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ABSTRACT

This work describes a simple photometric determination of iodine concentrations in urine using a dispersive liquid-liquid microextraction method. After
digestion of the urine samples with ammonium persulfate, iodide was oxidized with nitrous acid to IC12~ anion at concentrated hydrochloric acid, then Rhodamine
B is added and the ion-pair formed was extracted into a mixture of toluene (extracting phase) and ethanol (dispersive solvent) and measured spectrophotometrically.
By means of this sensitive method, iodine concentrations can be determined in very small amount of urine specimens (250 pL). The calibration curve showed good
linearity within the range of 100-900 pg.L" (R? = 0.985), and the limit of detection for urine was 33.3 pg.L". The mean recovery of urine were 95.9-101.2 % with
RSD 0f2.6-6.6 %. The accuracy and precision of the method was evaluated by comparing to the standard Kolthoff-Sandell method. This suggested method affords
a number of advantages, such as being simple, rapid, and inexpensive, with low organic solvent consumption, and is remarkably free from interference effects,
rendering it an efficient method for the determination of iodine in urine samples in any routine clinical laboratory.
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INTRODUCTION

Iodine plays an essential role for the human nutrition, being especially
necessary for the synthesis of thyroid hormones that regulate the metabolic
rate in all cells. Deficiency of this elements, affects an estimated 1.88 billion
individuals worldwide,' representing a major public health concern. It is
also creating a need for a simple and cost-effective test which can be used
particularly in developing countries with less laboratory facilities and expert
staffs to monitor urine iodine levels in population groups or individuals
accurately. Sandell-Kolthoff (SK) reaction is the most commonly used method
for determination of iodine content of biological fluids such as urine and milk
and is the official method of the Association of Official Analytical Chemists
(AOAC).2 1t is a very widely used detection method mainly because of its
low cost and needs only a simple photometer for measurements. However,
it is very time consuming, takes up to 3 days for one assay run and needs
at least 20 mL of the sample.’ Other advanced instrumental methods which
have been developed for the determination of iodine, including ion-pair
reversed phase liquid chromatography coupled to inductively coupled plasma
mass spectrometry,* epithermal instrumental neutron activation analysis and
radiochemical neutron activation analysis,> ¢ inductively coupled plasma mass
spectrometry’ and energy dispersive X-ray fluorescence® possess a number of
disadvantages, mainly their very high cost of instruments, maintenance and
operation.

Ifsimple SK method could be coupled with some advanced preconcentration
techniques, the analytical performance of this spectrophotometry-based
technique can be significantly improved® which makes it suitable for routine
tests. Therefore, in this study, we developed and validated a simple, rapid,
sensitive and cost-effective spectrophotometric methods based on the formation
of an ion pair between iodide and Rhodamine B (RB) as its organic counter
ion and chromophore. In this method, after treatment of urine to remove its
interferences, iodide is first reacted with highly concentrated hydrochloric
acid to form ICI2- anion. Then RB was added and the ion-pair is extracted by
dispersive liquid-liquid microextraction and finally it is spectrophotometrically
measured.'?

EXPERIMENTAL

Instrument

A Perkin-Elmer UV/VIS spectrophotometer, model PE-Lambda 25 (MA,
USA) was used for measuring the absorbance and recording the spectra. This
instrument was equipped with two 10 uL microcells purchased from Starna,
UK.

Reagents
All reagents were of analytical grade and were purchased from Merck
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KgGA (Germany) and used as received. Milli-Q® water (18.3 MQ.cm)
was used throughout the experiment after filtering through 0.22 pm Nylon
membrane. Weigh in 1.3081 g KI (superior grade) and dissolve the whole
amount with 1000 mL water to obtain 1000 mg.L"' iodide solution. Working
standard solutions were prepared by serial dilutions of this solution prior to
analysis. Rhodamine B (0.02 M), sodium nitrite (0.01 M) and arsenic oxide
was prepared by mixing 5 g of As,0,, 12.5 g of NaCl and 100 mL of 5 N
sulphuric acid in a 500 mL volumetric flask. This mixture was diluted with
distilled water to about 250 mL and heated until all solids dissolved completely.
Then, brought to the mark with water. Ceric ammonium sulfate was prepared
by dissolving 5 g of the solid in 2.5 N sulphuric acid and diluting to 500 mL
with the same acid.

Urine sample

Urine sample was collected from a healthy female and stored at —80 °C
and used throughout all experiments. This participant was not using nutritional
supplements containing iodine. Before start of the experiments, sample was
brought to the room temperature, of which 250 uL was transferred to a canonical
centrifuge tube. After addition of 1 mL of 1 M ammonium persulphate, it was
heated in a water bath for 60 min at 95 °C. Then, this solution was brought to
room temperature and was extracted by means of DLLME.

Dispersive liquid—liquid microextraction procedure

After digestion of urine samples, a 250 pL aliquot of them was taken and
500 pL of sodium nitrite 0.01 M, 500 puL of 0.02 M RB and 2.1 mL of HCI
12.08 M was added to them and the solution was brought to 5.0 mL by addition
of distilled water. This solution contains 5 M of HCI now. Extraction was
performed by rapid (1-2 sec) injection of 875 pL of a binary mixture consisted
of 175 pL of toluene (extracting solvent) and 700 pL of ethanol (dispersing
solvent) at room temperature. After a few seconds, two phases were appeared,
which the upper phase contains iodide-RB ion pair. No need for centrifugation.
10 pL of this solution was taken and transferred into a spectrophotometer
micro-cell for further analysis at 562 nm.

The reaction between released iodide after digestion with ammonium
persulphate in nitrous acid media is:

I'+2HNO, + 2H + CI _ — ICL+2NO + 2H,0

Then the resulted anion is micro-extracted into toluene as the ion-pair with
rhodamine B.

Optimization of microextraction

To improve the extraction efficiency, experimental parameters which
can potentially affect the enrichment performance, should be optimized; of
which, the most important are the kind and volume of extraction and dispersive
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solvents and volume of the sample solution. The effect of these parameters
on the extraction efficiency was examined as follows. Parameters such as the
amount of RB, HCI and nitrous acid were not necessary to be optimized, since
they are used as excess during the extraction. Toluene was also reported to be
the primer solvent as extraction solvent.!!
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Fig. 1. Absorption spectra for the ion pair formed between ICI2- and
rhodamine B which shows a maximum absorbance at 562 nm.

Selection of dispersive solvent

In DLLME, the disperser solvent must be miscible in both extractant
solvent (organic phase) and sample solution (aqueous phase). It is necessary
that the extractant solvent is dispersed as very fine droplets into the aqueous
sample in order to obtain a very high amount of contact area and achieve fast
migration of analytes from aqueous sample into the extraction phase. It also has
the highest effect on the viscosity of the solution. Common solvents, acetone,
acetic acid, methanol and ethanol were selected. The effect of these solvents
on the extraction efficiency of DLLME was investigated accurately. Results
show that the extraction efficiency was higher using ethanol, hence, this
solvent was selected for further experiments (Fig. 2). During this optimization,
concentration of the other regents were: 0.1 mM of iodide, 0.01 M of sodium
nitrate, 0.02 M of RB and 5 M of HCL.
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Fig. 2. Effect of type of the disperser solvent on extraction efficiency of
the analyte.

Effect of the disperser solvent volume

The volume of the disperser solvent is one of the important factors to be
considered in DLLME. Changing volume of the disperser might lead to the
following variations: change in the volume of collected organic phase, size
of the droplets and polarity of the aqueous phase. All of these factors are
effective on the microextraction efficiency. Hence, it was necessary to evaluate
the volume effect of dispersive solvent. Various volumes of ethanol in the
range of 500-1,000 puL was investigated. For the volumes from 500 to 700
uL, the efficiency of extraction increased and then decreased; so 700 L was
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chosen as the optimized volume for DLLME. Fig. 3 shows the analytical signal
obtained as a function of disperser solvent volume. Other conditions were as
for previous section.
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Fig. 3. Effect of volume of the dispersing solvent (ethanol) on extraction
efficiency.

Effect of the extracting solvent volume

Volume of the extraction solvent used can affect volume of the organic
phase collected after extraction; therefore, extraction solvent volume was
studied. Volume of toluene as the extractant solvent was studied in the range
of 100-250 pL. It was observed that at 175 pL, the signal of the analyte is
at its maximum (Fig. 4), so 175 pL of toluene was chosen as the volume of
extractant.

90 110 130 150 170 190 210 230
Volume of extracting solvent (uL)

Fig. 4. Effect of volume of the extracting solvent (toluene) on extraction
efficiency.

Effect of sample volume

Sample volume can affect disperse ability of binary solution and therefore
affect the efficiency of extraction. The effect of sample volume on the extraction
efficiency was evaluated by selecting the final solution volume between 3.5 to
6.0 mL while the iodide content (0.1 mM) and molarity of all other reagents
were kept constant. It was found that the best volume samples for DLLME was
5 mL (Fig. 5).
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Fig. 5. Effect of sample volume on extraction efficiency.
DISCUSSION

Analytical figures of merit of the suggested method should be determined,
in order to be able to quantitatively analyse the iodine of urine. To do this, the
calibration curve for the target analyte was performed using aqueous calibration
solutions submitted to the DLLME procedures as described above. Linearity of
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calibration curve was observed in the range of 100-900 pg.L"' (R=0.985). The
limit of detection (LOD) was calculated based on signal-to-noise ratio of 3"
and found to be 33.3 pg.L"!. The precision of the method, expressed as relative
standard deviation (RSD), obtained by five consecutive extraction of iodine
in a urine sample at the optimized experimental conditions. The enrichment
factor was calculated as the ratio between the analyte concentration in the
extracting phase (Cmg) and the initial concentration of analyte (C_ ) within the
urine sample measured by SK method, using equation (1)'* and was calculated
as 55 folds.
EF=C_/C, (Eq. 1)

Performance of the methods

To evaluate the applicability of the proposed methods, it was applied for
the determination of iodine in urine samples by using both normal and standard
addition calibration curves. Obtained data were compared to what obtained
from SK method. In addition, the same methods were used for determination
of urine sample which were spiked in two different levels with iodine, in
order to assess effect of different concentration of iodine in its determination.
Recoveries were used for assessments which were calculated as the ratio of the
response in urine and distilled water samples, spiked with same amount of the
analyte. The results are presented in Table 1. As can be seen, good recoveries
were obtained which indicated that our technique can be used for determination
of iodine concentration in the range of 100-900 pg.L'. Also, the Student’s
t-test and variance ratio F-test for comparison of mean values demonstrated
that there is statistically no significant difference between the mean values
obtained by three methods at the significance level of 0.05.

Table 1. The analysis results of iodine of a urine sample and the recovery rates of spiked samples (n=5).

Iodine content (ug.L") found by using
DLLME SK Standard addition F-test (t-test)
(RSD %) (RSD %) (RSD %)
Urine Sample (not spiked) 80.0 (5.4) 80.2 (3.1) 80.2 (5.4) 1.52 (0.41)
Urine Spiked with 400.0 pg.L"' of I 469.6 (4.5) 460.3 (2.6) 460.3 (6.3) 1.37 (0.38)
Urine Spiked with 800.0 pg.L-'of I 889.3 (3.3) 891.0 (4.4) 872.3 (6.6) 1.89 (0.81)

CONCLUSION

In this study, a dispersive liquid-liquid microextraction preconcentration
technique for accurate and precise analysis of iodine in urine was developed.
The procedure has enough simplicity and sensitivity to be employed for routine
analysis of urine samples in any lab. Additional advantages of the developed
method are low instrumental costs and easy operation and the whole analysis
time of extraction was less than 5 minutes which means many samples can be
analysed in a clinical laboratory in each day.
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