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Background


This proposal combines the experiment on Fracture Properties of Chicken Bones and the experiment on Acid-Base Chemistry. It does so by implementing an acid solution to the Fracture Properties lab. The proposed experiment would test the fracture properties of chicken bone, while increasing the acidity of the solution in which the bone is stored. The goal will be to see how acidic solutions affect the failure properties of chicken bone, in order to better understand what pH levels are optimal for bone strength. The expected outcome from this experiment is that as the pH of the solution is decreased, starting at neutral ph, the bone will fracture at a lower stress. This is expected because the effect of an acidic pH on human bone, which is assumed to be similar, is to cause an efflux of calcium from the bone (Bushinsky). This loss of calcium by the bone causes it to become weaker (Zhu). This hypothesis will be tested by removing the skin and muscle from 12 chicken bones, and separating these bones into three groups of four (allowing for an n=3, plus an extra in each group in case of error). One group will then be placed in a neutral solution with the other two at lower pHs (one at approximately pH 4.5 and one at 2). Each solution will be made by adding the appropriate volume of HCl to water (this will be done using a burette, to add HCl, and a pH meter, to see when the desired pH is reached). These bones will then be left in solution for approximately four hours, after which point they will be loaded onto the Instron 4444 and will be subjected to a loading rate of approximately 1in/min (the same load rate as used in the previous Fracture Properties experiment). An ANOVA test and two tailed t-test will then be performed to see if there is a significant difference in the data from each group.
Hypothesis/Objective and Aim


It is hypothesized that as pH is decreased, starting at neutral pH, the chicken bone will become weaker, and will fracture at a decreased stress. The reason a decrease in pH is expected to cause a decrease in strength is that calcium is important to bone strength (Zhu) and as pH decreases, efflux of calcium from bone increases (Bushinsky). This experiment will help to understand how pH affects the fracture properties of bone, which will then help to find the optimal pH for bone strength. 
Equipment

Major Equipment

pH meter with combination glass-silver/silver chloride electrode and holder – This will be needed in order to determine when the desired pH is reached for each solution.

Instron Model 4444 benchtop materials testing machine with Customized Bending Jig (variable positions of beam supports) – This will be used in order to apply the desired loading rate to the bones. It should also be connected to a computer to record the necessary data, such as displacement and force applied.

Lab Equipment
Weight set (500g, 1kg, 2kg) – This is needed in order to verify the load cell transducer settings in the Instron.
Magnetic stirrer and stirring bar – This will help to mix the solutions, while HCl is being added, in order to allow the pH meter to measure the correct pH.
pH buffer standards (4,7,10) – This is needed to standardize the pH meter.

Supplies

Knives and cutting board – These are needed in order to remove the skin and muscle from chicken bones, since only the bone is desired for this experiment.

Length measuring instruments: calipers & rulers – These will be used to take the necessary measurements, such as the length between simple supports on the jig and thickness and diameter of the chicken bones.
50 ml burettes and burette stand – This will be used to add HCl slowly in order to make the solutions of varying pH, without adding too much acid.
Three 500 ml beakers – One to make each solution, and then store the bones in.
Newly Purchased Equipment
12 Chicken legs per group – The chicken legs are required as a bone surrogate to test the hypothesis.
0.5 L of 1 M HCl per group– An acidic solution, such as HCl, is required in order to make the solutions of varying pH.

Proposed Methods and Analysis
· Follow the lab manual instructions in order to set up the Instron 4444 and 3 point bending jig by verifying the load cell transducer and setting the desired loading rate.
· Part of the group should remove the skin and muscle from the chicken bones (this should take between 30 minutes and an hour).

· The chicken bones should be separated into three groups of four (this gives an n=3 with an extra in each group in case of error) and placed in damp paper towels until they are placed in solution.

· While part of the group is removing the muscle, the other members of the group should follow the lab manual instructions for standardizing the pH meter and setting up the burette.
· Approximately 400 ml of DI water should be added to two of the three beakers, while 500 ml should be added to the third (this will be the neutral solution).
· The electrode of the pH meter and the stirring bar should be placed in the water.

· The solution should be placed on the magnetic stirrer and HCl should be added using the burette until the desired pH has been reached. This should be done three times, once for each solution (This should not take more than 30 minutes). This step should not be necessary for the neutral solution, containing only water, but it will be done anyway to make sure that the pH is not above 7.
· Place each group of bones into one of the solutions and allow the bones to sit in solution for 3.5 to 4 hours.

· After the allotted time has passed, the bones should be removed from solution and rinsed. They should then be placed in damp paper towels until being placed on the Instron.
· The diameter of each bone should be taken (this should be taken where the force is being applied, as that is where it should break). This can be done by measuring the long and short diameters for each bone and using the average.
· After the diameter has been measured the bones should be placed on the simple supports and the Instron should be turned on (while the computer records the data) until the bone fractures.

· After the bone fractures, the thickness of the bone should be measured along with the distance between the simple supports (this is used as the length of the chicken bone because the parts of the bone not between the simple supports should not be undergoing any stress).

· The previous three steps should be repeated for each bone (this should not take more than 30 minutes).

· After all the data have been recorded, the fracture stress should be calculated for each bone (see Appendix for sample calculation) and the average and variance for each group should be determined for each group.

· Perform an ANOVA test on the three groups (n=3, unless there were no errors, in which case the fourth bone from each group can be used and n=4) to see if there is a significant difference in any of the three groups.

· If the ANOVA test shows that there was a significant difference in any of the groups, a two-tailed t-test should be performed between each group (using p<0.167 as p crit.) to test the hypothesis that as the pH is decreased there will be a change in fracture stress (if t-tests show a difference, the means can be used to see if the fracture stress decreased as pH decreased).
Potential Pitfalls and Alternative Methods/Analysis

One potential problem that may arise when analyzing the data, could come from the fact that there is a small sample size (n=3). The extra bone in each group could help here, if all the bones were deemed to have given valid results. However, the number of bones cannot be further increased as taking the skin and muscle off the bones takes a significant amount of time and adding more bones would thus take away from the time allotted for the bones to be in solution.

Another possible solution would be to make two groups of n=5 (with 2 extra) instead of three groups of n=3. This may not be optimal because it cannot show a trend; it can only compare two pH levels.
Another possible problem may be, that the amount of time the bones are in solution is not enough time for a significant efflux of calcium, which would cause the groups to not show a significant difference in fracture stress. In order to try maximizing this time the sample size has been made small so that the majority of the lab time can be spent with the bones in solution. If the number of bones used was made smaller (this would either require no extras, requiring the groups to not make any mistakes, or it would necessitate using two groups instead of three) this would allow for the bones to stay in solution for slightly more time, since removing the muscle can be time consuming. However, this may not solve the problem as it would not add more than a half hour.

With some of the bones, there may also be a problem with where or how the bone fractures. Examples of this would be if the fracture is not straight through the bone, or if the bone fractures somewhere other than where the force is being applied. This could be caused by the fact that the bones may be weaker in certain areas. This is why it is important to analyze the fracture stresses of the bones instead of the fracture forces, because stress takes into account some of the differences in the bones. This is also why it is important to have extra bones, so that if an unexpected fracture does occur, and this unexpected fracture is not consistently seen, that the data from that bone can be discarded. However, it is also possible that the acid may cause a greater efflux of calcium in different areas of the bone, which may be the cause of this unexpected fracture. In this case, the bones may consistently fracture away from the applied force. If this were to happen, a fracture property likely would not be the best property to compare, since the bones did not fracture in the same way. Because of this, a property seen before fracture would likely be a better property for comparison, an example of this could be to compare the Elastic Modulus of the different groups.

Another issue could be that the beakers are not big enough to fit all of the bones, or that having more than one bone in a beaker is causing the bones to not react as well. In this case it might be necessary to split the bones up into two beakers per group (two bones per beaker); this would require double the volume of HCl to be bought in order to account for the extra beakers.

Another issue could arise with the pH of the water, while DI water should have a pH of 7, there is a possibility that the water may be contaminated and will not be neutral. In the case of a pH above 7, the pH can simply be lowered by adding HCl. However, if the pH is lower than 7 it cannot be raised without a base. One way to account for this would be to buy a small amount of NaOH, just in case the pH must be raised. On the other hand, even if the pH is lower than 7, it should not be significantly below 7, and so the pH of the water solution can just be used as the third and highest pH level.
Budget
HCl – The HCl needed could be bought from the Sigma-Aldrich Corporation. 1 liter of 1.00+0.05 M Trizma hydrochloride solution is sold for $37.50. It would be necessary to buy 12 liters, since no group should need more than 0.5 liters. This would leave for 2 extra liters in case of a spill or other error. This would bring the total cost of HCl to $450.
Chicken Bone – 240 chicken bones would be required to allow each group to have 12 bones. This could be bought by ordering in advance from a grocery store such as Fresh Grocer, where a pack of 10 drumsticks costs approximately $4.50; this would bring the total cost of chicken bones to $108.
This brings the total cost of supplies needed to approximately $558, which would allow for changes in price, the addition of tax, and more supplies if deemed necessary.
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Appendix

A sample calculation of stress was taken from Appendix A of LT8E4.

For a wooden stick with cross-sectional dimensions of Width (W) 5 mm and Thickness(T) 5 mm placed in a jig of length (L) = 70mm with a force applied in the center and an observed maximum displacement (D) of 20mm and Force at Failure (F) = 70N:

· Second Moment of Inertia for a rectangular beam (I)= (WH^3)/12=(5*5^3)/12 = 52.1mm^4

· Young’s Modulus (E) = (F*L^3)/(48*I*D) = (70*70^3)/(48*52.1*20)= 480.2 N/mm^2

· Internal Moment (M) = Force*Distance = (L/2) *(F/2) = 35*35= 1225Nmm

· Failure Stress (σ) = (M*(H/2))/I = (1225*2.5)/52.1 = 58.8 N/mm^2
