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This document covers:

1. Sample preparation for Ca, Mg, Na, and K analyses

2. Standard and Quality Check preparation 

3. Machine optimization

4. Running samples

Procedure for extracting cations from soils is described in “Mehlich III SOP PO4-P.doc” in wright.lab/methods/AA

1. Sample preparation for Ca, Mg, Na, K
· Samples should already be filtered Whatman No. 42 filter paper
· Keep samples refrigerated, but after acidification (addition of LaCl) refrigeration not necessary
· In new 15 mL polypropylene centrifuge tubes, dilute your samples 10-fold in ddi.  This is because the standards and qc’s will be prepared in a solution of 10x diluted Mehlich III.  

· If you want to dilute your samples less, be sure the standards and qc’s are prepared in the same matrix.  (Does higher concentration of Mehlich interfere with analysis?)  Budget at least 1 mL of diluted sample per element analyzed.  To analyze four elements, 1 mL original sample + 9 mL ddi, will be plenty.

· If you need to further dilute your samples so they fall within the range of the standard curve, you don’t need to make all new standards and qc’s.  Just make sure you also prepare a sample blank (diluted like samples, + LaCl).
· Acidify samples in LaCl3 at 10% of the volume, so add 1mL LaCl to 10 mL diluted sample.  Calculate how much LaCl3 you will need (you will add it to all your samples, standards, and qc’s at 10%).  Use the following recipe to make desired volume:

· To make 1L, fill a 1L volumetric flask with about 200 mL DI.  
· Weigh out 58 g LaO3 (Lanthanum Oxide).  With funnel and squirt bottle, transfer LaO3 to the flask making sure to leave room for 500 mL HCl (hydrochloric acid).  LaO3 does not dissolve well in water so most of it will settle to the bottom.  
· Bring the flask to a fume hood.  In the fume hood, wearing dishwashing gloves, eye protection, and a lab coat, measure out 500mL of HCl.  
· The LaO3 dissolves as you slowly add 500 mL of HCl.  Periodically swirl the flask gently to speed dissolution.  Allow the flask to cool to room temperature before diluting to volume and mixing thoroughly.  
· As LaCl3 is 50% HCl, use care in handling it.  It should be added at the rate of 1 mL LaCl3 to 10 mL sample or standard.  Do not reverse the order of this recipe—adding water to acid produces a lot of fumes.  

· Note: LaCl3 is very stable.  Check for precipitates or if it has changed from clear to yellow in color, otherwise the solution is good for several years.
1. Turn on AA. The AA needs to be on before you open the software.  The AA power switch is on the right panel of the machine below the lamp.
2. Starting the computer:

This computer is not hooked up to the network, so when it asks for your user name and password just click cancel.  Open the AA software, it is called AA WinLab Analyst. Note:  The software is compatible with newer versions of the AA machine.  Most of the AA setup happens manually (you turn the knobs and switches, etc.) but it can appear like you can set them in the software, but that doesn’t work.
3. Click “Use a custom-designed workspace.” A window will pop up with File name. Select manual.flm. Ok.
4. Load a method.  Go to File, Open, Method... choose a method.  You can also create a new method by going to File, New, Method.  **In the Calibration tab of this window is where you set the standard concentrations, sig figs, decimal places, and number of replicate measurements.
5. To set up your sample sheet go to File, New, Sample Info File. Your description can be whatever you want. The batch ID can only be 8 characters long.  Use the table to setup your sample sheet.  You can copy and paste it from excel—helpful because the AA worksheet won’t let you cut, paste, or insert lines.  I usually start my run with a blank and a few QCs.  Once you are finished click the X to close the window (there is no OK or SAVE).  Then go to File, Save As, Sample Info File.  Give the file an 8 character or less file name.  Then on the manual analysis window, click on the Browse… button next to Sample Information File: and navigate to the file you just saved.
6. Use the method in the blue Perkin-Elmer folder to determine the wavelength and appropriate range of standards to use. I use a three point standard curve plus a sensitivity check (also included on the method page) that is used to make sure you are in range.
7. Once you have a method loaded, put in the appropriate lamp. Click on the lamp icon to check the lamp type, current, wavelength, and slit to make sure they are appropriate. Turn on the lamp by clicking the green circle. It will change from olive to lime green when the lamp/detector is on. To maximize lamp energy, use the black knobs on top of the lamp housing, make small adjustments to the wavelength knob, and make sure the slit switch is at the correct setting (0.7 or 0.2) for your specific cation—this switch is on the top of the machine near the wavelength dial.  As you make these adjustments watch the green bar grow and shrink on the screen.  You want to make the green bar as big as possible.  You can click on the “set midscale” icon to adjust the x-axis scale so that the green bar reaches the middle of the graph.  The energy number to the right of the bar should be close to the following: Ca 58, K 58, Na 54, Mg 56, Sr 54, Li 53, Fe 60.
8. Before lighting the flame, line up the burner head.  Close lamp window.  Click on Tools, Continuous Graphics.  Lower the burner head to its lowest position using the big black knob at the base.  Click the auto zero icon.  Raise the burner head until it interferes with the absorbance in the continuous graphics window.  Use the absorbance reading to lower the head to zero absorbance.
9. Now get ready to light the flame.  Turn fuel tank (acetylene or N2) on, set flow pressure to 15 psi for acetylene, and open the valve to let fuel flow to the AA.  Record the tank psi in the log.  
Important: if the tank level is less than 50 psi turn it off immediately.  Do not proceed with analysis until you have a new tank.  A low acetylene tank can lead to acetone in the fuel line—a hazard!  

The oxidant is house air.  Set oxidant knob on the AA to Air.  If the red ignite button does not light up press the button to ignite the burner.  You may need to hold in the button for a few seconds before it lights.  If the red ignite button does light up, do not press the button; the flame won’t light.  Turn the oxidant knob back to off.  Usually this happens when you need to flush the waste line.  It needs to be free of bubbles and holding water about 12 inches above the bottle.  Try turning the oxidant knob back to off and taking the waste tube off of the AA (be careful of the wires). Pour water down the tube and pinch it at the junction between tube and waste carboy. This is not an exact science, just fiddle with it and keep trying to turn the oxidant knob on to see if the ignite button lights up.
10. When you have ignited the burner, it is time to use your sensitivity check to optimize your settings. The sensitivity check should come out with an absorbance between 0.15 and 0.25. Make at least 100 mL of your sensitivity check standard. This step may take a while. Zero the baseline in Continuous Graphics while the capillary tube is in your blank. Then begin aspirating your sensitivity check. The first adjustment to make is to the burner head. Move it back and forth using the front black knob until the absorbance has been maximized. Next you can also make adjustments to the oxidant and fuel input levels to optimize absorbance. Finally you should optimize the flow rate of sample. To do this, unscrew the nebulizer knob until the capillary tube is bubbling into the water blank. Zero the baseline in continuous graphics. Put the capillary tube into the sensitivity check and retighten the nebulizer until the absorbance is optimized. 
11. Put the tube in a zero (same concentration as your sample matrix).  In the Manual Analysis screen click the Analyze Blank icon.  The results window will show you the measurements (however many reps you have set it to measure per sample – I use the mean of 5 reps), and it shows the mean when it is finished.  To conserve sample you should remove the tube as soon as it shows the mean.  By analyzing the blank, the software has auto-zeroed the concentration.  Put the tube in “standard 1”—your lowest standard—and click the Analyze Standard button.  After the mean is displayed, you will see that the manual analysis window automatically advances to standard 2.  Do the same for standard 2 and 3.  Record the r2 and slope of your standard curve in the log. The readout from the software will give you a slope and r2 value with each standard you analyze. The appropriate values to use are the ones listed after the final standard is run, as this incorporates all of the points. It is a good idea to let the machine warm up for at least 20 minutes after you’ve lit the flame before you start running standards. I would also suggest running a few standard curves in a row to ensure that you are getting similar absorbance values and slopes each time. Then you will notice that the Manual Analysis window is ready for Sample Num 1 and Sample ID (whatever you named your first sample, perhaps a blank).  Put the tube in this first sample and click the Analyze Sample button.  Continue with your samples…  It is a good practice to analyze a QC every 15 or so samples.  If you want to run a sample out of order of your Sample Info File (you’d like to run a QC or a concentration looks strange) you can navigate through your samples by clicking on the arrows by the sample number.  Of course you can also update your .sif file and save it. It is also a good idea to run standard curves periodically to check that the slope has not changed. It is does seem to be changing you can record each curve and correct the samples for drift. I have been running a standard curve every 10 to 15 samples. It only takes couple of minutes of extra time.
Important: The values generated by the software for the standards are absorbances, but it automatically converts sample values to mg/L.  Additionally, if your samples have a higher concentration of the analyte than your highest standard, manually dilute them and rerun them. The curves often have a quadratic fit, so using the value generated by the curve for a sample with a high concentration will give you results that are inaccurate.

12.   Once you have finished running your samples, record the acetylene psi before turning it off.  If the tank level has dropped to less than 50 psi, order a new tank for next time.  Then, let the remaining fuel burn out.  The flame should go out.  Turn the Oxidant knob to off.  If the acetylene delivery gauge (on the left) and remaining pressure gauge (on the right) are not both at zero, turn the oxidant knob back to air to let the rest of the acetylene bleed out.  Once this is done, turn the oxidant knob back to zero and release the regulator fully (turn the large black knob counter clockwise) and close the valve to the line (turn clockwise).  It is important to remember to bleed out the acetylene because acetylene remaining inside the regulator will corrode the inner parts of the regulator.  You can leave the house air regulator on (it is closed at the valve in the machine).
13. You can turn off the lamp by clicking on the lamp icon, and changing the current to zero.  Please return the lamp to its case—it may not be used for a long time and we should avoid getting dust or scratches on the lamps.  Turn off the AA powerswitch.
14. To retrieve your data, click on File, Utilities, Reformat.  The most recent run will be open (or you can navigate to an old run by clicking on the Browse button).  Give the file a name, designate the path to save it to, and choose the extension .TXT.  Click on the tabs Sample, Mean, and Repl. to click/unclick boxes of information to include in the file.  Then click Save Results.  Then open Excel, open the .TXT file (make sure you have selected “all file types” to show in the open window), and the file is comma delimited.  Click OK.   And your data file should show up in columns in the spreadsheet.  File, Save As, .XLS file type.

15. Please make notes of any errors, troubleshooting, or oddities in the log book.  Also, feel free to add to this document in order to make the AA a more user friendly tool in the lab. Thanks!

Disposal: Samples acidified in LaCl3 can be diluted down the drain.  LaCl3 dissociates to form Cl- and La2O3 which are not toxic.
	 
	Ca
	K
	Mg
	Na
	Fe
	Sr
	Li
	Rb
	Pb

	Mode
	abs
	em
	abs
	em
	 
	abs
	em
	em
	 

	Std 1 (ppm)
	5
	2
	0.5
	6
	 
	0.4
	0.1
	0.2
	 

	Std 2
	15
	6
	1.5
	3
	 
	1
	0.3
	0.6
	 

	Std 3
	30
	12
	3
	1
	 
	2
	0.75
	1.5
	 

	Wavelength (nm)
	421.8
	767
	285.2
	589.2
	 
	461
	671
	780.7
	 

	Slit (nm)
	0.7
	0.7
	0.7
	0.2
	0.2
	0.2
	0.7
	0.7
	0.7

	Filter
	none
	red
	none
	none
	 
	none
	red
	red
	 

	Energy
	58
	58
	56
	54
	 
	54
	53
	48
	 

	*Sensitivity check
	4
	2
	0.3
	0.5
	5
	5
	2
	50
	20

	Flame gas
	air-ac
	air-ac
	air-ac
	air-ac
	N-ac
	N-ac
	air-ac
	air-ac
	air ac

	**Impact bead
	no
	yes
	yes
	yes
	yes
	no
	yes
	yes
	yes

	***LaCl
	no
	yes
	no
	yes
	no
	yes
	no
	yes
	no

	
	
	
	
	
	
	
	
	
	

	*ppm which will give a reading of approx. 0.2 absorbance units.
	
	
	

	**impact bead will improve sensitivity about 2x.
	
	
	
	
	

	***Addition of the alkali salt LaCl is recommended to control ionization.
	
	
	


