NH4 + Analysis 
The following method is specific for ammonia. The technique is a modification of the phenol-hyperchlorite method by Cataldo, A.E. et.al. (1974), which is attached.
Introduction

Nitrogen in the form of NH3 (ammonia gas) or NH4+ (ammonium ion) is the first breakdown product of N-containing organic matter. The method presented here is suitable for KCl extracted soil NH4+.  See Solarzano, L. (1969) for a similar method appropriate for freshwater and seawater samples.

The method employs the so-called ‘indophenol-blue’ reaction between ammonia, phenol and hypochlorite at a pH of ~ 6. Indophenol is an intensely colored amino-derivative of phenylquinone-monoamine:
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The resulting blue color is similar to that of indophenols dyes (indigo), and its intensity is proportional to the ammonium concentration. To achieve consistent pH (~6) across all samples, we use methyl red as a pH indicator (red below pH 4.4, yellow above pH 6.2) and adjust pH samples using NaOH (base) and H2SO4 (acid) to pH 6. Ammonium concentration is measured using a spectrophotometer at a wavelength of 625 nm. The indophenols colorimetric reaction was modified by the introduction of the catalyst nitroprusside (nitroferricyanide) which stabilizes the blue color at room temperature. 
In some soils, especially high base status soils, Mg2+ may form cloudy precipitates that interfere with spectrophotometer readings. EDTA, a hexadentate chelating ligand, is added to the solution to binds metal ions and reduces their reactivity. EDTA is fully soluble only at pH 8 and above. 

KCl Extraction


Soil particles have a higher affinity for K+ ions than for NH4+ ions, thus shaking soils with KCl solution causes ironically-bound NH4+ to be liberated from soils, allowing us to measure plant-available NH4+ in samples. Unfortunately, this can liberate other cations, including Mg2+, that can cause nasty precipitates during colorimetric analysis.
Reagents:

A. 2 N KCl

Weigh out 149.12 g KCl in a 1 L volumetric flask and fill to 1 L with ultrapure water. Stopper the bottle and use a magnetic stir bar to dissolve the pellets. Store in a closed, labeled glass container at 4oC. Will keep for several weeks to months if sealed tightly.

Extraction Procedure:

1. Label a set of clean 50 mL centrifuge tubes with sample codes. Weight approximately 20 g wet sample soil into each tube and record the exact sample weight. Pipette 30 mL of 2 N KCl solution into each tube, cap, and shake vigorously. 
2. Secure tube racks on the shaker table and shake for 1 hour at 180 shakes per minute. 

3. Centrifuge tubes at 3400 rpm for 1 hour. Make sure to balance tubes on the rotor of the centrifuge (If you have an odd number of tubes, this can be done with an ancillary tube filled with water). Tubes should be refrigerated when they are not on the centrifuge. In the mean time, label a second set of clean 50 mL centrifuge tubes.

4. After centrifuging, sample extracts should be clear (no sediment should cloud the water) but may be tea-colored and have floating organic matter in them. If samples are cloudy, put them back on the centrifuge for an hour. 

5. Filter sample supernatant through Whatman Grade 5 filter paper into clean, labeled tubes. Be careful not to introduce any sediment from the pellet into the clean tube. Sediment pellet can be discarded. Store the supernatant in closed tubes at 4oC until analyses. 

NOTE: Soil may be weighed into tubes a week or two in advance of sample analyses. Extractions should be performed within 2 days of analyses, otherwise they should be frozen immediately after extraction and thawed the day of analyses. 
Reagents:

A.  0.3N NaOH 
Weigh out 12 g dry NaOH pellets. Transfer pellets into a 1 L volumetric flask and fill to 1 L with ultrapure water. Stopper the bottle. Use a magnetic stir bar to dissolve the pellets. Store in a closed, labeled glass container at 4oC. Will keep for several weeks to months if sealed tightly (with screw cap or stopper plus parafilm). 
B. EDTA Solution
 Make a 0.6 N solution of NaOH (Weigh 12 g dry NaOH pellets and dissolve in 500 mL ultrapurewater). Weigh out 12.5 g dry Ethylenediamine tetraacetic acid (EDTA) and transfer powder into a 500 ml flask or beaker and gently wet with a small volume of ultrapure water. Using a calibrated pH meter and a stir bar, slowly mix in the 0.6 N NaOH solution 1 mL at a time until the pH of the solution is 10. If the EDTA has not dissolved when the pH reaches 10, add ultrapure ~5 mL at a time until EDTA dissolves and then bring the pH back to 10 using NaOH. Do not use more that 400 mL of NaOH and ultrapure combined in the beaker. Remove the stir bar and carefully transfer the solution at pH 10 to a 500 mL volumetric flask using a glass funnel. Rinse any solution from the beaker using ultrapure, and top the volumetric flask off to 500 mL. Store in a closed, labeled glass container at 4oC. Will keep for several weeks to months if sealed tightly.
C. Phenol Solution

Weight out 10 g phenol crystals (will seem damp, transport to hood immediately after weighing) and 100mg dry sodium nitroferricyanide. IN THE HOOD transfer phenol and sodium nitroferricyanide into a 1 L volumetric flask and fill to 1L with ultrapure. Use a magnetic stir bar to dissolve the crystals. Store in a dark or foil-covered, labeled glass container at 4oC. Will keep for several weeks to months if sealed tightly.
D. Sodium Phosphate Solution
Weight out 10 g dry  NaOH, 7.06 g dry Na2HPO4 . 7H20, and 31.8 g Na3PO4 . 12H20 into a 1 L volumetric flask. Add 8.75 mL of 6% Sodium hypochlorite (bleach), fill the flask to 1 L with ultrapure  and use a stir bar to dissolve the crystals. Store in a closed, labeled glass container at 4oC. This solution is stable indefinitely, if sealed tightly.
E. Methyl Red

    Add 1 mL of methyl red to 100 mL of ultrapure.

Procedure for Standard Stock Solution:


Standards should be made in a KCl matrix since samples will be extracted and analyzed in a KCl matrix.
1. Weigh out about 6 g of (NH4)2SO4 and oven dry over night.

2. 4.7168 g of the dried (NH4)2SO4 per 1 L of 2 N KCl (1000ppm stock sol.)

3. From 1000ppm stock solution make 100ppm and 10ppm stock solutions in KCl.
Colorimetric  Analyses

Test Reactions: Before you start the full colorimetric analyses:


Likely when you start an ammonia analyses you will not know the concentration of ammonia or metals in the soils you are working with. By running a few carefully chosen sample extracts at different concentrations before you start the full analyses,  you can get an idea of (1) how much sample extract you will need, (2) how many points should be on your standard curve, and (3) how much EDTA to add to make sure all metal ions are bound. These are your “test reactions”. They will save you a lot of time.
1. Select a 2-4 samples that represent a range of conditions (organic matter, depth, site, etc.) across your set of samples. Pipette 2 mL of each sample into an empty 10 mL graduated test tube. Pipette 4 mL of each sample into a second empty 10 mL graduated test tube. These represent your high and low concentrations. Make sure not to use any samples where you have less than 20 mL of sample total for your test reaction. You don’t want to run out of sample for your real analyses (remember we will also need sample for nitrate/nitrite).

2. Follow the steps below for each sample (both 2 mL and 4 mL aliquots). 
a. Add solution B to each standard mix tubes (vortex). If it is a mineral soil, add 2 mL. If it is an organic soil, add 1 mL. If unsure, add 2 mL. 
b. Add 2 drops of 1% methyl red into each standard. Mix thoroughly
c. If solution is yellow after step 2:  Add (using dropper and vortex) .1N H2SO4 solution until the standard turns red.  After the solution has turned red, add (using dropper and vortex) reagent A to bring to pH 6.  (should only take one drop for color change of red to yellow).

If solution is red after step 2:  Add (using dropper and vortex) reagent A drop by drop until there is a color change of red to yellow, indicating a pH of 6.  (.1 N H2SO4 does not need to be added in this step)

d. Add 1.0 ml of solution C to each standard (vortex), Add 1.0ml of solution D to each standard (vortex).  Bring tubes to volume of 8ml with ultrapure.  Cover tubes with parafilm and invert.

3. Label the tubes with tape and let them sit in a warm water bath for about 1 hour to speed up your test reactions (NOTE: ONLY do this for your test reactions). In the mean time make your standard curve.

4. If a precipitate forms over the hour long period of time, add 0.2 mL aliquots of Solution B (EDTA) one at a time and mix thoroughly until the precipitate disappears. Record the total number of mL of EDTA added (0.2 mL initially plus additional EDTA) for each test sample. Top off to 10 mL with ultrapure. Cover with parafilm and invert to mix.
5. Read the absorbance on the spectrophotometer at 625 nm. Absorbance should fall between approximately 0.05 and 1, corresponding to 0.05 ppm NH4+ and 1 ppm NH4+ respectively. Choose an aliquot amount (either 2 or 4 ml for ALL samples) so that all (or at least the majority) of your test samples fall within the standard curve range. Remember the absorbance will not be exact, just a rough approximation.
6. Once you have chosen an aliquot amount (2 or 4 ml for all samples in the batch), record this information. Now look at the amounts of EDTA solution added to each test sample. For the following procedure use the maximum amount of EDTA you used for the aliquot amount you chose. Write down this amount in your notes!

e.g. if 2 mL aliquot samples gave you concentrations that were lower than the standard curve, you choose 4 mL aliquot right? Now what tube with 4mL aliquot needed the most extra EDTA (if any) to dissolve the precipitate? How much did you use? (0.2 mL initially plus additional EDTA). Use that amount of Solution B (EDTA) in ALL standards and samples for the following procedure.
Standard Curve

1. Use an autopippette (calibrate between measurements) to pipette a corresponding amt of 10ppm stock solution into corresponding standard’s 10ml graduated test tube:

	Standard
	ml 10 ppm Stock in 10 mL Tube

	0.0ppm
	0.0 ml

	0.05 ppm
	0.05 ml

	0.1ppm  
	0.1 ml

	0.2ppm
	0.2 ml 

	0.4ppm
	0.4 ml

	0.6ppm
	0.6 ml

	0.8ppm  
	0.8 ml

	1.0ppm 
	1.0 ml


2. Add the amount of Solution B (EDTA) you calculated in the “Test Reaction” step to each standard. Add 1 drop of 1% methyl red into each standard. Mix thoroughly. 
3. If solution is yellow after step 5:  Add (using dropper and vortex) 0.1N H2SO4 solution until the standard turns red. After the solution has turned red, add (using dropper and vortex) reagent A to bring to pH 6.  (should only take one or two drop for color change of red to yellow).

If solution is red after step 5:  Add (using dropper and vortex) reagent A drop by drop until there is a color change of red to yellow, indicating a pH of 6.  (.1 N H2SO4 does not need to be added in this step)

NOTE: If you added a lot of Solution B (EDTA) which is at a pH of 10, it will take more acid to change the color from yellow to red.  Still, you should add slowly dropwise.
4. Add 1.0 ml of solution C to each standard (vortex), Add 1.0ml of solution D to each standard (vortex).  CAREFULLY Bring to volume of 10ml with ultrapure.  Cover tubes with parafilm and invert.

5. Read absorbance against a reagent blank at 625 nm after 3-4 hours to develop color.  Invert tubes before reading them.

Procedure for Samples:

1. Pipette an aliquot of sample in 10ml graduated test tubes. You estimated the correct sample aliquot volume in the “test reaction” step (2 or 4 mL). Also pipette an equal volume of the 2 N KCl extraction solution into a tube as a blank.
2. Add the amount of Solution B (EDTA) you calculated in the “Test Reaction” step to each standard and mix thoroughly.
3. If solution is yellow after step 2:  Add (using dropper and vortex) 0.1N H2SO4 solution until the standard turns red. After the solution has turned red, add (using dropper and vortex) reagent A to bring to pH 6.  (should only take one or two drop for color change of red to yellow).

If solution is red after step 2:  Add (using dropper and vortex) reagent A drop by drop until there is a color change of red to yellow, indicating a pH of 6.  (.1 N H2SO4 does not need to be added in this step)

NOTE: If you added a lot of Solution B (EDTA) which is at a pH of 10, it will take more acid to change the color from yellow to red.  Still, you should add slowly drop wise.

4. Add 1.0 ml of solution C to each standard (vortex), Add 1.0ml of solution D to each standard (vortex).  Bring tubes to volume of 10ml with ultrapure.  Cover tubes with parafilm and invert.

5. Read absorbance of standards and samplesagainst a reagent blank at 625 nm after 3-4 hours to develop color.  Invert tubes before reading them. Use the 2 N KCl blank to auto-zero the spectrophotometer. Record absorbance values. 
6. Any samples that fall outside of your curve should be reanalyzed using more sample (if they fall below the curve) or less sample (if they fall above the curve).
Timeline


2-4 days prior to analyses: 


READ THE METHOD ALL THE WAY THROUGH. ASK QUESTIONS. TAKE NOTES. (30 min)


Calculate how much reagent you will need. Make sure there are enough fresh reagents to for your analyses plus mistakes. (15 min)


If you must make reagents, put out enough of each chemical for your reagents in the dessicator and let them dry for 24 hours (except phenol). (15 min)


Make sure the glass ware and consumables you need are in supply. (15 min)


Weigh soils into tubes for KCl extraction. (1-2 hours, depending on # of samples—max # 60)


1-2 day prior to analyses:


Make, centrifuge, and filter soil extractions for soil samples. (4-6 hours depending on # of samples)


Make reagents and standards. (1-2 hours depending on reagent needs)


Set up analyses space with labeled beakers etc. (15 min)


Day of analyses:


Test Reaction concentrations. (1 hour)


Standard curve and colorimetric analyses (clean up as you go!). (6-7 hours for 40-60 samples)


Data entry. (15 min)














