The Effect of Lead Exposure on Skin Tissue Elasticity

Amar Bains

4/25/07

Background

The goal of this experiment is to determine whether exposure to lead can change the elasticity of chicken skin, as measured by Young’s modulus. It is widely known that the extracellular matrix of skin (and many other tissues) contains numerous collagen and elastin fibers. The fibers are constructed from individual collagen or elastin molecules which are covalently cross-linked. The cross-links form between the side chains of different lysine amino acids in the molecules and lend a higher tensile strength to the fibers and hence to the skin. The lysine side chains have terminal –NH3+ groups which join by forming a bond between the N atoms (Alberts, 1099, 1102). In the process, H atoms are given up. However, if a sufficient number of these bonds are broken, the skin will become fragile and tear-prone (Alberts, 1099). In order to break the bonds, H atoms must be reintroduced through a reduction reaction. One possible way of accomplishing this reduction might be to expose the tissue to lead, which can undergo the reaction Pb→Pb+2 + 2e-, thereby providing electrons to initiate the reduction reaction and break the bonds. Lead was specifically chosen for two reasons. First of all, its oxidation half-reaction is electrochemically favorable, having a standard reduction potential of -0.13V (Zumdahl, 468). However, the favorability of the overall reaction also depends on the standard reduction potential of the reduction reaction occurring in the cross-link bond. Unfortunately, that value is unknown. This is not a issue because if it was known, for example, that the reaction was sure to occur, this experiment would reveal very little. Second, using lead could lend the experiment a practical objective, since exposing chicken skin to lead in this experiment could simulate the exposure to lead that some people get from their tap water if the pipes or solders in their homes are old (pre-1987) and lead-containing (City of Philadelphia Water Department). Thus, if it is found that such exposure has the capability of changing the mechanical properties of the skin, further experiments could be done to determine whether human skin is also at risk from such exposure. This experiment expands on the study by Bains, Baumann, Choi, & Wang, since the data gathered in that experiment for the Young’s modulus of unexposed skin will be used for comparison of the exposed skin.
Hypothesis/Objective and Aims

The goal of this experiment is to determine whether exposing chicken skin to lead metal for an extended period of time (1 week) in tap water will change the Young’s modulus of the skin. The aim of using lead in this experiment is to be able to apply any findings to real-world situations in which people become exposed to lead through their water pipes. If it is found that lead does have adverse effects on chicken skin, the findings can be used as a basis for further testing with human skin so that the negative health effects of lead can be further understood. This greater understanding could be used to generate more awareness of the possible harms of lead exposure and to develop treatments against lead poisoning. Based on literature findings on the composition of collagen and elastin fibers in the skin (Alberts, 1099), it is hypothesized that lead exposure will make the skin more fragile and prone to breakage than normal, resulting in a lower Young’s modulus than unexposed skin.
Equipment

Major Equipment

· Instron/associated software- The Instron will be used to stretch the lead-exposed skin samples. The software will record force/displacement data for each sample at a user-set sampling rate.
Lab Equipment

· Large plastic tub- This needs to be large enough to soak chicken legs wrapped in lead sheeting prior to the actual experiment. Ten legs will need to be soaked in it each week.
· Surgical scissors- These will be used to separate the skin from the legs and cut out samples from the skin of set dimensions.
· Ruler- This will be needed to measure out the samples that need to be cut from the skin.
· Permanent marker- While measuring the samples out with the ruler, this can be used to mark the points where samples should be cut from the skin so that one may then remove the ruler and still make accurately sized samples. 
· Knife/scalpel- These will be needed to help with cutting the skin off of the leg itself and to cut the skin into sample pieces. Like the marker, they could also be used to make small markings (in the form of cuts) where the skin should then be cut with the scissors.
· Forceps- These will be useful for peeling the skin off the legs and for holding the skin in place when the samples are being cut.
· Cutting board- This will be used as the surface on which the skin is stripped from the legs and cut into samples.
· Calipers- These will be used to measure the thickness of the skin samples and the distance between the loading clamps on the Instron once samples are loaded.
· Weight set (500g, 1kg, 2kg)- These will be used to verify that the load cell transducer in the Instron is outputting correct measurements by making measurements for known applied loads.
Supplies

· 100 chicken drumsticks with skin- The skin will be exposed to lead and will act as the actual test subject in this experiment. One hundred legs are needed for each group to use five in an experiment.
· 100 1 ft. x 1 ft. pieces of 1/32 in. 99% pure lead sheeting- These are needed to act as the source of lead exposure for the skin.
· Nitrile gloves- These will be worn by anyone handling the lead or meat to avoid contamination of their hands by germs from the meat or by lead, which, if ingested, can be harmful.
· DI water- This will be necessary to soak the lead-covered legs in before the experiment. 
· Paper towels wet with DI water- These will be needed to store the skin samples after they have been cut and before they are loaded into the Instron to prevent their drying out, which could cause changes in their mechanical properties.
Newly Purchased Equipment
· None
Proposed Methods & Analysis
1. One week before the lab is to be run, wrap each of 10 chicken legs tightly in a 1 ft. x 1. ft. piece of lead sheet (maximize the amount of skin that is directly in contact with the lead, especially the region of skin just above the knee). Next, submerge all of the legs in a large plastic tub filled with DI water. Set the tub in a safe area and let it sit for a week. BE SURE TO WEAR GLOVES DURING THIS STEP AND ALL STEPS IN WHICH THE CHICKEN SKIN OR LEAD IS HANDLED.
2. On the day of the experiment, calibrate and set up the Instron and software as instructed in the BE 210 manual. Generally:
· Verify the load transducer settings using the provided set of known weights.
· Replace the hook used for the weights with the clamp and familiarize yourself with the compressed air supply used to operate the clamp. Set IEEE switch on.
· Open the program Instron.VI and set a crosshead speed of 100 mm/min. This speed was found by Bains, Baumann, Choi, & Wang to provide sufficient data points without there being so many that analysis becomes slow.
· Specify the file name of each sample test before the test as noted in the manual.
· Make sure the Instron is set to move up, or in other words, to stretch the samples.
3. Remove the lead from the chicken legs and the skin from the legs. Each group of students should have 5 legs. Cut the skin off so that the part above the outside of the knee remains intact. While not working with the skins, place them in wet paper towels. Make sure you note in what orientation you place them.
4. Cut 2 samples of skin from each of the 5 specimens. The samples should be taken from just above the outside of the knee and have dimensions of 2 cm x 4 cm (determined to be appropriate for Instron testing by Bains, Baumann, Choi, & Wang). Use the ruler to make measurements. Place the samples back in the paper towels until testing occurs.
TIME TO THIS POINT: 1.5-2 hours

5. Taking one sample, clamp it in the Instron with the 2 cm sides in the clamps. Use the jog button on the Instron to extend the skin until it has a very small amount of slack. Using the calipers, measure the distance between the top of the bottom clamp and the bottom of the top clamp. This will act as the gage length in strain calculations and should be kept constant for all samples. Also, measure the width of the sample in the clamps and the thickness near the center of the sample. Multiply these to find the cross-sectional area of the sample. This will be used to calculate stress.
6. Make sure the computer is ready to save the sample data and run the Instron. Repeat from step 5 for all 10 samples.
TIME TO THIS POINT: 1-1.25 hours

7. Move the raw force (N) and displacement (mm) data for each sample into an Excel worksheet. Divide all the force data of a sample by the cross-sectional area of that sample and then divide by 1000 to calculate stress data in kPa. Divide the displacement data of the sample by the gage length to obtain stress data. Repeat for all samples.
8. Plot stress (kPa) vs. strain (mm/mm) for each sample in Matlab. Locate the first linearly increasing region of the plot by eye (it should be near the beginning, after a short curved region). An example of an acceptable linear region is given in Figure 1 in the Appendix. Determine which data points are in this region. Create new stress and strain data matrices with only these data using the limiting index function. Fit a line to these new data using the polyfit function.
9. Find the Young’s modulus for each of the skin samples. This will be the slope of the fit line for the sample. 

10. The moduli for 10 samples of unexposed skin can be found in Table 1 of the Appendix. Compare the Young’s moduli of the lead-exposed skin samples to the Young’s moduli of  unexposed samples using a one-tailed, unpaired t-test in Excel. Since the variance of the Young’s modulus of the unexposed samples (3.903x106) is much more than 5% of their mean (5256.2), unequal variance will be assumed. A p<0.05 will reveal that the Young’s modulus of the exposed samples is significantly less that that of the unexposed samples.
Potential Pitfalls & Alternative Methods/Analysis
There are several issues that may arise during the running and analysis of this experiment. Some of these could be alleviated by altering the methods in the future, while others are difficult or impossible to correct and simply act as sources of error for this experiment.

First, there are fairly large variations in the mechanical properties of the skin from one chicken to another. This large variance makes it harder to show a significant difference between the mechanical properties of two groups of skin treated in different ways. This is because large variances mean there is more likely to be overlap between the groups that is a result of natural specimen variations and not of a lack of difference between the differently-treated groups. For instance, as shown in Table 1, over ten skin samples from five different chickens, the mean (standard deviation) of Young’s modulus was 5256.2 (1975.7) kPa. The standard deviation is 37.6% of the mean, demonstrating how great the variance between specimens can be. Although it is not possible to choose only chickens with the same inherent skin mechanical properties, some of the effects of the variations could be alleviated by running the experiment in such a way that a paired t-test could be used for statistical analysis instead of an unpaired test. As already planned for this experiment, two skin samples could be taken from a single leg. However, instead of exposing both to lead in water, one of the samples could be soaked solely in DI water for a week and the other in DI water with lead. Since the samples would be paired by chicken specimen, a paired t-test would be appropriate. 
Another source of error introduced in the analysis is derived from the fact that the portion of each stress/strain plot which is chosen to be fit with a line depends on the subjective judgment of whoever is looking at the plot. By varying the data points that are used for fitting, the slope of the fit line, and hence the calculated Young’s modulus, will change slightly. For example, by using the two different regions indicated in Figure 1 in the Appendix, one obtains Young’s moduli that differ by 544 kPa, which is a difference of approximately 6.5% of either Young’s modulus value. However, it is hard to fully correct this subjectivity since there is no way around using one’s judgment to choose the region to be fit. However, the person choosing each region should report at least the general criteria he or she used to demarcate a region for fitting. At best, the person could include information on which specific data points were used for fitting for each sample. This would allow anyone reading the lab report to more easily follow (or change, if they deem it necessary) the criteria for choosing a region if they were to attempt replication of the experiment.
Additionally, skin thickness may vary over the length of one sample. This would cause variances in the cross-sectional area used to calculate stress, so stress would not be constant over the entire sample. Therefore, if a part of the sample with a relatively large cross-sectional area were used in stress calculations, but the sample broke in a region with a smaller area, artificially low stresses would be recorded for the sample. This could be corrected by taking area measurements at several spots on a single sample and then averaging them. Although this may introduce more noise in the area and stress calculations, it may be the best approach to eliminating issues dealing with intra-sample dimension variations. Another problem is that some weakening of the skin may occur where it is clamped tightly in the Instron. This is indicated to some degree in Bains, Baumann, Choi, & Wang, which states that half of the samples used in that study tore along the clamped edge of the sample. It may be possible to reduce the tightness of the clamping required by using a clamp which has a sticky surface that helps to keep the sample in place without having to apply as much pressure.

Finally, it cannot be stated with certainty that one week is sufficient time to allow the chemical reaction to occur to any significant degree (if it occurs at all). Therefore, future experiments should be carried out which vary the amount of time used for soaking so that it can be determined what length of exposure, if any, causes damage to the skin.
Budget
	Purchase
	Supplier
	Cost

	100 1 ft. x 1 ft. pieces of 1/32 in. 99% pure lead sheeting
	RotoMetals
865 Estabrook St. 

San Leandro, Ca 94577

Phone: 1-866-768-6638

Email: sales@rotometals.com
	$1,502.25 (including shipping)

	100 chicken legs (with skin)
	The Fresh Grocer
4001 Walnut St.

Philadelphia, PA 19104

Phone: 215-222-9200
	Approx. $40.13 (based on price for an 8 leg pack on April 24, 2007)

	
	
	Total: $1,542.38


Appendix
	Sample Number
	Young’s Modulus (kPa)

	1V
	5188.1

	2V
	9244.9

	3V
	5032.3

	4V
	3395.2

	5V
	4204.6

	1C
	3540.1

	2C
	4982.7

	3C
	7990.2

	4C
	5703.3

	5C
	3280.5

	
	Mean (SD): 5256.2 (1975.7)


Table 1. Young’s modulus values for unexposed chicken skin (Bains, Baumann, Choi, & Wang, 4). The V or C after each sample number indicates two groups which experienced two different directions of stretching. However, since no significant difference was found between the Young’s moduli of the two different groups, all samples can be treated as the same type and can be taken as ten samples of the in the same treatment group.
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Figure 1. This shows a representative stress/strain curve for a skin sample (Bains, Baumann, Choi, & Wang, 4). It demonstrates two regions of the plot which could reasonably be used for fitting a line, the slope of which is Young’s modulus for the sample. The two different Young’s moduli for the regions are 8540.3 kPa (black region) and 7996.3 kPa (red region).
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