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Abstract

Objectives. To develop and validate a methodology for determining inorganic iodine in Laminariae thalli L., corresponding to the norms
of the State Pharmacopoeia of the Russian Federation, 15th edition (SPh 15). The methodology needs to be valid and suitable for the
quality control of pharmaceutical raw materials in factory laboratories.

Methods. Cathode inversion voltammetry was used as an instrumental method for determining inorganic iodine using a graphite
electrode capable of sorbing electroactive ion associates of surfactant—iodine.

Results. When compared with the titrimetric technique recommended by SPh 15, the proposed technique is more selective, sensitive and
less time-consuming. The efficiency and metrological characteristics of the technique were confirmed by validation in accordance with
the requirements of SPh 15.

Conclusion. The paper presents a new method for determining the gross content of inorganic iodine in Laminariae thalli L. This
technique can be used not only in scientific research, but also in the routine quality control of medicinal plant raw materials in control
and analytical laboratories engaged in pharmaceutical quality control.
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AHHOTaUuus

Hesmn. PazpaboTka 1 Baauganus METOIUKH OTPEICIICHHS HEOPraHUIECKOTO ionia B TaJuioMe JaMuHapuu (Laminariae thalli L.), coot-
BeTcTByrOMIeH HopMam [ocynapctBennoit dapmakoren Poccuiickoit @enepannu XV nznanus (I'd PO XV). Meroarka nomkHa ObITh
BaJIMIHOM W MPHUTOIHOM JUTS KOHTPOJIS KauyecTBa (papMaIieBTHUECKOTO ChIPhsl B YCIIOBHSX 3aBOJICKHX J1a00paTopuii.

Mertoabl. B kauecTBe HHCTPYMEHTAJIBHOTO METO/A ONpPEICICHHsI HEOPraHHYECKOro Hoaa Obula NPUMEHEHa KaToAHAsk WHBEPCHOHHAS
BOJIBTAMIIEPOMETPHS C HCHOJIB30BAaHUEM IPAQUTOBOTO IEKTPO/IA, CLIOCOOHOTO COPOMPOBATH ANEKTPOAKTHBHBIC HOHHBIE ACCOLUATHI MO~
BEpXHOCTHO-aKkTHBHOTO BemecTBa ([IAB)—iiona.

PesyabTarsl. [1o cpaBHEHUIO C TUTPUMETPUIECKONH METOIUKOH, pekomeHayemoir ['d PO XV, npemiaraemas metoanka Oonee cenek-
THBHA, YyBCTBUTENIbHA M MEHEE TpyAoeMKa. PaboToCIOCOOHOCTD M METPOIOTNUECKHE XapaKTEPUCTUKH METOUKN ObIIIH MOATBEPKACHBI
Banuaanuei cormacHo TpedoBanusM 'O PO XV.

BoiBoabl. B pabote npescrapieHa HOBasi METOIMKA OIPEACNICHHS BaJIOBOTO COACP)KaHHs HEOPIraHMYECKOro HoJa B CIIOCBUILAX JTAMHU-
Hapuul (Laminariae thalli L.). JlanHas MeToquKka MOXeT OBITh HCIOJIb30BaHa HE TOJIBKO B HAYYHBIX MCCICAOBAHUAX, HO U B PYTHHHOM
KOHTpOJIE Ka4eCTBa JIEKapCTBEHHOTO PACTUTENBHOTO ChIPbs B KOHTPOJIbHO-aHATUTHYECKHX J1a00PaTOpHsX, 3aHUMAIOIHUXCS (hapMarieB-

TUYECKUM KOHTPOJIEM Ka4y€CTBA.

Kniouyesblie cnosa

BOJIETAMIIEPOMETPHUS

Ana uMTUpoBaHua

CJIOEBHIIA TAMHUHAPHH, BaJIOBOE COZlEpKaHUe HOAa, MHBEPCUOHHAS

MocTtynuna: 18.04.2024
AopaboTaHa: 03.05.2024
MpuHaTa B neyaTtb: 27.06.2024

Huxynna A.B., Mapreios JL.IO., I'abaesa P.C., JlazoB M.A. Pa3paGoTka HOBOW WHBEPCHOHHO-BOJBTAMIEPOMETPHUYECKON METOIUKH
OIIpeieNIeHNs] HEOPraHMYECKOro fo/ia B CIIOEBUIIAX JaMuHapuu (Laminariae thalli L.) 1uist KOHTPOIS Ka4eCTBa ChIPbs B YCIIOBHUSIX 3aBOJI-
ckux yaboparopuii. Touxue xumuueckue mexronozuu. 2024;19(4):372-383. https://doi.org/10.32362/2410-6593-2024-19-4-372-383

INTRODUCTION

Iodine is a trace element essential for human health [1-2].
In particular, iodine is necessary for the synthesis of
thyroid hormones—thyroxine and triiodothyronine which
play a major role in ensuring normal metabolism [3—4].
Insufficient iodine intake has significant effects on the
functioning of muscles, heart, liver, kidneys and brain [5]. It
can also cause a wide range of endocrine and neurological
diseases [3, 6-10]. To this day, iodine deficiency remains a

persistent medical problem, despite international efforts to
eliminate it.

Herbal medicines deserve special attention in the
treatment of iodine deficiency conditions due to their low
toxicity and mild action [11]. The highest concentration
of iodine is known to be found in seaweed [12]. lodine
content and its chemical form in these plants vary among
species, but the largest amount of this element is to be
found in brown algae, in particular in various types of
laminaria [13]. For this reason, Laminariae thalli L. is
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considered one of the best sources of iodine. This type
of medicinal plant raw materials is included in the State
Pharmacopoeia of the Russian Federation, 15th edition
(SPh 15)!, the European? and British? Pharmacopoeia.
The most bioavailable are believed to be inorganic forms
of iodine, which, according to literature, are represented
by iodides and iodates [14-15], which account for
approximately 80 to 90% of the total iodine content [16].

Various chemical and physicochemical methods were
used, in order to determine iodine in Laminariae thalli L.
Thus, for the purpose of quality control of medicinal
plant raw materials according to the lodine indicator,
SPh 15 and foreign pharmacopoeias recommend the
use of insufficiently selective iodometric titration. At
the same time, sample preparation used for the purposes
of determination (burning in an open flame or using the
Schoniger method) is time-consuming and can lead to
significant losses of the analyte.

For the purposes of scientific research, iodine
determination is most often performed by inductively
coupled plasma mass spectrometry (ICP-MS) [17-20],
and the fairly sensitive Sandell-Kolthoff kinetic method
[21-26]. The ICP-MS method is expensive, extremely
sensitive to the presence of organic components in
the analyzed solutions, and insufficiently selective
due to significant isobaric influences from the matrix
components [27]. The isobaric influences are most
often corrected by introducing an isotopic tracer—a
radioactive isotope of iodine, '2°I, which is hazardous
to health [19-20, 28-29]. The kinetic method is labor-
intensive and not selective enough [25-26], requiring the
use of special sample preparation procedures. The listed
disadvantages of the Sandell-Kolthoff and ICP-MS
methods prevent their use in routine quality control
of medicinal plant raw materials in pharmaceutical

enterprises. Amore accessible and simpler alternative is to
use electrochemical methods. The most modern version,
in particular, is inverse voltammetry (IVA)* [30]. This
method is characterized by a high level of sensitivity and
does not require the use of expensive equipment.

For the purposes of the routine determination of
iodine (most often in the form of iodates) by means of the
IVA method?, silver or mercury film electrodes (MFE’s)
are predominantly used (GOST 31660-2012°) [31, 32].
Despite the fact that RPEs make it possible to obtain
a stable signal, their use in flow analysis is severely
limited by the toxicity of mercury salts used to obtain a
mercury film on the electrode surface. Silver electrodes
are safe to use, make it easier to provide a renewed
surface and have a higher detection sensitivity when
compared to MFE’s. However, they are not sufficiently
resistant to complex matrices of natural samples. There
are works in which electrodes covalently modified
with commercially difficult to obtain organic reagents
were used to increase the determination selectivity and
sensitivity’ [33, 34]. The process of obtaining this type
of electrodes is labor-intensive and multi-stage. This
significantly limits their use in flow analysis in factory
quality control laboratories. Standardized commercially
available graphite electrodes are more promising from
this point of view. They are capable of sorbing organic
reagent—analyte element complexes on their surface.
Surfactants can be proposed as available organic
reagents. In the work by D.M. Fedulov® research was
conducted on the influence of the nature and structure
of surfactants on the deposition of surfactant—iodine
complexes on the surface of a graphite electrode. Based
on the research conducted, the authors have proposed
methodological guidelines for the determination of
iodine in food products, food raw materials, food

State Pharmacopoeia of the Russian Federation. 15th ed. Moscow: Ministry of Health of the Russian Federation, 2018;4:6181-6187. https://
pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/. Accessed May 11, 2024.

European Pharmacopoeia. 6th ed. Strasburg: EDQM, 2008;2:2213-2214. https://archive.org/details/europeanpharmaco2008unse. Accessed
May 11, 2024.

British Pharmacopoeia. Herbal drugs and herbal drug preparations. Kelp. London: Medicines and healthcare products regulatory agency,
2009(3):1-2. https://archive.org/details/britishpharmacop0003unse. Accessed May 11, 2024.

Opredelenie massovoi kontsentratsii ioda v pishchevykh produktakh, prodovol stvennom syr e, pishchevykh i biologicheski aktivnykh dobavkakh
vol tamperometricheskim metodom: Metodicheskie ukazaniya (Determination of the Mass Concentration of lodine in Food Products, Food Raw
Materials, Food and Biologically Active Additives by Volamperometric Method: Guidelines). Moscow: Federal’nyi tsentr gossanepidnadzora
Minzdrava Rossii; 2003.42 p. (in Russ.).

Noskova G.N. Determination of various forms of iodine-containing compounds in waters by voltammetric methods. Diss. Cand. Sci. (Chem.).
Tomsk: 2004. 177 p.

GOST 31660-2012. Interstate Standard. Foods. Anodic stripping voltametric method of iodine mass concentration determination. Moscow:
Standartinform; 2012. https://docs.cntd.ru/document/1200095486?ysclid=lvxs4018b2463460075. Accessed May 11, 2024.

Pham K.N. Voltammetric behavior of iodine, selenium and nickel on organo-modified electrodes. Diss. Cand. Sci. (Chem.). Tomsk: 2012.
160 p.

Fedulov D.M. Determination of iodine, lead and selenium in environmental objects in the presence of organic compounds by inversion
voltammetry. Diss. Cand. Sci. (Chem.). Moscow: 2004. 162 p.
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additives and biologically active additives. This approach
is convenient in that it does not require the complex
preparation of the electrode for measurements (there is no
impregnation stage). However, the authors consider this
procedure to have two significant drawbacks. The first
drawback is the influence of matrix components, which
they propose to be removed by “dry” mineralization
of samples (analyte loss). The second drawback is
the need to select conditions for converting all forms
of iodine into the iodide form. This form provides the
highest level of sensitivity in determining the element.
Unfortunately, the authors do not prescribe methods for
sample preparation and transfer of the element into an
analyzed form. Moreover, metrological certification
of the method using water as an example show that,
despite the ease of performing measurements using the
additive method?, it is not possible to obtain validation
characteristics which meet the requirements of the
SPh 15, even for such a simple object. Accordingly, the
procedure described in the guidelines is not applicable
for complex natural samples. Therefore, in order to
determine the gross content of inorganic iodine in a
pharmaceutical sample—the Laminariae thalli L.—it
is necessary not only to reproduce the determination
conditions, but to develop and validate a new method
compliant with the standards of the SPh 15. In this case,
the technique should include labor-intensive sample
preparation, which to the maximum extent possible
eliminates the loss of the element being determined.
It should also include a simple method of converting
the element into a single analyzed form, as well as an
effective combination of the above stages with the stage
of IVA determination using a surfactant.

Thus, the purpose of this work is to develop and
validate a simple, reproducible, selective, highly
sensitive, combined IVA method for determining the
total iodine content in a new type of pharmaceutical
object for IVA analysis—Laminariae thalli L. containing
inorganic iodine mainly in the form of iodides and iodates
easily soluble in water!? [35, 36]. At the same time, the
methodology must comply with the capabilities of the
control and analytical laboratories of pharmaceutical
enterprises and the requirements of the SPh 15.

MATERIALS AND METHODS

Sample preparation was carried out using a WiseVen
drying cabinet (Wisd, South Korea) and a laboratory

centrifuge SM-6M (Elmi, Latvia). Inorganic iodine
determination was performed using a voltammetric
analyzer Ekotest-VA (Ekoniks-Expert, Russia) by
means of a three-electrode cell consisting of a working
impregnated graphite electrode (IGE) (Ekoniks-Expert,
Russia), a silver-silver chloride reference electrode
ESr-10107  (Izmeritelnaya  Tekhnika  (Measuring
Equipment), Russia), a platinum auxiliary electrode
EPL-02 (Gomel Plant of Measuring Equipment, Belarus),
and a magnetic stirrer (E/mi, Latvia).

The following reagents were used in the work:
purified water (conductivity <4.3 puS/cm at 20°C),
concentrated sulfuric acid (chemically pure, Lenreaktiv,
Russia), potassium iodide (chemically pure, Chemical
Line, Russia), potassium bromide (reagent grade,
Lenreaktiv, Russia), cetyltrimethylammonium bromide
(Sisco Research Laboratories, India), and zinc dust 95%
(Clearsynth, India).

Solutions of 1 M H,SO, and 10% potassium bromide
were prepared in accordance with SPh 15. Samples
of Laminariae thalli L. which meet the requirements
of SPh 15 were purchased from a pharmacy chain in
Moscow.

0.1 M solution of potassium bromide

12.0 mL of 10% potassium bromide solution were
placed into a 100-mL volumetric flask. The volume of
the solution was brought to the mark with water, and the
mixture was stirred.

Cetyltrimethylammonium bromide solution

An exactly weighed portion of cetyltrimethylammonium
bromide weighing 0.1850 g was placed into a 250-mL
volumetric flask. The volume of the solution was adjusted
to the mark with water, and the mixture was stirred.

Standard solution

An exactly weighed portion of 1.3081 g of potassium
iodide was placed in a 1000-mL volumetric flask. 700 mL
of water was added, and the mixture was stirred until the
sample was completely dissolved. The solution volume
was adjusted to the mark with the same solvent, and the
mixture was stirred (iodine concentration 1.0 mg/mL,
solution A).

Solution A of 5.0 mL was added to a 50-mL volu-
metric flask. The volume of the solution was adjusted to
the mark with water, and the mixture was stirred (iodine
concentration 100.0 ng/mL, solution B).

The additive method is one of the standard quantitative methods in analytical chemistry, in which a precisely known amount of the substance

being determined is introduced into the test sample, and the content of this substance in the sample (test sample) is calculated from the change

in the analytical signal.

Smolensk: 2012. 122 p.

Savchuk L.A. Investigation of pharmacological properties and chemical composition of dry Japanese kelp extract. Diss. Cand. Sci. (Biol.).
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Solution B of 10.0 mL was placed into a 100-mL
volumetric flask, the volume of the solution was adjust-
ed to the mark with water, and the mixture was stirred
(iodine concentration 10.0 pg/mL, solution C).

Solutions for studying the method linearity
(calibration solutions)

Solution C of 0.05-0.75 mL, 0.50 mL of the
cetyltrimethylammonium bromide solution, 2.5 mL of
1 M H,SO,, and 1.0 mL of 0.1 M potassium bromide
solution were added to a 25-mL volumetric flask. The
volume of the solution was adjusted to the mark with
water, and the mixture was stirred (iodine concentration
was 20-300 ug/L).

Test solution

A sample of the raw material passed through a sieve
with a hole size of 2 mm, weighing 0.5 g (exactly
weighed), was placed into a 100-mL conical flask, and
40 mL of water were added. The mixture was kept at
90°C for 15 min and centrifuged for 15 min at a speed of
2000 rpm. The supernatant was transferred to a 250-mL
volumetric flask. The precipitate was filtered off, and
the filtrate was transferred into the same volumetric
flask through cheesecloth. The solution volume was
adjusted to the mark with water, and the mixture was
stirred.

The resulting solution of 5.0 mL, 10.0 mL of
1 M H,SO,, and 0.5 g of zinc dust were placed into a
100-mL volumetric flask. The mixture was kept at 80°C
for 30 min and cooled. The solution volume was brought
to the mark with water. The mixture was stirred and
filtered through a paper filter from the Sinyaya Lenta
(Blue Ribbon) brand (Russia).

Reference solution

Cetyltrimethylammonium bromide solution of 0.5 mL,
2.5 mL of 1 M H,SO,, and 1.0 mL of 0.1 M potassium
bromide solution were placed into to a 25.0 mL
volumetric flask. The solution volume was adjusted to
the mark with water, and the mixture was stirred.

Procedure

The test solution of 4.0 mL was placed in a 25-mL
volumetric flask, then 0.5 mL of cetyltrimethylammonium
bromide solution, 2.5 mL of 1 M H,SO,, and 1.0 mL
of 0.1 M potassium bromide solution were added. The
solution volume was adjusted to the mark with water,
and the mixture was stirred. The determination was
carried out using the calibration curve method.

The voltammograms of the test solution and of the
reference solution were recorded in the potential range
from —200 to 800 mV.

The amount of inorganic iodine (X, %) in the raw
material was calculated using the following formula:
(C—Cy)*x250x100%25x100x 1077 x P
- 4% 5% ax100x (100 7)
(C-Cy)x3.12x103 x P
- ax (100~ W)

X x100 =

b

where a is the mass of a sample of plant raw materials, g;
C is the concentration of inorganic iodine in the test
solution determined from the calibration curve, pg/L;
C, s iodine concentration in the reference solution, ug/L;
P is the main substance content in the standard sample of
potassium iodide, %; W is raw material moisture, %.

RESULTS AND DISCUSSION

The IVA determination of iodine was based on the
electrochemical oxidation of iodide ions to molecular
iodine [34]. At the accumulation step, in the presence
of bromide ions and a quaternary ammonium base
(cetyltrimethylammonium  bromide), the resulting
iodine is adsorbed onto the surface of the working
IGE in the form of a poorly soluble ionic associate.
When the potential is deployed to the cathode region,
electrochemical dissolution of the precipitate occurs, and
a peak of electrochemical reduction of iodine appears
on the voltammogram. This process can be roughly
represented as follows:

207 —2¢” > 1,
I, + Br™ > ,Br7,
L,Br +R > R[LBr |,

R[IzBr—] +2¢~ >R +2I" +Br,

wherein R is the quaternary ammonium base. The
precipitate dissolution is accompanied by the flow of a
cathodic current, the magnitude of which is an analytical
signal.

At the first stage of the study, we succeeded in
showing that the greatest recovery of inorganic forms of
iodine is achieved when extracting analytes with water
under the following conditions: raw material particle
size—less than 2 mm; extractant volume—40 mL;
extraction temperature—90°C; extraction time—15 min;
and extraction multiplicity is 1. It was also found that the
simplest version of the method described in [34] is not
suitable for the bulk determination of iodine inorganic
form. This is due to the extreme complexity of the matrix
composition of the natural analyzed sample, as well
as the simultaneous presence of the analyte in several
forms. For this reason, the work explored the possibility
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of converting various inorganic forms of iodine (iodides
and iodates) into a single form (iodides).

Iodates can be converted to iodides under the action
of hydrogen, easily obtained by the reaction of zinc dust
with acid. Therefore, mixing sulfuric acid and zinc dust
with the resulting extract and additional heating to speed
up the reaction allowed us to obtain the required result.
The reactions carried out can be roughly represented as
follows:

Zn +H,80, =ZnSO, + H, T,

KIO; +3H, = KI + 3H,0,

or in general:
KIO; +3Zn +3H,S0, =KI +3ZnSO, + 3H,0.

The influence of temperature, reaction time, mass
of zinc dust, and concentration of sulfuric acid solution
on the completeness of the reaction was studied using a
model solution of potassium iodate (iodine concentration
was 202 pg/L). The assessment was carried out on the
basis of the resulting iodides content using ionometry.
As a result of the complete reaction, the concentration of
iodide ions should be about 202 ng/mL, corresponding
to the most complete transition of iodate to iodide. The

results of the experiments are presented in Table 1.

Table 1. Influence of different parameters on the completeness of iodates to iodides conversion (the volume of the test solution is 5 mL,
the volume of sulfuric acid is 10 mL)

Reaction temperature, °C coigﬁﬁﬁ;ﬁfiM Zinc powder mass, g Reaction time, min Masg (cls?s:gtfiﬁon
Reaction temperature
25 0.1 0.5 30 196.2
40 0.1 0.5 30 198.5
80 0.1 0.5 30 207.1
100 0.1 0.5 30 200.2
Sulfuric acid concentration
80 0.1 0.5 30 205.2
80 0.5 0.5 30 199.1
80 1.0 0.5 30 195.0
80 2.0 0.5 30 184.7
Zinc mass
80 0.1 0.5 30 205.2
80 0.1 0.75 30 178.4
80 0.1 1.0 30 179.4
80 0.1 2.0 30 182.4
Reaction time
80 0.1 0.5 10 181.7
80 0.1 0.5 20 175.7
80 0.1 0.5 30 201.9
80 0.1 0.5 60 172.0
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‘ Fig. 1. Voltammograms of: (a) the standard solution with the iodine concentration of 200 pg/L, (b) the test solution

The data presented in Table 1 indicates that the most
complete conversion of iodates into iodides is achieved
at a temperature of 80°C, a reaction time of 30 min, a
concentration of sulfuric acid of 0.1 M, and a mass of
zinc dust of 0.5 g. The results obtained are quite easy to
explain. Thus, as the temperature increases, the reaction
rate increases. The increase in the concentration of the
sulfuric acid solution leads to a decrease in the content
of the element being determined in the solution due to
the formation of volatile iodine (reaction between KIO,
and KI). Iodine leaves the reaction sphere during the
reaction mixture heating. An increase in the mass of zinc
dust prevents hydrogen bubbles from moving freely in
the solution, also complicating the reaction of iodides
formation.

Since laminaria is a typical representative of the
brown seaweed family, it tends to accumulate elements
contained in seawater in the largest quantities. These
elements include sodium, potassium, calcium, and
magnesium. Therefore, we studied the matrix influence of
these elements upon the analytical signal of the element
being determined. As a result of the experiments, it was
found that sodium, potassium, calcium and magnesium
with a thousandfold excess in the test solution do not
interfere with the analytical signal. Thus, as a result of
the research, a new voltammetric method was proposed
for the quantitative determination of the gross content
of inorganic iodine in the Laminariae thalli L. The
study of metrological characteristics was carried out in
accordance with the requirements of the SPh 15.

Figure 1 shows voltammograms of one of the standard
solutions used to plot the calibration curve (Fig. 1a) and
of the test solution (Fig. 1b) recorded in the range from
—200 to 800 mV.

Figure 1 indicates that the local maximum is achieved
at a potential of 233 £ 10 mV both in the voltammogram
of the standard and in the voltammogram of the test

solutions. No maxima were found in the reference
solution voltammogram. The results obtained indicate a
fairly high specificity of the proposed method in relation
to the analyte.

Figure 2 shows the effect of iodine concentration on
the analytical signal of the element being determined.

—_
(=]

Peak height, pA

S N B~ O

0 50 100 150 200 250 300 350

Iodine concentration, pg/L

Fig. 2. Dependence of the cathode current value on the iodine
concentration

Analysis of the graph presented in Fig. 2 showed
that the relationship between the iodine content in the
analyzed solution and the cathode current is linear in
the concentration range of the element being determined
from 20 to 300 pug/L (R = 0.9993).

The addition method was used to study the
correctness. It consisted in adding the exact amount of a
standard sample of potassium iodide (in terms of iodine)
to extracts diluted to a half concentration (for working
in the linear region of the technique). Discoverability
was calculated as the ratio of the experimentally found
amount of an element to its theoretical content. The
results are shown in Table 2.
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Table 2. Evaluation of the discoverability of the iodine content in the sample (4" = 3.26 pg, m**test =221 pg)

Added (m), pug hadd m+mg, Ng Ripeor Found, pg exp Discoverability, %
0.60 1.07 2.81 433 291 423 103.5
0.60 1.02 2.81 428 291 423 103.5
0.60 1.04 2.81 4.30 2.90 422 103.3
1.50 2.31 3.71 5.57 3.82 5.49 103.1
1.50 2.27 3.71 5.53 3.83 5.50 103.3
1.50 2.28 3.71 5.54 3.82 5.49 103.1
2.70 3.91 491 7.17 5.07 7.20 103.2
2.70 3.93 491 7.19 5.07 7.21 103.3
2.70 3.88 491 7.14 5.08 7.22 103.5

*h is an analytical signal (peak height) of the solution diluted to half concentration.

k%
m test

On the basis of the data obtained, it was concluded
that the method enables correct determination of the
analyte in the analyzed solution obtained at sample
preparation stage. The accuracy ranges from 100 to
105%, and the coefficient of variation (with the number
of parallel measurements 7 = 9) was 0.2%.

is the content of the determined component in the test solution diluted to half concentration.

The study of repeatability consisted in calculating
the variability index and confidence interval on the basis
of the results of quantitative determination of inorganic
iodine gross content in Laminariae thalli L. in several
replicates. The results are presented in Table 3.

Table 3. Evaluation of the reproducibility of the technique of inorganic iodine determination (the number of parallel measurements
n =6, confidence level p = 0.95), the content of the main substance in the standard sample of potassium iodide P = 99.9%, raw material

humidity = 8.80%

Measurements
Parameter
1 2 3 4 5 6

hy 6.11 6.10 6.06 6.12 6.18 6.22
h, 6.12 6.16 6.09 6.13 6.16 6.25
hy 6.15 6.14 6.10 6.17 6.15 6.20
Average h 6.13 6.13 6.08 6.14 6.16 6.20
X, % 1.15 1.15 1.14 1.15 1.16 1.16
X, 0 % 115

Standard deviation, S 0.01

Standard deviation of the average result, Sy 0.003

Coefficient of variation, Sy, % 0.90

Confidence interval, % 1.14-1.16

Analysis result, % 1.15+0.01
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Table 4. Assessment of intralaboratory precision of the IVA method for determining the gross content of inorganic iodine

(n=6,p=0.95), P=99.9%, V=8.80%

Measurements
Parameter
1 2 3 4 5 6

hy 5.98 6.02 6.10 6.06 6.20 6.17
hy 597 5.98 6.12 6.10 6.15 6.15
hy 6.00 597 6.16 6.09 6.19 6.11
Average h 5.98 5.99 6.13 6.08 6.18 6.14
X, % 1.12 1.12 1.15 1.14 1.16 1.15
Kyyer Y0 1.14

Standard deviation, S 0.02

Standard deviation of the average result, Sy 0.007

Coefficient of variation, Sy, % 1.80

Confidence interval, % 1.12-1.16

Analysis result, % 1.14 £0.02

The results presented in Table 3 show that the
coefficient of variation of the results of inorganic iodine
quantitative determination (n = 6) was 0.9%, and the
confidence interval was in the range of £0.01%.

Intralaboratory precision was studied by means of
quantifying the element in six replicates on a different
day by a different analytical chemist. The data is shown
in Table 4.

The data shown in Tables 3 and 4 allows a comparison
of the variances of the average results of the two samples
using the Fisher and Student tests. The calculated values
of Fisher F exp — 4.700 and Student lexp = 0.141 criteria
were lower than the tabulated ones (£, = 5.050;
Liable = 2-371). This confirms that the two samples belong
to the general population. The results of inorganic iodine
quantitative determination using the method developed
herein are reproducible and showed satisfactory
intralaboratory precision.

CONCLUSIONS

As aresult of the study, a new highly sensitive, selective,
combined IVA method for determining inorganic iodine
in Laminariae thalli L. was developed. Unlike the most
commonly used pharmacopoeial methods, the proposed
method involves extremely simple sample preparation.

This method consists of extraction of the inorganic
analyte with water and subsequent conversion of the
iodate and iodide forms of iodine (the most common
in the Laminariae thalli L.) into a single analytical
form by processing the extract with zinc dust in acidic
environment. The validation results demonstrated that the
new method provides a satisfactory level of metrological
characteristics (specificity, linearity, discoverability,
repeatability, intralaboratory precision). The method
also complies with the requirements of the SPh 15 and
can be recommended for use in control and analytical
laboratories involved in pharmaceutical quality control.
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