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SUMMARY OF CONCLUSIONS

The rate of calcium extraction from three chicken femurs was determined by varying surface areas of a whole bone filled with wax, a longitudinally halved bone, and a ground bone.   Each bone was suspended in a beaker that was filled with 900mL of 1M HCl solution.  Samples were taken from the beakers for a period of 4.5 hours at 15 minute intervals and then twice daily for four days afterwards.  The samples were then analyzed by atomic absorption spectrophotometry.  Results were analyzed by fitting a second order polynomial to the calcium released versus time graph.  The results showed that the ground bone released the most calcium, 69.92% the estimated maximum calcium available, as opposed to 61.24% for the halved bone and 52.14% for the whole bone.  Experimental data also revealed that the original hypothesis of the experiment was false - surface area was not the only determining factor in the rate of calcium extraction from a chicken femur.  The halved bone had 10% greater surface area than the whole bone, but a calcium extraction rate that was 290% greater.  It was hypothesized that the penetration distance of each bone, rather than the surface area, was the determining factor in the extraction rate.  The experimental data fell within ( 12% of the values predicted by the equation R ( (Do*SA)/((, where R is the rate of extraction, Do is the diffusion constant, SA is the surface area, and (( is the average diffusion distance.  This showed that the thickness of the bone, or effective diffusion distance of the HCl solution, is a significant in the calcium extraction rate of chicken femur bone.  Further experimentation would be necessary to determine the exact relationship between the thickness of the bone, surface area, and the rate of calcium extraction.

OBJECTIVES

The objective of this experiment was to determine the rate at which calcium was extracted from chicken femur samples with varying surface areas.  Two specific goals were set for the accomplishment of this objective.  The first goal was to compare the relationship between surface area and extraction rate using whole, halved and ground chicken femur samples.  The second was to extract the greatest total amount of calcium possible from all samples and compare.  By holding constant the HCl concentration, volume of HCl used, and temperature of sample; and by normalizing each bone by its respective mass, the surface area was the only varying element in the experiment.  The concentration of the calcium ion extracted for each sample was plotted with respect to time in order to determine the rates.  Additionally, the total calcium yield per unit mass of bone was also determined by observing the total calcium extracted from each sample and was normalized by the respective samples' masses (8.5 for the ground, 4.1 for the halved, 1.4 mg Ca/g bone*min).  The experiment calls for the use of atomic absorption spectrophotometry to determine the rate of calcium extraction from a chicken femur.

BACKGROUND FOR PROPOSED PROJECT

Bone is primarily composed of three components, collagen, protein polysaccharides, and the mineral phase.  The mineral phase, the part of bone that contains the calcium, makes up 65% of the bone by mass.
  The ideal component of the mineral phase is hydroxyapatite, Ca10(PO4)6(OH)2.  Other components of the mineral phase include calcium carbonate and calcium apatite
.  

In order to determine the calcium concentration of bone, calcium ions must be released into solution.  This is done by the method of acid precipitation, in which proteins are broken up, and calcium ions are released into solution 
.  The acid of choice in this experiment was 1M hydrochloric acid.  1M HCl was used because of its ability to extract most of the calcium from a chicken femur in one day. 

After calcium is released into solution, the concentration of calcium can be determined by the use of atomic absorption spectrophotometry.  Atomic absorption spectrophotometry is based on the principle that when atoms become excited, electrons undergo a transition from a higher energy level to a lower energy state.  With the change of an increased energy level the absorption of a particular ion can be measured. The more ions are present in the solution, the higher the absorbency values.

THEORY AND METHODS OF CALCULATION

By determining the total concentration of calcium in the bone, we can make an estimation of how much calcium we expect to extract from bone.  Knowing that 65% of bone is in mineral phase and that the ideal component of the mineral phase is hydroxyapatite, Ca10 (PO4)6 (OH)2, we can make the preliminary calculation of the final concentration of bone expected.  

Percentage of Ca in Ca10 (PO4)6 (OH)2 = molecular weight of Ca  / molecular weight of total     
   (1)
        = 400.78 / 1004.62284 = 0.3989  = 39.89 %
Percentage of Ca in bone = percentage of calcium in mineral phase x percentage of mineral phase in bone




= 0.3989 x 0.65 = 0.2593 = 25.93 % calcium in bone
Knowing this information, we can determine a preliminary dilution scheme as follows:

                              1 g bone (0.259 g Ca / 1 g bone) (1 / 0.900 L ) = 0.288 g / L
            
                  (2)

Rounding gives a concentration of approximately 300 mg / L or 300 ppm.  As the upper limit of [Ca] absorbance limit is 5 ppm, approximately 1:60 dilution is required.  

It must be noted, however, that the above calculation of calcium concentration is made based on the assumption that the bone is primarily composed of hydroxyapatite.  It does not take into account the presence of calcium carbonate and calcium apatite, which are also present in bone, but in lesser amounts.  Larger dilutions would be expected in order to account for the presence of these two compounds.  

Calculations 

Within the atomic absorption cuvette, the concentration can be calculated as:

Concentration (ppm) = Absorbance x 0.0694


 
    (3)

However, the concentration inside the cuvette is not an indicator of the concentration in the solution beginning the start of the experiment.  This is so because at each sampling, 5 mL of solution is taken out.  This means that there is some amount of calcium that was lost through sampling as well as a reduction in volume.  Such losses must be taken into account and corrections must be made.

As a general rule, 

Concentration (ppm) = Amount of Calcium ((g) / Total volume of liquid (mL)

    (4)

We can thus use this method to calculate the absolute amount of calcium that is supposed to be present and divide that amount ((g) into the total amount of liquid to begin with (900 mL) to get the total concentration in ppm.  

             Absolute amount of calcium in total solution ((g) = Concentration x 900 mL

    (5)

The method of calculating the concentration at first sampling is thus as follows:

Concentration of the first reading (ppm) = Absorbance x 0.0


                   (6)

The calculations of additional readings are as follows:

Concentration of second reading (ppm) = [(Concentration of first reading x 5 mL) + (Absorbance of 

           Second Reading x 0.0694 x 895 mL)] / 900 mL   
    (7)




     

Concentration of third reading (ppm) = [(Concentration of first reading x 5 mL) + (Absorbance of Second

      Reading x 0.0694 x 5 mL) + (Absorbance of third reading x 0.0385  

      x 890 mL)] / 900 mL

    


    (8)









 

And so on.  

MATERIALS, APPARATUS, AND METHODS
Materials

· Perkin-Elmer Model AA 4000 Atomic Absorption Spectrophotometer set at a wavelength of 422.7nm

· Standard solution of calcium (1000 ppm)

· 1M HCl solution

· 1000mL flasks, eyedroppers, 3 electromagnetic stirrers and stirring plate

· 5 whole chicken femurs
· 0.5 wt% lanthanum

· Scalpels and other cutting tools 

Methods

Three chicken femurs were prepared using the following method.  First, the bones were stripped of meat and muscle using a scalpel.  Secondly, both ends of the bones were sawed off and bone marrow was removed with Q-Tips.  Following the first two steps, each bone underwent specific preparation.  The whole bone’s inner cavity was filled with wax in order to ensure that only the outer surface was exposed to the 1M HCl solution.  The second bone was longitudinally halved in order for both the inner and the outer surface to be exposed to the 1M HCl solution. The whole and halved bones are illustrated in Figure 1.  The ground bone was broken up into small pieces using a scalpel and other cutting tools that were in the laboratory.  Finally, all bones were massed and measurements for length, diameter, and thickness were taken and recorded.

Figure 1.  Whole and Halved Bone Diagrams
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The above figure illustrates the final appearace of both the whole and the halved bone after preparation. 

Apparatus and Procedure

Following bone preparation, each bone was suspended in its respective beaker filled with 900mL of 1M HCl solution.  After the bone was suspended in solution, 5mL samples were drawn from each of the three beakers using eyedroppers and were then deposited into 10mL conicles.  5mL samples were taken from each bearker at 15 minute intervals for a period of 4.5 hours, as well as twice daily (10:30am and 5:00pm) for a period of 4 days after initial suspension.  

In order to measure the calcium levels in each sample the Perkin Elmer AA Spec was set to detect a wavelength of 422.7 nm.  Lanthinum (0.5 wt%) was added to each sample in order to stabalize them.  Once all the samples were prepared to their proper dilutions (meaning that they are between 3-5ppm so that they lie in the upper limits of the linear working range of the calcium concentration versus time graph), the machine was calibrated with the standared 1000ppm clacium stock solution and samples were tested immediately afterwards.  Samples were tested in bulk.  For example, once all the samples for the whole bone were taken, they were diluted and tested at the same time, without re-calibrating the spectrophotometer.  There was no break in testing the samples among each of the three groups.  

RESULTS
In order to find the relationship between the rates of calcium extraction from the various bone types, an approximate maximum yield of calcium from the bones had to first be determined.  Since 25.93 wt% of the bone is typically calcium (subject to the limitations discussed in page 2 of the report), the approximate maximum calcium yield is 25.93% of the mass of each bone sample.  Next, the amount of actual calcium extracted by the 1M HCl was determined by using the spectrophotometer to find the grams of calcium extracted into each solution.  This amount of calcium is then normalized by the weight of the respective sample.

Table 1 shows that the ground bone released the most calcium as a percentage of the expected total (69.92%).  This is significantly greater than the whole bone yield of 52.14% of the calculated maximum yield value.  The halved bone gave a yield value of 61.24%, which is between that of the whole bone and the ground bone values.  The bones did not yield the same amount of calcium per gram.
[image: image2.wmf]Surface Area 

(m^

2

)

Ratio

Rate of Extraction 

(mg Ca/g bone) 

per min.

Ratio

Whole Bone

0.0020

1.0

1.4355

1.0

Halved Bone

0.0022

1.1

4.0981

2.9

Table1.  Calcium Extracted:  Experimental vs. Expected Values
To better view the comparative rates of calcium extraction from the varying bone shapes, the calcium extracted from each bone per unit time is plotted, each curve representing a specific bone.  Such a graph shows the change in the concentration with respect to time, which permits the comparison of the extraction rates and how they vary for whole bone, to halved bone, and to ground bone.

Figure 2.  Calcium Extracted From Chicken Femurs vs. Time
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For each bone’s geometry, a time period that modeled the initial growth period of Ca concentration/extraction was chosen.  Second order polynomials that modeled these initial growth periods (during the first 90 minutes) were fitted to the data.  Second order polynomials were chosen because the initial rates of extraction could be easily identified by taking the derivatives and setting times equal to 0.  The calcium extraction rate should be greatest at first but then the rate of extraction should become less positive as time continues until it approaches steady state value.  Higher polynomials have complicated derivatives and do a poor job of modeling these expected rates.  Also, at the relatively short times we examined to determine the rates (less than 100 minutes), the x3 term of the third order equations is much smaller than its coefficient and thus is inconsequential and did not need to be included in order to determine an accurate result.  According to the above graph, the ground bone has the highest initial extraction rate (8.5 mg Ca/g bone*min – it is the steepest curve) and the highest total amount of calcium yield (about 180 mg. Ca/g bone – the highest steady state value).  The halved bone has the second greatest rate of extraction, 4.1mg Ca/g bone*min, followed by the rate of the whole bone, 1.4mg Ca/ g bone*min.

To explore the relationship between surface area and the rate of calcium extraction the following table is constructed.

Table 2 – Relationship Between Surface Area and Rate of Extraction
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This table examines the relationship between the surface areas of the bone samples verses their respective rate of calcium extraction (mg Ca/g bone) per minute.  Because of the lack of precision involved in bone cutting, the surface area of the halved bone was only 10% greater than that of the whole bone.  Only the halved bone and the whole bone were examined in this table, because the surface area of the ground bone could not be accurately determined.  The original hypothesis predicted that if the halved bone surface area was 10% greater than the whole bone surface area, then the rate of extraction for the halved bone should be 10% greater as well.  However, the results show that the experimentally determined ratio of the extraction rates of the two samples is 2.9:1, or 290% greater for the halved bone.  This result suggests that the rate of calcium extraction from a chicken femur is not solely dependent upon surface area.

DISCUSSION AND ANALYSIS OF RESULTS

The general patterns observed in the project were predicted in the initial project proposal.  The ground bone had the fastest rate of calcium extraction (8.5 mg/g bone*min, compared to rates of 4.1 and 1.4, respectively, for the halved and whole bones) and reached steady state in shorter time than the other bones. 

However, as seen from Table 2, the surface area exposed to HCl is only 10% greater (0.0022 m2) for the halved bone than for the whole bone (0.0020 m2), while the rate for the halved bone is nearly 3 times as fast.  This means that the original hypothesis - that the rate of extraction depends only on surface area exposed to the HCl - is wrong.  Since all other variables had been held constant to examine the effect of surface area on the rates of calcium extraction, the only other difference between the whole and halved bone was the fact that both the inner and outer surface of the bone were exposed.  The hypothesis that diffusion must affect the rates of calcium extraction was formulated to explain the different rates of extraction between the whole and halved bone.  As seen in Figure 3, only the outer surface area of the whole bone is exposed to HCl (the area at the ends of the bones were discounted, since the thickness was less than 2.5% of the length of both the whole and halved bones).  In contrast, both the inner and outer surfaces of the halved bone are exposed.  Because of this, H+ ions must penetrate all the way to the wax and back out in the whole bone to extract all of the calcium - a total distance of 4(.  However, the early H+ ions extract Ca2+ directly from the surface of the bone.  The average distance the H+ ions must travel to complex Ca2+ ions into solution is thus 2( [(0+4()/2].  In the case of the halved bone, H+ ions penetrate from both sides and meet in the middle of the bone - a distance of (.  Traveling back out to release Ca2+ ions into solution adds another distance of (. Therefore, the maximum penetration distance for the halved bone is 2(, and the average distance is (. If this hypothesis is true, given two bones with the same surface area and thickness, if one is exposed to penetration from only one side and one is exposed to the solution on both sides, the rate of Ca extraction from the second bone will be twice as fast.
[image: image5.wmf]Mass (g)

Max Extractable Ca (g)

Ca Extracted (g Ca/g bone)

Actual Amt. Ca Extra. (g)

% of Max Ca Extracted

Whole

2.480

0.6431

0.1352

0.3350

52.14

Halved

2.000

0.5186

0.1588

0.3176

61.24

Ground

2.446

0.6342

0.1813

0.4435

69.92

Figure 3. – H+ ion Diffusion Distance



A more quantitative analysis of our chicken femurs was conducted using the relationship:





       R ( (Do*SA)/((​​ 





(9)


In words, the rate of extraction is proportional to a diffusion constant (Do - same for both bones) and the surface area, and is inversely proportional to the average diffusion distance, ((.

Table 3 - Diffusion Distance and Extraction Rates for Femurs
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This hypothesis predicts the experimental rates within ( 12%, and accounts for the variation of the data from our original hypothesis. Further testing would have to be performed to confirm the validity of this hypothesis. However, a few important conclusions can be drawn based upon the data.


CONCLUSIONS

1. The rate of calcium extraction from a chicken femur is not just a surface area effect.  

2. The rate of extraction is significantly influenced by the relative (diffusion penetration) thickness of the bone. 

3. Using the equation R ( (Do*SA)/((, where R is the rate of extraction, Do is the diffusion constant, SA is the surface area, and (( is the average diffusion distance, the experimental data fall within ( 12% of the predicted values.  This hypothesis requires further testing for confirmation.
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		time (min)		Bone type		absorbance		diluted [Ca] ppm		Dilution Factor		sample [Ca] ppm		Calculations for correction								[Ca] ppm (corrected for volume change)		[Ca] ppm (manual.. check)		[Ca] with femur mass correct.		ln t		Ca mgrams/gm bone

		0																												0

		15		W		0.089		1.2824207493		50		64.121037464		900		320.6051873199						64.121037464		64.121037464		25.8552570419		2.7080502011		23.2697313377						SUMMARY OUTPUT

		30		W		0.151		2.1757925072		50		108.7896253602		895		543.9481268012		320.6051873199		97687.3198847262		108.5414665386		108.5414665386		43.7667203785		3.4011973817		39.3900483406

		45		W		0.2		2.8818443804		50		144.0922190202		890		720.4610951009		864.553314121		129106.628242075		143.4518091579		143.4518091579		57.8434714346		3.8066624898		52.0591242912						Regression Statistics

		60		W		0.242		3.4870317003		50		174.3515850144		885		871.757925072		1585.0144092219		155886.167146974		173.2068523855		173.2068523855		69.8414727361		4.0943445622		62.8573254625						Multiple R		0.9971912439
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		120		W		0.376		5.4178674352		50		270.8933717579		865		1354.4668587896		2611.6714697406		236934.438040346		263.2604867115				106.1534220611		4.7874917428		95.538079855						Observations		13

		135		W		0.206		2.9682997118		100		296.8299711816		860		1484.1498559078		2838.6167146974		258112.391930836		286.7915465898				115.6417526572		4.9052747784		104.0775773915

		150		W		0.126		1.8155619597		175		317.7233429395		855		1588.6167146974		3072.7665706052		274726.224783862		305.251360871				123.0852261576		5.0106352941		110.7767035419						ANOVA

		165		W		0.239		3.4438040346		100		344.3804034582		850		1721.9020172911		3310.5187319885		296033.86167147		328.9265129683				132.631658455		5.1059454739		119.3684926095								df		SS		MS		F		Significance F

		180		W		0.244		3.5158501441		100		351.5850144092		845		1757.9250720461		3479.8270893372		300569.16426513		333.9657380724				134.6636040614		5.1929568509		121.1972436553						Regression		1		8143.2971413855		8143.2971413855		1949.9160297657		0

		195		W		0.198		2.8530259366		125		356.6282420749		840		1783.1412103746		3541.0662824208		303108.78962536		336.7875440282				135.8014290436		5.2729995586		122.2212861393						Residual		11		45.9385261662		4.1762296515

		210		W		0.212		3.0547550432		125		381.8443804035		835		1909.2219020173		3692.3631123919		322532.420749279		358.3693563881				144.5037727371		5.3471075307		130.0533954634						Total		12		8189.2356675517

		225		W		0.218		3.1412103746		125		392.65129683		830		1963.2564841499		3872.4783861671		329773.054755043		366.4145052834				147.7477843885		5.4161004022		132.9730059496

		240		W		0.223		3.2132564841		125		401.6570605187		825		2008.2853025937		3971.5417867435		335338.616714697		372.5984630163				150.2413157324		5.4806389233		135.2171841592								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

														820		0		2008.2853025937		2008.2853025937																Intercept		-175.6718254061		6.6762776909		-26.3128398098		0		-190.3662209601		-160.9774298522		-190.3662209601		-160.9774298522

														815		0		0		0																X Variable 1		59.588200689		1.3494360777		44.1578535457		0		56.6181104054		62.5582909727		56.6181104054		62.5582909727

		1225		Thr 10:30		0.144		2.0749279539		175		363.1123919308		810		1815.5619596542		1815.5619596542		295936.599423631		328.818443804				132.588082179		7.110696123		119.3292739611

		1675		Thr 5:00		0.149		2.1469740634		175		375.7204610951		805		1878.6023054755		3694.1642651297		306149.135446686		340.1657060519				137.1635911499		7.4235684443		123.447232035

		2725		Fri 10:30		0.151		2.1757925072		175		380.7636887608		800		1903.818443804		3782.4207492795		308393.371757925		342.6593019533				138.1690733682		7.9102237071		124.3521660314

		7045		Mon 10:30		0.155		2.2334293948		175		390.8501440922		795		1954.2507204611		3858.0691642651		314583.933717579		349.5377041306				140.9426226333		8.8600734243		126.84836037

				Mon 5:00										790		0		1954.2507204611		1954.2507204611

				Tues 10:30										785		0		0		0

		8935		Tues 5:00		0.14		2.0172910663		200		403.4582132565		780		2017.2910662824		2017.2910662824		316714.69740634		351.9052193404				141.8972658631		9.0977314276		127.7075392767
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		time (min)		Bone type		absorbance		diluted [Ca] ppm		Dilution Factor		sample [Ca] ppm		Calculations for correction								[Ca] ppm (corrected for volume change)		[Ca] ppm (manual.. check)		[Ca] femur mass correct.		Ca mgrams/gm bone

		0																										0

		15		H		0.187		2.6945244957		50		134.7262247839		900		673.6311239193						134.7262247839		134.7262247839		67.3631123919		60.6268011527

		30		H		0.283		4.0778097983		50		203.8904899135		895		1019.4524495677		673.6311239193		183155.619596542		203.5062439962		203.5062439962		101.7531219981		91.5778097983

		45		H		0.352		5.0720461095		50		253.6023054755		890		1268.0115273775		1693.083573487		227399.135446686		252.6657060519		252.6657060519		126.3328530259		113.6995677233

		60		H		0.403		5.8069164265		50		290.3458213256		885		1451.7291066282		2961.0951008646		259917.146974063		288.7968299712		288.7968299712		144.3984149856		129.958573487

		75		H		0.229		3.2997118156		100		329.9711815562		880		1649.855907781		4412.8242074928		294787.463976945		327.5416266411				163.7708133205		147.3937319885

		90		H		0.239		3.4438040346		100		344.3804034582		875		1721.9020172911		6062.6801152738		307395.53314121		341.5505923791				170.7752961896		153.6977665706

		105		H		0.245		3.530259366		100		353.0259365994		870		1765.1296829971		7784.5821325648		314917.146974063		349.9079410823				174.9539705411		157.458573487

		120		H		0.25		3.6023054755		100		360.2305475504		865		1801.1527377522		3566.2824207493		315165.706051873		350.1841178354				175.0920589177		157.5828530259

		135		H		0.197		2.8386167147		125		354.8270893372		860		1774.1354466859		3575.288184438		308726.585014409		343.0295389049				171.5147694524		154.3632925072

		150		H		0.201		2.8962536023		125		362.0317002882		855		1810.1585014409		3584.2939481268		313121.397694524		347.912664105				173.9563320525		156.5606988473

		165		H		0.205		2.9538904899		125		369.2363112392		850		1846.181556196		3656.3400576369		317507.204610951		352.7857829011				176.3928914505		158.7536023055

		180		H		0.203		2.9250720461		125		365.6340057637		845		1828.1700288184		3674.3515850144		312635.086455331		347.3723182837				173.6861591419		156.3175432277

		195		H		0.171		2.4639769452		150		369.5965417867		840		1847.9827089337		3676.1527377522		314137.247838617		349.0413864874				174.5206932437		157.0686239193

				H		0.186		2.6801152738		150		402.0172910663		835		2010.0864553314		3858.0691642651		339542.507204611		377.2694524496				188.6347262248		169.7712536023

		225		H		0.17		2.4495677233		150		367.4351585014		830		1837.1757925072		3847.2622478386		308818.443804035		343.1316042267				171.5658021134		154.409221902

		240		H		0.172		2.4783861671		150		371.757925072		825		1858.7896253602		3695.9654178674		310396.253602305		344.8847262248				172.4423631124		155.1981268012

		255				0.172		2.4783861671		150		371.757925072		820		1858.7896253602		3717.5792507205		308559.077809798		342.8434197887				171.4217098943		154.2795389049

		270				0.176		2.5360230548		150		380.4034582133		815		1902.0172910663		3760.8069164265		313789.625360231		348.6551392891				174.3275696446		156.8948126801

		1225		Thr 10:30		0.171		2.4639769452		150		369.5965417867		810		1847.9827089337		3750		303123.198847262		336.8035542747				168.4017771374		151.5615994236

		1675		Thr 5:00		0.171		2.4639769452		150		369.5965417867		805		1847.9827089337		3695.9654178674		301221.181556196		334.6902017291				167.3451008646		150.6105907781

		2725		Fri 10:30		0.171		2.4639769452		150		369.5965417867		800		1847.9827089337		3695.9654178674		299373.198847262		332.6368876081				166.318443804		149.6865994236

		7045		Mon 10:30		0.177		2.5504322767		150		382.5648414986		795		1912.8242074928		3760.8069164265		307899.855907781		342.1109510086				171.0554755043		153.9499279539

		7495		Mon 5:00		0.171		2.4639769452		150		369.5965417867		790		1847.9827089337		3760.8069164265		295742.074927954		328.6023054755				164.3011527378		147.871037464

		8545		Tues 10:30		0.175		2.5216138329		150		378.242074928		785		1891.2103746398		3739.1930835735		300659.221902017		334.0658021134				167.0329010567		150.329610951

		8935		Tues 5:00		0.172		2.4783861671		150		371.757925072		780		1858.7896253602		3750		293721.181556196		326.3568683958				163.1784341979		146.8605907781





Chart2

		0

		0

		0

		0

		0

		0

		0

		0



Increasing extraction

Time (min)

Ca (mgm/mg bone)

Period of Ca Extraction (Halved)

0

0

0

0

0

0

0

0



SAvs.Extrate

		





Ground

		0		0		0		105				90				60

		15		15		15		120				105				75

		30		30		30		135				120				90

		45		45		45		150				135				105

		60		60				165				150				120

		75						180				165				135

		90						195				180				150

								210				195				165

								225				169.7712536023				180

								240				225				195

												240				210

																225

																240



Whole

Halved

Ground

Whole - extra points

Halved - extra points

Ground - extra points

Time (min)

Ca extracted 
(mg/g bone)

Ca Extracted From Femur

0

0

0

90.0794250256

153.6977665706

170.7221812475

23.2697313377

60.6268011527

111.3386320311

95.538079855

157.458573487

173.5733927768

39.3900483406

91.5778097983

146.1363727405

104.0775773915

157.5828530259

180.5320572787

52.0591242912

113.6995677233

160.8165775565

110.7767035419

154.3632925072

181.3008240237

62.8573254625

129.958573487

119.3684926095

156.5606988473

177.8281190722

73.8501673329

121.1972436553

158.7536023055

180.2559197985

83.2553802175

122.2212861393

156.3175432277

174.8068068552

130.0533954634

157.0686239193

179.9407548877

132.9730059496

170.1676971872

135.2171841592

154.409221902

178.7036589763

155.1981268012

174.2449591287

171.4718024605

170.440889201



				Surface Area (m^2)		Ratio		Rate of Extraction (mg Ca/g bone) per min.		Ratio

		Whole Bone		0.0020		1.0		1.4355		1.0

		Halved Bone		0.0022		1.1		4.0981		2.9





		time (min)		Bone type		absorbance		diluted [Ca] ppm		Dilution Factor		sample [Ca] ppm		Calculations for correction								[Ca] ppm (corrected for volume change)		[Ca] ppm (manual.. check)		[Ca] femur mass correct.		Ca mg/gm bone

		0																										0

		15		GR		0.21		3.0259365994		100		302.5936599424		900		1512.9682997118						302.5936599424		302.5936599424		123.7095911457		111.3386320311

		30		GR		0.276		3.976945245		100		397.6945244957		895		1988.4726224784		1512.9682997118		357449.567723343		397.1661863593		397.1661863593		162.3737474895		146.1363727405

		45		GR		0.304		4.3804034582		100		438.0403458213		890		2190.2017291066		3501.4409221902		393357.34870317		437.0637207813		437.0637207813		178.6850861739		160.8165775565

		60		GR		0.323		4.6541786744		100		465.4178674352		885		2327.0893371758		5691.6426512968		417586.455331412		463.9849503682		463.9849503682		189.6913124972		170.7221812475

		75		GR		0.219		3.1556195965		150		473.3429394813		880		2366.7146974063		8018.7319884726		424560.518731989		471.7339097022				192.8593253075		173.5733927768

		90		GR		0.228		3.2853025937		150		492.795389049		875		2463.976945245		10385.446685879		441581.412103746		490.6460134486				200.5911747541		180.5320572787

		105		GR		0.229		3.2997118156		150		494.9567723343		870		2474.7838616715		12849.4236311239		443461.81556196		492.7353506244				201.4453600263		181.3008240237

		120		GR		0.23		3.3141210375		150		497.1181556196		865		2485.590778098		4960.3746397695		434967.57925072		483.2973102786				197.5867989692		177.8281190722

		135		GR		0.201		2.8962536023		175		506.8443804035		860		2534.2219020173		5019.8126801153		440905.979827089		489.8955331412				200.2843553316		180.2559197985

		150		GR		0.343		4.9423631124		100		494.2363112392		855		2471.181556196		5005.4034582133		427577.449567723		475.0860550752				194.2297853946		174.8068068552

		165		GR		0.203		2.9250720461		175		511.8876080692		850		2559.4380403458		5030.6195965418		440135.086455331		489.0389849504				199.9341720975		179.9407548877

		180		GR		0.193		2.7809798271		175		486.6714697406		845		2433.3573487032		4992.795389049		416230.187319885		462.477985911				189.0752190969		170.1676971872

		195		GR		0.204		2.939481268		175		514.409221902		840		2572.0461095101		5005.4034582133		437109.149855908		485.6768331732				198.5596210847		178.7036589763

		210		GR		0.2		2.8818443804		175		504.3227665706		835		2521.613832853		5093.6599423631		426203.170028818		473.5590778098				193.605510143		174.2449591287

		225		GR		0.198		2.8530259366		175		499.2795389049		830		2496.3976945245		5018.0115273775		419420.028818444		466.0222542427				190.5242249561		171.4718024605

		240		GR		0.198		2.8530259366		175		499.2795389049		825		2496.3976945245		4992.795389049		416898.414985591		463.2204610951				189.3787657789		170.440889201

		255				0.201		2.8962536023		175		506.8443804035		820		2534.2219020173		5030.6195965418		420643.011527378		467.3811239193				191.0797726571		171.9717953914

		270				0.199		2.8674351585		175		501.8011527378		815		2509.0057636888		5043.2276657061		414011.167146974		460.0124079411				188.0672150209		169.2604935188

		1225		Thr 10:30		0.199		2.8674351585		175		501.8011527378		810		2509.0057636888		5018.0115273775		411476.945244957		457.1966058277				186.9160285477		168.224425693

		1675		Thr 5:00		0.201		2.8962536023		175		506.8443804035		805		2534.2219020173		5043.2276657061		413052.95389049		458.947726545				187.6319405335		168.8687464802

		2725		Fri 10:30		0.21		3.0259365994		175		529.5389048991		800		2647.6945244957		5181.916426513		428813.040345821		476.4589337176				194.7910603915		175.3119543523

		7045		Mon 10:30		0.203		2.9250720461		175		511.8876080692		795		2559.4380403458		5207.1325648415		412157.780979827		457.9530899776				187.2253025256		168.502772273

		7495		Mon 5:00		0.203		2.9250720461		175		511.8876080692		790		2559.4380403458		5118.8760806916		409510.086455331		455.0112071726				186.0225703894		167.4203133505

		8545		Tues 10:30		0.21		3.0259365994		175		529.5389048991		785		2647.6945244957		5207.1325648415		420895.172910663		467.6613032341				191.1943185748		172.0748867174

		8935		Tues 5:00		0.205		2.9538904899		175		516.9308357349		780		2584.6541786744		5232.34870317		408438.400576369		453.8204450849				185.5357502391		166.9821752152






