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Abstract 
 
 The concentrations of fluoride, chloride, sulfate, phosphate, benzoate, and 
monofluorophosphate (MFP) in toothpaste were determined using ion chromatography 
(IC). Standard solutions of each ion were prepared and calibration curves were constructed 
by graphing peak area verses concentration. Four whitening toothpastes were analyzed in 
this experiment: Crest, Colgate, Arm & Hammer, and Aquafresh. The results showed 
relatively uniform concentrations for fluoride, chloride, and sulfate. Phosphate 
concentrations were not uniform between brands; benzoate and MFP were not found in 
three of the four toothpaste brands. 
 
Introduction 
 
 Toothpaste is an important product in the dental hygiene of society. However, not 
all toothpastes are created equal. According to the 1978 Chem I Supplement “Chemistry in 
Oral Health,” most, if not all, toothpastes contain four main components: fluorides, 
abrasives, antibacterials, and flavorings.1 Flavoring decisions can be made on a personal 
basis; it is appropriate to look at the active ingredients when making decisions about 
fluorides, abrasives, and antibacterials in one’s toothpaste of choice. In the case of 
toothpaste, the active ingredients that take on these responsibilities are usually anions. In 
this study, the amounts of each of six anions (fluoride, chloride, sulfate, phosphate, 
benzoate, and monofluorophosphate (MFP)) were determined in four common brands of 
whitening toothpastes: Crest, Colgate, Arm & Hammer, and Aquafresh. 
 The first, and one of the most integral anions in many types of toothpaste, is 
fluoride. It is well known for its ability to prevent tooth decay. Fluoride works in two ways. 
The first is by reducing the ability of bacteria to make acids which contribute to tooth 
decay. The second is aiding in the remineralization of teeth that have been attacked by 
bacterial acids. Remineralization can help to repair tooth enamel and control gingivitis.2 
Fluoride in toothpaste comes from two main sources: sodium fluoride and MFP. These two 
anions were determined separately in this experiment since MFP can hydrolyze to free 
fluoride ions during storage over time. Typical concentrations of fluoride in toothpaste in 
the United States are 1,000-1,100 ppm. This breaks down to roughly 25% sodium fluoride 
and 75% MFP.3 
 Chloride is an important anion in toothpaste because it is able to stop the 
production of volatile sulfur compounds which cause bad breath. Chloride helps to control 
and reduce the bacteria which lead to the sulfur containing compounds that cause bad 
breath. Chloride also helps to reduce the sensitivity of teeth, and prevents demineralization 
of enamel, much like fluoride.3 
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 Sulfur in toothpaste comes from the surfactant sodium lauryl sulfate (SLS). SLS acts 
as a foaming agent and helps to evenly disperse toothpaste throughout the entire mouth. 
This improves the cleansing power of the toothpaste and the other anions/active 
ingredients present. Along with enhancing cleansing power, it helps to loosen and suspend 
plaque on teeth, creating an emulsion which can be removed while brushing. SLS also helps 
to reduce the surface tension of the toothpaste by making it foam.3 
 The main role of phosphate in toothpaste is as a tartar-control device. Phosphate is 
able to reduce the formation of tartar by stabilizing the level of calcium and other minerals 
in saliva. Tartar forms when these minerals interact with plaque and other bacteria present 
in the mouth. Stabilizing the mineral levels helps to prevent tartar from forming on the 
teeth.3 It also has been found to have anti-microbial benefits. 
 Benzoate has also been proven to have anti-microbial features. Benzoate is usually 
found in toothpaste as sodium benzoate since it dissolves in water much better than 
benzoic acid. Benzoate is also used as a preservative to keep the toothpaste fresh.2 
 Fluoride, chloride, and many of the other anions of interest in this study have been 
determined in toothpaste and other dental hygiene products through gas chromatography, 
ion-selective electrodes, and colorimetry.4 All of these techniques are prone to interference 
and require much more sample prep than the proposed technique, ion chromatography 
(IC).4 IC provides a simpler method with more accurate and reproducible results than the 
previously mentioned analytical techniques. 
 In this experiment, IC was used along with a buffered mobile phase and an anion-
exchange column. Standard calibration curves were prepared from stock solutions of each 
ion of interest. Samples of four different brands of whitening toothpaste (Crest, Colgate, 
Arm & Hammer, and Aquafresh) were also prepared and the results were then compared 
with the calibration curves in order to determine the amount of each anion in each 
toothpaste brand. 
 
Experimental 
 
Materials and Reagents 
 
 All the toothpaste used in this experiment was purchased from Target.  Distilled 
water was purchased from Hornbacher’s for use in making samples to prevent fluoride 
present in other sources of water from obscuring the results.  Solid MFP (STREM 
CHEMICALS) was used create the standards. Solid sodium benzoate (Sigma) and potassium 
phosphate (Fisher) were obtained from the Concordia Chemistry Department. Also, 1000 
ppm stock solutions of fluoride (Fluka), chloride (Metrohm-Peak), and sulfate (SPEX 
CertiPrep) were obtained from the Concordia Chemistry Department. Finally, sodium 
carbonate (Sigma Aldrich) and sodium bicarbonate (Sigma Aldrich) were obtained from the 
Concordia Chemistry Department to create the eluent. 
 
Eluent Preparation 
 
 The eluent was created by degassing and filtering 1000 mL of ultrapure water for 30 
minutes.  Then, 0.3392 g of sodium carbonate and 0.0841 g of sodium bicarbonate were 
dissolved in the ultrapure water. 
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Standard Preparation 
 
 First, 1000 mL of 1000 ppm MFP, benzoate, and phosphate standard stock solutions 
were prepared. The 1000 ppm fluoride solution was used to create a 50 ppm stock 
solution. This stock solution was used to create four fluoride standards in varying 
concentrations from 0.25 ppm to 25 ppm.  Then, 500 ppm MFP, benzoate, and phosphate 
stock solutions were created from the 1000 ppm standard stock solution; 200 ppm sulfate 
and chloride standards were created from the 1000 standard stock solutions. These five 
stock solutions were used to create standards with the concentrations falling in the ranges 
that follow: MFP: 1-160 ppm; benzoate: 1-25 ppm; phosphate: 0.75-100 ppm; sulfate: 1-50 
ppm; chloride: 0.5-10 ppm.  Distilled water was used to dilute the solutions in order to 
avoid adding extra fluoride unintentionally. 
 
Sample Preparation 
 
 Samples of each type of toothpaste were created by dissolving 1.00 g of toothpaste 
in a 100-mL volumetric flask and diluting to volume with distilled water.  The liquid 
portion of these solutions was transferred into a disposable syringe and filtered through a 
0.45 μm membrane filter.  These filtered solutions were poured into autosampler tubes and 
were then ready to run through the IC. 
 
Instrument Preparation 

 The IC analysis was carried out on a Metrohm ion chromatography system with a 
conductivity detector. Analytes were separated on a Metrosep A Supp 5-100 column, 4.0 × 
100 mm and a particle size of 5.0 μm. The column temperature was 35.0°C, the flow rate 
was 0.70 mL/min, and the injection loop volume was 25.0 μL.5 

 
Results and discussion 
 
 Calibration curves, like the example in Fig. 1 for sulfate, were created from the IC 
results. Peak areas of the observed elutions were graphed against the concentrations of the 
standard solutions. Separate calibration curves were constructed for each anion. A 
summary of the linear regression data from the six calibration curves can be seen in Table 
1. Each calibration curve had at least four data points.  
 

 
Figure 1. Calibration plot of the sulfate standard solutions. 
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Table 1. Summary of the calibration curves for each specific ion. Retention times = m 

Ion Retention time Slope Y-Intercept R2 
Fluoride 2.95-3.03 334.86 174.08 0.9959 
Chloride 4.04-4.07 237.33 -9.33 0.9995 
Sulfate 9.92-9.95 213.56 -175.69 0.9992 

Phosphate 8.56-8.61 76.65 -11.95 1.0000 
Benzoate 7.77-7.83 45.05 -24.93 0.9905 

MFP 9.47-9.48 78.75 -588.42 0.9952 
 

When run through the IC, each toothpaste sample provided chromatograms like the 
examples shown in Figure 2. Peaks in each chromatogram were identified as specific ions 
based on their elution time through use of reference samples.  The peak areas were used 
with the calibration curves to determine the various concentrations of each anion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Chromatograms for each toothpaste brand as follows: a) Crest, b) Colgate, c) 

Arm & Hammer, d) Aquafresh. The peaks have been identified as the following 
anions: 1) fluoride, 2) chloride, 3) sulfate, 4) phosphate, 5) benzoate, 6) MFP. 

 
 The results of the three sample runs for each toothpaste can be seen in Table 2. 
Concentrations are in ppm and are reported as the mean for the three runs plus or minus 
the standard deviation. %RSD is also reported. All of the values fall within the limits of the 
calibration curves previously constructed. 
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Table 2. Concentrations of each anion in each toothpaste brand (ppm). 
Toothpaste Ion n Mean ± Standard Deviation %RSD 

Crest Fluoride 3 14.03 ± 0.09 .61 
 Chloride 3 0.8 ± 0.2 25 
 Sulfate 3 29 ± 4 14 
 Phosphate 3 8.8 ± 0.8 9.1 
 Benzoate 3 0.76 ± 0.05 6.6 
 MFP 3 -- -- 

Colgate Fluoride 3 0.31 ± 0.04 13 
 Chloride 3 0.70 ± 0.02 2.9 
 Sulfate 3 -- -- 
 Phosphate 3 27 ± 2 7 
 Benzoate 3 -- -- 
 MFP 3 110 ± 10 9.1 

Arm & Hammer Fluoride 3 13.3 ± 0.2 1.5 
 Chloride 3 -- -- 
 Sulfate 3 22 ± 8 36 
 Phosphate 3 3 ± 2 67 
 Benzoate 3 -- -- 
 MFP 3 -- -- 

Aquafresh Fluoride 3 15.5 ± 0.3 1.9 
 Chloride 3 8.2 ± 0.2 2.4 
 Sulfate 3 32 ± 8 25 
 Phosphate 3 0.9 ± 0.2 22 
 Benzoate 3 -- -- 
 MFP 3 -- -- 

 
The data for fluoride, chloride, and sulfate were relatively uniform between the 

three trial runs of each toothpate sample. If an anion was not observed in any of the three 
trials of a particular brand, we can conclude that there is none present, or it is present in an 
amount below the limit of detection. In some cases, an anion appeared in some, but not all, 
of the samples for a particular brand. This shows either the concentration is near the limit 
of detection, or that during sample preperation, samples we not mixed uniformly, resulting 
in an unequal distribution of anions. 

Phosphate concentrations were less uniform between trials for each sample. 
Benzoate was only found to be present in Crest toothpaste. This means that Colgate, Arm & 
Hammer, and Aquafreah use other types of preservatives to keep the toothpaste fresh. 
 Another interesting piece of information found from this data is that Colgate 
toothpaste used MFP as its main source of fluoride. This is why the fluoride ion 
concentration for Colgate is much lower than the concentrations for the other brands. This 
doesn’t mean that Colgate has less fluoride ion fulfilling capabilities since MFP can provide 
similar forms of dental hygene. 
 When looking at the average concentrations of each anion between the four brands, 
we can see that Crest, Arm & Hammer and Aquafresh all have similar fluoride 
concentrations. Crest doesn’t, since its main source of fluoride is MFP. When looking at 
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chloride, the results are not as uniform. Crest and Colgate have similar values, but no 
chloride appears in Arm & Hammer. The chloride concentration in Aquafresh is 
approximately ten times larger than Crest and Colgate.  Sulfate concentrations are 
generally similar between the brands in which it appears.  Phosphate, like chloride, lacks 
uniformity among the different brands. Only Colgate contains MFP.  This seems to make 
sense because the other three brands already have a fair amount of free fluoride. 
 
Conclusions 
 
 This experiment used ion chromatography to determine the concentrations of 
fluoride, chloride, sulfate, phosphate, benzoate and monofluorophosphate in four brands of 
whitening toothpaste: Crest, Colgate, Arm & Hammer, and Aquafresh. Reproducible data 
was collected and calibration curves for each anion were constructed through the use of 
standard solutions. 
 From the data collected, we can see that each toothpaste has its own unique recipe 
of anions that allows it to carry out its function in promoting dental health. Two interesting 
observations were the relative high concentrations of chloride, which prevents bad breath, 
in Aquafresh and phosphate, which works to control tartar, in Colgate. These high relative 
concentrations could help people make an informed decision on which brand of toothpaste 
is right for their needs. Three of the four brands had similar concentrations of fluoride. This 
is important because fluoride is one of the most integral elements in dental hygiene.  
Further studies in this area would be best served by comparing the effecitveness of the 
fluoride ion with the effectiveness of MFP. 
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