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Abstract 7 

A new micellar mediated cloud point extraction (CPE) method has been developed for 8 

the quantification of trace levels of fluoride by means of spectrophotometry. The method is 9 

based on the selective ion-association of stable anionic complexes, Sn(OH)F2
- 
or Sn(OH)F3

2-
 10 

of fluoride with  Sn(II) in presence of cationic dye (Nile blue A) at pH 5.0, and its extraction 11 

to micellar rich phase of nonionic surfactant  polyoxyethylene (7.5) nonylphenyl ether 12 

(PONPE 7.5) as extracting agent. Afterwards, the ternary complex formed was 13 

spectrophotometrically detected at 638 nm after preconcentration with CPE. Under optimized 14 

conditions, the calibration curves were rectilinear in the ranges of 5-25 and 25-360 µg L
−1

 in 15 

linear region with changing sensitivity. The limits of detection and quantification (LOD and 16 

LOQ) (3σblank/m and 10σblank/m) was 1.45 and 4.83 µg L
− 1 

respectively, and the precision (as 17 

RSD) for determination of 15, 75 and 150 µg L
− 1

 of fluoride was in range of 2.35-4.65 %. 18 

The validity of the method has been checked through the recovery experiments, independent 19 

analysis by potentiometry and analysis of the standard reference material, SRM 2695. The 20 

developed method was successfully applied to the accurate, sensitive and reliable 21 

quantification of total acid hydrolyzed fluoride present in selected beverage and food samples. 22 

 23 

Keywords: Fluoride, Nile Blue A, Cloud Point Extraction, Beverage/Food Samples, 24 

Spectrophotometry 25 

 26 
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Highlights 30 

• The developed method was simple, fast, inexpensive and eco- friendly. 31 

• The analytical variables affecting CPE efficiency were optimized in detail.  32 

• The method has a low detection limit of 1.45 µg L
−1

 in linear range of 5–360 µg L
−1

. 33 

• The validity was verified by comparison of the results with those of independent comparison 34 

method. 35 

• The method can greatly be alternative to expensive methods like ET-AAS, ICP-OES, HR-36 

CS-MAS. 37 

 38 
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1. Introduction 54 

Fluoride is an essential trace microelement for human health at low levels and is a 55 

potentially toxic element at higher levels.
1
 Too few of the intake of fluoride content in 56 

beverage and food samples was easy to generate caries disease, especially in infants and 57 

young children.  On the other hand, its compounds are highly toxic at high concentrations 58 

because these compounds can caused to the blocking for various enzymes and death.
2
 Also, 59 

fluoride occurs in various environmental, clinical and food samples. Fluoride is an element 60 

which required for growth, bone tissue upholding and teeth, and added to drinking water and 61 

toothpaste because it’s important for human health.
3
 The daily consumption of fluoride of 62 

adults and children should be in the range 0.20-0.35 g and 1.5–4.0 mg L
-1

 for fluoride per kg 63 

body weight, respectively.
4,5

 If this value is exceeded, skeletal fluorosis and some other bone 64 

diseases can caused in human.
6
 Therefore, there is a great need to develop a simple, sensitive, 65 

selective and inexpensive method for the determination and continuous monitoring of trace 66 

amounts of fluoride in beverage samples. 67 

Fluoride determination has been mostly performed using analytical techniques such as 68 

ion-selective electrodes (ISE),
7
 ion chromatography (IC) after microwave-induce 69 

combustion,
8
 capillary zone electrophoresis (CZE),

9
 and potentiometric determination.

10 
One 70 

of disadvantage of this methods that they are time consuming because results of the methods 71 

are adversely affected from interference products that form by interaction between anions and 72 

cations in samples.
3
 Moreover, there are many analytical fluorine methods such as continuous 73 

powder introduction microwave induced plasma optical emission spectrometric (CPI-MIP-74 

OES),
11

 high resolution continuous source molecular absorption spectrometry (HR-CS-75 

MAS),
12

 solid sampling graphite furnace molecular absorption spectrometry (SS-GF-MAS),
13

 76 

inductively coupled plasma optical emission spectrometry (ICP-OES)
14

, laser-excited 77 

molecular fluorescence spectrometry (LEMOFS),
15 

total reflection X-ray fluorescence 78 

spectrometry (TXRF),
16

 electrothermal vaporization inductively coupled plasma mass 79 

spectrometry (ETV-ICP-MS)
17

 and electrothermal atomic absorption spectrometry (ET-80 

AAS).
18

 Determination of fluoride via these methods that are expensive and time consuming 81 

is extremely difficult because fluoride has high electronegativity values due to its high 82 

ionization potential of 17.42 eV and its resonance line corresponds to vacuum-UV region (90 83 

nm).
3 

Among these methods,
 
spectrophotometric and spectrofluorimetric methods, which are 84 

widely used in the direct or indirect determination of fluoride, are based on the reaction of 85 

fluoride with coloured metal chelate complexes, producing either a mixed-ligand ternary 86 
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complex or replacement of the ligands such as SPANDS, Xylenol orange, Hemicyanine, 87 

Quercetin and 3-Hydroxy-2-sulfoflavone,
19-23 

by fluoride to give a colorless metal-fluoride 88 

complex and the free ligand with a different color of the metal-ligand complex, allowing 89 

detection limits at sub-ppm levels with their self-advantages and disadvantages. Therefore, 90 

there is still a need to search highly sensitive and selective indicator dyes that can be applied 91 

in the detection of fluoride at trace levels. 92 

In this sense, UV-Vis spectrophotometry is still widely used in analytical chemistry. 93 

Moreover, the device has advantages such as simplicity, inexpensive, accuracy, selectivity, 94 

rapidity and no need expert user than others. Also, the amounts of fluoride in food and 95 

beverages are very low. Therefore, a separation and preconcentration method should be 96 

applied prior to analysis. Among separation and preconcentration methods, Cloud Point 97 

Extraction (CPE) is ongoing attract intense attention. The reason for this interest have "green 98 

chemistry" properties such as surfactants are not toxic, not volatile, and not easily flammable, 99 

unlike organic solvents used in liquid–liquid extraction, the use of dilute solutions in 100 

experiments, inexpensive compared to organic solvents and generation of few laboratory 101 

residues.
24

 Also, CPE enables higher recovery efficiency and a large pre-concentration factor. 102 

Micelles-assisted extraction method are efficiently a wide range of applications in several 103 

different matrixes in analytical chemistry. 104 

The main aim of the present work was to develop a rapid, accurate and reliable method 105 

for separation and preconcentration of total fluoride in food and beverages using CPE 106 

technique prior to its determination by UV-Vis spectrophotometry. The method is based on 107 

the selective ion-association of stable anionic complexes, Sn(OH)F2
- 
or Sn(OH)F3

2-
 of fluoride 108 

with Sn(II) in presence of cationic dye, Nile blue A (NBAH
+
) at pH 5.0, and then its 109 

extraction to micellar phase of nonionic surfactant  polyoxyethylene (7.5) nonylphenyl ether 110 

(PONPE 7.5) as extracting agent. The proposed method was successfully applied to the 111 

determination of total acid hydrolyzed fluoride at trace levels in the selected beverage/food 112 

samples after preconcentration with CPE as well as analysis of a standard reference material 113 

(SRM 2695). 114 

2. Experimental 115 

2.1. Instrumentation 116 

Absorbance measurements at the selected wavelengths, 638 and 635 nm with and 117 

without preconcentration with CPE respectively, were conducted on a double beam UV-118 
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Visible Spectrophotometer (Shimadzu UV-1800 PC, Kyoto, Japan) equipped with the 1.0-cm 119 

quartz cells. The fluoride concentration was also quantified using a fluoride ion-selective 120 

electrode (ISE DC219F, Mettler Toledo) for the evaluation of the reliability of the results. A 121 

centrifuge (Universal-320, Hettich Centrifuges, England) was used to accelerate the phase 122 

separation process. A thermostatic water bath (EPC 4420, Termal, Istanbul, Turkey) was used 123 

to maintain the temperature in CPE experiments. The pH measurements were carried out with 124 

a pH meter (pH-2005, JP Selecta, Spain). Eppendorf vary-pipettes (10–100 and 200–1000 µL) 125 

were used to deliver accurate volumes. An ultrasonic cleaner (UCS-10 model, Jeio Tech, Co., 126 

Ltd., Seoul, Korea) as well as  microwave oven (a model MLS-1200 Mega, Milestone, Sorisole, 127 

Italy) at maximum power of 1000 Watt was used to degas and digest the beverages with and 128 

without alcohol including foods. A refrigerator was used to keep the beverage and food 129 

samples fresh and cool till the analysis. 130 

2.2. Chemicals and reagents 131 

All the used chemicals and reagents were of analytical-reagent grade or higher purity. 132 

Ultra-pure water with a resistivity of 18.2 MΩ cm was prepared using a Labconco (USA) 133 

water purification system. All solutions were prepared with the ultra-pure water. Stock 134 

solution of fluoride (1000 mg L
-1

) was prepared by dissolving the appropriate amount of 135 

sodium fluoride from Sigma (Sigma, St. Loius, MO, USA) in the water. Stock solution of 136 

1.0×10
−3

 mol L
−1

 NBAH
+
 (Sigma) was prepared fresh daily by dissolving the reagent in 137 

ethanol (Merck) and diluting with the water. The stock solution of 1000 mg L
-1

 Sn(II) was 138 

prepared by dissolving 1.94 g of SnCl2×2H2O supplied by Merck (98% (w/w), in 2.0 mol L
-1

 139 

HCl solution while heating, and then completing to 1000 mL with the water. The solution of 140 

2.5 % (v/v) of PONPE 7.5 (Sigma) was prepared by mixing 2.5 mL of surfactant with 25 mL 141 

ethanol in a flask of 50 mL and diluting 50 mL with the water. For the preparation of 100 mL 142 

of 0.1 mol L
-1 

pH 5.0 citrate buffer solution, 20.5 mL of 0.1 mol L
−1

citric acid (Merck) and 143 

29.5 mL of 0.1 mol L
−1 

sodium citrate  (Merck) solutions were mixed, and diluted to 100 mL 144 

with the water. All the prepared stock solutions were stored in polyethylene bottles in a 145 

refrigerator at 4 °C.  The vessels and pipettes used for trace analysis were kept in 10 % (w/v) 146 

HNO3 for at least 24 h and subsequently washed five times with the water. 147 

 148 

2.3. Preparation of CRMs, beverage and food samples to analysis  149 

For the present study, nine non-alcoholic and three alcoholic beverages, and five 150 

soupmix samples of different brands were haphazard selected. All of the samples selected for 151 
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analysis were supplied from local supermarket in Sivas, Turkey. Firstly, all of the glassware 152 

and other mineralization containers used were washed in 10% (v/v) HNO3 to avoid 153 

contamination. In order to minimize contamination risk and analyte loss, to ensure the 154 

reliability of the obtained results, initially microwave- and ultrasonic-assisted extraction 155 

procedures were adopted and used in parallel in analysis of fluoride as a fast, efficient, cost-156 

effective and reliable digestion tool in sample preparation step. 157 

(a) The steps of the first digestion (microwave power) process are as follows: to 158 

evaluate the optimal microwave parameters for the quantitative extraction of fluoride, 10 mL 159 

solutions of HNO3 changing in 2-20 % (v/v) were added to the representative beverage or 160 

food samples and irradiated at different microwave power and time settings. Corresponding 161 

process blanks and standards were also subjected to the general microwave assisted digestion 162 

procedure in order to check the possible contamination and loss of analyte. The results 163 

obtained were compared with the ones obtained for the un-irradiated solutions. The 164 

corresponding process blank solution was utilized for the preparation of standard fluoride 165 

solutions for spectrophotometric measurements as matrix matched standards. An accurately 166 

measured amount (2-10 mL or 0.2–1.0 g) of beverage or food sample with calibration 167 

sensitivity of ±0.1 mL and ±0.1 mg, was transferred into a microwave digestion glass vessel 168 

and 10 mL extractant solution (12% (v/v) HNO3) was added. After thorough mixing of the 169 

sample with the extractant, the vessels were closed and kept in the microwave oven and 170 

subjected to microwave irradiation for 30–240 s at a 150–750 W power. After completion of 171 

the extraction processes, the microwave vessel was allowed to cool to room temperature and 172 

the supernatant was separated from the sample matrix by centrifugation for 5 min at 3500 173 

rpm. After centrifugation, the clear supernatant was transferred to another pre-cleaned tube of 174 

50 mL, and then the sample extracts were brought to the volume with deionized water for 175 

preconcentration of trace fluoride with CPE before detection by spectrophotometry at 638 nm. 176 

Each sample was processed in three replicates and each replicate was measured twice. From 177 

prior studies conducted, the optimal conditions obtained for the microwave-assisted extraction 178 

of fluoride from two sample matrices are as follows: extractant concentration, 12 % (v/v) 179 

HNO3; liquid and solid sample amounts, 5 mL and 0.6 g; microwave irradiation time, 180 s; 180 

microwave power, 450 watt. 181 

(b) The steps of the second digestion (ultrasonic power) process are as follows: (1) 20 182 

mL of the samples was transferred into beaker of 150 mL. (2) Then, the samples were added 183 

15 mL of diluted HNO3 (1.5 mol L
-1

) and 10.0 mL of diluted H2O2 (1.0 mol L
-1

) (3:2, v/v). (3) 184 

Page 6 of 31Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



7 

 

7 

 

The final volume of the mixture was completed to 100 mL with the water. (4) The mixture 185 

prepared were initially heated in an ultrasonic bath 10 min at 40 
o
C (300 watt, 60 Hz) until a 186 

clear/transparent solution obtained. (5) The pH of the digested samples was adjusted to 7.0 by 187 

using diluted NaOH (2 mol L
-1

). (6) After centrifugation at 4000 rpm for 5 min, the digested 188 

samples were filtered using a membrane filter (0.21 µm pore diameter) into a volumetric flask 189 

before analysis. Digests of samples were clear and colorless solutions. Finally, the total 190 

fluoride contents of all samples were determined by using three pointed-standard addition 191 

approach in order to suppress the matrix effect by means of UV-Vis spectrophotometry after 192 

separation and preconcentration with CPE under the optimized conditions. Also, two SRMs 193 

were studied in order to verify the accuracy and precision of the proposed method. The 194 

selected SRMs with matrix match are SRM 2695 fluoride in vegetation with low and high 195 

level. The certified values are available for fluoride for assessment of the method accuracy. 196 

The SRMs were also submitted to similar digest processes. It was directly analyzed by using 197 

both the proposed method and potentiometric detection method for reliability of the obtained 198 

results after dilution at suitable ratios. Each point in optimization step and calibration curves 199 

before and after CPE were run in triplicate, and the results were indicated with error bars. The 200 

one- and two-paired ANOVA tests in optimization step and analysis step of samples were 201 

conducted for statistical comparisons. 202 

2.4. The general CPE procedure 203 

An aliquot of the sample or standard solution containing fluoride in the ranges of 5-25 and 204 

25–360 µg L
-1

, 1.2×10
−3

 mol L
−1

 citrate buffer at pH 5.0, 2.5×10
−5

 mol L
−1 

NBAH
+
, 1.2 mg L

-
205 

1
 Sn(II), 1.5×10

−3
 mol L

−1 
KNO3 and 0.08 % (v/v) PONPE 7.5 were mixed in a centrifuge 206 

tube having 50 mL of final volume. Then, the solutions were mixed well and kept in a 207 

thermostatic water bath for 15 min at 40 
o
C. The phase separation was accelerated by 208 

centrifuging at 4000 rpm for 5 min. Then, the mixture was cooled in a refrigerator for 5 min 209 

in order to increase the viscosity of the surfactant-rich phase and facilitate the removal of the 210 

aqueous phase. Then, the aqueous phase was easily separated from surfactant-rich phase by 211 

inverting the tube. Then, the surfactant rich phase was diluted to 0.8 mL with methanol in 212 

order to reduce its viscosity prior to spectrophotometric detection at 638 nm. Finally, the 213 

amounts of fluoride in beverage and food samples were determined by using either the direct 214 

calibration curve or standard addition method in order to suppress the possible matrix effect. 215 

 216 
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3. Results and Discussions 217 

3.1. The general considerations related to method development  218 

The method is based on the selective ion-association of Sn(OH)F2
- 

or Sn(OH)F3
2-

 ions 219 

produced depending on concentration of fluoride in presence of excess Sn(II) ions with Nile 220 

blue A at pH 5.0, and then extraction of ternary complex to micellar phase of nonionic 221 

surfactant  polyoxyethylene(7.5)nonylphenyl ether (PONPE 7.5) as extracting agent. The 222 

extracted surfactant rich phase is diluted with methanol, and its absorbance of ternary 223 

complex, which is linearly related to fluoride concentration, is spectrophotometrically 224 

measured at 638 nm in presence of KNO3 as salting out agent. Therefore, as a result of the 225 

selective anionic Sn(OH)F2
-
 or Sn(OH)F3

2-
 complexes formed depending on fluoride 226 

concentration due to hydrolysis of Sn
2+

 ions at pH 5.0,
25-27

 the ion-association complex of  227 

positively charged Nile blue A, NBAH
+
 assisted by PONPE 7.5 micelles can be extracted by 228 

CPE method (Figure 1). Thus, for further applications the different variables affecting CPE 229 

efficiency was optimized in order to achieve the maximum sensitivity. 230 

Nile blue A is a fluorescence-sensitive dye exhibiting a low emission intensity below 231 

pH 3.0, and enhanced emission above pH 8.0. The open molecular structure of dye, which is 232 

also known as 5-amino-9-diethyliminobenzo[a]phenoxazonium perchlorate, may be 233 

represented as follows: 234 

 235 

The dye is soluble in acid and alkaline solutions, and partially soluble in water. In a wide pH 236 

range of 4-10, it is present in mono-cationic form, NBH
+
 due to its dissociation constants: 237 

pKa1 ~ 4.0 and pKa2 ~ 10.0.
28

 At lower pHs than 4.0, it is di-cationic acidic form of dye, 238 

NBAH2
2+ 

while it is relatively in basic form, NBA without charge at higher pHs than 10. 239 

However, in range of pH 4-10 the mono-cationic form of dye, NBAH
+
 is stabilized by 240 

resonance. Due to this property, it is clear that the reagent tends to give ion-association 241 

complex with anionic Sn(OH)F2
-
 or Sn(OH)F3

2-
 complexes, formed in the presence of Sn(II) 242 

ions at pH 5.0. Because of its high solubility in aqueous micellar media, from prior studies it 243 

was observed that the ion-association complex could efficiently be extracted into surfactant-244 

rich phase above the critical micelle concentration (CMC) (0.085 mmol L
-1

) of the nonionic 245 
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surfactant, PONPE 7.5, with an optimum concentration of 0.08 % (v/v) corresponding to a 246 

concentration of 1.31 mmol L
-1

. To further improve the calibration sensitivity and selectivity 247 

of the method, the CPE has been explored using nonionic surfactant with KNO3 as salting out 248 

agent to enhance the binding of hydrophobic complex to the surfactant-rich phase. The CPE 249 

can efficiently be used when the target analytical species are hydrophobic in nature. Though 250 

the ion-association complex is water soluble, it has successfully been extracted into 251 

surfactant-rich phase in the presence of resonance stabilized reagent, NBAH
+
 at pH 5.0. The 252 

mechanism proposed for CPE of trace fluoride species in aqueous micellar medium assisted 253 

by PONPE 7.5 micelles can be explained by equations (1-4) as follows: 254 

Sn
2+

 + 3F
-
 + H2O → Sn(OH)F2

-
 + HF at pH 4.0-6.0      (1) 255 

Sn
2+

 + 3F
-
 + H2O → Sn(OH)F3

2-
 + H

+
        (2) 256 

Sn(OH)F2
-
+NBAH

+
→[Sn(OH)F2

-
..NBAH

+
](aqueousphase)↔[Sn(OH)F2

-..
NBAH

+
](micellar phase) (3) 257 

Sn(OH)F3
2-

+2NBAH
+
→[Sn(OH)F3

2-
...2NBAH

+
](aqueous phase)↔[Sn(OH)F3

2-
..2NBAH

+
](micellar 258 

phase)                            (4) 259 

3.2. Effect of pH and buffer concentration on CPE efficiency 260 

The separation and preconcentration of fluoride by CPE method involves previous 261 

formation of a stable complex, which needs to present sufficient hydrophobicity to be 262 

extracted into the small volume of the surfactant-rich phase. The pH is a critical factor 263 

affecting both the reaction between fluoride, Sn(II) ions/ion-pairing ligand (Nile blue A), and 264 

the extractability of ion-pairing complex into the surfactant-rich phase. Thus, in this part of 265 

experiment, the effect of different buffers such as citrate, phthalate, phosphate and universal 266 

Britton-Robinson were extensively studied for the extraction and determination of fluoride in 267 

the surfactant-rich phase in the range pH 2.0-7.0. As can be seen from Figs. 2 (a), the 268 

maximum absorbance was obtained with citrate buffer system at pH 5.0 with a significant 269 

sensitivity difference than those of phthalate buffer at pH 4.0. This sensitivity difference may 270 

be due to formation of more stable complex of Sn(II) with citrate ions as a stabilizing buffer 271 

component to prevent the transformation of Sn(II) to Sn(IV) in presence of fluoride at pH 5.0. 272 

It is also implied in literature 
29

 that Sn(II) gives highly stable complexes, SnHCitrate
- 

and 273 

SnCitrate
2-

 with logβ of 10.3 and 19.5 in presence of citrate ions at pHs ≥4.0. Below the pH 274 

5.0, extraction efficient is very low because of complex formation is inadequate as a measure 275 

of protonation of ligand, NBA and dimerization equilibrium depending on pH, 2NBH
+
 ↔ 276 
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(NBH)2
2+

. It is implied in literature 
30,31

 that the dye in low concentrations of 3.94×10
-5

 mol L
-

277 

1
 at pH≤7.0 is aggregated with a dimerization constant of KD: 5.31. Another reason of 278 

decrease in absorbance may be aggregation of F
-
 (H2F2 with a pKa value of 3.2) and Sn

2+
 ions 279 

(in forms of Sn2(OH)2
2+

 and Sn3(OH)4
2+

) at lower pHs than 4.0. However, above pH 5.0, the 280 

reason of decrease in extraction efficient can be deprotonation of ligand, NBAH
+
 to NBA 281 

with increasing OH
-
 ions. 282 

Hence, an optimal value was selected as a pH of 5.0 in order to give the highest 283 

sensitivity.  Furthermore, the effect of buffer concentration on the analytical signal was 284 

studied in the range of (0.5–6.0) ×10
-3

 mol L
-1

 concentration in Figs. 2(b), and the best 285 

analytical signal was obtained with using 1.2×10
-3

 mol L
-1

 of buffer solutions. Therefore, 286 

buffer concentration of 1.2×10
−3

 mol L
−1

 at pH 5.0 was used as optimal value for further 287 

studies. 288 

3.3. Effect of concentration of ion-pairing reagent and Sn(II) on CPE efficiency 289 

The CPE efficiency depends on the hydrophobicity of ion-pairing reagent and the complex 290 

formation. Nile blue A is a highly chromogenic and fluorogenic ion-pairing agent especially 291 

due to its resonance stabilized phenoxazine group containing hetero-nitrogen and oxygen 292 

atoms including –NH2 and –N(C2H5)2 groups. Sn(II) in aqueous solution predominantly is 293 

present in forms of Sn(OH)
+ 

and Sn
2+

 ions at lower pHs than 4.0, is present in form of neutral 294 

Sn(OH)2 in pH range of 4.0-10.0, whereas at higher pHs than 10.0, it is present in form of 295 

anionic Sn(OH)3
- 

or Sn(OH)4
2-

 depending on pH change. Nile blue A may sensitively and 296 

selectively bind F
-
 ions as anionic hydroxyfluoride complexes, Sn(OH)F2

-
 or Sn(OH)F3

2-
 297 

formed after hydrolysis of Sn
2+

 ions in presence of PONPE 7.5 as extracting agent and KNO3 298 

as salting out agent at pH 5.0. In the present study, Nile blue A was selected as an ion-pairing 299 

reagent for fluoride in presence of Sn(II) due to contain a protonated resonance stabilized-300 

phenoxazine group that can participate in pH-dependent complexation at pH 5.0. 301 

The effect of NBAH
+ 

concentration on analytical signal intensity of fluoride was 302 

studied in range of (0.006-0.12) ×10
-3

 mol L
-1

 and the results are shown in Figs. 3(a). It can be 303 

seen that the signal intensity of fluoride dramatically depends on the concentration of NBAH
+
 304 

in CPE system. With the increase in concentration of NBAH
+
, the signal intensity increased in 305 

initial and the maximum signal intensity was achieved at 0.024×10
−3

 mol L
−1

. After this 306 

value, the analytical signal for fluoride decreased. Thus, 2.4×10
−5

 mol L
−1 

NBAH
+ 

was 307 
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selected for further studies. The reason of decrease in absorbance may be aggregation of 308 

NBAH
+ 

with a dimerization constant of 5.31 at higher concentrations than 2.4×10
−5

 mol L
−1

. 309 

The variation of the analytical signal as a function of the concentration of the Sn(II)in 310 

the presence of 25 µg L
-1

fluoride was studied in range of (0.2-4.0) mg L
-1

, and the 311 

experimental results in Figs. 3(b) indicated that the signal intensity of the analyte linearly 312 

increases with Sn(II) concentration up to 1.2 mg L
-1

. The maximum signal intensity linearly 313 

decreased with increasing slope at the higher concentrations. The cause of this decrease in 314 

signal may be either complexation of Sn(II) based on acid-base interaction or redox reaction 315 

with NBAH
+
 in absence of fluoride due to increase in blank signal. So, 1.2 mg L

-1 
Sn(II) was 316 

selected as optimal value for further studies. 317 

3.4. Effect of salting out agents concentration on CPE efficiency 318 

Studies on the effects of some additives, such as anionic, non-ionic surfactants and inorganic 319 

electrolytes such as Na2SO4, KNO3, NaCl, KCl and NH4Cl, on the cloud point behavior of 320 

non-ionic surfactants have been reported.
32-34

 It was observed that the presence of electrolytes 321 

decreases the cloud point (salting-out effect), resulting in a more efficient extraction. The 322 

lower cloud point is attributed to electrolytes promoting dehydration of the poly (oxyethylene) 323 

chains .According to Komaromy-Hiller et al.
33

 the salting-out phenomenon is directly related 324 

to desorption of ions to the hydrophilic parts of the micelles, increasing interaction between 325 

micelles and consequently leading to the precipitation of surfactant molecules. Based on this 326 

discussion, the influence of ionic salts strength such as NaCl, KNO3, KCl, Na2SO4 and NH4Cl 327 

on extraction efficiency was studied in the range of (0.4–6.0) ×10
-3

 mol L
-1

 under the 328 

optimized reagent conditions in Figs. 4(a). The maximum absorbance was obtained at 1.6×10
-

329 

3
 mol L

-1 
KNO3 as sensitivity enhancement salting-out agent. The absorbance considerably 330 

decreased with increasing KNO3 concentration in range of (1.6–6.0) ×10
-3

 mol L
-1

. This effect 331 

might be explained by the additional surface charge when the KNO3 concentration is very 332 

high, thus changing the molecular architecture of the surfactant and consequently the micelle 333 

formation process. It is necessary to emphasize that different blank solutions were also 334 

evaluated and no significant signal was obtained. Therefore, 1.6×10
-3

 mol L
-1 

KNO3 was 335 

selected as optimal value for further studies. 336 

3.5. Effect of concentration of nonionic surfactants on CPE efficiency 337 
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In CPE choosing an appropriate surfactant is important, since the temperature corresponding 338 

to cloud point is correlated with the hydrophilic property of a surfactant. A successful CPE 339 

should maximize the extraction efficiency by minimizing the phase volume, thus increasing 340 

its concentrating capability. To the present time, non-ionic surfactants (mainly 341 

polyoxyethylenated alkylphenols, from PONPE 7.5, Tween-20 and Triton such as Triton X-342 

45, and X-114 series) are those most widely employed for metal analysis with CPE. The 343 

surfactants are commercial availability, high purity grade, stable, and non-volatile, relatively 344 

non-toxic and eco-friendly reagents. The variation of the analytical signal as a function of the 345 

concentration of non-ionic surfactants Triton X-114, Triton X-45, Ponpe 7.5 and Tween 20 in 346 

the range of 0.02–0.2% (v/v) was also studied in Figs. 4(b).  It is obvious that the best 347 

quantitative extraction was observed for PONPE 7.5 concentration of 0.08 % (v/v). In this 348 

condition, it was observed that the recovery of the analyte using a single step extraction was 349 

quantitative.  Therefore, 0.08 % (v/v) Ponpe 7.5 was selected as optimal value for further 350 

studies. 351 

3.6. Effects of equilibrium temperature and incubation time  352 

           Equilibrium temperature and time are important parameters to complete quantitatively 353 

the complex formation and achieve an easy phase separation and preconcentration on CPE. 354 

Hence, the effect of equilibrium temperature was studied in range of 30-60 °C. As a result of 355 

experimental studies, the solutions became turbid as soon as the solutions were put into the 356 

water bath with temperature higher than 40 
o
C. The temperature had no considerable effect 357 

upon the extraction efficiency and the analytical signal kept constant at temperature range of 358 

30–60 °C. Higher temperatures leaded to the decomposition of complex and the reduction of 359 

the extraction efficiency of complexes. Keeping the equilibrium temperature of 40 °C, the 360 

influence of incubation time on CPE was examined in range of 2–30 min. It was seen that, 361 

15 min was sufficient to achieve a quantitative extraction of analyte. Thus, 40 °C and 15 min 362 

were chosen as the equilibrium temperature and incubation time for the CPE method 363 

respectively. 364 

3.7. Effects of centrifugation rate and time  365 

Centrifuge time and rate are very necessary to preconcentrate trace amounts of fluoride with 366 

high efficiency in a short time. Thus, under optimized conditions obtained, the effect of the 367 

centrifuge time and rate were studied in rage of 2-20 min and 500-4000 rpm, respectively. 368 
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The results showed that centrifugation for 5 min at 4000 rpm and cooling for 5 min in a 369 

refrigerator leads to the maximum recovery and sensitivity for fluoride.  370 

3.8. Effect of diluting agent 371 

       The volume of the surfactant-rich phase acquired after separation and preconcentration 372 

with CPE is small for detection with UV-Vis spectrophotometry. It is very important to 373 

choose the appropriate solvent for maximum extraction efficiency. The effect of various 374 

solvents such as methanol, acetonitrile, ethanol, acidic methanol, acidic ethanol, acetone and 375 

THF in volume range of 0.5-2.0 mL was studied in order to dilute surfactant-rich phase after 376 

phase separation. From the results, the best regression coefficient, r
2
 and analytical sensitivity, 377 

m/sm were obtained in the existence of surfactant-rich phase diluted to 0.8 mL with methanol 378 

(with a phase volume ratio of 0.016) from calibration curves established for fixed fluoride 379 

concentration of 25, 50 and 75 µg L
-1

. 380 

 381 

3.9. Calibration curve, detection limit and precision 382 

Table 1 summarizes the analytical performance properties of the method with and without 383 

preconcentration with CPE such as linear ranges, slope, intercept, regression coefficient, 384 

precision, recovery, detection and quantification limit, enhancement and preconcentration 385 

factor. With preconcentration by CPE at 638 nm, the limits of detection and quantification 386 

defined as 3σblank/m and 10σblank/m (where σblank is the standard deviation of twelve replicate 387 

measurements of the blank and m is the slope of the calibration graph), LOD and LOQ 388 

respectively, have been 1.45 and 4.83 µg L
-1

 in rectilinear ranges of 5-25 and 25-360 µg L
-1

. 389 

Without preconcentration by CPE at 635 nm, the limits of detection and quantification, LOD 390 

and LOQ respectively, have been 14.7 and 49 µg L
-1

 in rectilinear range of 50-1500 µg L
-1

. 391 

The sensitivity enhancement and preconcentration factors for fluoride
 
have been 86.6 and 62.5 392 

respectively. The precision and accuracy of the method was controlled by the relative 393 

standard deviation (RSD) of five independent measurements taken from solutions containing 394 

all reagents including fluoride. The recovery rates and RSDs were in the range of 97.4-103.1 395 

% and 2.35-4.65 % for three different concentration levels of 15, 75 and 150 µg L
-1

, 396 

respectively. 397 

3.10. Matrix effect 398 

In order to evaluate the extraction efficiency of the method, interfering ions in different 399 

concentrations were added to a solution containing 50 µg L
-1

 of F
-
 and were investigated 400 
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under the optimized conditions. The tolerance limits of the different ions are shown in Table 401 

2. The tolerance limit was identified as the concentration of added ion that caused greater than 402 

±5.0 % relative error. The interfering effects of interfering anionic and cationic species 403 

including S2O3
2
, SO3

2-
, Bi

3+
, Al

3+
, IO3

- 
and IO4

-
 were efficiently removed by the addition of 404 

suitable masking agents to the solution before preconcentration with CPE. To withstand 405 

superiority of the method to matrix components may be due to high selectivity tendency of 406 

ligand, NBAH
+
 into F

- 
ions in presence of excess Sn(II) ions  at pH 5.0.  407 

4. Results for analysis of real samples 408 

The accuracy of the method was controlled by analysis of a SRM:  SRM 2695 fluoride in 409 

vegetation with low and high level after dilution of samples digested under ultrasonic and 410 

microwave power so to fall into the calibration range of the detection methods, and the results 411 

can be seen in Table 3(a). As can be seen from Table 3(a), the observed values (67.0±2.5, 412 

66.5±3.0
 
µg g

-1 
for low fluoride levels; 280±8.5, 278±9.0

 
µg g

-1 
for high fluoride levels, n: 3) 413 

found by using CPE–UV-Vis for SRM was statistically in good agreement with the standard 414 

values of 64.0±3.4 and 277±10.9 µg g
-1

. As the standard values were within the 95 % 415 

confidence interval about the mean of the experimentally determined values, there is no 416 

significant difference between the values. It can be concluded that the method is accurate, 417 

reliable and consequently free from systematic errors. Also, in order to confirm the accuracy 418 

of the proposed method, a comparison method was independently used for three replicate 419 

measurements for SRM. The results (68.0±3.0
 
µg g

-1 
for low fluoride levels; 278±9.5 µg g

-1 
for 420 

high fluoride levels, n: 3) found by using reference method were statistically in highly good 421 

agreement with the certified values. As a result, it has been found that the results found by 422 

both detection methods are highly quantitative in range of 100.4–104.7 % with a RSD ranging 423 

from 3.04 to 4.51 % for total acid hydrolyzed fluoride contents. 424 

The applicability of the method was successfully investigated by determining of total 425 

fluoride in different beverages and food samples. Samples were pretreated by both 426 

microwave-assisted digestion and the help of ultrasonic-assisted digestion, according to 427 

procedure explained in Section 2.3. 5.0 mL of the prepared sample solutions were transferred 428 

into volumetric tubes of 50 mL individually. Then, the method in linear range of 5-360 µg L
−1 

429 

F
- 

was applied to determine the amounts of total fluoride by using the standard addition 430 

method in order to suppress possible matrix effect. The results and the recoveries for the 431 

samples spiked at concentrations ranging from 20 to 25 µg L
-1

 after dilution were given in 432 
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Table 3(b). It can be seen that the recoveries from spiked solutions were quantitatively varied 433 

in the range of 95.0–99.2% for beverage samples and 97.2–102.4% for food samples with 434 

relative standard deviation of 2.4–4.7% and 2.6-4.3% (n: 5) respectively. As can be seen from 435 

Table 3(b), the student’s t-test for comparison of the mean values and their RSDs 436 

demonstrated that there was no significant difference between the mean values obtained by 437 

two digestion procedures at the significance level of 0.05. Because the experimental t-values 438 

ranging from 0.40 to 1.95 are lower than the tabulated t-value of 2.31, it can be concluded that 439 

the mean values obtained  by two digestion approaches does not contain a significant 440 

difference for 8 degree of freedom at 95% confidence level. It is clear that the method for the 441 

samples has a good reproducibility as a measure of precision by variance analysis based on 442 

pooled standard deviation with experimental F(4,4)-values ranging from 1.0 to 1.9. As a result, 443 

it is clear that the results found after microwave-assisted digestion are quantitatively in 444 

agreement with those of found after ultrasonic-assisted digestion in terms of accuracy, and 445 

reliability with a lower RSD than 5.3%. 446 

5. The comparison of proposed method with the methods previously published in 447 

literature 448 

A sensitivity improvement has been achieved by the developed method when 449 

compared to previously reported works using UV-VIS detection techniques including MIC-IC 450 

(0.03 µg g
-1 

with RSD of ≤11%),
8
 CZE (0.15 µg g

-1
),

9
 CPI-MIP-OES (3-6 µg g

-1
),

11
 HR-CS-451 

MAS (1.0 mg L
-1

),
12 

ICP-OES (1.4 mg L
-1

),
14

  TXRF (5 mg L
-1

 with RSD of 2.5-8.9%),
16

  ET-452 

AAS (14 µg L
-1

 with RSD of 5-10%),
18

 SPE-spectrophotometry (15 µg L
-1

),
35

 LLE-ETV-GF-453 

MAS (10 µg L
-1

),
36

 HS-SDME-IC (3.8 µg L
-1

),
37

 HR-CS-GF-MAS
 
(0.38 mg L

-1
),

38 
HS-454 

SPME-GC-FID (6 µg L
-1

 with RSD of ≤5.45-11.94%),
39 

HS-SDME-GC-FID (4.4 µg L
-1

 with 455 

RSD of ≤5.41%),
40 

potentiometry after microwave-assisted digestion (1.8 µg L
-1 

with poor 456 

precision in range of 1-8 %),
7
 ISE (340 µg L

-1
)
41

 and FI-ISE (340 µg L
-1

)
42

 with and without 457 

preconcentration using different analytical methods in terms of limits of detection, LODs. The 458 

detection limit, LODs (1.45 µg L
−1

), preconcentration factor, PF (62.5), and sensitivity 459 

enhancement factor, EF (86.6) obtained in this study are generally either better than or 460 

comparable to those of the reported detection methods. Also, it has relatively a wider working 461 

range of 5–360 µg L
−1

 and lower RSD than 4.5 % (as a measure of precision) at low fluoride 462 

concentrations in complex matrices such as beverages and foods. The more sensitive detection 463 

techniques such as HR-CS-GF-MAS based on the molecular absorption of GaF with a 464 

detection limit of 0.26 µg L
-1

 with and without preconcentration with SPME 
43, 44

 are 465 
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generally time-consuming, expensive, poor precision and complicated instruments which need 466 

an experienced-user in his/her area according to spectrophotometer. As a result, the micellar 467 

sensitive method developed provides advantages of wider linear range, low detection limit, 468 

high selectivity, good precision, adequate accuracy, quantitative recovery, and comparable 469 

preconcentration factor for the spectrophotometric monitoring of trace fluoride in selected real 470 

samples. Using a volume of 50 mL, one sample can be analyzed by means of CPE-UV-Vis 471 

after fast and efficient digestion of samples under ultrasonic and microwave effect in a short 472 

time. 473 

 474 

6. Conclusions 475 

In this study, a new CPE/UV-Vis method was described to be a rapid, accurate and reliable 476 

analytical technique for determination of total acid hydrolyzed fluoride in selected 477 

foods/beverages. The method allowed fluoride determination at 1.45 µg L
-1

 levels in a wide 478 

linear range of 5–360 µg L
-1

 at 638 nm, thus represents a promising approach in the 479 

monitoring of fluoride in the samples. The method presents several advantages such as wide 480 

linear range, low detection limit, adequate accuracy, quantitative recovery, high 481 

preconcentration and sensitivity enhancement factors, economical and a versatile detection 482 

tool, which can be available in nearly every research laboratory. Besides, the CPE approach, 483 

which is efficiently used in the method for separation and preconcentration, has some 484 

advantages like low-cost, easiness, simplicity, rapidity, safety and non-polluting nature. 485 

Because of all these reasons, the developed analytical method can be considered as an 486 

alternative tool to sensitive, expensive, time-consuming and experienced user-requiring 487 

complex analytical techniques such as MIP-AES, GF-EV-MAS, TXRF and ETV-ICP-MS. 488 
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Figure 1 The absorption spectra of the ternary complex at three different concentration levels. 

Optimal conditions: 1.2×10
−3

 mol L
−1

 citrate buffer solution at pH 5.0, 2.4×10
−5

 mol L
−1 

NBAH
+
, 1.2 mg L

-1 
Sn(II), 1.6×10

−3
 mol L

−1 
KNO3 and 0.08% (v/v) PONPE 7.5 with 

thermostatic water bath at 40 
o
C for 15 min and centrifugation time of 5 min at 4000 rpm 
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Figure 2 Effect of (a) pH and (b) citrate buffer concentration on CPE efficiency. Optimal 

conditions: 25 µg L
−1 

F
-
, 2.4×10

−5
 mol L

−1 
NBAH

+
, 1.2 mg L

-1 
Sn(II), 1.6×10

−3
 mol L

−1 
KNO3, 

and 0.08 % (v/v) PONPE 7.5, with thermostatic water bath at 40 
o
C for 15 min and 

centrifugation time of 5 min at 4000 rpm 
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Figure 3 Effect of concentrations of (a) NBAH
+ 

and (b) Sn(II) on CPE efficiency. Optimal 

conditions: 25 µg L
−1 

F
-
, 1.2×10

−3
 mol L

−1
 citrate buffer at pH 5.0, 1.6×10

−3
 mol L

−1  
KNO3, 

and 0.08 % (v/v) PONPE 7.5, with thermostatic water bath at 40 
o
C for 15 min and 

centrifugation time of 5 min at 4000 rpm 
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Figure 4 Effect of concentrations of (a) electrolyte and (b) non-ionic surfactant on CPE 

efficiency. Optimal conditions: 25 µg L
−1 

F
-
, 1.2×10

−3
 mol L

−1
 citrate buffer at pH 5.0, 

2.4×10
−5

 mol L
−1 

NBAH
+
, 1.2 mg L

-1 
Sn(II), 1.6×10

−3
 mol L

−1 
KNO3 with thermostatic water 

bath at 40 
o
C for 15 min and centrifugation time of 5 min at 4000 rpm 
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Table 1 Analytical features of the proposed CPE/spectrophotometric method 

Parameters Analytical features 

After preconcentration, 

638 nm 

Before preconcentration, 

635 nm 

Analytical species F
-
,  µg L

-1
 F

-
, µg L

-1
 

Linear ranges,  5-25, 25-360 50-1500 

Slope (m) 0.0194±0.0016, 

(2.66±0.12)×10
-3

, 

(2.24±0.12)×10
-4

 

Intercept (b) -0.132±0,0094, 

0.2918±0.0130 

0.015±0.0011 

Regression coefficient, r
2
 0.9940, 0.9972 0.985 

Precision, RSD % (n: 5; 15, 75 and 150 

µg L
-1

) 

2.35-4.65 - 

Recovery % (n: 5; 15, 75 and 150 µg L
-

1
) 

97.4-103.1 - 

*Detection limit (n: 10, LOD, 3σboş/m), 

µg L
-1

 

1.45 14.7 

*Quantification limit (n: 10, LOQ, 

10σboş/m), µg L
-1

 

4.83 49 

**Sensitivity enhancement factor 86.6 - 

***Preconcentration factor 62.5 - 

*The ratio of analytical signal corresponding to three- and ten-fold of standard deviation of ten replicate blank 

analysis to slope of calibration curve obtained after CPE 

**The value calculated as ratio of slopes of calibration curves obtained before and after preconcetration with 

CPE 

***The value calculated as the ratio of the initial sample volume and the final extracted volume (PF: 50 mL/0.8 

mL: 62.5) 
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Table 2 The effect of interfering matrix components on determination of 50 µg L
-1 

F
-
 

Interfering species Tolerance limits 

Na
+
, K

+
, NH4

+
, NO3

-
, HCO3

-
, thiourea, 

HPO4
2-

, Sr
2+

 and Mg
2+

 

˃1000 

Cl
-
, Br

-
, Cr

3+
, Zn

2+
, hydrazine, formaldehyde, 

citrate, tartrate, Mn
2+

, Cd
2+ 

and Co
2+

 

450-1000 

Fe
2+

, Ca
2+

, oxalate, SCN
-
, Ag

+
, Pb

2+
, Sn

4+
, 

V
5+

, Sb
5+

, As
5+ 

and Se
4+ 

 

250-450 

Ni
2+

, Mo
6+

, V
4+

, Mn
3+

, As
3+ 

and Sb
3+

 75-200 

Hg
2+

 ,NO2
-
 and S

2-
 60 

Si
4+

 and Fe
3+

 35-50 (
a
500) 

S2O3
2-

 and SO3
2-

 20-30 (
b
350) 

Bi
3+ 

and Al
3+

 10-15 (
c
150) 

IO3
- 
and IO4

-
 5 (

d
150) 

a
After masking with 250 µL of 0.05 mol L

-1
 CyDTA solution  

b
 After pretreatment with 150 µL of 0.025% (w/v) formaldehyde solution 

c
After pretreatment with 250 µL of 1.0×10-3mol L-1thiourea solution 

d 
After pretreatment with 100 µL of 0.025% (w/v) hydrazine hydrochloride solution 
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Table 3(a) The fluoride contents of CRM obtained by using the proposed CPE-spectrophotometric method 

SRM Sample 

amount, g 

Replicate 

number, n 

Certified 

value, 

 µg g
-1 

F
-
 

By the proposed CPE-spectrophotometric 

method 

cThe one 

paired 

Student’s t-

test 

cThe F-

variance 

test 
*Found, 

µg g
-1 

F
-
 

Recovery 

% 

RSD 

% 

SRM 2695 fluoride in 

vegetation, high level 

0.6 3 277±10.9 280±8.5a, 

278±9.0b 

101.1, 

100.4 

3.04, 

3.20 

0.61, 

0.19 

1.25, 

1.11 

SRM 2695 fluoride in 

vegetation, low level 

0.6 3 64.0±3.4 67.0±2.5
a
, 

66.5±3.0
b
 

104.7, 

103.9 

3.73, 

4.51 

2.08, 

1.44 

1.44, 

1.00 

*The average and its standard deviation of three replicate measurements at confidence levels of 95 %. 

a
 The average and its standard deviation of three replicate measurements at confidence levels of 95 % after microwave-assisted digestion of samples. 

 b The average and its standard deviation of five replicate measurements at confidence levels of 95 % after ultrasonic-assisted digestion of samples. 

c 
The tabulated t- and F4,4 values for degree of freedom of four at confidence levels of 95% are 4.30 and 6.39 respectively.
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Table 3(b) Determination of total acid hydrolyzed fluoride levels of some alcoholic and nonalcoholic beverage and food samples, and percent recoveries of 
spiked samples 

After microwave-assisted digestion (n: 5) After ultrasonic-assisted digestion (n: 5) 

Samples Sample 

volume, 

mL/Dilutio

n ratio 

Added, 

µg L
-1 

F
-
 

*Found, µg 
L-1 F- 

RSD% Recovery 
% 

Added, 

µg L
-1 

F
-
 

*Found, µg 
L-1 F- 

RSD% Recover
y % 

**Student’s 

t-test 

**The 

variance 

ratio, F- 

test 

Beverages with and without alcohol 

Orange juice 5/1:25 - 18.2±0.8 4.4 - - 17.5±0.6 3.4 - 1.57 1.8 

  25 42.7±1.3 3.0 98.0 25 41.8±1.2 2.9 97.2 - - 

Cherry juice 5/1:25 - 17.9±0.8 4.5 - - 18.7±0.7 3.7 - 1.69 1.3 

  25 42.6±1.2 2.8 98.8 25 43.3±1.3 3.0 98.4 - - 

Peach juice 5/1:25 - 28.4±1.0 3.5 - - 27.4±0.9 3.3 - 1.67 1.2 

  25 52.6±1.7 3.2 96.8 25 51.7±1.5 2.9 97.2 - - 

Mixed fruit 

juice 

5/1:25 - 29.2±1.2 4.1 - - 29.8±1.0 3.4 - 0.86 1.4 

  20 48.2±1.0 3.4 95.0 20 49.0±1.2 2.4 96.0 - - 

Pears juice 5/1:25 - 15.3±0.6 3.9 - - 14.7±0.5 3.4 - 1.72 1.4 
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  20 34.7±0.7 2.6 97.0 20 34.4±0.8 2.3 98.5 - - 

Lemonade 5/1:50 - 10.2±0.4 3.9 - - 10.3±0.4 3.9 - 0.40 1.0 

  25 34.5±1.2 3.8 97.2 25 34.7±1.1 3.5 97.6 - - 

Cola 5/1:50 - 15.4±0.6 3.9 - - 14.6±0.5 3.4 - 1.95 1.4 

  25 39.5±1.2 3.0 96.4 25 38.6±1.1 2.8 96.0 - - 

Mandarin 5/1:50 - 10.7±0.5 4.7 - - 10.3±0.4 3.9 - 1.40 1.6 

  25 34.4±1.2 3.5 95.0 25 34.8±1.2 3.4 98.0 - - 

Plain soda 5/1:100 - 10.6±0.4 3.8 - - 11.0±0.4 3.6 - 1.58 1.0 

  25 34.5±1.2 3.5 95.6 25 35.5±1.2 3.4 98.0 - - 

Red wine 5/1:50 - 15.2±0.6 3.9 - - 14.9±0.5 3.4 - 0.86 1.4 

  25 40.0±1.4 3.5 99.2 25 39.5±1.5 3.8 98.4 - - 

White wine 5/1:50 - 16.8±0.6 3.6 - - 17.4±0.6 3.4 - 1.58 1.0 

  25 40.6±1.4 3.5 95.2 25 41.5±1.5 3.8 96.4 - - 

Beer 5/1:100 - 15.4±0.6 3.9 - - 16.1±0.6 3.7 - 1.85 1.0 
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  25 40.0±1.4 3.5 98.4 25 40.5±1.3 3.2 97.6 - - 

Soupmix samples 

Tomato soup 5/1:25 - 23.8±1.0 4.0 - - 23.5±0.9 3.8 - 0.50 1.2 

  25 49.3±1.6 3.2 102.0 25 49.1±1.5 3.1 102.4 - - 

Spring soup 5/1:25 - 14.3±0.6 4.2 - - 13.8±0.5 3.6 - 1.43 1.4 

  25 38.7±1.4 3.5 97.6 25 37.8±1.5 3.8 97.2 - - 

Chicken soup 5/1:25 - 28.1±1.2 4.3 - - 27.4±1.1 4.0 - 0.96 1.2 

  25 52.7±1.4 3.5 98.4 25 51.8±1.5 3.8 97.6 - - 

Lentil soup 5/1:50 - 20.7±0.7 3.4 - - 21.4±0.7 3.3 - 1.58 1.0 

  25 45.2±1.2 2.7 98.0 25 45.7±1.2 2.6 97.2 - - 

Chicken 
bouillon 

5/1:50 - 20.1±0.8 4.0 - - 19.4±0.7 3.6 - 1.47 1.3 

  25 44.6±1.4 3.1 98.0 25 43.5±1.3 3.0 96.4 - - 

Baby food samples 
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Mixed baby 
food 

5/1:50 - 19.9±0.7 3.5 - - 21.3±0.5 3.4 - 1.04 1.9 

  25 44.3±1.4 3.2 97.2 25 45.5±1.3 2.9 96.8 - - 

Vegetable 
baby food 

5/1:50 - 32.4±1.2 3.7 - - 31.7±1.1 3.5 - 0.96 1.2 

  25 57.0±1.7 3.0 98.4 25 56.2±1.6 2.8 98.0 - - 

Apple and 

peach baby 
food 

5/1:50 - 23.1±0.8 3.5 - - 23.7±0.8 3.4 - 1.19 1.0 

  25 47.5±1.5 3.2 97.6 25 47.8±1.4 2.9 96.4 - - 

*The average plus standard deviation of five replicate measurements of total acid hydrolyzed fluoride after pretreatment with two different dissolution approaches 

**In order to compare two mean values for independent two sample t- and F-tests with equal sample size the statistical t- and F-critical values at 95 % confidence level and 8 

degrees of freedom are 2.31 and 6.39, respectively 
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