, stability
of the analytical signal over time.

It should be noted that the listed instrumental methods and
techniques of chemical analysis are provided for single-compo-
nent or total determination of halides. The standard method for
monitoring the content of I" and Br~ anions simultaneously pre-
sent in APW in the gas production industry of Ukraine is the
method of iodometric oxidation-reduction titration. The pro-
cess is multistage and labor-intensive and requires the use of a
large number of reagents, so there is a need for simpler and more
selective analysis procedures.

The aim of this work was to study the possibility of semi-
quantitative visual determination of iodides and bromides in
samples of APW from oil and gas condensate fields using polyu-
rethane foam as a sorbent.

Material and methods

All the solutions were prepared in distilled water using reagents
qualified no lower than “analytical grade” The initial solution of
5107 mol/L fluorescein was prepared by dissolving a weighed
portion of the reagent in 96% ethyl alcohol. The required pH val-
ues in the solutions were created by adding sulfuric acid or an
acetate buffer solution.

PPU tablets with a diameter of 16 mm, a height of 10 mm,
and a weight of ~0.03 g were made from sheet polyurethane
foam based on mixed ether. The tablets were cleaned by keep-
ing them in a 0.1 mol/L H,SO, solution for 30 min, then washed
successively with distilled water to pH 4-5, followed by acetone,
and dried in air.

Observation of the modified polyurethane foam tablets col-
oration was carried out on a white background under diffused
lighting conditions (500-600 lux): polyurethane foam tablets
were placed on a white sheet of paper, and the observer’s eyes
were at a distance of 40-45 cm.

The diffuse reflection (R) of colored PUF tablets was meas-
ured on an SF-2000 spectrophotometer (St. Petersburg) with
reference to blank samples. The measurement error for R did
not exceed +0.5%. The obtained diffuse reflection values were
recalculated into the Gurevich-Kubelka-Munk function (F) us-
ing the equation: F = (1-R)*/2R.

The light absorption of the solutions was recorded on a Hi-
tachi U-2000 spectrophotometer.



To confirm the accuracy of the results of determining iodides
and bromides in their joint presence by the method proposed
in this work, the well-known oxidation-reduction titration was
used (Reznikov et al., 1970): after measuring the density of the
sample of water being analyzed, the required volume of saturated
potassium hypochlorite solution was added and boiled in a water
bath for 10 minutes. Then, 10 mL of saturated boric acid solu-
tion was added to maintain pH 9, and boiling was continued for
another 7 minutes. A 20% sodium formate solution was added to
the hot solution to remove excess hypochlorite and boiled for 5
minutes. The reaction was monitored using iodine-starch paper.
The hot solution was filtered. The iodate formed in the solution
was titrated as follows: a 0.1% solution of methyl orange and a
2 mol/L solution of sulfuric acid were added until a bright pink
color appeared. After cooling the sample, 5 mL of a 20% solu-
tion of potassium iodide was added, and the released iodine was
titrated with a 0.01 mol/L solution of sodium thiosulfate until
the color of the solution changed to light yellow. A few drops of
starch were added, and titration was continued until the solution
became colorless. At the same time, the following reactions oc-
curred in the solution:

10, + 50+ 6H" > 31, + 3H,0, (1)
L+250>>2[+S0.. (2)

After the titration was completed, 10 mL of 25% sulfuric acid
solution and a few drops of 1% ammonium molybdate solution
were added to the same sample to speed up the reaction between
bromate and iodide. The flask was closed with a stopper and kept
in a dark place for 15 minutes to allow the bromate to interact
with iodide:

BrO,” + 61" + 6H' > Br + 3L + 3H,0. (3)

The released iodine was titrated with a 0.1 mol/L sodium
thiosulfate solution.

The mass concentrations of halides were calculated using the
formulas:

C(I,):c(szoi')-V(szoi')-6M(r)-1000 ) @
C(Br,):c(SZO§')-V(Sl/zoi’)-él/l(Br’)-IOOO , )

sample :

where ¢(5,0,%) and V(S5,0,*) are the molar concentration and
volume of sodium thiosulfate solution used for titration (mL);
M (I') and M (Br) are the molar masses of iodide and bromide
ions, respectively; and V. is the volume of sample taken for
titration (mL).

Results

Determination of iodide ions

The reactions of iodide ions oxidation (6, 7) were considered as
test reactions for the determination of iodide ions. The reactions
occur with the formation of molecular iodine, followed by the
sorption by PUF tablets.
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10, + 5"+ 6H" » 31, + 3H,0, IgK = 48.5 (6)
2NO, +2I" +4H" > I, + 2NO*t+ 2H,0, 1gK = 13 7)

The effect of bromide ions would be less noticeable (IgK (equa-
tion 9) < 1gK (equation 8) ) in a case of using sodium nitrite as
an oxidizer. But it was not used because of the interaction of the
toluidine groups of PUF with NO 2 - in an acidic medium. As a
result the PUF tablets become yellow in the absence of molecular
iodine.

210, + 10Br + 12H* > I+ 5Br +6H,0, IgK = 19 ®)
2NO," + 2Br + 4H* > Br, + 2NO*+ 2H,0, IgK = -2.6 ©)

In the case of using potassium iodate, such an effect was not
observed, and a noticeable effect of bromide ions oxidation by
iodate was observed only with a 100-fold excess of bromides.

The concentration of potassium iodate of 0.01 mol/L was
chosen based on the data obtained by measuring the diffuse re-
flectance of polyurethane foam tablets after the contact of puri-
fied tablets with 25 mL of solutions of 0.1, 0.05, 0.01, 5-103, 1-10°3,
and 5-10* mol/L potassium iodate for 20 minutes. Each solution
contained potassium iodide with a concentration of 15 mg/L,
and pH 2 in each solution was created by adding sulfuric acid
(Fig. 1).

The maximum of the Gurevich-Kubelka-Munk function for
molecular iodine sorbed on PUF corresponded to 380 nm (Fig.
2(1)). It is noted in publications that the absorption spectrum of
molecular jodine sorbed on PUF can have a maximum at 360 nm
(Trohimenko, Zaporozhets, 2014) or 380 nm (Trohimenko,
Zaporozhets, 2012) for PUF based on ethers; in the polymeth-
acrylate matrix, the maximum of iodine absorption corresponds
to 365 nm (Fedan et al., 2018).
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Fig. 1. Dependence of the Gurevich-Kubelka-Munk function on
the concentration of potassium iodate.
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Fig. 2. Dependence of the normalized Gurevich-Kubelka-Munk
function on the wavelength for PUF tablets with: 1, immobilized
I, at ¢(KIO,)=0.01 mol/L, c¢(H,S0,)=0.01 mol/L, c(I")=4 mg/L; 2,
fluorescein at 5-10° mol fluorescein/g PUF; 3, the product of fluo-
rescein bromination reaction—eosin at ¢(KBrO,)=5-10" mol/L,
¢(H,50,)=0.01 mol/L, ¢(Br)=40 mg/L, 5-10~° mol fluorescein/g PUE.
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Fig. 3. Dependence of the Gurevich-Kubelka—Munk function on
the pH of solutions: (a) sorption of molecular iodine from a solu-
tion containing 0.01 mol/L KIO,, 8 mg/L iodide ions, }\max:380 nm;
(b) sorption of fluorescein from a solution containing 5 10° mol/L
fluorescein, }\max:457 nm.

Table 1. Results of the experimental evaluation of the visual limit of
quantification (LOQ) of I" visual determination using a color scale.

Iodide added, Iodide found, using a color scale, mg/L
c.=1.0 mg/L (n=45)
0.6 0.9 1.2
The numbe.r » 28 15
of observations
s, =0.16 mg/L; LOQ = 3s_=0.48 mg/L

To choose the optimal value of the medium acidity, the diffuse
reflection of the PUF tablets with sorbed molecular iodine was
measured, varying the pH from 0.5 to 3.5. Each solution contained
potassium jodate 0.01 mol/L and iodide with the concentration of
8 mg/L. Based on the obtained dependence (Fig. 3a), in further
work, pH 2 was created in solutions by adding sulfuric acid.

While studying the dependence of the Gurevich-Kubelka-
Munk function on the time of sorption of molecular iodine by
PUF tablets (Fig. 4a), the sufficient time for carrying out the
test reaction, which was 20 minutes, was determined. In addi-
tion to the sorption time, the concentration of iodide also varied
from 0.5 to 16 mg/L. Each solution contained potassium iodate
and sulfuric acid with concentrations of 0.01 mol/L. The color
of polyurethane foam tablets with immobilized iodine linearly
depends on the concentration of iodide ions in the solution in
the range of 0.5-16 mg/L and is described by the equation of the
calibration function: AF = (0.164+0.014)-c (R?=0.997).

The estimation of the visual limit of quantification (LOQ) of
I" was carried out according to the algorithm developed by our
team earlier: near the reference value of LOQ, in a narrow range
of I concentrations, a color scale was prepared corresponding to
the I" content in a solution of 0, 0.6, 1.2 mg/L and a control solu-
tion with a concentration of c_.=1.0 mg/L. Fifteen independent
observers estimated the I~ content of the control solution, with
one of three possible answers available: the I concentration cor-
responds to the upper, lower, or middle value of the scale range.
The experiment was repeated three times. Out of 45 test results,
the values of the standard deviation of the desired concentration
(s,) and the value of LOQ were calculated, and the results are
presented in Table 1.

The scale prepared for test determinations was stable for the
next day. A gradual decrease in the tablet color intensity was ob-
served, but not more than 5% relative to the initial intensity over
5 days, with the most noticeable evaporation of iodine being for
high concentrations of iodide.

Determination of bromide ions

For bromide ions determination, the bromination reaction
of fluorescein (10) was chosen, and potassium bromate with a
molar concentration of 5-10° mol/L was chosen as an oxidizing
agent. Garcia-Figueroa et al. (2017) proposed a method for de-
termining bromide ions in waters after their oxidation with po-
tassium bromate based on the results of measuring the fluores-
cence of tetrabromofluorescein; the reaction was carried out in
the presence of 0.01 mol/L of sulfuric acid.

Br Br

HO O, o HO o o
c” Br c” Br
HOOC HOOC f

The task was to determine iodide and bromide ions in their
joint presence. Therefore, to eliminate the interfering effect of
iodide ions, they were first converted into molecular iodine by
reaction with iodate (Eq. 6). After its quantitative determination,
iodine was completely removed from the APW sample solution,
since, with an iodide ion content of more than 5 mg/L, it inter-



feres with the determination of bromides (compare 1gK Eq. 11,
12) during oxidation with bromate:

BrO,” + 5Br” + 6H" > 3Br, + 3H,0, IgK = 35.5, (11)

BrO,” + 12H" + 101" > Br, + 51+ 6H,0, IgK = 150.4. (12)

To completely remove I, from the solution, 20 minutes
of sorption of the latter by two purified PUF tablets weighing
0.025 g is sufficient.

The optimal concentration of fluorescein, 5-10° mol/L, for
modifying PUF tablets, was chosen based on a study of the
dependence of the Gurevich-Kubelka-Munk function on the
concentration of fluorescein (Fig. 5).

The absorption maxima of fluorescein sorbed by PUF tablets
(Fig. 2(2)) and in a 5% alcohol solution coincide and correspond
to 457 nm. Based on the dependence of the Gurevich-Kubelka-
Munk function on the pH of the solutions (Fig. 3b), a pH value of
2 was chosen for modifying the tablets, which was created with a
solution of 0.01 mol/L sulfuric acid.

The time of the PUF tablets modification with a fluorescein so-
lution was selected based on a study of the amount of fluorescein
sorbed by one PUF tablet (X, mol/g) according to the results of
measuring the light absorption of 5-10~° mol/L fluorescein solutions
before and after the contact with purified PUF tablets (Fig. 6). Thus,
for maximum extraction of fluorescein from a solution with 1 tablet
of polyurethane foam, 20 minutes is enough.

When fluorescein-modified PUF tablets were immersed in
the solutions containing 5-10” mol/L KBrO,, 0.01 mol/L H,SO,,
and bromide with concentrations from 5 to 80 mg/L, the forma-
tion of tetrabromofluorescein was observed, and the PUF tablets
were colored pink. The maximum absorption of the product of
the fluorescein bromination reaction on PUF corresponds to a
wavelength of 541 nm (Fig. 2(3)). The holding time of fluorescein-
modified PUF tablets in a solution containing KBrO,, H,SO,, and
Br~ (10 mg/L and 80 mg/L) was chosen based on measurements of
the diffuse reflectance spectra of the tablets after the contact with
the solution. The maximum color of the sorbent proportional to
the bromide content in the solution was achieved after 20 minutes
of sorption (Fig. 4b).

The estimation of the visual limit of quantification (LOQ) of
Br-was carried out according to the earlier described algorithm
for I, and the results are presented in Table 2. A color scale was
prepared corresponding to the Br~ content in a solution: 0, 5.0,
and 10 mg/L and a control solution with the concentration of
c.=9.0 mg/L. Out of 20 test results, the values of the standard
deviation of the desired concentration (s ) and the value of the
LOQ were calculated—3.2 mg/L.

The coloration of PUF tablets after the test reaction of bromi-
nation of fluorescein immobilized on PUF remains stable for one
week and is linearly related to the bromide ion concentration in
the range of 5-80 mg/L, the equation of the calibration function:
AF = (0.014£0.002)-c (R2=0.996).

The technique for test determination of iodide and bro-
mide ions in samples of highly mineralized associated
produced waters

For the test determination of iodide ions, a color scale is prepared
(Fig. 7) in the range of iodide contents of 0.5-16 mg/L in such
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Fig. 4. Dependence of the Gurevich-Kubelka-Munk function on
the sorption time: a, molecular iodine from the solution containing
0.01 mol/L KIO,, 0.01 mol/L H,SO,, and 8 mg/L T, }\max=380 nm;
b, tetrabromofluorescein from the solution containing 5-10° mol/L
KBrO,, 0.01 mol/L H,SO,, and 10 mg/L Br, }\max=541 nm.
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Fig. 5. Dependence of the Gurevich-Kubelka-Munk function on
the concentration of fluorescein, A =457 nm.

Table 2. Results of the experimental evaluation of the value of quan-
tification limit (LOQ) of Br-visual determination using a color scale.

Added bromide, Bromide found, using a color scale, mg/L
¢, =9.0 mg/L (n=20)
5.0 7.5 10
The number 0 1 19
of observations
s, =0.16 mg/L; LOQ =3s_=3.2mg/L
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Table 3. Results of determination of iodide and bromide content in formation waters (n=3, P=0.95).

<(I'), mg/L c(Br’), mg/L
Object
Titration Test method (dispersion range) Titration Test method (dispersion range)
APW Nel 3.75* 60**
+ +
803 (2.5-5) ol+7 (41-82)
APW Ne2 13 126
16.0+0.08 (10.4-20.8) 130.3+£0.5 (80-160)
APW Ne3 6 96
+ +
7.1940.09 (5.2-10.4) 103.5+0.5 (80-160)

Notes: *Water is diluted 5 times; **water is diluted 5.5 times.

X, mol/g

5x107

4x107

3x107

2x107

T T T T T T T T 1 T, min
0 5 10 15 20 25 30 35 40 45

Fig. 6. Dependence of the sorbed amount of fluorescein substance
per 1 g of polyurethane foam on the sorption time.

c(I), mg/L 0 0.5 1 2 4 8 16
¢(Br),mg/L 0 S 10 20 40 80

Fig. 7. Color scales for test determination: a, iodide; b, bromide ions
in water.

a way that each subsequent concentration of iodide ions in the
solution is twice as high as the previous one. To do this, the re-
quired aliquots of potassium iodide, 2.5 mL of 0.1 mol/L H,SO,,
and 2.5 mL of 0.1 mol/L KIO, are added to 25-mL volumetric
flasks and brought to the mark with distilled water. The prepared
solutions are poured into weighing bottles, and 1 tablet of puri-
fied polyurethane foam is immersed in the solutions. Air bubbles
are removed with a glass rod, and then, the solutions are placed
on a mechanical vibration mixer for 20 minutes. After I, sorp-
tion, the polyurethane foam tablets are squeezed between sheets
of filter paper and dried in the air.
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For the analysis, 50 mL of filtered water sample is taken;
10 mL of 1 mol/L NaOH solution is added and mixed. The hy-
droxide precipitate is discarded. The filtrate is collected in a 100-
mL measuring flask, acidified with sulfuric acid to pH 2, and
brought to the mark with distilled water.

An aliquot of prepared water with a volume of 15 mL is
placed into a 25-mL volumetric flask; 2.5 mL of 0.1 mol/L H,SO,
and 2.5 mL of 0.1 mol/L KIO, are added and brought to the mark
with distilled water. Similar actions, just like in the case of pre-
paring a color scale, are carried out. The concentration of iodide
ions is determined using a color scale according to the recom-
mendations (Reshetnyak et al., 2018).

To remove iodine, 2 tablets of purified polyurethane foam
are added to the solution remaining after determining iodides
and shaken for 20 minutes. The polyurethane foam tablets are re-
moved and discarded, and the determination of bromide ions is
carried out. An aliquot of 1-5 mL of the solution after removing
iodine is placed in a 25-mL volumetric flask; 2.5 mL of 0.1 mol/L
H,SO, and 1.25 mL of 0.1 mol/L KBrO, are added and brought
to the mark with distilled water. The solution is poured into a
weighing bottle; 1 tablet of PUF with immobilized fluorescein is
added and shaken for 20 minutes. The concentration of bromide
ions is determined using a color scale.

It was established that the determination of iodides and bro-
mides by the proposed method is not interfered by a 1000-fold
excess of anions: SO,*, CI', F, BO,, NO,, and $*. A 100-fold
excess of Br~ does not interfere with the determination of iodide
ions.

The accuracy of the results of the separate determination of
halides using the visual test method was verified by analyzing
samples of APW using the proposed method and the oxida-
tion-reduction titration method (Reznikov et al., 1970). The
results of the determination are presented in Table 3. The re-
sults are correlated with each other, which confirms the cor-
rectness of the results of the determination according to the
proposed method.

According to the proposed method, the determination of
I" and Br- is cheaper and takes three times less time than using
oxidation-reduction titration, since there is no need to prepare
solutions of potassium hypochlorite, boric acid, sodium formate,
ammonium molybdate, sodium thiosulfate, and its standardiza-
tion. The stability of the color scales during the working week
makes the analysis of a large number of samples of associated
produced waters particularly rapid.



Conclusion

The results presented in the article show that the reactions of
oxidation of iodide ions to molecular iodine with its subsequent
extraction with PUF tablets and bromination of fluorescein im-
mobilized on PUF can be successfully used for the rapid deter-
mination of iodide and bromide ions in their combined presence
in formation waters associated with oil and gas production. The
visual limit of quantification using the color scale was 3.2 mg/L
for bromide ions and 0.48 mg/L for iodide ions. The accuracy of
the proposed express control method was confirmed using the
reference method of oxidation-reduction titration.
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