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Analysis of Calcium and Magnesium in Water Samples
 By Atomic Absorption Spectrophotometry
Anna Cavinato 
Eastern Oregon University


1. Overview
[bookmark: _GoBack]In this experiment the amount of calcium and magnesium in water samples from the End Creek ponds will be determined using an Atomic Absorption Spectrophotometer.  The results of the analysis will be reported in mg/L or parts per million (ppm) calcium, magnesium and calcium carbonate. The instrument used is a Buck Scientific Model 210 VGP Atomic Absorption Spectrophotometer. Before analyzing the samples each metal will be calibrated using a series of standards.


2. Introduction
One common way to analyze for the presence of metal cations in aqueous samples at very low concentrations (parts per million or lower) is by flame atomic absorption spectrophotometry.  An atomic absorption (AA) spectrophotometer is similar in many respects to a UV-VIS spectrophotometer except that the lamp needs to be specific to the analyte and the analyte needs to be converted to free atoms (atomization).  This last requirement is accomplished by aspirating the sample into a flame that converts metal species to their elemental form.  Once in the gas phase, atoms absorb radiation emitted by a special lamp (hollow cathode lamp) chosen to emit the same wavelength that the analyte will absorb.  By constructing a standard calibration curve using known concentrations of the analyte under investigation, a relationship can be developed between the absorbance of the analyte at the specific wavelength and its concentration.  By measuring the absorbance of an unknown sample, the concentration of the analyte in the sample can be determined.  


3. Materials and Equipment
· Water samples from End Creek
· Vacuum filtration system
· Calcium standards. Three calcium standards are provided: 0.50 ppm, 1.25 ppm and 2.50 ppm.  Use these solutions to run the calibration program, and use 0.5% nitric acid as the blank. 
· Magnesium standards. Three magnesium standards are provided: 0.50 ppm, 1.25 ppm, and 2.50 ppm solutions. Use these solutions to run the calibration program, and use 0.5% nitric acid as the blank.
· 0.5% HNO3 used to blank the instrument
· Buck Scientific Model 210 VGP Atomic Absorption Spectrophotometer
· Acetylene and air tanks (for flame) 
[image: C:\Users\acavinat\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\23184700.tmp]Figure 1. Buck Scientific Model 210 VGA Atomic Absorption Spectrophotometer


4. Simulated Experimental Procedure
The first part of the experiment involves becoming familiar with the operation of the instrument, a Model 210 –VGP Flame Absorption Spectrophotometer. It is important to understand how to change the lamp and method of analysis, how to optimize the lamp energy, ignite the flame, and run the calibration program. When running the instrument, it is critical to record the wavelength, slit, fuel to air ratios, and absorbance.  A detailed procedure of how to operate the instrument follows. 

The outline of the procedure is as follows:
1. Mount the hollow cathode lamp specific to the metal under investigation
2. From the instrument library, load the method.  Since you will be analyzing for calcium and magnesium, you will have to change method for each metal.
3. Set the correct wavelength and slit specified by the method
4. Align the hollow cathode lamp to maximize its energy
5. Turn the acetylene and air tanks on and adjust the gas flows to a ratio of 5:6 mL/s.
6. Using a lighter light the burner.  
7. Aspirate distilled water through the burner at all times while the flame is on.
8. Calibrate the method for each metal starting with the blank (0.5% nitric acid).  The blank corresponds to a concentration of Ca2+ or Mg2+ of zero.
9. Record the concentration and absorbance of each standard so that a calibration graph can be prepared. This will give an equation which can be used to calculate the concentration of the metal in unknown samples.
10. Using the vacuum filtration system, filter approximately 50 mL of water from each pond.  Examine the filtered water to make sure no debris are left.  Debris can clog the capillary in the instrument!
11. Pour approximately 10 mL of water in three disposable beakers.
12. Aspirate the first sample being analyzed. The instrument display will show the concentration of the metal in the sample in ppm as well as the absorbance of the sample. Record the absorbance of each sample.
13. If the absorbance of any unknown exceeds the absorbance of the highest standard, dilute the unknown water with deionized water.  Dilutions will vary depending on the concentration of calcium or magnesium in your unknown.
14.  Analyze the other two samples in the same way, by aspirating the sample and recording the absorbance values. 
15. Repeat the same procedure for all water samples.
16. At the conclusion of all analyses, aspirate deionized water to clean the lines. Turn the fuel off to extinguish the flame. Run air with DI water for a few seconds and then turn the air off.
17. Once the samples have been analyzed for calcium and magnesium, place the rest of the samples in the proper waste container.


5. Data from previous analyses:
The following absorbance values were recorded on calcium and magnesium standards respectively.   Calcium absorbance was measured at 422.7 nm using a 0.5 nm slit width; magnesium absorbance was measured at 285.2 nm (0.5 nm slit width).  Use these data to construct the calibration plot.  Include the zero concentration in the calibration.

	Calcium calibration data

	Calcium concentration (mg/L)
	Absorbance

	0.00
	0.0000

	0.50
	0.0278

	1.25
	0.0688

	2.50
	0.1336


  
	Magnesium calibration data

	Magnesium concentration (mg/L)
	Absorbance

	0.00
	0.0000

	0.50
	0.3518

	1.25
	0.8469

	2.50
	1.5068



Water samples collected in prior years at the three different ponds were analyzed for calcium and magnesium content.  For calcium, water samples from the South Pond were diluted 1:1 with deionized water prior to the measurement to keep the calcium concentration within the calibration range.  For magnesium, water samples from the North and South Ponds were diluted 1:1 with deionized water.  Use these data to determine the Ca2+ and Mg2+ concentration in mg/L in the unknown water samples:


	Calcium absorbance values in unknown water samples (replicate measurements)

	North Pond
	South Pond *
	East Pond

	0.1290
	0.0725
	0.0329

	0.1243
	0.0731
	0.0345

	0.1276
	0.0711
	0.0377

	* water sample was diluted 1:1 prior to analysis
	




	Magnesium absorbance values in unknown water samples (replicate measurements)

	North Pond*
	South Pond *
	East Pond

	0.7992
	0.0725
	1.1187

	0.7812
	0.0731
	1.1089

	0.8089
	0.0711
	1.1198

	* water sample was diluted 1:1 prior to analysis
	




6. Your Results:
1. Using Excel or comparable program, construct a calibration curve for calcium and magnesium respectively.  Include each calibration curve in your lab report.  Use the calibration curve to determine the concentration of each metal in each analyzed sample.  If a water sample was diluted 1:1, the final concentration will be double the value obtained from the calibration equation.  
2. Report the average concentration of Ca2+, Mg2+ in each pond (in mg/L or ppm) along with the standard deviation.  
3. Convert mg/L Ca2+and Mg2+ into total mg/L CaCO3   
4. Research the different levels of water hardness and determine whether the water samples from End Creek can be considered soft, medium hard or hard.


7. Lab report guidelines:
The lab report should include the following sections:

Introduction – explain the significance of calcium and magnesium in a water body.  How are these metals utilized by plants and organisms? Include an explanation of how an atomic absorption spectrophotometer operates.

Procedure – briefly summarize the steps you would have taken if you had conducted this experiment in a laboratory setting.

Results – Report the calibration plot and the calibration equation for both calcium and magnesium.  Prepare a table summarizing the amount of calcium and magnesium in mg/L calculated in each sample along with the average and standard deviation for each of the three ponds.  Convert mg/L Ca2+ and mg/L Mg2+ to total mg/L calcium carbonate (CaCO3).

NOTE: to convert mg/L Ca2+ and mg/L Mg2+ to total mg/L calcium carbonate, first convert mg/L Ca2+ to mmol/L by diving mg by calcium’s atomic mass.  Convert Mg2+ to mmol/L by dividing mg Mg2+ by magnesium’s atomic mass.  Then sum together mmol/L Ca2+ and mmol/L Mg2+ and multiply by the formula weight of CaCO3.  This will give you total calcium and magnesium content expressed as mg/L CaCO3.  The conversion is necessary to compare water hardness levels which are typically expressed as mg/L calcium carbonate.

Example of calculation: A water sample contains 20.1 mg/L calcium and 15.5 mg/L magnesium.  What is the total amount of calcium and magnesium in the water sample expressed as mg/L calcium carbonate (CaCO3)?

mmol Ca2+ = 20.1 mg/L Ca2+ /40.08 mg/mmol = 0.501 mmol

mmol Mg2+ = 15.5 mg/L Mg2+ /24.305 mg/mmol = 0.638 mmol

total mmol Ca2+ + Mg2+ =  0.501 + 0.638 = 1.139 mmol

mg/L CaCO3.  = 1.139 mmol x 100.0869 mg/mmol = 113.97 or 114 mg/L CaCO3.  

Discussion – discuss any trends you observe in the data.  Are there large differences in calcium and magnesium content across the three ponds? What sources of errors could limit the accuracy and reproducibility of these measurements?  Research the different levels of water hardness and determine whether the water samples from End Creek can be considered soft, medium hard or hard.

Conclusion – briefly summarize your findings.

References – cite any references you used to write this report.  References should follow APA style.
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