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Abstract

Reliable iodine determination in drinking water samples has gained importance in
the last few decades, mostly due to intensive use of both desalinized water that lacks several
important nutritional elements, and bottled mineral water. ICP-MS is a sensitive, high-
throughput method for iodine determination that must be performed under alkaline conditions
because of the volatile nature of some iodine species. However, in water samples with high
pH (>10), slow precipitation of calcium (Ca) and/or magnesium (Mg) carbonates leads to
clogging of the ICP-MS nebulizer. We propose preventing this precipitation by adding the
chelating agent ethylenediaminetetraacetic acid (EDTA) at 0.1% to a 2% ammonium
hydroxide matrix. This concentration of EDTA sufficed for most drinking water samples
studied, as long as a 1:1 molar ratio of EDTA to Ca+Mg concentration in the water was
maintained. The limit of quantitation of the developed method for iodine was <0.1 ug L™
The average iodine concentration in various brands of bottled mineral water sold in Israel was
relatively low (7.67 + 6.38 g | L™). Regular consumption of either desalinated water or

bottled mineral water may induce iodine deficiency in Israeli consumers. Therefore,
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continuous follow-up of the iodine status in both tap and bottled water is strongly

recommended.

Keywords: iodine, drinking water, ICP-MS, alkaline matrix, bottled water, desalinized water

1. Introduction

Iodine is a relatively rare element in the earth’s crust, averaging around 0.45 mg kg
and usually found in minerals as the anion iodate (Neal et al., 2007). It occurs naturally in
water in the form of iodide. Traces of iodine are produced by oxidation of iodide during
water treatment (WHO, 2011). The micronutrient iodine is critical to good human health at
all stages of life. It is essential for proper functioning of the thyroid, especially before and
during pregnancy, to ensure normal development of the fetal and newborn brain (Oliveira et
al., 2010; Ovadia et al., 2017). Estimates of the dietary requirement for adult humans range
from 80 to 150 mg iodine (1) day*. Dietary deficiencies of iodine have been recorded in
many parts of the world, most commonly resulting in severe adverse effects on neurological
development (WHO, 2011). Nevertheless, no guidelines for iodine concentration in drinking
water have been established to date because data available in the literature are inadequate to
permit derivation of health-based guideline values, and determine lifetime minimum
exposure to iodine through water (WHO, 2011). Rosborg and Kozisek (2015) suggested that
although risk-reducing concentrations of iodide in drinking water are difficult to determine,
they appear to range from 5 to 50 pg L.

Several national surveys conducted in Israel have led to the conclusion that most
Israelis, adults and children alike, do not consume enough iodine (Barzilai and Harris, 1965;
Brand et al., 1961; Israel Ministry of Health, 2017; Sack et al., 2000).

An investigation conducted by Benbassat et al. (2004) in a coastal area in Israel with
102 subjects revealed what appeared to be satisfactory iodine intake in the population group
studied, although mild deficiency might have occurred in up to 26% of this group. They also
found the mean iodine concentration in manufactured mineral water to be only 7 +5.7 pg L™
(Benbassat et al., 2004). In 2020, Israeli researchers conducted a cross-sectional study among
105 pregnant women living in an area primarily receiving desalinated drinking water (Rosen

et al., 2020). It was found that this drinking water, with low iodine concentrations, provided
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only about 9% of the recommended daily iodine intake. These researchers also found that
only 52% of the participating individuals took supplements containing iodine. Among those

who did not take supplements, 92% had iodine deficiency.

Thus, one possible reason for the increase in iodine deficiency observed in recent
years is the growing use of desalinated water in Israel, now constituting approximately 70—
80% of the drinking and municipal water supply (Israel Ministry of Health, 2017; Rosen et
al., 2020). Drinking water contains essential minerals that serve as micronutrients in human
nutrition and in the food chain. Desalinated seawater is low in mineral content because
minerals are removed during the desalination process, which is based on reverse 0Smosis.
Consumption of drinking water with low concentrations of certain minerals, such as calcium
(Ca), magnesium (Mg), iodine (), and fluoride (F), may have adverse effects on health
(Berman and Barnett-ltzhaki, 2020).

Among the iodine species found in water, the volatile species are molecular iodine (1)
and organic iodides, and the nonvolatile species are I, HOI, Is"and 103" . The volatile species
formed in the agueous phase can be transferred to the gas phase under prevailing conditions
(Clément et al., 2007).

The primary species of iodine in water is most frequently determined by a titrimetric
procedure which can be used for solutions containing 2—20 mg | L. A leuco crystal violet
method may be used to determine iodide or molecular iodine in water. This photometric
method is applicable to iodide concentrations of 50-6000 ug L™; the detection limit for
iodine is 10 pug L™ (WHO, 2003). Another method is catalytic reaction based on the catalytic
effect of iodide on the redox reaction between Ce** (yellow) and As®**, which yields the
colorless ions Ce®*" and As®* (known as the Sandell-Kolthoff reaction) (Oliveira et al., 2010).
Other analytical techniques that have been used include ion-selective electrodes, X-ray
fluorescence spectrometry, neutron activation analysis, ion chromatography, gas
chromatography mass spectrometry, and cathodic stripping voltammetry (Mesko et al.,
2010).

The application of inductively coupled plasma mass spectrometry (ICP-MS) to iodine
determination is considered difficult because the ionization efficiency of iodine is low,
resulting in lower sensitivity. However, even though the sensitivity to iodine is lower than
that to other elements, it is still higher than that of any other traditional method (Takaku et al.,

1995). Today, ICP-MS is successfully used by many researchers for the determination of
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iodine in drinking water, and is considered a sufficiently sensitive and accurate high-
throughput technique (Mesko et al., 2010; Larsen and Ludwigsen, 1997; Sayess and
Reckhow, 2017; Todorov et al., 2018). Dilute nitric acid (1-2%) is usually used as the main
matrix for elemental analysis in ICP-MS (EPA, 2014). However, this methodology cannot be
applied for iodine determination. The main species of iodine in water samples, namely I" and
103", have different volatilities in solution. Takaku et al. (1995) showed that the rate of 1'%/
signal increase in an acidic solution was higher for the I form than the 103 form with
increasing nitric acid (HNO3) concentration. This was because the population of free iodine
(I2) in the gas phase, which is vaporized from the fine drops of the sample mist in the spray
chamber, increases with increasing acid concentration, due to increasing iodine volatility
(Takaku et al., 1995). This phenomenon leads to a high memory effect and overestimation of
iodine (Tagami and Uchida, 2005; Takaku et al., 1995).

lodine vaporization is usually restricted by the addition of alkalis. In most cases, the
substances used are sodium hydroxide, ammonium carbonate, tetramethyl ammonium
hydroxide (TMAH) and ammonium solution (NH4OH) (Gao et al., 2021; Takaku et al., 1995;
Tagami and Uchida, 2005; Rasmussen et al., 2000; Oliveira et al., 2010; Flores et al., 2020).
The last two chemicals are the most widely used. The standard method recommended by the
US Food and Drug Administration (FDA, 2017) and used by many researchers not only for
determination of iodine in foodstuffs, but also in drinking water samples, is based on the use
of a TMAH alkaline matrix for iodine extraction and measurement by ICP-MS (Oliveira et
al., 2010; Flores et al., 2020). However, TMAH is an extremely toxic chemical. In addition to
alkalinity-related chemical burn, dermal exposure to TMAH may result in respiratory failure
and/or sudden death (Lin et al., 2010). Exposure of rat skin to 2.38% or 25% TMAH
generated LDso values of 85.9 mg kg™ and 28.7 mg kg™, respectively (Lee et al., 2011). Thus,
an alternative “green” method should be sought. In several studies (Analytik Jena, 2015;
Analytik Jena, 2020; Limchoowong et al., 2016), the use of 2-3% NH4OH solution has been

recommended to prevent iodine 10ss.

The goals of the present investigation were to: (i) develop a reliable method of iodine
determination in different water samples using ICP-MS; and (ii) evaluate iodine status in the

various brands of bottled mineral water available in the Israeli market.
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2. Materials and methods

2.1. Reagents, instruments and samples

The following reagents were used to set up the proposed method: NH4sOH 25%
(Merck, Germany); ethylenediaminetetraacetic acid (EDTA) disodium salt (Sigma-Aldrich,
USA); deionized (DI) water (Milli-Q, <18 MQ cm); iodine, ICP-grade stock standard (1000
mg L, Sigma-Aldrich, USA); germanium (Ge), ICP-grade stock standard (1000 mg L™,
Inorganic Ventures, USA), used as an internal standard; Triton X-100 (Merck, Germany);
customized standard ICP-grade mixture of Ca, Mg, sodium (Na), potassium (K), sulfur (S)
(1000 mg L1, AccuStandard, USA).

A PlasmaQuant Elite ICP-MS spectrometer (Analytik Jena, Germany) was used for
the determination of iodine concentrations in mineral water samples. All analyses were
conducted in an optimized sensitivity mode that was set up using a manual optimization
routine (Supplementary Table S1 and Supplementary Fig. S1). Since no interference
influencing the *?I isotope is expected, no collision or reaction gas was applied to manage
potential interference (Analytik Jena, 2015). Internal standard "°Ge was used at 10 pg L.
The internal standard solution was prepared with the following matrix: 2% NH4OH, 0.1%
EDTA, and 0.01% Triton X-100 (w/w).

The HR dual-view ICP-OES PQ9000 (Analytik Jena), equipped with concentric
nebulizer and cyclonic spray chamber, was used for macroelement concentration
measurements in the mineral water samples. The method's limit of quantitation (LOQ) and

calibration parameters are presented in Supplementary Fig. S2 and Supplementary Table S2.
JMP 16.1.0 (SAS Institute, USA) was used for statistical calculations.

To develop the procedure for iodine determination, we used various brands of bottled
mineral water that is available commercially in Israel. According to the Nature Resources
Committee of the State of Israel, there are about 10 local and imported bottled water brands
on the market. The local producers are: Ein Gedi (market share 20%), Mei Eden (37%),
Neviot (26.5%) and Tempo (12%). Tempo also produces distilled mineralized water—Aqua
Nova brand—and imports the San Benedetto brand. Other imported brands (Evian, San
Pellegrino, and others) maintain a market share of about 4.5% (Firshtman and Weiner,

2013). San Pellegrino and Tempo water was carbonated (sparkling) and pretreated in a UV
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bath (10 min in “degas” mode) prior to ICP-OES/MS analysis. Other samples were of still

water.

2.2. Preliminary experiment: solution stability study

We used 2% NH4OH as an alkaline matrix (matrix A) for calibration standard
preparation, internal standard preparation (with the addition of 0.01% Triton X-100), and
water sample dilution (at least 2-fold). The pH of the diluted samples was controlled using
pH indicator strips (Merck, pH range 5-14), as the volume of each prepared sample (2-5 mL)
was too low to use a pH meter; moreover, only approximate pH levels needed to be detected
(>10), because introducing acidic solution into the ICP-MS leads to a strong iodine memory
effect. The analytical calibration curve was built using the following iodine concentrations:
0.1, 0.5, 1, 5 and 10 pg L. The calibration parameters were: r = 0.998, LOQ = 0.01 ug I L,
and intensity of 1 ug | L™* = 150.5K cps; these fit the FDA method criteria (FDA, 2017). The
first series of iodine determinations in drinking water was successful (data not shown), but
we quickly faced the problem of nebulizer clogging. The problem of precipitate formation in
water samples with elevated pH has been reported, for example, by Tagami (Tagami and
Uchida, 2005). We assumed that this is due to precipitation of insoluble carbonates (primarily
of Ca and Mg) at high pH. The pH value for calcium carbonate (CaCOs) precipitation has
been shown to range from 8.1 to 8.8 (Korchef and Touaibi, 2020). The increased pH causes
HCOs™ ion conversion to COs? ion and rapid precipitation as solid CaCOs according to the

following equation (Korchef and Touaibi, 2020; Saksono et al., 2010):

2HCO3 + Ca** — CaCOs (s) + CO2 + H.0 1)

Solution temperature, time of exposure, and concentrations of CO and other ions in the
solution (for example, Fe?*, SO+ and Mg?*, which may inhibit CaCO3 formation) all
influence the stability of the mineral water sample at elevated pH (Coto et al., 2012; Korchef
and Touaibi, 2020; Boyd, 2012).
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To prevent the precipitation of Ca and Mg as carbonates, we proposed adding EDTA
to the matrix solution. The large EDTA molecule forms a complex with the calcium ion

according to the following equation (Bruttel et al., 2015):

Ca?* + Na;H,EDTA + 2H,0 — [CaEDTAJ* + 2Na* + 2H3;0* (2)

The same is true for the Mg?* ion. A concentration of 0.1% w/w EDTA was selected (2.67
mM) as recommended in the ICP-MS manufacturer for applications dedicated to direct
iodine determination in biological matrices using alkali dilution (Analytik Jena, 2020). Thus,
matrix E, containing 2% NHsOH and 0.1% EDTA, was used for calibration and internal

standard preparation, as well as for water sample dilution.

The following experiment was conducted to verify our suggestion for preventing
carbonate precipitation: eight brands of bottled mineral water, bought in local supermarkets,
and one sample of tap water (city of Rehovot, Israel) were separated into three groups:
matrices W (water as is), A (diluted 2-fold with 2% NH4OH), and E (diluted 2-fold with a
solution of 2% NH4OH + 0.1% EDTA). The samples were mixed thoroughly and stored in

closed polypropylene flasks overnight at room temperature (approximately 23-25 °C).

After the overnight exposure, precipitate was observed in all matrix A samples and
only in San Pellegrino mineral water with matrix E. All samples were filtered using a 0.45-
pum Millex filter and analyzed by ICP-OES. The following elements were measured: Ca, K,
Mg, Na and S. The cations of these elements (and the sulfate anion) are responsible for
mineral water hardness and are considered macrominerals (Rosborg and Kozisek, 2015). The
W matrix samples were acidified with HNO3 (1%) prior to analysis for matrix matching.
Matrices A and E were analyzed as is. To correct for possible matrix effects in samples with
high pH and EDTA addition, a spike (fortification) with concentrations that were 3—10 times
higher than the analyte concentration was employed for samples in groups A and E. The
high-concentration spike (100 mg L) demonstrated recovery of about 100% (no correction
was applied to the results); however, the low-concentration spike (10 mg L) demonstrated
recovery of about 83% for Ca and Mg. This means that when matrices A and E were
analyzed by ICP-OES using the external calibration method, a signal decrease of about 15%

was observed for the low concentrations measured (several milligrams per liter or less). In



213  this case, a spike correction factor was applied to the results. The concentrations of all
214 macroelements measured in matrices W, A and E are presented in the Supplementary Table
215  S3.

216 The concentration of each element was submitted to one-way ANOVA to reveal

217  possible differences among the three matrices studied. For S and K, there were no significant
218  differences between the three groups (p = 0.95 and 0.74, respectively). The t-test employed
219  onthe Na results did not show any difference between matrices W and A (matrix E was not
220  analyzed for Na because of the high Na content in the added EDTA).
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230 3. Results and discussion
231

232 3.1. Solution stability at elevated pH
233

234 A significant difference was only recorded for Ca and Mg (p < 0.001, Table 1),

235 indicating that these two elements precipitated as carbonates at the elevated pH values.
236

237
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Table 1

One-way ANOVA and post-hoc test results for macroelement concentrations in matrices W,
A and E.

Element Matrix F-ratio p-value  Tukey—Kramer test
Ca w 8.7348  0.0005 al
A b
E a
Mg? w 91.58 <0.0001 a
A b
E a

IMatrices sharing the same letters do not differ significantly at an alpha level of 0.05.

2The concentration of Mg in the San Pellegrino sample was excluded from the statistical

calculations.

3.1.1. Calcium

For Ca concentrations, Tukey—Kramer test showed a significant difference between
pairs W—A and A-E, but not between W—E. Thus, addition of EDTA prevented the formation
of insoluble CaCOz. A decrease of about 10% Ca concentration was observed in matrix E
(Table 2), which could also be attributed to analysis uncertainty due to the difference between
W and E matrices (high pH and EDTA addition). In the sample of San Pellegrino water, the
decrease in Ca concentration was even more pronounced (Table 2), but note that the
concentration of macrominerals in the San Pellegrino mineral water was about 2—3 times
higher than in the other investigated samples (Figs. 1, 2). The reaction between EDTA and
Ca(Mg) ions proceeded at a molar ratio of 1:1 (Bruttel et al., 2015). The sum of Ca+Mg in all
studied waters was 0.85-2.5 mM, whereas in San Pellegrino it was 6.15 mM Ca+Mg. The
EDTA concentration added to the samples (ratio 1:1) was 2.67 mM (Supplementary Table
S4), which was sufficient to react with all Ca and Mg in all water samples excluding the San
Pellegrino sample, where at least double the concentration (or quantity) of EDTA solution
would be needed to prevent carbonate precipitation. Consequently, when determining iodine

content in highly mineralized waters, additional analytical effort is needed to select the



263  appropriate EDTA concentration that will prevent the formation of insoluble Ca and Mg

264  carbonates. However, it must be noted that in the frame of our investigation, analysis of the
265  San Pellegrino sample shortly after pH elevation did not lead to quick carbonate formation or
266  the resultant ICP-MS nebulizer clogging.
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268  Fig. 1. Calcium concentrations in W, A and E matrices.
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272  Table2

273  Decrease in calcium concentration (% of W matrix concentration) after overnight exposure to
274  high pH.

Water brand Decrease in matrix (% of matrix W)
Matrix A Matrix E
Aqua Nova 20.7 5.9
San Pellegrino 94.6 20.8
Neviot 90.9 12.0
Ein Gedi 96.1 10.3
San Benedetto 96.2 125
Mei Eden 77.2 12.6
Evian 98.3 14.3
Tempo 14.4 15.5
Tap water 85.7 14.0

275
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3.1.2. Magnesium
One-way ANOVA and Tukey—Kramer test revealed differences between the three

matrices for Mg (Table 3) that were similar to those found for Ca, but the calculations were
performed without data from the San Pellegrino sample.
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Aqua Nova S. Pellegrino Neviot Ein Gedi S.Benedetto Mei Eden Evian Tempo Tap Water
(divided by 2)

® Water ® A matrix = E matrix

Fig. 2. Magnesium concentrations in W, A and E matrices.

Table 3

Decrease in magnesium concentration (% of W matrix concentration) after overnight

exposure to high pH level.

Water brand Decrease in matrix (% of matrix W)
Matrix A Matrix E
Aqua Nova 96.7 no decrease
San Pellegrino 97.1 84.4
Neviot 93.3 4.7
Ein Gedi 98.7 75
San Benedetto 94.4 10.4
Mei Eden 93.3 11.9
Evian 98.5 9.0
Tempo 97.7 10.8

Tap water 96.5 12.3
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The San Pellegrino sample showed a strong decrease in Mg concentration in both the
A and E groups (Table 3), whereas other samples decreased in group A at a rate of 93-98%
and in group E, 4.7-12% (Table 3). When the San Pellegrino sample was excluded from the
ANOVA calculations, the difference between W and E groups was insignificant. It could be
concluded that the behavior of Mg was similar to that of Ca in water samples under elevated
pH conditions.

10.0
9.0 I
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

pg Iodine L

S.Pellegrino Neviot Tempo

B Matrix A Matrix E

Fig. 3. lodine concentration in A and E matrices of three mineral waters.

3.1.3. lodine

lodine concentration was determined by ICP-MS in the samples diluted with matrices
A and E after overnight incubation (Fig. 3). This measurement was performed for brands San
Pellegrino, Neviot and Tempo. No significant difference in iodine concentration was found
by t-test between the two matrices (p = 0.95). It could be concluded that EDTA use has no
effect on the iodine concentration in the tested water samples.

4. “Green” method development and validation

Based on the presented data, it was concluded that the 2-fold dilution of mineral water

samples (or more, if Ca+Mg was high [>2.67 mM] and/or high iodine concentrations were



311
312
313
314

315
316
317
318
319

320
321

322

323

324

325

326

327

328

329

330
331

332

expected) with matrix E (2% NHsOH + 0.1% EDTA) can serve as a general sample-
pretreatment method for iodine determination using ICP-MS. This matrix is less toxic than
the TMAMH that is recommended in standard methods and may therefore be considered a

“green” alternative.

We used a series of iodine concentrations for calibration (0.1-10 pg L; section 2.2).
The iodine stock was diluted with matrix E. The calibration was performed daily with a
freshly prepared set of standards. The following calibration parameters were obtained: r =
1.0, limit of detection (LOD) = 0.004 pg L, LOQ = 0.013 pg L, Background Equivalent

Concentration = 0.077 pg L™ (each value is the average of 4 successive working days).

To evaluate the actual LOQ), a series of low-concentration iodine standards (<1 pg L

1) was measured (Table 4).

Table 4

Actual LOQ determination for iodine measured by ICP-MS in matrix E.

Measured
concentration

Standard (ug I LY SD %RSD cls S/N
Blank solution 0.0004 0.0006 136 11458
0.025 ug I L1 0.0215 0.0013 5.91 14261 1.2
0.05ug I L 0.0471 0.0026 5.45 18007 1.6
0.1uglLt 0.1062 0.0022 2.1 28809 2.5
luglL? 0.9674 0.0105 1.08 163207 14.2

% RSD - relative standard deviation (%); c/s — signal intensity, counts per second; S/N —

signal to noise ratio.
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The RSD of the five measurements dropped from 5.45 to 2.1% between the iodine
concentrations of 0.05 and 0.1 pg L. Taking into consideration the memory effect, a
concentration of 0.05 pg | L™ should be assigned as the instrument LOQ for matrix E.
Because the method LOQ considers the water sample dilution, in the case of 2-fold dilution,

it should be assigned as 0.1 pg L.

Table 5

Evaluation of iodine determination method accuracy, using spike.

Added

sample diluted 2-fold spike  Recovery
Avg. SD (ug I L (%)
Evian 0.6877 0.0131 1.0 97
San Benedetto 1.7597 0.0249 5.0 95
Mei Eden 3.1133 0.0867 10.0 100
Tap water 0.8529 0.0354 5.0 100

Avg — average of five measurements.

To evaluate the method accuracy, a portion of iodine standard solution was added to
several water samples, diluted 2-fold with matrix E. The added spike concentration was 2—3
times higher than the measured sample concentration. The recovery value was 95-100%
(Table 5).

The precision of the method was determined by measuring the iodine concentration in
10 samples of Tempo water diluted 2-fold with matrix E. The result was about 4.2 ug | L™,
which is approximately the middle of the calibration curve (0-10 pg | L!). The final
calculated result was 8.43 +0.08 pg | L™ (n = 10) and precision, expressed as RSD (%), was
0.997.
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Fig. 4. Stability of iodine in the mineral water samples stored for 2 weeks under different

conditions.

To evaluate the stability of iodine in mineral water, the following experiment was
conducted: six samples of mineral water were divided into three groups: (1) original sample
diluted 2-fold with matrix E and analyzed as described above; (2) a second undiluted group
stored in closed polypropylene flasks at 4 °C; and (3) a third undiluted portion stored in the
same flasks for 2 weeks at room temperature (about 23 °C). The results of the iodine analysis
of all three groups are presented in Fig. 4 (samples of groups 2 and 3 were diluted 2-fold
with matrix E just before the ICP-MS measurement). One-way ANOVA did not reveal any
significant difference between the tested groups (p = 0.999). It could be concluded that
samples of mineral water for iodine determination can be placed in polypropylene flasks and
stored without addition of any chemical for at least 2 weeks at either room temperature or 4
°C.

The detailed “green” protocol for iodine measurement in alkali media using I[CP-MS

is presented in the Supplementary File 1.

5. lodine concentration in bottled mineral water available on the Israel market

The average result for the seven mineral water brands analyzed (excluding Aqua
Nova which was found to be <LOQ) was 7.67 + 6.38 pg | L, consistent with Benbassat

(2004), where four local and one imported brand of mineral water available in Israel were
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studied. lodine intake from drinking water depends on its concentration in the water. Gao et
al. (2021) compared the intake of iodine between two groups of pregnant women: the first
group consumed drinking water containing <10 ug | L™ and the second consumed drinking
water containing 50-99 pg I L. The rate of contribution to total iodine intake increased
from 3.0% in the first group to 45.7% in the second group (Gao et al., 2021). The bulk of the
daily iodine requirement (around 80%) is from food, the remainder from drinking water.
However, the range of iodine concentrations in drinking water identified as goitrous in many
studies is about 5-10 pg L™ or less (Smedley, 2000). From the data in Table 6, it can be
concluded that the concentration of iodine in tap water samples and in most mineral water
brands can be considered low. If the analyzed samples are the primary source of drinking

water for Israeli citizens, we can predict a high likelihood of iodine deficiency.

The total iodine concentration in sea and ocean waters is about 50-60 g L™
(Tsunogai and Henmi, 1971; Ito et al., 2009; Smedley, 2000 ). Our result (60.0 £ 1.25 pug I L~
1) corresponds with this, suggesting that the proposed analytical method provides data that are

within reason.



401 Table6

402 lodine concentration found in bottled mineral water available in the Israeli market and in

403  several miscellaneous water samples.

Sample ug I L?
Avg! SD
Bottled mineral water

Aqua Nova <0.1

Evian 1.53 0.03

San Benedetto 3.47 0.03

Neviot 5.22 0.07

Mei Eden 6.89 0.13

San Pellegrino 6.96 0.12

Tempo 8.46 0.11

Ein Gedi 21.13 0.45

Miscellaneous samples

Milli-Q DI water <0.1

lon-exchange column DI water <0.1

Tap water (Faculty campus,

Rehovot) 2.99 0.06
Tami Bar water (Faculty campus) 3.14 0.07
Sea water? (Mediterranean Sea) 60.00 1.25

404  'Average of five measurements.

405  ?Sea water was sampled from the coast of Rishon LeZion and analyzed under 500-fold
406  dilution with an alkali matrix, then this diluted sample, containing 0.12 pg I L, was spiked

407  with 1 pg I L? standard, and recovery of 94.5% was found.
408
409
410
411

412
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419
420
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423
424
425
426
427
428

429

430
431

432
433
434

435
436

437
438

439
440

441
442

443

6. Conclusions

An accurate and precise method of iodine determination in drinking water using ICP-
MS was developed. The method LOQ (considering 2-fold dilution of the sample and
possible memory effect) was <0.1 pg | L. Use of an alkaline matrix (2% NH4OH +
0.1% EDTA) for sample dilution and calibration standard preparation prevented
carbonate precipitation and, as a result, nebulizer clogging.

Sampling of the bottled mineral water brands available in the Israeli market
demonstrated relatively low average iodine content. The single tap water sample
showed even lower iodine concentration.

Because tap water and bottled mineral water are the primary drinking water sources in
Israel, an additional investigation of iodine content in tap water is considered
necessary. We conclude that the evaluation of iodine concentration in the end user's
tap water, and of the consistency of tap water iodine concentration with time, and an
analysis of water produced by desalination facilities, are essential and appropriate and

can be achieved using the developed iodine determination method.
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