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Protocol in reference to: D'Angelo, E., Crutchfield, J., Vandiviere, M., 2001. Rapid, sensitive, microscale determination of phosphate in water and soil. J. Environ. Qual. 30, 2206-2209.
Inorganic Phosphorus Analysis

Reagents- Store in refrigerator. Keeps for 2 months.
AMP solution

Add approximately 50 mL Nanopure to a 100 mL volumetric flask.

Add 10.6 mL concentrated sulfuric acid.

Add 1.755 g ammonium para-molybdate; stopper flask and swirl to dissolve.
Bring to volume.


Before use: be sure to shake


Dispose as hazardous waste.

Malachite green solution
Mix 0.35 g polyvinyl alcohol with about 20 mL cool nanopure water in a 100 mL beaker on a stir plate; mix to make a slurry. Note: if any polymer sticks to the bottom of the beaker, be sure to scrape it off with a clean spatula. 
Heat 50-60 mL nanopure water to boiling in the microwave (1 min. more or less).  Slowly add hot water to slurry by pouring down a spatula (to prevent splashing) – about 10 mL at a time. Once all hot water is added, alternate heating and stirring until PVA is completely dissolved. 
Allow to cool slightly, then add 35 mg Malachite green oxalate and stir to dissolve.

Cool to room temperature in a water bath and bring to volume in a 100 mL volumetric flask.

Clean all glassware immediately – dried polyvinyl alcohol will not come off easily.
Before use: DO NOT SHAKE before use; any agitation will cause a foam to form. Allow to warm to at least room temperature so it is not as viscous when pipetting. 

Dispose as hazardous waste.

Stock Phosphate solution (20ppm-P)

Dissolve 24.55 mg tribasic sodium phosphate in 100 mL 0.5 M K2SO4 (or nanopure, depending on sample matrix).

This solution will last 2 weeks. Store in refrigerator.

Standard curves: Dilute the 20 ppm stock solution to 1 ppm in a 100 ml bottle (5 ml stock: 95ml matrix).  Create the following standard curve in 25 ml tubes using 1 ppm-P.


The 1 ppm working solution and the standard curve samples only last a couple days. 


After a day and half, they both should be remade. 
	Concentration (ppm-P)
	Volume stock 1-ppm (mL)
	Volume matrix(mL) (K2SO4)

	0
	0
	5

	.01
	0.05
	4.95

	.05
	0.25
	4.75

	.1
	.5
	4.5

	.25
	1.25
	3.75

	.5
	2.5
	2.5

	.75
	3.75
	1.25

	1
	5
	0


	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	ST(0)
	ST(0)
	ST(0)
	S1
	S3
	S5
	S7
	S9
	S11
	S13
	S15
	S17

	B
	ST(.01)
	ST(.01)
	ST(.01)
	S1
	S3
	S5
	S7
	S9
	S11
	S13
	S15
	S17

	C
	ST(.05)
	ST(.05)
	ST(.05)
	S1
	S3
	S5
	S7
	S9
	S11
	S13
	S15
	S17

	D
	ST(.1)
	ST(.1)
	ST(.1)
	S2
	S4
	S6
	S8
	S10
	S12
	S14
	S16
	S18

	E
	ST(.25)
	ST(.25)
	ST(.25)
	S2
	S4
	S6
	S8
	S10
	S12
	S14
	S16
	S18

	F
	ST(.50)
	ST(.50)
	ST(.50)
	S2
	S4
	S6
	S8
	S10
	S12
	S14
	S16
	S18

	G
	ST(.75)
	ST(.75)
	ST(.75)
	CS(.1)
	CS(.1)
	CS(.1)
	S19
	S19
	S19
	S20 
	S20
	S20

	H
	ST(1.0)
	ST(1.0)
	ST(1.0)
	CS(.25)
	CS(.25)
	CS(.25)
	S21
	S21
	S21
	S22
	S22
	S22


ST= Standard S= Sample CS= Check Standard

1. Add 150ul of standard or sample into the clear microplates.
2. Pipette triplicates of at least two (2) check standards into available wells as shown on the previous page. These check standards should be in the middle of the range of the sample phosphate concentrations if known. If this is unknown, use more check standards if space is available; otherwise use 0.1 ppm-P and 0.25 ppm-P 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-P PO4 3-” column on the nutrient spreadsheet. Add all remaining reagents to the check standard wells as if they were normal samples.

3. Add 30ul of AMP solution to each well and then tap corner of microplate to mix. Let plate sit for 10 minutes. 
4. Add 30μl of malachite green solution to each well using the reverse pipette mode. This will prevent bubbles from forming in the wells. Do not place plate on shaker to mix- a nasty precipitate will form. A couple taps on the corner should mix it well enough.
5. Read microplate at 630 nm using the Malachite Phosphorous protocol after 30 min.

