PLANT AVAILABLE (LABILE) INORGANIC PHOSPHORUS IN SOILS – EXTRACTION USING SODIUM BICARBONATE (NaHCO3) AND COLORIMETRIC ANALYSIS 
(Modified from Dr. Jerry Qualls’ procedures and Craft Lab TP colorimetric method)
[bookmark: _GoBack](Revised by Sarah Widney 6/12/2015)

When measuring solutions for this method, be sure to add solution until the bottom of the meniscus is even with the top of the desired volume (see graphic below)
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Sodium Bicarbonate (NaHCO3) Extraction Procedure:

Principle: The OH- and CO23- in the NaHCO3 solution decrease the concentration or activity of Ca2+ and Al3+, resulting in increased P solubility in soils. 

Before beginning extraction – be sure there are enough available centrifuge tubes and NaHCO3 available for use. 

I. Reagent: 0.5M sodium bicarbonate NaHCO3
Weigh 42g NaHCO3 into a 1L flask, add ultrapure water until volume reaches the 1L meniscus. Mix well. 


II. Sample Preparation and Extraction Procedure

1. Label two 50ml centrifuge tubes for each sample. Label the first set of tubes with “A” and sample name; these will contain the soil and sodium bicarbonate. Label the second set of tubes with “B” and sample name; these will contain the supernatant (liquid extract).  

2. Weigh 19.95-20.05 g of wet soil into the “A” centrifuge tubes. 

3. Pipette 30ml of 0.5M NaHCO3 into each “A” centrifuge tube using an automatic pipette. 
*MAKE SURE PIPETTE IS CALIBRATED PRIOR TO ANALYSIS*

4. Place the “A” centrifuge tubes on the shaker table for 16 hours at 180 shakes per minute (this is where the extraction process occurs).

Following the 16 hour extraction, centrifuge samples for 1 hour at 3400 rpm. If cloudy, centrifuge for another 30 minutes.(Note: maximum rpm on the Craft Lab Centrifuge is ~2500 rpm: centrifuge at this speed for 1 hour). 

Before the centrifuge has reached full speed, make sure the instrument is secure on the lab bench so it will not fall off. When centrifuging, remember to balance samples across the centrifuge and to refrigerate the remaining samples. After 1 hour, the liquid extract should become the color of light tea and not cloudy. 

5. Pour off the liquid extract into the “B” centrifuge tubes (at least 15 ml). Refrigerate “B” samples if colorimetric P analysis will be run within one week; otherwise, freeze samples. 

Note: it will take several hours for samples to thaw once they have been frozen.

Determination of Labile P using Colorimetric Analysis

Tips for an efficient analysis:  
· This analysis may take a long time (4+ hours, so plan accordingly). 
· Make sure there are enough 10ml test tubes (marked at the 10ml volume) for samples and standards. Label them with the sample name. Put aluminum foil over the rack for storage until you are ready to use them. 
· Make sure there are enough cuvettes available (more can be purchased at Biostore). 
· Label all containers that have reagents with the reagent name, concentration, the date, and your initials. Label everything!
· On analysis day, prepare the standards and samples in an assembly line fashion. Also, while the standards are reacting (at least 30 minutes), pipette the sample aliquots into the appropriate test tube so that as little time is wasted once the standard curve has been read on the spectrophotometer. 
· On the spectrophotometer run the standards before and after the samples at 882 nm. 

I. Reagents

1. p-nitrophenol (4-nitrophenol), 0.25% pH indicator: Dissolve 0.25g of p-nitrophenol in a 100ml volumetric  flask. Fill to volume with Ultrapure water. 

2. Sulfuric acid, 2.5 M: Make a dilution of H2SO4 from concentrated H2SO4 found in the hood (see dilution procedure at the end of this document). Dilutions should be made in the hood using the black gloves or two pairs of latex gloves if you will be too clumsy with the black gloves. 

Remember: Add Acid to Water!

3. Phenolphthalein: combine 0.05 g phenolphthalein in 50 ml EtOH and 50 ml Ultrapure water in a 100ml volumetric flask.  New phenolphthalein should be made every 2 months.  

4. 5N NaOH solution:  Typically, 5N NaOH is purchased from chemstores and stored in Room 441 under the hood on the right side. To make 5N from 10 N, dilute by half.  Use a graduated cylinder to measure 100 ml 10N NaOH and 100 ml Ultrapure water.  Pour these into a beaker to mix.  

5. Working Solution: Make this in the hood, wearing black gloves!  This must be prepared daily.  To a 1000 ml flask, add 100 ml of Solution A (H2SO4, Ammonium molybdate, antimony potassium tartrate) and 100 ml Solution B (ascorbic acid).  Using a 1000 ml graduated cylinder or flask, add 800 ml Ultrapure water (1:1:8) to the flask containing Solutions A and B, bringing total volume to 1000 ml.  Place flask on magnetic stirring block to mix (add stir bar after the solution has been brought to volume!)

If only performing this colorimetric analysis for labile P, 500 mL of working solution will be sufficient: add 50 ml of Solution A and 50 ml Solution B to a 500 ml graduated cylinder or flask, and fill to volume with Ultrapure water. 

a. Solution A:  *CAUTION:  This solution should be made in the hood wearing protective gear. 
1. Dissolve 50g of ammonium molybdate in 400ml of Ultrapure water in a 1 L volumetric flask.
2. Dissolve 1.213g of atimony potassium tartrate in this solution.
3. Put flask in an ice bath and slowly add 500ml of sulfuric acid (H2SO4). CAUTION: This reaction is extremely exothermic and will take time to come to room temperature. Once to temperature, bring up to volume.

b. Solution B:  Dissolve 22g of ascorbic acid in Ultrapure water and dilute to 250ml.  Store in a dark bottle in the refrigerator.  *Light sensitive do not keep more than one week. *For a smaller batch of working solution: dissolve 8.8 g of ascorbic acid in Ultrapure water and dilute to 100 ml, or 4.4 g for 50 mL. 

II. Analysis

1. Standard Curve Preparation 

a. Make 100 ppm KH2PO4 solution from 1000 ppm solution (10 ml of 1000 ppm and Ultrapure water in 100 ml flask).  [0.439g KH2PO4 in 100 ml H2O = 1000 ppm]. 100ppm KH2PO4 solution that has already been made and stored in the refrigerator may be used if within three months of its preparation.

b. Make 10 ppm KH2PO4 solution from 100 ppm solution (10 ml of 100 ppm and Ultrapure water in 100 ml flask). 10ppm KH2PO4 solution that has already been made and stored in the refrigerator may be used if within three months of its preparation. 

c. Pipette KH2PO4 (10 ppm) solution into 10 mL test tube/graduated cylinder using the 1 ml disposable pipette for each measurement. Make sure test tubes are labeled appropriately. Precision is essential for acceptable standard curves!

0 ml  0 ppm
0.2 ml  0.2 ppm
0.4 ml  0.4 ppm
0.6 ml  0.6 ppm
0.8 ml  0.8 ppm
1.0 ml  1.0 ppm
1.2 ml  1.2 ppm 
1.4 ml  1.4 ppm (only necessary if high phosphorus content is expected). 

d. Add five drops of 0.25% p-nitrophenol indicator to each test tube using an eyedropper or disposable pipette. This will add a slight yellowish hue to the test tubes. 
e. Adjust the solution pH by slowly adding 2.5M H2SO4 dropwise using an eyedropper down the side of the tube to prevent rapid evolution of CO2 and loss of solution (lots of bubbles and spilling of solution). Adjust the pH until the solution becomes colorless (1-2 drops should be sufficient with standards). 
f. Add 1 drop of phenolphthalein to each flask with eyedropper.  
g. Add 5N NaOH dropwise using eyedropper and gently shake until solution turns red or pink, or at least exhibits some color change. Pink color may fade over time. (Standard solutions usually only require 1 to a few drops).  
h. Add 4 mL of working solution to each flask, using automatic pipetter.  This will slowly turn the solution blue (~2-3 min).  *Make sure automatic pipette is calibrated to 4ml prior to use. Hint: 1ml of Ultrapure water = 1g* 
i. Fill test tubes with Ultrapure water to 10 ml mark.  Cover each tube with parafilm, shake, and invert three times.  
j. Allow standards to react for 30 minutes and no longer than 2 hours.   
k. After at least 30 minutes of reaction time, bring the rack of test tubes over to spectrophotometer. Invert each test tube and pour each standard into a disposable cuvette, being careful not to touch the clear sides. Use a kimwipe to wipe sides of cuvette. 
l. Read the absorbance of each standard on the spectrophotometer at 882 nm. Plot curve in excel. 
m. The standard curve must have an r2 value of 0.990 to continue (ideally 0.999). If r2 value is below this, remake standard curve, following steps c-k. 

2. Sample Preparation and Analysis Procedure 
Note: samples may only be prepared if r2 value of standard curve is equal to or greater than 0.990 (ideally 0.999). This procedure is identical to the standard preparation for steps c-k after sample has been added. 

a. Pipette 2ml of sample into a 10ml graduated test tube (or test tube that has been accurately marked at 10ml). *Note: if low levels of phosphorus are expected, 4ml of sample may be used. Rinse pipette 2x with ultrapure water in between samples.
b. Add five drops of 0.25% p-nitrophenol indicator to each test tube using an eyedrop pipette or disposable pipette.
c. Adjust the solution pH by slowly adding 2.5M H2SO4 dropwise using an eyedropper down the side of the tube to prevent rapid evolution of CO2 and loss of solution (lots of bubbles and spilling of solution). Adjust the pH until the solution becomes lightens in color – the solution may not become colorless due to the yellowish color or the extract (7-8 drops should be sufficient with samples). Shake the tube until bubbling stops.
d. Add 1 drop of phenolphthalein to each flask, using eyedropper.
e. Add 5N NaOH dropwise using eyedropper and gently shake until solution turns red or pink, or at least exhibits some color change (should take from a few drops to 4 droppers full). Pink color may fade over time. Blank solution usually takes only one drop!  
f. Add 4 ml of working solution to each test tube using an automatic pipetter. This will slowly turn the solution blue. 
g. Fill each test tube with Ultrapure water to the 10ml line, cover with parafilm and invert three times. After the third inversion, release pressure in the test tube by slightly peeling back the parafilm (pressure is building up through carbonation from the NaHCO3 extraction). 
h. Allow samples to react for at least 30 minutes. 
i. Pour each sample into a quartz cuvette, being careful not to touch the clear sides.  Fill 2/3-3/4 full, not all the way to the top. Use kimwipes to remove any smudges on the sides. 
j. Read the absorbance for each sample on the spectrophotometer at 882 nm. 
k. After all samples have been analyzed, rerun the standards on the spectrophotometer at 882 nm for comparison with the standards used in making the standard curve. 
l. Record the data by hand on the datasheet, store this in the appropriate folder. 
m. Enter data into excel on the same spreadsheet as the standard curve. 
n. Pour samples any unused reagents into the TP waste bin. Rinse the cuvette and put it back in the bottle with Milli-Q water. 

3. Data Analysis and Conversion Calculations

Setting measured standards for run. (From above)
Keep measuring the standards until you achieve a minimum R2 value of 0.990 (ideally 0.9990). Once you have achieved the above minimum R2 take the equation of the line generated by the standards and insert it into that day’s data sheet.  

Take the equation of the line and enter it as a function into the column labeled Conc. (ppm). Substitute the “x” value for the absorption value you measure and record in the column labeled “Absorption.” 

                        For example:
                        If the equation of the line is:    y = 1.4576x + 0.0051      R2 = 0.9993
                        then in the column labeled Conc. (ppm) insert this equation:     
                                     =(1.4576*E7)+0.0051 
                        where E7 refers to the Absorption value measured in the sample. 

***It is important that you “drag” this function down through the entire dataset so that the measured absorption is corrected for the standards you measured that day***

Determining the appropriate conversion:



The concentration in ppm is equivalent to mg/L. Dividing by 1000 mL/L converts your concentration to mg/mL. Since the analysis uses 2 mL of sample in a total of 10 mL of solution, correct for dilution by dividing 10 mL by 2 mL (so the solution is 5 times less concentrated than the original extract). Next, multiply by 30 mL, the total amount extracted. Divide by the grams of oven-dried soil and convert to µg by multiplying by 1000. You can simplify the equation by nixing the conversion from L to mL and that from mg to µg because they cancel out.

How to dilute to the correct molarity

To calculate molarity (M), you must know the molecular weight (MW), specific gravity (SG)  relative to water, and % purity. If given a range of purities, use the lower percentage in the calculation and the following equation:  
Molarity = [(%purity*SG)(1000)]/MW

For example, using 95.0-98.0% purity H2SO4 in the hood with a MW of 98.08 and SG of 1.84, 
Molarity = [(0.95 *1.84)(1 g/mL H2O)(1000mL/L)]/98.08(MW) = 17.8 M

To determine the correct dilution ratio from 17.8 M to 2.5M H2SO4, use the equation C1V1=C2V2. To make a 100mL solution of 2.5M H2SO4, V1= [(100 mL)(2.5 M)]/17.8M = 7.12. 

Thus, to make 2.5M H2SO4 using 95% H2SO4, add 7.1mL to a 100mL volumetric flask already filled halfway with Ultrapure water, and then bring the solution to volume with Ultrapure water. 


a. *13 drops of 2.5M H2SO4 was determined to be sufficient to change the color of NaHCO3, the blank used in this analysis. Therefore, unless a color change can be detected otherwise (this is difficult in tea-colored samples), use 13 drops of 2.5M H2SO4.  

Adopted from: J. Murphy and J.P. Riley. 1962. A modified single solution method for the determination of phosphate in natural  waters. Anal. Chim. Acta 27:
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