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Protocol for CHN analysis at the Duke Wetlands Center

From instruction from Paul Heine

A. Preparing samples

1. Oven dry samples until they are no longer losing mass (moisture) over time.

2. For vegetation samples, grind samples using liquid N and mortar and pestle or the Wiley Mill.  The liquid N works well for leaves and grasses while the Wiley Mill is better for more woody material like big stems.  I often will wipe off a pair of scissors with ethanol and use them to cut up grasses before adding liquid N, because they can have hard to break down fibers.  Store the ground up samples in manila envelopes so they can be kept in the drying oven.

3. CE Elantech tin capsules 5x9mm set of 400 available from VWR for $50 VWR catalogue number 101189-556.  These are what the samples are weighed into for CHN analysis.
B. Weighing ground up plant material into tin capsules


GOAL: To know the precise weight of plant material folded into a capsule that does not leak, is not contaminated with other C or N, and is folded neatly so it does not get caught in the CHN machine.  When the capsule is combusted we can convert the %C and %N output to g C and g N based on the weight.

1. Clean off work area and tools with acetone and a kimwipe.  For this task, you should not wear gloves since they can create static that will interfere with the scale.  Always use tools to handle the capsule and plant material. 

2. Tape down labelled 96-well plate.

3. Locate envelope for next sample on the datasheet (straight from dessicator or drying oven).  

4. Using forceps, place capsule onto the scale, and press “re-zero.”  We don’t need the capsule’s weight.  Wait for the scale to stabilize = 0.000 appears.  Keep your hands off of the bench to help the scale stabilize.   Stir to homogenize sample in the envelope.

5. Take capsule out of the scale.  Place some material into capsule.

6. Tap the capsule on a flat surface so it stands upright, and place on the scale to see if you are close to 10mg.  Acceptable final weight range is between 9.100 and 10.900 mg.  Repeat this process until you’re in the range.  Any material removed from capsule is trash, do not put back in envelope.

7. Fold capsule.  Bounce to test for leaks.  If the capsule is torn and/or leaks start over.

8. Weigh again.  Scale is stable when the rounded square in the upper left of the screen appears.  Record this final weight. 

9. Mark the envelope with a “W” to indicate it has been weighed.

10. Place the capsule into well plate.  Record the Plate # and Cell #.  If this is incorrectly recorded there is no way to know what plant material is where.

11. Clean off your tools with acetone between envelopes, and also clean off the work area between plots or as needed.

12. You will also need one set of standards per run.  I usually dedicate a separate 96-well plate to standards and qc’s.  For 10 mg samples weigh out the following acetanilide* standards: 0.3, 1.3, 2.0, 4.0, and 8.0.  Weigh out several more of the 2.0 mg’s as these get run every 20 samples or so as a check standard throughout the run.  Also, weigh out 10 mg replicates of tomato leaf qc (or other qc) and an internal qc (a sample from your study that gets run with each run).  Finally, fold up a few cup blanks (empty cups folded up like a sample) and sludge* bypasses (municipal sludge in a cup, no need to record weight) in a tray.  *Note that acetanilide and sludge are high in C and N so be sure to prevent them from contaminating samples and blanks by keeping the tools and bench clean.
NOTES:

*CE Elantech tin capsules 5x9mm set of 400 available from VWR for $50 VWR catalogue number 101189-556.  
*before reloading dessicator with more envelopes, envelopes must have been in the drying oven for at least 24 hours prior.

*only use brush to clean off scale surface, not acetone or whoosh duster.

*if you drop a capsule on the floor or if other contamination is in question start over.  

*many people in the wetlands center are using this scale, try to be aware if someone else may need to use the scale.
C. Routine maintenance before every run:  

You can check if this needs to be done by opening the EA software, View, View Maintenance.  The ashtray is “left 1” and the water trap is “ads filter.”
1. Empty the ashtray—WARNING: the machine is at 400˚C in standby mode, indicated by the light on the front of the machine.
a. put on gloves to protect your skin from the quartz wool.

b. you will need: tongs, screwdriver, quartz wool, wool packing tool (these are all kept in the drawers below the machine).  Lay out a piece of brown paper in the fume hood for easy clean up.
c. unscrew the coupling below where the piston injects samples (use pliers that are kept  beside the CHN or below the sink)
d. use tongs to pull out the glass column (ash tray) and do not let it sit in the rack to cool it will melt the plastic.  DO NOT hold the glass with your hand.  

e. Run tap water over the outside of the column, leave in the sink to cool.  This is when I usually do the water trap maintenance (#2 below) and come back to the ashtray when that is finished.
f. use the screwdriver or long metal rod to gently push out quartz wool plug at the bottom and ash into a trash can.  The glass columns easily break and chip.
g. rinse clean with water, ash staining is normal on the glass, as long as the tube itself is empty.
h. use acetone and air hookup to thoroughly dry the tray

i. WARNING: for the following step wear gloves and work under the fume hood.  Avoid breathing in or touching quartz wool.  Pack the bottom of the tray with quartz wool.  Pack down with the packing tool so that the bottom is filled as it was before.
j. use air hookup to blow away any wool dust clinging to the tray, your hands, the bag of wool, etc.
k. return the column to the machine.  Check the black O-ring for debris, wipe with wet kim wipe if necessary.  Firmly tighten, without stripping, the coupling with pliers to prevent gas leaks.

2. Top off the water trap
a. you will need: screwdriver, quartz wool, weighing paper, Magnesium perchlorate (MgCLO4), packing tool (these are all kept in the drawers below the machine).  Lay out a piece of brown paper in the fume hood for easy clean up—you can use the same one you used for emptying the ashtray.

b. In order to remove the water trap from the machine open the front right door of the machine.  Unscrew the red caps on both ends, and remove the rubber septa.  Place the rubber septa on top of the machine, keep track of which is the top and bottom.
c. wearing gloves, use the screwdriver to scrape out the bottom (drier end) of the tube.

d. let the dry powder pour out onto a piece of weigh paper—save it for re-use.

e. use the screwdriver to scrape out the top of the tube

f. rinse the tube with DI over the MgClO4 waste bottle—the plug of powder that has absorbed moisture from the machine should rinse right out.  Use a minimal amount of water to minimize waste accumulation.
g. Use acetone and the air hookup to thoroughly dry the tube

h. pack the bottom (it doesn’t matter which end of the glass tube is the bottom or top at this point) with quartz wool.  Pack it down with the narrower end of the packing tool so that it fills the threaded part of the glass.  
i. add the re-usable MgClO4 and top off with fresh MgClO4 from the jar.  Gently tap the column to help settle the MgClO4 so you can add more.  Keep the jar sealed closed when not in use to prevent absorption of moisture.

j. pack wool at the top and blow off any wool residue with the air hookup

k. before putting the septa on the tube, wipe clean with a wet kim wipe.  Be sure to put the top septa on the top, and v. v.

l. firmly hand-tighten the red caps to prevent gas leaks.

3. Reset Maintenance: View, View Maintenance, Edit, check the boxes under “Left 1” (ashtray) and “Ads filter 1” (water trap), click reset.  **if you forget to reset the maintenance when in fact you have reset the maintenance, the software will give you a warning message when the maintenance reaches 0 burns left, when actually that is not true.  Doing the software reset during the run is OK.
a. “Left 1” = ashtray

b. “Left 2” = combustion column

c. “Right” = Reduction column

d. “Ads. Filter 1” = water trap

D.  How to pack the Reduction Column (if necessary)

1. Open the left front door of the machine and slide the metal door off.  The reduction column is to the right of the ash tray.

2. Use pliers to unscrew metal cap on top of the machine.

3. Using tongs, gently twist and pull up on the column to remove it.  The top 5cm should be cool enough for you to use your hand.

4. Run under tap water to cool.

5. Remove top wool, keep the wool to re-use if the pieces are large enough.

6. Pour any shiny unused Cu onto a piece of weigh paper to re-use.

7. Remove the spent Cu using the larger metal rod with the jagged end piece.  Twist the end piece into the solidified Cu to break it up.  This may take some work.  You may be able to push the entire solid piece out.  Throw this material away.

8. Re-pack the bottom wool—to where the shadow of Cu appears on the glass.

9. Use a funnel to pour re-usable and fresh Cu into column.  Gently tap it on the bench every few g’s to help settle the Cu so you can pack the column more tightly.

10. Pack the quartz wool at the top the same depth as before.

11. Re-seat the column by gently twisting and pushing down, hold it down until the cap is on.  Use pliers to tighten, do not strip.

12. Reset maintenance for “right column.”

E. Loading standards and samples
1. On your datasheet note the order of the standards and qc’s for the run—keep track of the location of each capsule so that you can enter its weight in the computer.  Usually a run starts with 2 municipal sludge bypasses, 2 cup blanks, standard curve, tomato leaves (or other) qc, internal qc (a sample of yours that you run each time).  Also, plan for an acetanilide check every 20 samples or so.

2. Using the house air valve, blow out the autosampler tray to remove any dust or contaminants from previous runs.

3. Use forceps to place samples in the autosampler.  Note that the very first sample in cup 31 “-1” gets dropped directly in the hole in the machine.  On your datasheet keep track of what autosampler well number each sample goes into.
4. Before putting the plate on the autosampler, manually crank the gear so that when the plate goes on the autosampler, cup 31 lines up with the active position, drop the -1 sample directly into the hole.

5. Be sure to put the plastic cover on top of the autosampler tray.
F. Starting a run
1. On the desktop click on “my computer”, D:/, Data, Eager 300, Data.  Make a new folder with today’s date—example: CN_04Apr

2. Open Eager 300 – may already be open and displaying last run

3. File, Save Method.  Go to the folder just created, save with the date, your initials, and run number—example: 042508_bmm_run1

4. Edit, Parameters, in the temperature tab uncheck the stand by box, Send.  This will bring the machine out of standby mode and increase the temperatures and flow rates.
5. Check that the parameters are consistent with past runs.  

a. Carrier 140

b. Oxygen 250


c. Reference 150

d. Cycle 500

e. Sample 12

f. Oxygen 16
6. Edit, Sample table.  You will see the last run’s sample table.  Keep the first ten rows the same (except weights).  This will be 
a. 2 sludge bypasses in cups -1 and 0 to make sure there are peaks and to burn off any CO2 and N2 that has built up in the column while it’s been idle, 
b. two cup blanks to check for residue in cups 1 and 2, an acetanilide standard curve (usually 5 points with the smallest value no less than 0.23 mg in cups 3-7), 
c. a peach and/or tomato leaf QC, and another acetanilide QC.  
d. You may want to choose one of your samples to run at the beginning and end of every run to see how they compare.  Paul Heine uses the following standard curve: 0.25, 0.5-0.6, 1.2-1.5, 3.0-3.5, and 6.0-6.5 mg.
7. Double click the first row to move the green ACT arrow so the run starts there.

8. Shift+Insert to insert a blank line after these first ten so the machine will stop and wait for you.
a. So you can check that the standard curve went okay before proceeding with your samples.  But don’t leave the machine inactive to very long to prevent N2 buildup in the line.
9. Click OK and then file, save method, be sure it’s the right name and in the right folder, replace.
10. In the window showing the current parameters the Level (uV) should settle down near 10,000 after the machine has warmed up.  Re-zero the baseline so that you can compare chromatagrams from different runs.  
a. Edit, Parameters, Detector tab, set gain to 1, Send.  View, Status, Detector, autozero to 1000.  Then set the gain back to 10.
b. If it the uV is above 10,500 there may be a leak (see next step).  

11. Leak check: Once the temp read green ready light is on in View, Elemental Analyzer Status, go to the Special Function tab, Leak test, Start, Yes.  
a. The “reference” should drop fast, “carrier” O2 holds out until around 90 sec, then drops quickly.  Should get <5.  
b. If not <5 check for leaks (tighten coupling above ash tray, and red caps on the water trap).  Redo leak test.  
c. If still leaky clean autosampler o-rings, see manual p 278—manual kept in drawer below balance.  
d. If still leaky talk to Paul.
12. Make sure you have the autosampler plate loaded, lined up, and covered with the clear plastic cover.

13. Press the green arrow, and Start.  
a. Do not check the force to standby box unless you’re sure the run is going well and you’re leaving for the day, you can set this up later, see step 16.
14. Remember not to leave any windows open or the machine will not proceed.  The only window that can remain open is View, View sample being acquired.  

a. Check that the cup blanks look mostly flat.  Large C or N peaks indicate a spent reduction column.

b. After it has run the standard curve go to View, Calibration Curve.  Desired values: the carbon Kb = 5, and the slope = 0.9999; the nitrogen Kb=1.9 and the slope = 0.9999.

15. Use the QC’s to check the curve.  The peach expected values are N=2.85-2.97 and the C=46.3; the acetanelide N=10.4 and C=71.

16. If all these values are good, then delete the blank line you inserted after the standards and QC’s so the ACT arrow moves to your first sample.  Press the green arrow again.  File, Save Method, Replace.  

a. Remember to insert an acetanilide check every 12 or so samples.  Finish the run with a peach, acetanilide, and cup blank.  
17. If the machine will be running into the night, you need to set up the run to go to standby after your last sample.  Insert a blank line after the current sample being analyzed so that the machine thinks the run is finished after that sample.  Once it has stopped, delete the empty line and press the green arrow.  Check the box “force to standby” and Start.

G. After the run:

You can do post-run analyses and download your data anytime after the run.  Bring a floppy disk to save your files because the CHN computer is not connected to the network.
1. To make any changes to the sample table (especially if you entered any weights wrong, these will affect how the %C and %N are calculated), go to File, Load method, select the method you’d like to edit and/or download.  

2. Edit, Sample table.  Make any necessary changes.  Before doing this you may want to save the method under a different name so that you have a backup file of the original run. Note what lines (in grey boxes to the very left, not the a/s numbers) your run uses in the sample table for step #4.  When you are done, click OK.

3. Save method.

4. Recalculate, Recalculate: Check the Reintegrate, Identify peak, and Save after integration boxes.  Enter the first to last lines your run includes in the sample table.  OK.

5. Recalculate, Summarize results.  Verify that the changes you made to the sample table have been included.  File, Export to excel file, Save.
6. Copy file to the floppy disc, the A:/ .
04 Apr 2008 bmm / 26 Mar 2010 bmm / 28 Sept 2011 bmm
