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ABSTRACT

In this work, an analytical method for bromine and iodine determination in human
saliva was proposed. A simple protocol based on centrifugation and direct analysis of
supernatant by inductively coupled plasma mass spectrometry (ICP-MS) was
investigated. Although this method was feasible for bromine determination, iodine was
partially present in the supernatant and an agreement about 54% with reference value
was obtained. In addition, microwave-induced combustion (MIC) and microwave-
assisted dissolution were also evaluated. Using MIC, 0.2 mL of saliva added on 300 mg
of microcrystalline cellulose were efficiently digested. A diluted solution (50 mmol L™
NH4OH) was used for analytes absorption and a reflux step of 5 min was applied to
ensure quantitative recoveries of Br and I. Accuracy was evaluated by analyte recovery

experiments, and recoveries between 94% and 98% were obtained. Microwave-assisted



dissolution was also evaluated for 2.0 mL of saliva using a diluted alkaline solution (25
mmol L NH,OH) and a microwave irradiation program of 35 min (including the
cooling step). Results for this method agreed with those obtained using MIC method.
Although MIC has also been appropriated for further determination of Br and 1 in
saliva, microwave-assisted dissolution can be considered a simple sample preparation
method and it was effective for high amount of sample (up to 2.0 mL). Moreover, final
solutions were compatible with ICP-MS analysis, allowing the quantification of Br and
I in human saliva at ultra-trace concentrations (limits of quantification were 0.052 pg

mL™ for Br and 0.022 pg mL™ for I).

Keywords: Human saliva analysis; Biological samples analysis; Trace elements;
Microwave-assisted dissolution; Microwave-induced combustion; Inductively coupled

plasma mass spectrometry.

1. Introduction

Analysis of human saliva has been used to evaluate the presence of essential and
potentially toxic elements at trace level in the body [1-6]. Saliva reflects the
physiological conditions of the organism, once the salivary glands have a high blood
flow. Saliva is composed of water, specific enzymes and a variety of inorganic and
organic compounds, becoming an interesting tool for the diagnosis and prognosis of
several diseases [1-6]. Currently, there is an increasing interest on bromine and iodine
determination in biological samples, once they are responsible for important
physiological functions. Bromine acts as a sedative-hypnotic and it has important
functions in the formation of collagen IV and in the activation of a-amylase in saliva.
lodine is primarily involved in the synthesis of thyroid hormones [7-15]. However,

depending on the concentration, they can be associated with several adverse effects. In
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this sense, bromine is associated with hematologic and thyroid diseases, growth
retardation and insomnia, while | is associated with dysfunction and pathologies in the
human body related to the thyroid gland [7-15]. Moreover, studies have suggested that
Br and | determination in saliva is important because the salivary glands are strongly
affected by these elements [10,16,17].

Bromine and | determination at low concentration is a challenge and just a few
techniques may provide accurate results [18-22]. Inductively coupled plasma mass
spectrometry (ICP-MS) is one of the most sensitive technique for ultra-trace elemental
determination [19,20,22,23]. It has been applied for metals determination in saliva
[3,24], but it has not been applied for Br and | determination in saliva. For ICP-MS
analysis, sample preparation is crucial to avoid incorrect results [19,20,22,23]. Matrix
effects are the main source of errors, highlighting interferences by isobaric ions,
excitation, ionization, and among others that are closely related to the carbon content in
solution and high acid concentration [19,20,22,23]. The presence of high amounts of
carbon in solution is strongly related to interference for elements with high ionization
potential, such as Br and | [19]. Moreover, accumulation of carbon in the equipment
interface can also occur, impairing the determination and requiring additional
maintenance [19,20]. Although some approaches have been used for interference
suppression, the use of an efficient sample preparation method can be considered as a
useful approach.

Typically, saliva is simply centrifuged or filtered prior to the analysis [10,15,25].
However, representativeness of Br and | concentrations in the supernatant or filtrate
compared to whole saliva was not carefully evaluated. Moreover, a high dilution factor
after centrifugation or filtration procedure is necessary to minimize the interferences in

view of the saliva viscosity, increasing the limits of detection (LODSs) that can be

3



unsuitable for the analytical concern [10,15,25]. Digestion using concentrated acids,
which is commonly used to convert complex solid or liquid samples in an aqueous
solution free of interferences, is also not suitable for Br and I determination in saliva.
The use of concentrated acids results in non-quantitative recoveries for Br and | due to
halogens losses as volatile compounds, such as HX or X, (X = Br and 1) [19,20,22,23].
Thus, trends in sample preparation methods such as microwave-induced combustion
(MIC) and microwave-assisted alkaline extraction or dissolution may be excellent
alternatives. These methods have been reported for subsequent Br and | determination
in several matrices in view of their advantages [19-21, 26-29]. The use of alkaline
solutions and closed vessels during sample preparation step minimizes the risk of
element losses and increases the process efficiency [19-21, 26-29].

Thus, the aim of this research is to propose a suitable analytical method for the
determination of Br and | in human saliva. Microwave-induced combustion and
microwave-assisted alkaline dissolution were evaluated as sample preparation method
and the analytes were determined by ICP-MS. Several parameters were optimized such
as the volume of saliva, the microwave irradiation program and the most suitable
solution to absorb the analytes or to dissolve the sample allowing adequate analytes
recoveries. Supernatant of saliva was analyzed after centrifugation to compare the
results. Accuracy was evaluated by recovery tests and by comparison of the results
among all methods. Finally, the proposed method was applied for the determination of
Br and | in saliva of some volunteers to demonstrate its applicability. It is important to
mention that this study does not focus on the evaluation of the clinical status of the

volunteers and it is simply devoted to the development of the analytical method.



2. Experimental

2.1. Instrumentation

Microwave-induced combustion and microwave-assisted alkaline dissolution were
performed in a microwave oven (Multiwave 3000°, Microwave Sample Preparation
System, Anton Paar, Austria). For MIC, the system was equipped with eight high-
pressure quartz vessels, with an internal volume of 80 mL, and homemade quartz
sample holders that were used to support the sample inside the quartz vessels [26,27].
The temperature and pressure of this process were limited to 280 °C and 80 bar,
respectively, as recommended by the manufacturer [30]. For microwave-assisted
alkaline dissolution, eight chemically modified polytetrafluoroethylene (PTFE-TFM)
vessels with an internal volume of 100 mL were used. The temperature and pressure of
this process were limited to 260 °C and 60 bar, respectively, as recommended by the
manufacturer [30]. The maximum operational temperature and pressure were real-time
monitored during the procedures using sensors available in the microwave oven. A
pHmeter (MPA-210, Tecnopon, Brazil) equipped with a glass combined electrode was
used to determine the pH of the digests. A centrifuge (80-2b centrifuge, Daiki, Seoul)
was used to perform the centrifugation process.

Bromine and | determination was carried out using an inductively coupled
plasma mass spectrometer (NexION 300X, Perkin-Elmer, Canada), equipped with a
concentric nebulizer (Meinhard Associates, USA), a cyclonic spray chamber (Glass
Expansion Inc., Australia), and a quartz torch with a quartz injector tube (2 mm i.d.).
Carbon content in solution was determined using an inductively coupled plasma optical
emission spectrometer (Spectro Ciros CCD, Spectro Analytical Instruments, Germany)
with axial view configuration. A crossflow nebulizer coupled to a Scott double pass

type nebulization chamber was used. In order to remove the volatile carbon compounds
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before carbon determination, samples aliquots were bubbled with an inert gas (Ar, 0.1 L
min~t) for 2 min [31,32]. The parameters for the determination of Br and | by ICP-MS

and C by ICP OES are shown in Table 1.

2.2. Reagents and solutions
All solutions and sample dilutions were prepared using ultrapure water (resistivity of
18.3 MQ cm) obtained from a purification system (Mega UP, MegaPurity, South
Korea) and all chemicals used in this study were of analytical grade. The cleaning of
vessels and holders was carried out with 6 mL of 14.4 mol L™ HNO; (Vetec, Brazil)
using a microwave heating program set at 1000 W for 10 min and 0 W for 20 min
(cooling step). After cleaning with HNOg, the procedure was repeated using 6 mL of
ultrapure water to decrease the blank values and eliminate the traces of acid.
Ammonium hydroxide and tetramethylammonium hydroxide (TMAH) solutions
used as absorbing solution for MIC and for microwave-assisted alkaline dissolution,
were prepared from 25% NH;OH (Merck, Germany) and 25% TMAH in water (Sigma-
Aldrich, USA). Ammonium nitrate solution (6 mol L™) was used as an igniter for MIC
and it was prepared by dissolution of solid reagent (Merck) in water. Oxygen with a
purity of 99.5% (Linde, Brazil) was used for the pressurization of quartz vessels in the
MIC method. Small discs of filter paper (15 mm in diameter, 12 mg) with low ash
content (Black Ribbon Ashless, Schleicher and Schuell GmbH, Germany) were used as
combustion aid for MIC. Paper discs were previously cleaned with 20% (v/v) ethanol
solution for 20 min in an ultrasonic bath (USC-1800 A, 40 kHz, 155 W, Unique,
Brazil), subsequently rinsed with ultrapure water, and dried in a class 100 laminar bench
(CSLH-12, Veco, Brazil). This same procedure was applied to the polyethylene films

(Congelito, Brazil) used to wrap the samples for digestion by MIC.



Stock solutions (100 mg L™) for Br and | were obtained by dissolution of KBr
and Kl salts (Merck) in water and they were used to prepare the calibration curves for
ICP-MS analysis. These same solutions were also used in the recovery experiments for
the evaluation of the absorbing solutions in the MIC method and for the accuracy
evaluation of microwave-assisted alkaline dissolution method. For Br and |
determination by ICP-MS, a calibration curve containing five standard solutions was
prepared in 10 mmol L™* NH,OH, and the concentrations ranged from 1.0 to 10 pg L™
for Br and from 0.1 to 1.0 ug L™ for I. For the determination of carbon content in
solution by inductively coupled plasma optical emission spectrometry (ICP OES), the
external standard calibration curve (25 to 100 mg L™ of C) was prepared from the
dissolution of citric acid (Merck) in 5% v/v HNO3; (Merck). In addition, an yttrium
solution (1 mg L™, SpexCertPrep, USA) was used as ‘internal standard for carbon
determination [31,32]. Argon with a purity of 99.998% (White Martins, Brazil) was

used for plasma generation and nebulization.

2.3. Sample collection

Saliva of five volunteers was collected, mixed and homogenized to obtain a
representative sample for method optimization (total volume of 200 mL). For
applicability of the proposed method, saliva of six women volunteers from Rio Grande
do Sul, Brazil, were analyzed. Women were chosen because the occurrence of thyroid
dysfunctions is more frequent than in men [33]. Samples named as A and B are from
two hypothyroidism patients in treatment: age, 26 + 2 years; weight, 60 + 6 kg; height,
165 + 3 cm; whereas samples named as C and D are from two type one diabetic patients
in treatment: age, 26 = 2 years; weight, 65 £ 5 kg; height, 170 £ 4 cm, and samples

named as E and F are from two volunteers considered healthy: age, 28 + 4 years;
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weight, 65 £ 3 kg; height, 167 £ 2 cm. Samples were collected early morning and the
volunteers are in fasting and washed the oral cavity three times with ultrapure water.
The samples were stored under refrigeration (-6 °C) prior to the analysis. All
experiments were conducted as approved by Research Ethics Committee of the Federal

University of Pelotas (opinion number: 2.251.932).

2.4. Microwave-induced combustion

Some parameters such as the volume of saliva, the mass of combustion aid
(microcrystalline cellulose) and the type and concentration of absorbing solution were
optimized. Saliva has a high content of water, which limits its combustion. Thus,
microcrystalline cellulose was used as combustion aid and it was selected based on
studies reported in the literature [34,35]. Saliva samples (0.05 to 0.3 mL) were added to
microcrystalline cellulose (100 to 500 mg) and wrapped with a polyethylene (PE) film
(8x8 cm) as small packets sealed by heating, and the excess of the PE film was
removed. The packets containing sample and microcrystalline cellulose were placed on
a small disc of filter paper on the quartz holder. Ammonium nitrate solution (6 mol L™,
50 pL) was immediately added to the paper. Then, holders with the samples were
placed into the quartz vessels, containing 6 mL of absorbing solution. The vessels were
closed, fixed on the rotor, and pressurized with 20 bar of oxygen. The rotor with the
vessels was placed inside of the microwave oven, and the irradiation program was
started. The microwave irradiation program was: i) 5 min at 1400 W (ignition and reflux
steps) and ii) 20 min at 0 W (cooling step). Water and 50 or 100 mmol L™ NH4OH were
evaluated as absorbing solution. Microwave irradiation program, absorbing solutions,
volume of NH4;NOj3 solution, and oxygen pressure were selected based on studies

reported in the literature [19,20,26,35]. After combustion, the pressure of each vessel
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was released and resultant solutions were transferred to a volumetric flask and diluted
with water up to 20 mL for further Br and | determination by ICP-MS. For evaluation of
the digestion effiency carbon content in solution was determined by ICP OES.
Accuracy of the MIC method was evaluated by recovery tests by adding 20 or
30 uL of a standard solution containing 15 ug mL™ of Br and 1.0 pg mL™ of | on the
sample (saliva and microcrystalline cellulose) before closing the PE film. Moreover, the
results obtained after MIC were compared with those obtained after microwave-assisted
alkaline dissolution and after a centrifugation procedure for determination of Br and | in

saliva by ICP-MS.

2.5. Microwave-assisted alkaline dissolution

Saliva samples (0.5 to 2.0 mL) were transferred to PTFE-TFM vessels, and 6 mL of
alkaline solution (25, 50 or 100 mmol L™ NH4OH or 110 mmol L™ TMAH) were
added. Water was also evaluated for comparison. These solutions were selected based
on works reported in the literature for determination of Br and | in several matrices
[28,29]. Microwave irradiation program was as follows: i) 1000 W for 5 or 10 min
(ramp), ii) 1000 W for 3, 5, 10, 20 or 50 min, and iii) 0 W for 20 min (cooling step).
When TMAH was used, the maximum temperature was limited at 90 °C to avoid its
degradation [29]. This procedure was performed according to studies reported in the
literature using a high-pressure microwave-assisted alkaline extraction or dissolution
methods [28,29]. The final solutions were then transferred to volumetric flasks and
diluted with ultrapure water up to 20 mL. The determination of Br and | was performed
by ICP-MS and the carbon content in solution was determined by ICP OES. Accuracy

was evaluated by recovery tests by adding 200 or 300 pL of a standard solution



containing 15 pg mL™* of Br and 1.0 ug mL™ of | on the saliva before sample

preparation, and by comparison of results with those obtained after MIC method.

2.6. Analysis of saliva after simple centrifugation and dilution
The centrifugation of saliva prior to the determination step was performed as reported in
the literature [10, 15, 25]. Initially, 5 mL of saliva were centrifuged at 3500 rpm for 5
min in polyethylene flasks. Then, 1 mL of the supernatant was collected for analysis
and the dilution factor necessary to obtain a more compatible solution with ICP-MS
analysis was evaluated. Carbon content in solution was determined by ICP OES and
accuracy was evaluated by comparison of the results with those obtained after MIC and
microwave-assisted alkaline dissolution.

All the results were statistically evaluated by Student's t-test (confidence level of
95%, P < 0.05) using the GraphPad InStat version 3.00 computer software package
(GraphPad, USA). Limits of detection and quantification (LOQ) were calculated from
the mean of the blank values plus three times (for LOD) or ten times (for LOQ) the
standard deviation for ten replicates. The sample volume, final volume and dilution

factor were also taken into account.

3. Results and discussion

3.1. Microwave-induced combustion for sample preparation of saliva and determination
of bromine and iodine by ICP-MS

High water content in saliva limits the combustion process and a combustion aid was
necessary for saliva digestion by MIC. Microcrystalline cellulose was used as
combustion aid in order to digest a high volume of saliva and improve the LODs.

Initially, the maximum volume of saliva that could be digested by MIC, using 100 mg
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of microcrystalline cellulose, was evaluated. As result, only 0.05 mL of saliva was
efficiently digested. It occurred because the higher volumes of saliva made the
microcrystalline cellulose wet and not feasible for combustion. Aiming an efficient
digestion of a higher volume of saliva, a higher mass of combustion aid was evaluated.
In this evaluation, volumes of saliva (0.1 to 0.3 mL) were added on different masses of
microcrystalline cellulose (200 to 500 mg). The volume of 0.1 mL of saliva was
efficiently digested added on 200 mg of microcrystalline cellulose, while 0.2 mL of
saliva was efficiently digested only if added on 300 mg of microcrystalline cellulose.
The combustion of 0.3 mL of saliva added on 300 mg of microcrystalline cellulose was
not efficient.

An additional study was performed aiming to digest 0.3 mL of saliva added on
400 or 500 mg of microcrystalline cellulose. However, an inefficient combustion with
the presence of soot in the absorbing solution was observed in all evaluations. A drying
step of saliva mixed with microcrystalline cellulose prior to the combustion was not
evaluated, once it would increase sample preparation time and contamination, and it
may cause analyte losses by volatilization. Thus, 0.2 mL of saliva added on 300 mg of
microcrystalline cellulose was the condition chosen for further optimization. It is
important to mention that this is the first study that evaluate the use of the MIC for
digestion of a sample with a high water content, such as saliva.

After the volume of saliva and the mass of combustion aid have been chosen,
ultrapure water and 50 or 100 mmol L™* NH,OH solutions were evaluated for Br and |
absorption. Recovery tests were performed for the all absorbing solutions by adding 1.5
pg of Br and of 0.10 pg of | per mL of saliva, prior to digestion by MIC. These
concentrations corresponded to about 50% of the concentration of Br and | present in

the initially studied sample (2.94 + 0.12 pug mL™ for Br and 0.178 + 0.008 ug mL™

11



for 1). Figure 1 shows the results for Br and | obtained when the recovery test was
performed.

As shown in Fig. 1, the recoveries for Br were between 94% and 97% for all
evaluated solutions and no significant difference (P < 0.05) was observed between the
results. Relative standard deviations (RSDs) ranged from 3% to 6%. However, for I,
significant difference (P < 0.05) was observed between the results obtained using
ultrapure water and those obtained using 50 or 100 mmol L™ NH4OH solutions. When
ultrapure water was used, the recovery for | was about 76% and this lower recovery can
be related to the pH of the final digests, which ranged from 2 to 3. These pH values may
have caused analyte losses by volatilization [19-21,26]. On the other hand, when 50 or
100 mmol L™ NH4OH were used for analytes absorption, the recovery for | was around
97%. Using those solution, the RSDs for | measurements were lower 3%, and the pH
value after digestion was 7.

Additionally, a recovery test containing a higher concentration of the analytes
(corresponding to 75% of the analytes concentration in the sample) was carried out in
the selected conditions. This recovery experiment was performed by adding of 2.3 pg of
Br and of 0.15 pg of | per mL of saliva on the sample, prior to digestion by MIC.
Recoveries for both analytes ranged from 96% to 98%, and the RSDs were lower than
4%. Thus, 50 mmol L™* NH,OH was considered suitable to absorb Br and | after
combustion of saliva. It is considered a diluted solution, which minimizes reagent
consumption and waste generation, provides more security for the analyst and presents a
great compatibility with different determination techniques, including ICP-MS. Carbon
content in solution obtained by MIC was lower than 5 mg L™ and interferences related

to matrix compounds during the determination of Br and | by ICP-MS were not
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observed. Thus, the MIC method was considered suitable for further Br and |

determination in saliva by ICP-MS.

3.2. Microwave-assisted alkaline dissolution for sample preparation of saliva and
determination of bromine and iodine by ICP-MS
Solutions of 110 mmol L™ TMAH or 25, 50 and 100 mmol L™ of NH4OH or ultrapure
water were evaluated for dissolution of saliva and subsequent determination of Br and |
by ICP-MS. During this evaluation, 0.5 mL of saliva and a microwave irradiation
program of i) 1000 W for 10 min (ramp), ii) 2000 W for 50 min, and iii) 0 W for 20 min
were used based on works reported in the literature [28,29]. Bromine and |
concentrations in saliva obtained using different solutions were compared with those
results obtained after MIC method. Results are shown in Table 2.

As shown in Table 2, no significant difference (P < 0.05) was observed between
Br and | concentrations in saliva using microwave-assisted alkaline dissolution with
different solutions. All results agreed with values obtained using MIC. Ultrapure water
was also evaluated for comparison, however, the RSDs were higher (< 12%) than those
using alkaline solutions (< 6%). Thus, 25 mmol L™ NH,OH solution was chosen for
further evaluations once it was the most diluted alkaline solution and presented accurate
results and with lower RSDs (< 6%). Furthermore, the pH of the final solution using 25
mmol L™ NH,OH was about 7, which ensures the stability of the analytes. The
maximum volume of saliva (0.5, 1.0 or 2.0 mL) that could be used in the microwave-
assisted alkaline dissolution method was also evaluated aiming to improve the LODs.
As result, no significant difference (P < 0.05) was observed between Br and I
concentrations by using different volumes of saliva in comparison with results obtained

after MIC. Thus, 2 mL of saliva were chosen for further optimization. Higher volumes
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of saliva were not evaluated once the collection of a high amount of saliva is difficult
for volunteers.

An additional study, in order to reduce the sample preparation time, modifying
the microwave irradiation program was performed. In the initial optimizations, a ramp
time of 10 min to 1000 W was used, to avoid any sudden increase in the pressure.
However, no sudden increase in the pressure was observed when preparing saliva, and
the ramp time was reduced to 5 min. In addition, the hold time at 1000 W was also
evaluated (3, 5, 10, 20 or 50 min). The aspect of solutions after different microwave
irradiation times and the aspect of the solution obtained after MIC method are shown in
Fig. 2.

As can be observed in Fig. 2, the solution obtained after microwave-assisted
alkaline dissolution using 3 and 5 min of hold time at 1000 W presented similar aspect,
with high viscosity and foam, as represented in Fig. 2 A. On the other hand, clean
solutions with low viscosity and without foam were obtained using 10, 20 or 50 min of
hold time at 1000 W, and the aspect observed for all solutions were similar, as presented
in Fig. 2 B. Moreover, they present similar aspect to that observed after MIC (Fig. 2 C).
The aspects of solutions using different microwave irradiation program are related to the
temperature reached during the dissolution. The maximum temperature reached using 3
and 5 min of hold time at 1000 W was 140 °C, while the maximum temperature using
10, 20 or 50 min of hold time at 1000 W was 230 °C. At these higher temperature,
probably, degradation of some compounds of saliva matrix occurred. Bromine and |
concentrations in the solutions obtained using 10, 20 or 50 min of hold time at 1000 W
were determined, and no significant difference (P < 0.05) was observed between these
results and those obtained after MIC. Relative standard deviations were always lower

than 4%. Thus, the microwave-irradiation program selected was i) 1000 W for 5 min
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(ramp), ii) 1000 W for 10 min, and iii) 0 W for 20 min (cooling step). The pH of the
final solutions was around 7 and the carbon content in solution was about 3000 mg L™.
A dilution factor of around ten times was always performed to eliminate carbon
interferences during the determination of Br and | by ICP-MS [36].

Accuracy of microwave-assisted alkaline dissolution method was also evaluated
by analyte recovery experiments adding 1.5 and 2.3 pg of Br and of 0.10 and 0.15 pg of
| per mL of saliva, prior to dissolution using the selected conditions. These additions
correspond to about 50% and 75% of the concentrations of Br and | in the sample,
which were previously determined by ICP-MS using this method and the optimized
conditions. Recoveries for both analytes ranged from 97% to 100%, and the RSDs were
lower than 5%. Thus, the microwave-assisted alkaline dissolution method, as well as the
MIC method, were considered suitable for further Br and | determination in saliva by

ICP-MS.

3.3. Determination of bromine and iodine in saliva by ICP-MS after centrifugation and
dilution

A simple centrifugation and dilution procedure was evaluated for the determination of
Br and I in saliva by ICP-MS. This procedure has been performed to remove cellular
debris, mucin, and other large molecules and particles of saliva, which may interfere
during the analysis by ICP-MS [1,19]. However, after centrifugation, a solution with
high viscosity and with significant carbon content (1000 mg L™) was obtained. In order
to minimize the occurrence of interferences due to sample transport to the ICP-MS
equipment, a dilution factor of at least thirty times was necessary. The saliva
supernatant was diluted and then analyzed by ICP-MS. The concentration of Br (3.03 +

0.13 pg mL™Y) in saliva supernatant agreed (P < 0.05) with the value obtained after the
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MIC method (Br: 2.94 + 0.12 ug mL™). However, the concentration of | (0.097 + 0.005
Hg mL™Y) in the saliva supernatant was not in agreement (P > 0.05) with the value
obtained after MIC (I: 0.178 + 0.008 pg mL™). lodine may have remained bound to
some enzyme or/and protein in the precipitate. These results indicate that the
concentration of | in supernatant of saliva was 45% lower than in whole saliva. Thus,
considering this results, it is possible to obtain underestimated results and make wrong
interpretations about the total concentration of I in saliva using this sample preparation
method.

Reports in the literature emphasize that the concentration of some elements such
as Si, Ti, Mn Ag, Al, Cu, Fe, Mg, and Zn in the supernatant of saliva are lower when
compared to those in the whole saliva [1]. The authors mention that in some cases,
saliva should be mineralized for determination of some chemical elements because the
results in the supernatant of saliva are not representative for whole sample [1]. Thus, in
the present study is demonstrated, for the first time, that the concentration of I in
supernatant of saliva is lower than in'whole saliva. Only a centrifugation procedure was
not considered as suitable for further simultaneous quantitative determination of Br and

I in saliva.

3.4. Comparison of sample preparation methods for determination of bromine and
iodine in saliva by ICP-MS

Microwave-induced combustion and microwave-assisted alkaline dissolution were
considered suitable for determination of Br and I in saliva by ICP-MS. The blank values
using MIC (1.5 pug L™ for Br and 0.38 pg L™ for 1) were higher than those using
microwave-assisted alkaline dissolution (0.20 ug L™ for Br and 0.07 pg L™ for I) and

this is probably due to microcrystalline cellulose used as combustion aid in the MIC
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method. On the other hand, the carbon content in solution after MIC (5 mg L™) were
lower than those obtained after microwave-assisted alkaline dissolution (around 3000
mg L™). In the MIC method, the organic matter of sample is completely digested and
interferences related to matrix are minimized. A systematic study was carried out
aiming to evaluate the lowest carbon concentration for Br and | determination by ICP-
MS free of interferences. In the presence of a carbon concentration up to 400 mg L™, no
matrix effects were observed for “°Br* and *?’I*. Thus, a dilution factor of around ten
times after microwave-assisted alkaline dissolution was necessary to avoid interferences
during Br and | determination by ICP-MS, while after MIC an additional dilution factor
was not necessary. Using both methods, clear solutions with low viscosity and without
foam were always obtained and interferences due to sample transport to the ICP-MS
equipment was not observed.

Although both sample preparation methods are appropriate for the determination
of Br and | in saliva, using microwave-assisted alkaline dissolution it was possible to
use higher amount of sample (2.0 mL) in comparison to MIC (0.2 mL). Thus, the LODs
using microwave-assisted alkaline dissolution (0.03 ug mL™ for Br and 0.01 ug mL™ for
) were lower than those using MIC (0.233 pg mL™ for Br and 0.053 pg mL™ for 1). The
LOQs using microwave-assisted alkaline dissolution were 0.052 pug mL™ for Br and
0.022 ug mL™ for I, while using MIC they were 0.409 pg mL™ for Br and 0.090 pug mL"
! for 1. Thus, the LODs obtained by microwave-assisted alkaline dissolution were about
eight and five times better for Br and I, respectively, when compared with the LODs

obtained using the MIC.
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3.5. Determination of bromine and iodine in saliva by ICP-MS after microwave-induced
combustion and microwave-assisted dissolution as sample preparation methods

Based on the results previously discussed, samples of six volunteers were
prepared by both methods for further Br and | determination by ICP-MS and the results
are shown in Table 3.

As can be observed in Table 3, no significant difference (P < 0.05) was observed
between the results for Br and | in saliva using MIC and microwave-assisted alkaline
dissolution. Although the RSDs during the optimization of MIC method were lower
than 6%, in the applicability of MIC method for different saliva the RSD were up to
14%. This is probably associated with the lack of homogeneity of some sample.
However, the RSDs for both analytes using microwave-assisted alkaline dissolution
were always lower than 6%. This is probably because in the microwave-assisted
alkaline dissolution, it is possible to prepare higher volume of saliva when compared to
MIC (2.0 mL of sample in microwave-assisted dissolution and 0.2 mL of sample in
MIC).

The concentration of Br and I in saliva samples presented a wide range (1.20 to
5.14 pg mL™ and 0.074 to 0.250 ug mL™ for Br and I, respectively). This may be
associated with different habits or environmental exposure. Bromine concentration was
always higher than I concentration in all saliva samples analyzed in this work. This
should be highlighted because Br can reduce | absorption in the thyroid gland [13]. It is
important to mention that the evaluation of the clinical status of the volunteers was not
the focus of this study, but the high concentration range for Br and | in human saliva
deserves attention. Thus, these results only indicate that Br and | concentration in saliva

should be carefully investigated, and that the proposed method is an excellent
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alternative for this purpose, considering that it was possible to determine the analytes in

a wide range.

4. Conclusion

Microwave-induced combustion and microwave-assisted alkaline dissolution methods
were suitable for sample preparation of saliva and subsequent Br and | determination by
ICP-MS. Quantitative recoveries for Br and | were obtained using a diluted solution for
analytes absorption, in MIC, or by dissolution of sample. Only a simple centrifugation
and dilution procedure was not suitable for quantitative simultaneous determination of
Br and I by ICP-MS, because the concentration of | in supernatant of saliva was around
45% lower than in whole saliva. In addition, microwave-assisted alkaline dissolution
showed to be efficient for sample preparation of a relatively high volume of saliva (up
to 2.0 mL) under safe conditions, allowing the quantification of low Br and I content in
saliva samples (LOQs were 0.052 ug mL™ for Brand 0.022 pg mL™ for 1), useful for
routine analysis. The proposed analytical methods are powerful tools to determine Br
and | at ultra-trace concentration in human saliva. They could assist different research
fields to better understand several diseases, which involve variations in Br and |

concentration in human organism, such as hyperthyroidism and hypothyroidism.
Acknowledgements

The authors are grateful to CAPES, CNPq and FAPERGS from Brazil for supporting

this study.

19



References

[1] S.S. Savinov, A.A. Anisimov, A.l. Drobyshev, Problems and Optimization of
Sampling, Storage, and Sample Preparation in the Determination of the Trace Element
Composition of Human Saliva, J. Anal. Chem. 71 (2016) 1063-1068.

[2] R.B. Lages, E.C. Bridi, C.A. Pérez, R.T. Basting, Salivary levels of nickel,
chromium, iron, and copper in patients treated with metal or esthetic fixed orthodontic
appliances: A retrospective cohort study, J. Trace Elem. Med. Bio. 40 (2017) 67—71.

[3] A.A. Nabatov, N.A. Troegubova, R.R. Gilmutdinov, A.P. Sereda, A.S. Samoilov,
N.V. Rylova, Sport- and sample-specific features of trace elements in adolescent female
field hockey players and fencers, J. Trace Elem. Med. Bio. 43 (2017) 33-37.

[4] K. Watanabe, T. Tanaka, T. Shigemi, Y. Hayashida, K. Maki, Mn and Cu
concentrations in mixed saliva of elementary school children in relation to sex, age, and
dental caries, J. Trace Elem. Med. Bio. 23 (2009) 93-99.

[5] K. Watanabe, T. Tanaka, T. Shigemi, K. Saeki, Y. Fujita, K. Morikawa, H.
Nakashima, S. Takahashi, S. Watanabe, K. Maki, Al and Fe levels in mixed saliva of
children related to elution behavior from teeth and restorations, J. Trace Elem. Med.
Bio. 25 (2011) 143-148.

[6] V. Prabhakar, G. Jayakrishnan, S.V. Nair, B. Ranganathan, Determination of Trace
Metals, Moisture, pH and Assessment of Potential Toxicity of Selected Smokeless
Tobacco Products, Indian. J. Pharm. Sci. 75 (2013) 262—2609.

[7] B. Winid, Bromine and water quality — selected aspects and future perspectives,
Appl. Geochem. 63 (2015) 413-435.

[8] M.B. Zimmermann, Y. Ito, S.Y. Hess, K. Fujieda, L. Molinari, High thyroid volume

in children with excess dietary iodine intakes, Am. J. Clin. Nutr. 81 (2005) 840-844.

20


https://www.ncbi.nlm.nih.gov/pubmed/28153354
https://www.ncbi.nlm.nih.gov/pubmed/28153354
https://www.ncbi.nlm.nih.gov/pubmed/28153354
https://www.ncbi.nlm.nih.gov/pubmed/28153354
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prabhakar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24082341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jayakrishnan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24082341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nair%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=24082341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ranganathan%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24082341
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3783743/

[9] A.S. McCall, C.F. Cummings, G. Bhave, R. Vanacore, A. Page-McCaw, B.G.
Hudson, Bromine is an essential trace element for assembly of collagen IV scaffolds in
tissue development and architecture, Cell 157 (2014) 1380-1392.

[10] M. Mori, T. Yamamoto, M. Kaseda, S. Yamada, H. Itabashi, Capillary ion
electrophoresis of inorganic anions and uric acid in human saliva using a polyvinyl
alcohol coated capillary column and hexamethonium chloride as additive of background
electrolyte, J. Chromatogr. B 887-888 (2012) 1-7.

[11] H. Ren, H. Qiu, X. Liang, X. Wang, S. Jiang, Determination of inorganic anions in
saliva by electroosmotic flow controlled counterflow isotachophoretic stacking under
field-amplified sample injection, J. Chromatogr. B 935 (2013) 75-79.

[12] World Health Organization, Assessment of iodine deficiency disorders and
monitoring their elimination - A guide for programme managers, WHO, Geneva, 2007.
[13] M. Lag, E.J. Soderlund, J.G. Omichinski, G. Brunborg, J.A. Holme, J.E. Dahl, S.D.
Nelson, E. Dybing, Effect of bromine and chlorine positioning in the induction of renal
and testicular toxicity by halogenated propanes, Chem. Res. Toxicol. 4 (1991) 528-534.
[14] M. Kohlmeier, Bromine, in: S.H. Zeisel (Ed.), Nutrient metabolism, Academic
Press, London, 2003, pp. 753-756.

[15] J. Sadecka, J. Polonsky, Determination of inorganic anions in saliva by capillary
Isotachophoresis, Talanta 59 (2003) 643-649

[16] D. Brownstein, Clinical Experience with Inorganic Non-radioactive lodine/lodide.
The Original Internist. 12 (2005) 105-108.

[17] A.M. Diaz-arnold, C. A. Marek, The impact of saliva on patient care: A literature
review, J. Prosthet. Dent. 88 (2002) 337-343.

[18] R.S. Piciloto, M. Doneda, E.L.M. Flores, M.F. Mesko, E.M.M. Flores, P.A. Mello,

Simultaneous determination of bromine and iodine in milk powder for adult and infant

21


https://www.sciencedirect.com/science/article/pii/S0092867414005984
https://www.sciencedirect.com/science/article/pii/S0092867414005984
https://www.sciencedirect.com/science/article/pii/S1570023213004005
https://www.sciencedirect.com/science/article/pii/S1570023213004005
https://www.sciencedirect.com/science/article/pii/S1570023213004005
http://pubs.acs.org/doi/pdf/10.1021/tx00023a007
http://pubs.acs.org/doi/pdf/10.1021/tx00023a007
http://lattes.cnpq.br/3567238209864913
http://lattes.cnpq.br/1947122730060457
http://lattes.cnpq.br/2189500441942469

nutrition by plasma based techniques after digestion using microwave-induced
combustion, Spectrochim. Acta B 107 (2015) 86-92.

[19] M.F. Mesko, V.C. Costa, R.S.Picoloto, C.A. Bizzi, P.A. Mello, Halogen
determination in food and biological materials using plasma-based techniques:
challenges and trends of sample preparation, J. Anal. Atom. Spectrom. 31 (2016) 1243-
1261.

[20] F.S. Rondan, C.A. Hartwig, D.L.R. Novo, D.P. Moraes, S.M. Cruz, P.A. Mello,
M.F. Mesko, Ultra-trace determination of bromine and iodine in rice by ICP-MS after
microwave-induced combustion, J. Food Compos. Anal. 66 (2018) 199-204.

[21] M.F. Mesko, A.C. Teotonio, D.L.R. Novo, D.T.T. Oliveira, V.C. Costa, A feasible
method for indirect quantification of L-T4 in drugs by iodine determination, Talanta
166 (2017) 223-227.

[22] P.A. Mello, J.S. Barin, F.A. Duarte, C.A. Bizzi, L.O. Diehl, E.I. Muller, EM.M.
Flores, Analytical methods for the determination of halogens in bioanalytical sciences: a
review, Anal. Bioanal. Chem. 405 (2013) 7615-7642.

[23] I.G. Toralles, G.S. Coelho Jr, V.C. Costa, S.M. Cruz, E.M.M. Flores, M.F. Mesko,
A fast and feasible method for Br and | determination in whole egg powder and its
fractions by ICP-MS, Food Chem. 221 (2017) 877-883.

[24] P.J. Parsons, F. Barbosa Jr, Atomic spectrometry and trends in clinical laboratory
medicine, Spectrochim. Acta B 62 (2007) 992-1003

[25] Z. Xu, T. Doi, A.R. Timerbaev, T. Hirokawa, Sensitive determination of anions in
saliva using capillary electrophoresis after transient isotachophoretic preconcentration,
Talanta 77 (2008) 278-281

[26] E.M.M. Flores, Microwave-assisted sample preparation for trace element

determination, first ed., Elsevier, Amsterdam, 2014.

22


http://lattes.cnpq.br/2461255030745891
http://lattes.cnpq.br/0896935572244851
http://lattes.cnpq.br/4334203159055767
http://lattes.cnpq.br/2189500441942469
http://pubs.rsc.org/-/content/articlehtml/2016/ja/c5ja00488h
http://pubs.rsc.org/-/content/articlehtml/2016/ja/c5ja00488h
http://pubs.rsc.org/-/content/articlehtml/2016/ja/c5ja00488h
http://lattes.cnpq.br/5091954990182055
http://lattes.cnpq.br/3777062632260326
http://lattes.cnpq.br/2189500441942469
https://www.sciencedirect.com/science/article/pii/S0889157517303010
https://www.sciencedirect.com/science/article/pii/S0889157517303010
http://lattes.cnpq.br/2461255030745891
http://lattes.cnpq.br/0896935572244851
https://www.sciencedirect.com/science/article/pii/S0039914017301418
https://www.sciencedirect.com/science/article/pii/S0039914017301418
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mello%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=23780223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barin%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=23780223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duarte%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=23780223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bizzi%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=23780223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diehl%20LO%5BAuthor%5D&cauthor=true&cauthor_uid=23780223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muller%20EI%5BAuthor%5D&cauthor=true&cauthor_uid=23780223
https://www.sciencedirect.com/science/article/pii/S0308814616319318
https://www.sciencedirect.com/science/article/pii/S0308814616319318

[27] E.M.M. Flores, J.S. Barin, M.F. Mesko, G. Knapp, Sample preparation techniques
based on combustion reactions in closed vessels - a brief overview and recent
applications, Spectrochim. Acta B 62 (2007) 1051-1064.

[28] J.A. Nobrega, M.C. Santos, R.A. Sousa, S. Cadore, R.M. Barnes, M. Tatro, Sample
preparation in alkaline media, Spectrochim. Acta B 61 (2006) 465-495.

[29] G. Knapp, B. Maichin, P. Fecher, S. Hasse, P. Schramel, lodine determination in
biological materials options for sample preparation and final determination, Fresen. J.
Anal. Chem. 362 (1998) 508-513.

[30] Anton Paar GmbH, Multiwave 3000®, Microwave Sample Preparation System,
Software Version v2.50, Graz, 2011.

[31] D.L.R. Novo, R.M. Pereira, V.C. Costa, C.A. Hartwig, M.F. Mesko, A novel and
eco-friendly analytical method for phosphorus and sulfur determination in animal feed,
Food Chem. 246 (2018) 422-427.

[32] C.A. Hartwig, R.M. Pereira, D.L.R. Novo, D.T.T. Oliveira, M.F. Mesko, Green
and efficient sample preparation method for the determination of catalyst residues in
margarine by ICP-MS, Talanta 174 (2007) 394-400.

[33] O. Okosieme, J. Gilbert, P. Abraham, K. Boelaert, C. Dayan, M. Gurnell, G. Leese,
C. McCabe, P. Perros, V. Smith, G. Williams, M. Vanderpump, Management of
primary hypothyroidism: statement by the British Thyroid Association Executive
Committee, Clin. Endocrinol. 84 (2016) 799-808.

[34] V.C. Costa, R.S.Picoloto, C.A. Hartwig, P.A. Mello, E.M.M. Flores,
M.F. Mesko, Feasibility of ultra-trace determination of bromine and iodine in honey by
ICP-MS using high sample mass in microwave-induced combustion, Anal. Bioanal.

Chem. 407 (2015) 7957-7964.

23


https://www.sciencedirect.com/science/article/pii/S0584854707001371
https://www.sciencedirect.com/science/article/pii/S0584854707001371
https://www.sciencedirect.com/science/article/pii/S0584854707001371
https://www.sciencedirect.com/science/article/pii/S0584854706000395
https://www.sciencedirect.com/science/article/pii/S0584854706000395
https://link.springer.com/article/10.1007/s002160051116
https://link.springer.com/article/10.1007/s002160051116
http://lattes.cnpq.br/1518155446953234
https://europepmc.org/search;jsessionid=98DC059671CA6E15D2E040AF5E5F2242?query=AUTH:%22Costa+VC%22&page=1
https://europepmc.org/search;jsessionid=98DC059671CA6E15D2E040AF5E5F2242?query=AUTH:%22Picoloto+RS%22&page=1
https://europepmc.org/search;jsessionid=98DC059671CA6E15D2E040AF5E5F2242?query=AUTH:%22Hartwig+CA%22&page=1
https://europepmc.org/search;jsessionid=98DC059671CA6E15D2E040AF5E5F2242?query=AUTH:%22Mello+PA%22&page=1
https://europepmc.org/search;jsessionid=98DC059671CA6E15D2E040AF5E5F2242?query=AUTH:%22Flores+EM%22&page=1
https://europepmc.org/search;jsessionid=98DC059671CA6E15D2E040AF5E5F2242?query=AUTH:%22Mesko+MF%22&page=1
https://europepmc.org/search;jsessionid=98DC059671CA6E15D2E040AF5E5F2242?query=AUTH:%22Mesko+MF%22&page=1

[35] P.A. Mello, L.O. Diehl, J.S.S. Oliveira, E.I. Muller, M.F. Mesko, E.M.M. Flores,
Plasma-based determination of inorganic contaminants in waste of electric and
electronic equipment after microwave-induced combustion, Spectrochim. Acta B 105
(2015) 95-102

[36] G. Grindlay, J. Mora, M. Loos-Vollebregt, F. Vanhaecke, A systematic study on
the influence of carbon on the behavior of hard-to-ionize elements in inductively

coupled plasma-mass spectrometry, Spectrochim. Acta B 86 (2013) 42-49.

Fig. 1. Bromine and | recoveries in human saliva using ultrapure water and 50 or 100
mmol L™ NH4OH solutions after digestion by MIC and determination by ICP-MS (n =
3).

Fig. 2. Aspect of solutions obtained after microwave-assisted alkaline dissolution of 2
mL of saliva in 25 mmol L™* NH,OH. Microwave ifradiation programs using A) 3 or 5
min, B) 10, 20 or 50 min of hold time at 1000 W (ramp at 1000 W for 5 min) and C)
solution obtained after MIC method using 0.2 mL of saliva added on 300 mg of

microcrystalline cellulose and 50 mmol L™ NH4OH as absorbing solution.

Table 1. Operational parameters for Br and | determination by ICP-MS and C by ICP

OES.

Parameter ICP-MS ICP OES

RF power (W) 1300 1400

Plasma gas flow rate (L min™) 18.0 14.0

Auxiliary gas flow rate (L min™) 1.20 1.00

Nebulizer gas flow rate (L min™)  0.95 1.00

Spray chamber Cyclonic Scott type, double path
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Table 2. Bromine and | concentration in saliva by ICP-MS after microwave-assisted

alkaline dissolution using different solutions (mean + standard deviation, n = 3).

Solution Concentration (g mL™)
Br I

110 mmol L TMAH 3.24+0.14 0.188 + 0.010
25 mmol L™ NH,0OH 3.19+0.18 0.185 + 0.008
50 mmol L™ NH,OH 3.19+0.12 0.187 + 0.008
100 mmol L™ NH,OH 3.04+0.14 0.178 +0.011
Ultrapure water 2.90+0.34 0.170 £ 0.025
Results using MIC * 294 +0.12 0.178 £ 0.008

Table 3. Results for Br and | determination in saliva by ICP-MS after microwave-

assisted alkaline dissolution and MIC (mean = standard deviation, pg mL™, n =3).

Sample  Microwave-assisted alkaline dissolution ~ MIC

Br | Br |
A 2.60 £ 0.07 0.120 £ 0.003 251+0.15 0.132 £ 0.011
B 1.20+£0.04 0.074 £ 0.002 1.09 £ 0.09 0.069 + 0.006
C 2.17+£0.02 0.180 £ 0.004 2.27+0.08 0.202 £ 0.020
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D 514 +£0.22 0.250 £ 0.010 4.81+0.32 0.272 £ 0.016
E 4.21+0.19 0.121 +0.007 3.60 £ 0.50 0.105 +0.014
F 1.82+0.10 0.182 + 0.004 1.63+0.20 0.192 + 0.008
Highlights:

Bromine and iodine can be determined at ultra-trace concentration in human

saliva.

Proposed analytical methods are accurate for Br and | determination in human
saliva.
Drawbacks of analytical methods reported in the literature were overcome.

Proposed analytical methods can be used in different research fields.
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