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SUMMARY OF PROJECT 

Using the Perkin Elmer AAnalyst 100 Atomic Absorption Spectrometer (AAS), the calcium content of Tums was discovered to be over 100% of the listed value, just as was hypothesized. For two tablets, the amount of calcium present was 439 ± 12 mg. The difference between the value stated on the label and the experimental value is +10%. The amount of variance between each sample was 0.2%, whereas the standard error was 2.7%.  The measured calcium concentrations for the Tums samples were obtained from a standard solution curve for calcium that related absorbance to concentration. To ensure a linear relationship, the curve was set within the linear range of the AAS (1-5 ppm). The R2 value of the standard solution curve was 0.9999, ensuring the validity of the values. To compensate for the possible effect of viscosity on the accuracy of the absorbance readings, the Method of Additions was employed. With an R2 value of 0.9995 on the curve established with the Method of Additions, it was observed that viscosity does not significantly affect the absorbance readings by the AAS.

Objectives

Using the Perkin Elmer Model AAnalyst 100 Atomic Absorption Spectrometer (AAS), the calcium content of Tums was calculated.

The calculated calcium content of Tums was compared to the respective label concentrations to evaluate the accuracy of the label.  The experimentally determined calcium content in Tums “must be present at 100% or more of the value declared on the label”
, as calcium is a Class I nutrient in these products (further described in Background).

The allowable variation between tablets, as specified by the FDA for products containing between 10 – 50% of the recommended daily intake of calcium, is within 5%.1.  

Background

The major body functions calcium takes part in include bone and tooth formation, nerve transmission, and muscle contraction, among other important physiological functions.

Calcium deposits are the strengthening mechanisms of bone.
  Therefore, calcium is integral to bone density and mass.  But as bone formation is ever changing, and due to natural aging process, the ability to store calcium becomes less efficient.  Osteoporosis is a critical disease characterized by porous and fragile bones.  In many cases, the hip is most susceptible to this and ultimately may result in fracture, calling on the aid of the total hip replacement.

In neurons, specifically at the presynaptic membrane, calcium ions act as the mediator in the conversion of the electrical signal to a chemical signal traversing the synaptic cleft.  Consequently, calcium is crucial to bodily function in all respects.

On a molecular basis of muscle contraction, the presence of calcium is a direct necessity.  Calcium binding to troponin exposes myosin-binding sites on actin.  As a result, cross-bridges with myosin form, and contraction occurs.  Only with calcium can the thin and thick filaments “slide” and thus the muscle contract.  Contraction ceases when the calcium level falls, which is regulated by the sarcoplasmic reticulum.

The Food and Drug Administration dictates the labeling standards that both food and drug products on the U.S. market must satisfy.  Specifically, for dietary supplements, manufacturers are required by law to truthfully label the contents of their products.  Dietary supplements are required by law to supply a food labeling specifying nutrient content.
  As established by the F.D.A, the labels: “High calcium” refers to foods containing 20% or more calcium concentration, “provides calcium” for 10-19%, and “calcium enriched” for foods containing more than 10% of the required daily value.
  The required daily value of calcium is 1000 mg, however, women from the age of 11 – 24 should consume 1200 mg each day.4  A Class I nutrient includes minerals, vitamins, proteins, dietary fibers, or potassium specifically added to a product to fortify or fabricate it.
  Calcium in Tums, Rolaids and Ensure is considered to be a Class I nutrient as it is a mineral that is used to “fabricate” these products.  For Class I nutrients to be in compliance with F.D.A. labeling regulations, the content of these additives “must be present at 100% or more of the value declared on the label”.1  This percent is determined by the equation: (laboratory value / label value) X 100%.1  The laboratory value is found by different analytical testing methods described in the Official Methods of Analysis of AOAC International.1  
Materials

· Perkin Elmer Model AAnalyst 100 Atomic Absorption Spectrometer (AAS) using a calcium lamp as per methods used in Experiment 3 of the BE 210 Laboratory Manual

· 0.1% KCl solution, prepared using solid KCl (refer to Theory and Methods)

· 1 M HCl (refer to Theory and Methods)

· Tums – 400 mg Ca / 2.5992 g Tums, different tablets for each sample

Theory and Methods

HCl was added to each sample to make the calcium present soluble for each sample.  This was necessary as the AAS cannot break apart insoluble compounds, such as CaCO3, but can read the concentration of soluble calcium in the sample.  Each sample was diluted with a 0.1% KCl solution so that slight ionization of the calcium would not occur in the air-acetylene flame.  As potassium (K) is an alkali metal it will ionize more readily than the calcium in the samples, thus allowing for more accurate results. The method of additions was used to determine if viscosity played a role in the AAS absorbance reading.  Standard operating procedures were used for the operation of the AAS of the 3 ppm samples (which originated from an initial dilution of 30 ppm per sample).  Refer to the Appendix for all necessary calculations.

Results
In the linear calibration, the absorbance of five samples with varying calcium concentrations was calculated and fit to a graph, which is presented in Figure One.  Five standards were made from dilutions of the 500 ± 5.3 ppm calcium stock solution- the top of the linear range being 5 ± 0.11 ppm, then 4 ± 0.09 ppm, 3 ± 0.08 ppm, 2 ± 0.07 ppm, and 1 ± 0.06 ppm (see Appendix II for calculations).  The error resulting in the concentration corresponds to the error found in the concentration due to the analytical balance (±1% mass), pipette (±0.1ml), and the volumetric flask (±0.5ml).  Figure One shows the linear correlation between concentration and absorbance of calcium at  concentrations within the linear range for calcium.  The linear regression yields a line, y = 0.0608 ± 0.00272x+.0112.  The red lines show the error associated with the slope due to the error in the absorbance readings (0.0005) and the error in the concentrations (See Appendix IV for calculations of slope error).  The R2 value is 0.9999 and the p-value of 0.0016 for the test, y-intercept =0.

Figure One: Concentration of Stock Solution vs. Concentration
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Next the Method of Additions was performed to check the viscosity of the Tums solution.  Table One, included in the appendix,  shows the composition of each solution.  Each solution contains 1ppm of calcium from Tums.  From there, 5ppm stock solution was used to spike the solutions with calcium ranging from 1ppm to 4ppm.  All solutions were the same volume to maintain the 1ppm of Tums calcium.  The results of concentration vs. absorbance for the Method of Additions are shown in Figure Two.  The linear regression yields a line of y = 0.0619x + 0.063 and an R2 value of 0.9995.  When this line is extrapolated to the x-intercept, the initial concentration of the sample solution is found to be 1.0177 ppm.

Figure Two: Method of Additions: Concentration vs. Absorbance
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After determining from the Method of Additions that the viscosity of the Tums solution did not affect the calcium concentration reading by the AAS, 3 ppm Tums solutions were prepared and their absorbencies were read.  Stock solutions of 30 ± 0.38 ppm of Tums were made and diluted to 3 ± 0.64 ppm (See Appendix V for error and dilution calculations).  As in the error of the stock solutions, the error in the Tums dilution were associated with the volumetric flask, pipette and mass balance.  Checking for any outliers by (residual (ei)/standard deviation of the residuals)>2, one absorbance was found to be an outlier and was excluded from the results.  The mean of the absorbencies was 0.2115 ± 0.0005 and the standard deviation was 0.00991. Figure Three shows the different Tums tablet absorbance readings.  The average standard deviation of the Tums tablets is 0.00573, or 0.2% for the sample concentrations.  Using a student t test to compare the means of the tablet at an alpha 0.05, there is no significant difference between the tablets.

Figure Three: Distributions of Tums

[image: image3.wmf].185

.19

.195

.2

.205

.21

.215

.22

.225


Figure Four: One-way Analysis of Absorbance By Tums tablet
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Using the concentration-absorbance relationship determined for the calcium stock solution (Figure One), the Tums absorbencies were used to determine the calcium concentration in the tablets. The mean absorbance was placed into the linear regression of the concentration vs. absorbance of the calcium stock solution yields a concentration of 3.3 ppm.  This concentration, 3.3 ppm is within the error of the concentration of Tums, ±0.64 ppm.  Table Two shows the difference in calcium concentrations in Tums vs. the stock solution.  Working backwards to solve for the amount of calcium in the Tums tablet, yields 439 ± 12 mg of Calcium per 2.60 g Tums, where the error is found in the pipette, the linear regression, and the error in the dilutions.  

Table Two: Comparison of Calcium 3 ppm Concentration between Tums and Stock Solution
	
	Concentration and Error (ppm)
	Absorbance Reading
	Absorbance using Stock Solution Linear Regression

	Tums
	3±0.64
	0.2115
	3.3

	Stock Solution
	3±0.08
	0.1940
	3.0


Analysis

Through the methods described above, it was determined that 439 ± 12 mg of calcium were present in two Tums tablets, which is the recommended serving size on the Tums label.  The Tums label specifies that two tablets contain 400 mg of calcium, which is the equivalent of 40% of the recommended daily allowance of calcium as determined by the FDA.  The calcium measured in two tablets in this research is 10% greater than the calcium content given on the Tums label.  As our experimental error was 2.7%, the calcium content determined to be 10% greater than the label value is due not to our error, as our error is less, but can be concluded to be due to an excess of calcium in the Tums tablets in comparison to that specified on the label.  Thus, Tums labels are in compliance with FDA regulations that specify Class I nutrients, those added to fortify or fabricate a product, must be present at 100% or more of the value declared on the product’s label.  The FDA does not provide a limit on the amount of a Class I nutrient in a product, such as the actual nutrient content of a product must be greater than 100% of that on the label,  but cannot exceed 200%; the Tums label, however, does provides a warning that states “do not take more than 15 tablets in a 24-hour period” to prevent overdosing by patients.

Upon further analysis of Tums compliance with FDA regulations, which specify that for products containing between 10%-50% of the recommended daily allowance of a nutrient, the allowed variation of such nutrient content in the product is < 2%.
  The product variation is related to the calculated standard deviation.  As determined by our research, the variation of the calcium content between different Tums tablets is numerically 0.2%, but by a t – test, the variation is insignificant (see Results).  Although the 0.2% variation is in compliance with FDA regulations, the standard error due to experimental procedure in the calcium content is 2.7%.  Thus, as the FDA requires a variation range lower than our error range, our experimental methods cannot measure a smaller variation than our error, and thus, as we determined, the variation in the Tums tablets is insignificant.  However, this finding does comply with FDA regulations.

Through a cost analysis of the feasibility of manufacturing Tums tablets with an excess of calcium, which is present in the tablets due to the use of calcium carbonate for fabrication, it was determined that the cost of this additional calcium carbonate is so small, that it is insignificant in relation to the total annual sales of Tums.  Thus, GlaxoSmithKline, the manufacturer of Tums, can insure their product complies with FDA regulations for Class I nutrients by adding calcium carbonate in slight excess.  The cost of one pound (or 0.454 kg) of industrial grade calcium carbonate is $2.00.
  This cost corresponds to $0.04.4 x 10-6 per mg of calcium carbonate or $0.01.7 x 10-4 per two Tums tablets.  In a package of 36 tablets, this cost is only $0.003, which is less than a penny.  In 2001, Tums annual sales totaled $194 million
, which corresponds to the sale of approximately 3.5 billion individual Tums tablets.  Based on these numbers, the approximate cost of manufacturing these tablets with a 10% calcium excess is $300K.  This cost is 0.16% of the total annual sales, which is a miniscle percentage. This excess calcium insures that each Tums tablet will be in compliance with FDA regulations.

As stated earlier in the Results section, the main sources for error in our research came from the dilution process.  The error stems from the analytical balance (±1% mass), the pipette (±0.1ml), and the volumetric flask (±0.5ml).  The total experimental error was 2.7% of the final determination of the calcium content in a two Tums tablets.
Conclusions

· The amount of calcium in each Tums sample was greater than 100% of the stated lable value, which was as hypothesized. The amount of calcium in a two tablet sample (the stated serving size) was 439 ± 12 mg, compared to the stated value of 400 mg.
· The variance between each sample was 0.2% (12 mg per sample), which was below the hypothesized value of 10 percent. 
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Appendix

Table One: Tums Dilutions for Method of Additions

	Solution
	Final Concentrations (ppm)
	Volume Added of Concentrations (ml)

	
	Stock Ca
	Tums Ca
	5 ppm Stock Solution
	5ppm Tums Solution
	0.1% KCl

	Unspiked
	0
	1
	0
	10
	40

	Standard One
	1
	1
	10
	10
	30

	Standard Two
	2
	1
	20
	10
	20

	Standard three
	3
	1
	30
	10
	10

	Standard Four
	4
	1
	40
	10
	0


I. Dilution of .1% KCl
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II. Error in of Stock Solution 

Error in Stock Solution 500ppm
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III. Stock Solution: Dilution and Error

Sample Dilution Of 500ppm to 5ppm
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Sample of the calculated Error in 5ppm
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IV. Error in the Slope of the Line
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V. Tums Dilution and Error

How to Dilute the Tums to 30ppm using 200ml Volumetric Flask

· 400 mg Ca per 2.5993 grams of Tums
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Therefore, .03899 grams of Tums are needed diluted in a 200mL flask

How to Dilute the Tums to 30ppm using 200ml Volumetric Flask

· We used 50mL Tubes to dilute into
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Therefore, .005 Liters of 30ppm Tums are needed and diluted to 50mL

Error in Dilutions

· Error in 30ppm
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· Error in Diluting from 30ppm to 3ppm
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