CHM 414

Determination of Calcium in Serum by Atomic Absorption Spectrophotometry


In this experiment you will determine the concentration of calcium in a serum sample by atomic absorption spectrophotometry.  Normal Ca level in human serum is about 100 ppm.  You will analyze a sample and report your results at the 95% confidence level.  You will compare your results to normal serum levels and comment on possible diseases (if any) the subject may have that would lead to the serum levels observed.  Additionally, you are to propose a possible course of treatment. For example, you are to suggest possible drugs that are used to treat the suspect disease.


Additionally, you will study the influence of instrumental and matrix effects on your measurements. You will analyze a series of standards under different instrumental settings to determine the appropriate settings to analyze your serum sample.  You will also analyzes a series of samples with different matrix content and comment on the observed variations as a result of the matrix being studied.

Required Chemicals:
(1) 500 ppm Ca

(2) 4%  (w/v) SrCl2
(3) 2000 ppm NaCl

(4) 100 ppm phosphate

(5) Stock solution of 140 meq/L Na

(6) Stock solution of 4.1 meq/L K

(7) Ethanol

You are NOT to use this instrument at any time unless one of the instructors is present. The AA can be a very dangerous instrument if you do not ignite or shut the instrument off in the right order.  Flashbacks can occur, leading to a potentially fatal explosion.  Always use utmost care around this instrument.

You should allow the lamp to warm up for at least 30 minutes.  Follow the instructions of your instructor for the operation of the instrument.  You will be using an air-acetylene flame with a premix burner.

Part 1: Study of Instrumental Parameters:
1. Burner height:  Adjust the fuel and support gas pressures until the flame is near stoichiometric (just a slight yellow color to the flame).  Then, turn up the fuel pressure to impart a strong yellow glow to the flame (fuel rich).  The yellow glow is due to unburned carbon particles in the rich flame.   In a lean flame, an excess of oxidant is present and the flame appears blue.   Prepare and aspirate a 5-ppm calcium solution and note its absorbance at 422.67nm.  Adjust the wavelength setting to obtain maximum absorbance. Record the wavelength of maximum absorbance ((max).  The monochromator is now set exactly at the calcium line.  With the burner height adjusting knob, raise the burner so that the light beam just passes over the tip of it (base of the flame).  Use distilled water to zero the instrument, and then measure the absorbance of the 5-ppm calcium solution.  Lower the burner in increments (six to eight steps) and record the absorbance at each height.  Plot the absorbance against heights of observation in the flame and select the optimum height.  

2. Fuel/air ratio: Hold the air pressure constant and adjust the fuel pressure in increments from a very fuel-rich to a lean flame. Record the absorbance of 5 ppm Ca at each increment.  Select the optimum fuel pressure and vary the air pressure in a similar manner. Plot absorbance against gas pressure for both the fuel and the air, nothing the pressure setting of the one held constant. Select the optimum fuel, and air settings.  Is this a rich, stoichiometric, or lean flame?

Part 2: Interference Studies:

1. Effect of phosphate: Prepare a solution containing 5 ppm ca and 10 ppm phosphate.  Record the absorbance of this solution, using the optimum conditions determined above, and compare to that of 5 ppm Ca.  Explain the results.
Prepare a solution containing 5 ppm Ca, 10 ppm phosphate and 1% SrCl2.  Prepare also a solution of 5 ppm Ca and 1% SrCl2.  Record the absorbance of the solutions. Compare the absorption of the first solution with that of the ophosphate-containing solution above and with that of the 1% SrCl2-containing solution. Explain the observation, i.e. why the difference?
2. Effect of sodium: Prepare a solution containing 5 ppm Ca and 1000ppm Na. Record the absorbance and compare with that of the 5 ppm Ca.  Explain any observed differences between these samples.
3. Effect of aluminum: Prepare a solution containing 5 ppm Ca and 10 ppm Al.  Record the absorbance and compare with that of 5 ppm Ca by itself.  Explain the results.
Part 3; Determination of Ca in a serum sample:

In this portion of the experiment you will determine the Ca content within a serum sample.  The normal level of Ca in human serum is about 100 ppm Ca.   You will use the same standards for the group, however you are each to analyze a separate unknown.  You will comment (with appropriate statistics) on the level of Ca determined. Your discussion should compare your results with normal level and analyze your results at the 95% confidence level.  Also, comment on possible health effects of your subjects, i.e. what disease may cause too high or too low Ca levels. Comment on the prognosis and possible treatment for your subject.

Procedure: The serum sample will be diluted 1:20 with the 1% SrCl2 solution.

1. Add 0.5 mL of the unknown serum sample to a 10 mL volumetric flask and dilute to volume with 1% SrCl2.

2. Prepare standard of 0, 3, 4, 5, 6 and 8 ppm Ca, each containing 1% SrCl2, 6.9 meq/L Na and 0.21 meq/L K.  These are the normal Na and K level in serum and their addition compensates for ionization interference due to these elements in the serum sample.

3. Prepare a calibration curve from the absorbance of the standards and from this determine the concentration of calcium in the unknown. Use a spreadsheet program such as Excel to prepare your calibration curve. You are to submit your calibration curve with your report and include all calculations.  From your results, you are to determine the concentration of Ca in your original unknown.
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