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Abstract: Background/Objectives: Potassium iodate and potassium iodide were commonly fortified in iodized
table salt, where continuous monitoring is needed to maintain the quality. Our study reported an optimized
detection method for total iodine in iodized table salt using 0.5 M sodium bisulfite as reducing agent; Methods:
The iodized table salt (0.5 g) was dissolved in 0.5 M sodium bisulfite solution prior to injection in ultra high-
performance liquid chromatography (UHPLC) coupled with diode array detector using weak anion-exchange
column (2.1 mmx150 mm, 5 um); Results: Iodide was eluted at 9.92+0.06 minutes (A=223 nm) when isocratic
mobile phase of 1:1 (v/v) methanol:120 mM phosphate buffer mixed with tetrasodium pyrophosphate (pH 3.0)
was running at 0.20 mL/min (15 minutes). Jodide detected as total iodine from 10 to 60 mg/Kg with limit of
detection (LOD) 1.2 mg/Kg and limit of quantification (LOQ) 3.7 mg/Kg. The method was validated with
relative standard deviation (RSD) of 4.2%, 0.4%, 1.6%, 0.8% for accuracy, repeatability, intermediate-precision
and robustness, respectively. The determination of total iodine was successful on six (6) samples (n=3), which
recovered 87.2%-106.9% of iodate and iodide spike; Conclusions: Thus, the study provided a validated
protocol for the determination of total iodine in iodized table salt using 0.5 M sodium bisulfite.

Keywords: iodine deficiency disorder; iodine fortification; universal salt iodization; ultra-high
performance liquid chromatography; weak anion-exchange; iodized table salt

1. Introduction

Since year early 20t century, iodine deficiency disorder (IDD) has been a major problem to the
people due to the manifestation of diseases such as goiter or cretinism [1]. However, this was not
fully understood until 1819s, when chronic goiter was linked to the iodine deficiency [2]. Initially,
iodine-deficient patients were treated by taking oral iodine tablets [3]. Nowadays, the most common
intervention for IDD is by the consumption of iodine through an iodine-fortified cooking salt or table
salt [4] which eventually form the basis of the Universal Salt Iodization (USI) program [5,6] . The
fortification of iodine in table salt involves adding iodine, typically in the form of potassium iodate
and potassium iodide. However, the use of potassium iodide is less common due to its instability [7].

Despite worldwide implementation of USI, IDD remain a significant public health challenge
especially among pregnant woman and children. During pregnancy, insufficient of iodine can result
in poor health outcomes including congenital hypothyroidism [8] and increased risk of stillbirth [9].
For children, low iodine intake can lead to mental development delay [10], affecting their overall
development and educational outcomes. Moreover, geographical factor, such as people in rural areas
often hinders assessment of adequate level of iodine due to logistical and infrastructure barrier
[11,12]. Therefore, addressing IDD requires continuous monitoring, public awareness and targeted
interventions to ensure the populations receive adequate iodine intake.

Monitoring of iodine is crucial to make sure the fortified iodine is between the recommended
level. Currently, the most common and affordable method for iodine level monitoring in iodized
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table salt is using titration technique. However, this approach suffers from a highly laborious method,
requires a skilled technician and could encounter human error. Although these can be prevented with
an automated titrator, a large sample size could lead to a varying degree of reproducibility and poor
robustness of the method. The use of instrument such as inductively-coupled plasma — mass-
spectrometry (ICP-MS) would easily defeat the problem, but the use of plasma to burn the samples,
especially salt samples could lead to a formation of crystal in the capillary tubing of the system [13,14]
and damage the measurement in the long run.

Alternatively, the use of more common and reliable instrument such as high-performance liquid
chromatography (UHPLC) can be advantageous since UHPLC is more affordable and used by many
laboratories. Recent wider usage of mixed mode column of non-polar with weak anion-exchange
functionality [15,16], which allows the separation of ionic compounds such as iodide. For instance,
weak anion-exchange properties contain ammonium-based functional groups that would interact
with a negatively charged analytes in the mobile phase at high pH and interact with positively
charged analytes at low pH [17].

This study developed and optimized iodine detection method in table salt using UHPLC with
diode array detector due to the ability of the instrument to have high accuracy, robustness and great
reproducibility, as well as high throughput due to the use of automated sample injection. UHPLC is
also a more common instrument to have in the laboratory compared to the other instrument. The
objective of the study was to produce a protocol of detection method for total iodine in iodized table
salt in sodium bisulfite medium. Sodium bisulfite was used to reduce the iodate form to its iodide
form so that it can be detected by the UHPLC system. However, the effect of sodium bisulfite toward
the iodide form of table salt also needs to be observed.

2. Materials and Methods
2.1. Chemicals and Reagents

Deionized water (18.2 MQ grade, Sartorius, Gottingen, Germany) was used throughout the
study. All chemicals and reagents were obtained from Sigma-Aldrich (Wisconsin, United States of
America (USA)). Except for solvents, all other chemicals and reagents used was American Chemical
Society (ACS)-grade. The list including sodium chloride, sodium bisulfite, sodium phosphate
monohydrate, sodium pyrophosphate decahydrate, phosphoric acid, potassium iodide and
potassium iodate. A gradient-grade solvents were used for methanol and acetonitrile.

2.2. Instrumentation

The study was performed using an Ultra-High Performance Liquid Chromatography (UHPLC)
with a diode array detector (Ultimate 3000, Thermo Scientific, Massachusetts, USA). The system was
paired with the analytical column of Thermo Scientific Acclaim® Mixed-Mode WAX-1, 2.1 mm x 150
mm, with 5 um particle size. All chromatographic data were recorded and processed using
Chromeleon software with version 7.2.

2.3. Procedures
2.3.1. Chromatographic Conditions

The iodine in iodized salt was determined by the detection of iodide in the samples. The
chromatographic condition for iodide detection was done according to the previously reported
studies with minor modification [18,19]. The isocratic conditions of mobile phase A (120 mM sodium
phosphate, monobasic pH 3.0) and mobile phase B (methanol) enabled the separation at 1:1 (v/v) ratio
with the flow rate of 0.2 mL/min. The chromatograms were observed at 223 nm wavelength after 50
HL of sample injection at 30 °C of column temperature. The total run time was 15 minutes with
observed symmetrical peak of iodide which can be noted at 10.11 minutes.

2.3.2. Column Flushing

To prolong the lifespan of the column, it was stored in 1:1 (v/v) ratio of acetonitrile and 150 mM
phosphate buffer (pH3.0) by flushing the system each day, for 30 minutes at 0.50 mL/min.
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2.3.3. Standard Preparation

The standard solutions were prepared by dissolving 0.5 g sodium chloride in a total volume of
10 mL which consist of 2.5 mL of 2 M sodium bisulfite, with certain volume of 100 mg/L iodide stock
and certain volume of deionized water. For instance, iodide concentration of 0.5, 1.0, 1.5, 2.0, 2.5 and
3.0 mg/L, required a volume of 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mL of 10 mg/L iodide stock respectively,
and finally diluted with deionized water to the final volume of 10.00 mL.

2.3.4. Sample preparation

The iodized table salt samples were weighted 0.5 g in a 15-mL tube. The samples were then
dissolved in 2.50 mL of 2 M sodium bisulfite solution and 7.50 mL deionized water for a final volume
of 10.00 mL. The sample solution was ready for UHPLC analysis.

2.4. Method Validation

This protocol was validated according to the International Council for Harmonization (ICH)
guidelines (validation of analytical procedures). Our study includes the validation of accuracy,
linearity, limit of detection (LOD), limit of quantification (LOQ), specificity, precision’s repeatability
and intermediate-precision, and robustness. This is to ensure the reliability of the method when done
periodically, and in different laboratory setup.

2.4.1. Accuracy

Three iodine concentration at 1.0 mg/L, 1.5 mg/L and 2.0 mg/L were tested where each of the
concentration was injected three times. The relative standard deviation (RSD) was obtained to check
the accuracy of the method.

2.4.2. Linearity, LOD and LOQ

The absorbance response of iodide signal was studied in term of the peak area at different total
iodine concentration. The concentration was from 0.50 mg/L, 1.0 mg/L, 1.5 mg/L, 2.0 mg/L and 2.5
mg/L in 5% (w/v) sodium chloride and 0.5 M sodium bisulfite medium. Each of concentration level
was repeated in triplicate. Mean value of the peak area was plotted against its respective iodine
concentration forming a regression line. The LOD and LOQ can be obtained by the standard deviation
(SD) of y-intercept of a linear response and a slope, which is expressed as follows:

3.30

- 1

LOD S (1)
100

-9 2

LOQ 5 2

where o is the SD of y-intercept of linear response and S is the slope of calibration curve.

2.4.3. Specificity

The study of specificity was done by comparing the chromatograms of each component used in
the standards including the injection of blank of 50% (v/v) mobile phase A and B, the injection of 5%
(w/v) sodium chloride, the injection of 5% (w/v) sodium chloride mixed with 0.5 M sodium bisulfite,
and (4) 1.50 mg/L iodide in 5% (w/v) sodium chloride mixed with 0.5 M sodium bisulfite. The
chromatograms were then overlayed to see any effect of the solution composition towards the
detection of iodide.

2.4.4. Precision —Repeatability and Intermediate-Precision

Seven (7) replicates of iodine at the concentration of 1.0 mg/L, 1.5 mg/L and 2.0 mg/L were
determined to test the RSD of the method’s repeatability, in 5% (w/v) sodium chloride and 0.5 M
sodium bisulfite medium. This procedure was also repeated on the second day using freshly
prepared standard samples, to check the intermediate-precision’s RSD.
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2.4.5. Robustness

Two factors of robustness were investigated including the column temperature of 40 °C against
the default setting of 30 °C, and the concentration of sodium bisulfite at 0.25 M against its existing
concentration at 0.5 M.

2.5. Sodium Bisulfite Stability Study

The use of sodium bisulfite was to convert the iodate form to its iodide form through reduction
reaction. In a 15-mL tube, 2.5 mL of 2M sodium bisulfite solution was added to dissolve 0.5 g sodium
chloride. The iodate with concentrations of 1.38 mg/L and 3.45 mg/L was prepared by adding 1.38
mL and 3.45 mL of 100 mg/L of iodate stock to the solution, respectively. Finally, deionized water
was then added to each of the 15-mL tube to its final homogenous volume of 10.00 mL. The prepared
solutions were repeated every day for ten (10) days prior to the UHPLC injections using the same 2
M sodium bisulfite stock that was kept refrigerated in 8 °C.

2.6. Sample Spike and Recovery

Individually, a 0.5g of iodized table salt with pre-determined iodine concentration was placed
in a 15-mL tube. Then, 2.50 mL of 2M sodium bisulfite solution was added to dissolve the sample.
Afterward, the samples were spiked with 0.50 mL, 1.00 mL and 1.50 mL of 10.0 mg/L iodide solution,
respective to the equivalent concentration of 10.0 mg/Kg, 20.0 mg/Kg and 30.0 mg/Kg of iodine in the
samples. Similarly for iodate spike, 0.69 mL, 1.38 mL and 2.07 mL of 10.0 mg/L iodate solution were
added to the samples with respect to the equivalent concentration of 10.0 mg/Kg, 20.0 mg/Kg and
30.0 mg/Kg of iodine in the samples. Finally, the spiked solutions were topped up with deionized
water to the final total volume of 10.00 mL. The spiked samples were then ready for UHPLC analysis.

3. Results
3.1. Method Development

The effect of 0.5 M sodium bisulfite addition to the iodized table salt samples was investigated for
the total iodine concentration of 0.5 mg/L to 2.5 mg/L, with respect to both iodide and iodate forms. From
here onward, the reduced iodate after its reaction with sodium bisulfite will be denoted as “converted
iodide”. It was found that the individual absorbance intensity was similar between iodide and converted
iodide (Figure 1A). A linear correlation was observed between iodide and converted iodide at R?of 0.9996
(Figure 1B). Furthermore, chromatograms overlay shows similar retention time and peak intensity for
both iodide and converted iodide (Figure 1C). Additionally, both iodate and iodide were mixed at equal
level of iodine concentration, in 0.5 M sodium bisulfite medium, from 0.5 mg/L to 2.5 mg/L, and it was
found that an excellent recovery was calculated from 96.2% to 103.6% (Figure 1D).
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Figure 1. Development of iodide detection by comparing iodide form and iodate form that was
converted to iodide (termed as converted iodide) in 0.5 M sodium bisulfite medium. (A) Comparison
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of peak area for each level of iodine concentration from iodide against converted iodide from iodate
from 0.5-2.5 mg/L of iodine concentration, (B) A highly correlated graph between converted iodide
from iodate versus iodide from 0.5-2.5 mg/L of iodine concentration resulted R? = 0.9996, (C)
Overlayed chromatograms of iodide and converted iodide from iodate, both shows iodide peak at
10.52 min with the same absorbance intensity.

3.2. Method Validation
3.2.1. Accuracy

Three iodine concentrations were investigated for their accuracy at 1.0, 1.5 and 2.0 mg/L. The
three samples were prepared in 5% (w/v) sodium chloride to mimic the matrix of real samples. It was
found that the relative standard deviation (RSD) was varied from 3.3% to 4.8% (Table 1), indicating
an excellent accuracy.

Table 1. The tabulated data shows a good recovery of three level of iodine concentration for accuracy
study which averagely recovered from 97.8 + 4.2 %.

Iodine Concentration (mg/L) Found (mg/L) SD Recovery (%)  Mean Recovery (%) RSD (%)

1.00 100.3%

1.0 1.00 0.00 100.5% 100.2% 0.4%
1.00 99.8%
1.48 98.9%

1.5 1.49 0.01 99.6% 99.4% 0.4%
1.49 99.6%
1.99 99.6%

2.0 2.00 0.01 100.1% 99.8% 0.3%
2.00 99.8%

3.2.2. Linearity

Different concentration of iodine including 0.50 mg/L, 1.0 mg/L, 1.5 mg/L, 2.0 mg/L and 2.5 mg/L
were analyzed using UHPLC in 0.5 M sodium bisulfite medium (Figure 2). Each of the concentration level
were prepared in triplicate. Based on the observed chromatograms overlay (Figure 2A), it was found that
the peak intensity of iodide at 10.11 min, increased when the concentration increased. It was found that a
linear calibration was formed when the peak area was plotted against the iodine concentration, which
resulted in R? of 0.9998 (Figure 2B). Based on the plotted calibration curve, the calculated limit of detection
(LOD) and limit of quantification (LOQ) was 0.06 mg/L and 0.18 mg/L of iodine concentration, which are
equivalent to 1.2 mg/Kg and 3.7 mg/Kg of total iodine in iodized table salt, respectively.
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Figure 2. Investigation of linearity of peak area of absorbance against the concentration of iodide. (A)
A consistant retention time was observed for iodide peaks from 0.50 mg/L to 2.5 mg/L. (B) It was
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shown found that the peak area was linearly correlated with iodide concentration from 0.50 to 2.5
mg/L with R?=0.9998.

3.2.3. Specificity

Several sample matrices were studied for the effect of iodide signals in the chromatograms
(Figure 3), including (1) blank of mobile phase A and B at 50% (v/v) (Figure 3A); (2) 5% (w/v) sodium
chloride(Figure 3B); (3) 5% (w/v) sodium chloride mixed with 0.5 M sodium bisulfite (Figure 3C), and
(4) 1.50 mg/L iodide in 5% (w/v) sodium chloride mixed with 0.5 M sodium bisulfite (Figure 3D),
respectively. No obvious interference was observed when blank injection was done. On the other
hand, small foreign peaks were observed in the retention time from 1.90 minutes to 4.00 minutes and
9.10 minutes when 5% (w/v) sodium chloride was injected. Also, it was observed that a very large
and bulky peaks shown in the chromatograms of 5% (w/v) sodium chloride mixed with 0.5 M sodium
bisulfite and 1.50 mg/L iodide in 5% (w/v) sodium chloride mixed with 0.5 M sodium bisulfite with
the retention time between 1.90 min to 9.50 min, indicating the addition of 0.5 M sodium bisulfite in
the solution affect the chromatogram.
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Figure 3. The overlays of several chromatograms for the study of specificity. Specificity study shows

the overlays of chromatograms between (A) mobile phase A and B at 50%:50%; (B) 5% (w/v) sodium
chloride solution; (C) 5% (w/v) sodium chloride mixed with 0.5 M sodium bisulfite solutions; and (D)
1.5 mg/L iodide in 5% (w/v) sodium chloride mixed with 0.5 M sodium bisulfite solutions. A very
well separated individual peak of iodide was shown at the retention time of 10.11 minutes.

3.2.4. Precision

The precision study was done including repeatability and intermediate-precision (Table 2). The
study of repeatability was done by injecting triplicate of each sample at 1.0 mg/L, 1.5 mg/L and 2.0
mg/L of iodine concentration in 5% (w/v) sodium chloride. Each of the triplicate samples were
injected seven (7) times and it was found that the average RSD for 1.0 mg/L, 1.5 mg/L and 2.0 mg/L
of iodine concentration was at 0.3%, 0.5% and 0.4%, respectively. On the other hand, the study of
intermediate-precision was performed for two (2) different days using 1.0 mg/L, 1.5 mg/L and 2.0
mg/L of iodine concentration in 5% (w/v) sodium chloride, which was done in triplicate. It was found
that two (2) days average RSD for 1.0 mg/L at 1.0%, 1.5 mg/L at 2.0% and 2.0 mg/L at 1.7%. Overall,
the RSD for repeatability and intermediate-precision was at 0.4% and 1.6%, respectively.
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Table 2. Data compilation of repeatability and intermediate-precision study which found to have an
averagely low RSD of 0.4% and 1.6%, respectively.
Iodine concentration (mg/L)
1.0 1.5 2.0
Re}t’hc DAY 1 DAY 2 DAY 1 DAY 2 DAY 1 DAY 2
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3.2.5. Robustness

Several different conditions were applied to the method setup including changing the column
temperature to 40 °C and decrease the concentration of sodium bisulfite by half to 0.25 M (Table 3).
The robustness study was done to 1.0 mg/L, 1.5 mg/L and 2.0 mg/L of iodine concentration in 5%
(w/v) sodium chloride. It was found that the retention time of iodide peak was affected to 9.28 + 0.11
min when the column temperature was increased to 40 °C while retention time of 10.02 + 0.01 min
was the shifted peak of iodide when 0.25 M sodium bisulfite was used. Nevertheless, the average
RSD for the three level of iodine was at 1.2% and 0.8% respective to 40 °C of column temperature and
0.25 M sodium bisulfite. It was shown that the overall RSD averaged at 0.8% showing a highly robust
method.

Table 3. Table of RSD at different setting condition of the method including different column
temperature and different sodium bisulfite concentration.

Retention Peak Area (mAU.min) Overall
Variation = Condition Time 1.0 mg/L jiodine 1.5 mg/L iodine 2.0 mg/L iodine  RSD
(min) Mean SD RSD (%) Mean SD RSD (%) Mean SD RSD (%) (%)

Default method at 30 °C
and 9.92+0.06 2422 0.10 04% 3541 0.00 0.0% 47.72 053 1.1% 0.5%

0.5 M sodium bisulfite
Column 40 928+0.11 2411 0.15 0.6% 3515 0.84 24% 4749 025 05%  1.2%

temperature (°C)

Sodium bisulfite
concentration 025 10.02+0.01 23.06 0.26 1.1% 34.78 0.19 0.6% 46.89 031 0.7% 0.8%

M)
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3.4. Stability Study for Sodium Bisulfite as Reducing Agent

An equivalent of sample concentration was prepared using iodate standard in 5% (w/v) sodium
chloride and 0.5 M sodium bisulfite medium at 20.0 mg/Kg and 50.0 mg/Kg of total iodine
concentration, respectively. The stability of 0.5 M sodium bisulfite was observed based on the peak
area produced by the converted iodide (from iodate) at the concentration of 20.0 mg/Kg and 50.0
mg/Kg of total iodine, respectively, for ten (10) different days. It was found that the peak area remain
stable within mean + 2SD in both concentration, 23.79 + 1.02 min.mAU for 20.0 mg/Kg and 59.42 +
2.84 min.mAU, except for day-6 for 20.0 mg/Kg, which was slightly below the allowable limit (22.58
min.mAU), calculated at only 5.1% of relative difference (Figure 4).

A 20.0 mg/Kg Iodine standard from iodate
210
245 —e—Peak Area (mALLmin)
A WMean
240 /\ Mean+1SD
~" \ ~ _— ——Mean+25D
25 - \ / ——Hlean-15D
n-25D
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23 V
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Figure 4. Overview of 10-days observation of peak area for 20.0 mg/Kg and 50.0 mg/Kg iodine
concentration originated from iodate. The samples were observed after the addition of the same 0.5
M sodium bisulfite in ten (10) different days by observing of peak area stability.

3.5. Sample Spike and Recovery

Six iodized table salt samples were analyzed and individually spiked with both iodide and
iodate as shown in the tabulated data (Table 4). It was shown that the method was able to detect the
iodine concentration which ranging from 7.4 mg/Kg to 24.2 mg/Kg of total iodine concentration. The
spiked samples show a very good recovery from 89.8% to 101.8% for iodide spike and from 87.2% to
106.9% for iodate spike.

Table 4. Six iodized table salt samples were tabulated with respective iodine concentration,
respectively. The samples were spiked with both iodide and iodate, individually at pre-determined

concentration.
Todine
Sample Concentration Iodide Spike (mg/Kg) Recovery Iodate Spike (mg/Kg) Recovery
ID (mg/Kg) (n=3) (%) (%)
Mean SD Spiked Expected Found SD Spiked Expected* Found SD
S1 23.6 0.6 30.0 53.6 531 05 99.1% 41.3 53.6 533 0.8 99.4%
S2 19.7 0.6 20.0 39.7 404 0.6 101.8% 27.6 39.7 382 0.1 96.2%
53 24.2 1.6 30.0 54.2 51.6 05 95.2% 413 54.2 552 02 101.9%
54 7.4 0.5 10.0 17.4 168 03 96.6% 13.8 17.4 186 04  106.9%
S5 25.0 1.1 30.0 55.0 535 02 97.1% 41.3 55.0 581 0.2 105.5%
S6 23.5 0.6 20.0 43.5 39.1 0.3 89.8% 27.6 43.5 379 0.3 87.2%
*The value of iodine concentration was equivalently converted from iodate by the factor of Iodine (or Iodide) =
Iodate

1.3783°
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4. Discussion

Typically, ionic compounds such as iodide is analyzed by ion chromatography due to the
separation principle is based on ion-exchange properties of the compounds [20,21]. Nowadays, new
column technology has emerged and thus the introduction of weak anion-exchange column for
UHPLC separation that is meant for ionic compounds separation [16]. The use of UHPLC is more
preferable due to its versatility compared to ion chromatography [22]. Due to this, experts in handling
UHPLC are generally common making it suitable for mass adoption. Our study developed and
optimized a UHPLC technique of detecting total iodine concentration in the form of iodide. However,
most of iodized table salt is fortified with potassium iodate. So, a conversion of iodate to its iodide
form was required, and this was done by reducing all the iodate form in the samples to its iodide
form by the reaction with sodium bisulfite.

During the method development, evidently, iodate was completely converted to its iodide form
when 0.5 M sodium bisulfite was added from 0.5 mg/L to 2.5 mg/L of iodine concentration due to
observed similar intensity of iodide and the converted iodide at 10.11 min. The complete conversion
of iodate was further supported by the data of linear correlation between iodide and converted iodide
at R2of 0.9996. The addition of 0.5 M sodium bisulfite (in excess) shows no effect to the peak of iodide
suggesting a suitable standardization method of sodium bisulfite in the standard and iodized table
salt samples. Therefore, the standardization of 0.5 M sodium bisulfite addition was introduced in the
sample preparation steps despite not knowing the form of iodine in the iodized table salt.

The method validation of shows an excellent accuracy due to the RSD that was in the range of
3.3% to 4.8 %. Different concentration of iodine from 0.5 mg/L — 2.5 mg/L in 0.5 M sodium bisulfite
medium was found to be linearly correlated (R? of 0.9998) with LOD and LOQ of 0.06 mg/L and 0.18
mg/L, respectively. It is worth mentioned that the concentration of iodine for 0.50 mg/L, 1.0 mg/L, 1.5
mg/L, 2.0 mg/L and 2.5 mg/L are equivalent to 10 mg/Kg, 20 mg/Kg, 30 mg/Kg, 40 mg/Kg and 50
mg/Kg, in the iodized table salt samples, respectively, after it was dissolved in the solution for sample
preparation prior to the injection in UHPLC.

The comparison of chromatograms of blank of mobile phase, 5% (w/v) sodium chloride, 5%
(w/v) sodium chloride mixed with 0.5 M sodium bisulfite and 1.50 mg/L iodide in 5% (w/v) sodium
chloride mixed with 0.5 M sodium bisulfite shows that all of the solutions does not affect the peak
intensity of iodide except the addition of 5% (w/v) sodium chloride mixed with 0.5 M sodium bisulfite
which affect the chromatogram from 1.90 — 9.50 min. Nevertheless, the peak of iodide was clearly
distinguished at 10.11 min suggest the separation method has good specificity of iodide detection.

The method was also found to be very precise due to the resulted RSD of 0.3% - 0.5% for
repeatability and RSD of 1.0% - 2.0% for intermediate-precision.

The robustness of the method was tested by changing the column temperature to 40 °C and
decrease the concentration of sodium bisulfite to 0.25 M, and changing the column causing the
retention time of iodine shifted to 9.28 + 0.11 min whereas decreasing the sodium bisulfite
concentration shifted the retention time to 10.02 + 0.01 min. These effects were expected due to the
properties of weak-anion exchange which can be affected by different temperature and different pH
where the pH would slightly change due to the change of concentration of sodium bisulfite [23,24].
Even so, the RSD still suggest an excellent robustness which ranging from 0.8% - 1.2%.

The addition of excess sodium bisulfite, i.e., at 0.5 M might be degraded overtime due to the its
instability when expose to the air because of its nature as a very good antioxidant [25]. Thus, the
stability test was crucial to determine the availability of the reagent to convert any possible iodate
form exist in the iodized table salts. It was shown that the peak area of iodide in the chromatograms
remain stable within the mean + 2SD at 20.0 mg/Kg and 50.0 mg/Kg of iodine concentration when
observed for ten (10) days, except for day-6 of 20.0 mg/Kg observed 5.1% below allowable limit. The
fact that only one day shows an outlier suggest the cause of the problem was due to external factors
such as the instrumentation error or the laboratory environment [26]. The reason was further
supported by the peak area result of 50.0 mg/Kg monitoring at day-6, which observed to be remained
stable within the allowable limit. The aim was to study the stability of sodium bisulfite if not prepared
fresh daily. Thus, the results indicate that the use of 0.5 M sodium bisulfite remain stable for at least
ten (10) consecutive days for the concentration of 20.0 mg/Kg and 50.0 mg/Kg of total iodine.

Finally, the method successfully analyzed six iodized table salt samples with all the samples
were individually spiked with both iodide and iodate standards. Good recovery was concluded due
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to the results of 89.8% - 101.8% recovered when spiked with iodide and 87.2% - 106.9% when spiked
with iodate, indicating that the sample matrix does not affect the detection of iodide.

5. Conclusions

We have successfully determined and validated the total iodine in iodized table salt. The form
of iodine for the UHPLC detection is iodide in which the addition of sodium bisulfite enabled the
reduction of iodate into its iodide forms. This method was able to detects total iodine from 0.5 - 3.0
mg/L, which is equivalent to 10 — 60 mg/Kg of total iodine in iodized table salt. The LOD and LOQ
were 0.06 mg/L (1.2 mg/Kg) and 0.18 mg/L (3.7 mg/Kg). The method was validated with great
specificity, accuracy at 4.2% RSD, precision at 0.4% RSD for repeatability and 1.6% RSD for
intermediate-precision and robustness at 0.8% RSD. Six (6) samples were analyzed in triplicate and
it was found that the samples were recovered greatly from 87.2% - 106.9% when spiked with
individual iodate and iodate standard at equivalent concentration of 10, 20 and 30 mg/Kg,
respectively. The use of sodium bisulfite for the conversion of iodate to iodide form, observed to be
remain stable for at least 10 days. The study concluded that this method was suitable to be used as a
laboratory protocol for the determination of total iodine in iodized table salt.
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