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Protocol in reference to: Rhine, E.D., Sims, G.K., Mulvaney, R.L., Pratt, E.J., 1998. Improving the berthelot reaction for determining ammonium in soil extracts and water. Soil Sci Soc Am J 62, 473-480.
Ammonium Assay

Reagents (store in fridge)

2-Phenylphenol-Nitroprusside Reagent

Dissolve 3.22 g of Phenylphenol Na salt and 0.0127 g sodium nitroprusside dihydrate in 80 mL nanopure in a 100 mL volumetric flask, then bring to volume. Transfer final reagent into 125ml brown bottle.
Good for a month and a half. It should look like very light beer. Once there is a brown tint to the reagent, new should be made.
Citrate Reagent


Dissolve 5.00 g of trisodium citrate in approx. 80 mL nanopure in 125ml brown bottle. Adjust pH to 7.0 using 0.1 M HCl. Transfer reagent to 100 mL volumetric flask and dilute to 100mL using nanopure. Transfer final reagent back into 125ml brown bottle. 


Good for a month and a half.
Buffered Hypochlorite Reagent

Dissolve 2.32 g Sodium Phosphate in 80 mL nanopure in a 125 mL brown reagent bottle. Add 10 mL household bleach, and 10 mL 2 M NaOH. Shake well. 


Good for a month and a half
Standard Ammonium-Nitrogen Solutions 

200 ppm-N Standard – dissolve exactly 93.46 mg Ammonium Sulfate in approximately 80 mL 0.5 M K2SO4 in 100 mL volumetric flask. Bring to volume  

Will keep for a couple weeks.


20 ppm-N Standard –  in a 125mL bottle, mix 10ml of 200 ppm-N with 90 mL 0.5M K2SO4

Only last a couple days just like the curves it makes.
Prepare working standards by diluting the 20 ppm-N standard with 0.5 M K2SO4 in 20 mL tubes as shown in the table below. Heat the standard in hot water bath before making standards if crystals form in the solution. Prepare the 0.25 standard by using 1.25 mL of the 2.0 Standard and 8.75 0.5 M K2SO4. 

For samples with high concentrations of ammonium, use the following standards:
	Concentration
	mL 20 mg NH4-N L-1
	mL 0.5 M K2SO4

	0.00
	0
	10

	0.25
	0.125
	9.875

	0.5
	0.25
	9.75

	1.0
	0.5
	9.5

	2.0
	1.0
	9.0

	3.0
	1.5
	8.5

	4.0
	2.0
	8.0

	5.0
	2.5
	7.50


For samples with low concentrations of ammonium, use the following standards:

	Concentration
	mL 20 mg NH4-N L-1
	mL 0.5 M K2SO4

	0.00
	0
	10

	0.1
	0.05
	9.95

	0.25
	0.125
	9.875

	0.5
	0.25
	9.75

	0.75
	0.375
	9.625

	1.0
	0.5
	9.5

	1.5
	0.75
	9.25

	2.0
	1.0
	9.0


When testing multiple samples, a max of 18 samples per plate is recommended for ease of pipetting and reading the plate. Samples should be done in triplicates with samples going down the columns (See below). Given concentrations depend on high or low concentration of ammonium
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	ST(0.0)
	ST(0.0)
	ST(0.0)
	S1
	S3
	S5
	S7
	S9
	S11
	S13
	S15
	S17

	B
	ST(0.1)
	ST(0.1)
	ST(0.1)
	S1
	S3
	S5
	S7
	S9
	S11
	S13
	S15
	S17

	C
	ST(0.25)
	ST(0.25)
	ST(0.25)
	S1
	S3
	S5
	S7
	S9
	S11
	S13
	S15
	S17

	D
	ST(0.5)
	ST(0.5)
	ST(0.5)
	S2
	S4
	S6
	S8
	S10
	S12
	S14
	S16
	S18

	E
	ST(0.75)
	ST(0.75)
	ST(0.75)
	S2
	S4
	S6
	S8
	S10
	S12
	S14
	S16
	S18

	F
	ST(1.0)
	ST(1.0)
	ST(1.0)
	S2
	S4
	S6
	S8
	S10
	S12
	S14
	S16
	S18

	G
	ST(1.5)
	ST(1.5)
	ST(1.5)
	CS(0.25)
	CS(0.25)
	CS(0.25)
	S19
	S19
	S19
	S20
	S20
	S20

	H
	ST(2.0)
	ST(2.0)
	ST(2.0)
	CS(0.5)
	CS(0.5)
	CS(0.5)
	S21
	S21
	S21
	S22
	S22
	S22


ST= Standard S= Sample CS= Check Standard
Procedure

1. In a clear plate, pipette 70µL of soil extract or standard into individual wells of a clear assay plate. 

2. Pipette triplicates of at least two (2) check standards into available wells as shown above. These check standards should be in the middle of the range of the sample ammonium concentrations if known. If this is unknown, use more check standards if space is available; otherwise use 0.25 ppm-N and 0.5 ppm-N concentrations as this is the two concentrations that are in the middle of the average sample set. These check standards will be treated as “unknown samples” in order to check the accuracy of the standard curve. If the standard curve is accurate, check standards should read close to their actual concentration under the “Calculated ppm-N NH4 +” column on the nutrient spreadsheet. Add all remaining reagents to the check standard wells as if they were normal samples.

3. Add 50 µL of citrate reagent to each well and allow it to react for 1 minute.

4. Add 50 µL of PPS-nitroprusside reagent to each well. 

5. Add 25 µL buffered hypochlorite reagent to each well. Hypochlorite must be added after the PPS.
6. Add 50 µL nanopure to each well.

7. Attach lid and shake gently for 30 s by taping plate to flat shaker table (not vortexer) and agitating on high speed. Allow plate to stand for 2 hours.

8. Turn on plate reader and allow it to warm up (1-2 mins). 
9. Open Plate Reader software. Insert plate onto plate reader tray and open Ammonium Protocol. Fill in Plate Layout with standards or samples if desired and read plate. Standard curve will be 1st order.
10. Copy and past data into Excel. 
