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84-017 SODIUM BICARBONATE Extractable Phosphorus 

1. Application 

1.1 Phosphorus is extracted from the soil with 0.5 M NaHC03 at a 
nearly constant pH of 8.5. In calcareous, alkaline or neutral 
soils containing calcium phosphate, this extractant decreases 
the concentration of Ca in solution by causing precipitation of 
Ca as CaC03; as a result, the concentration of P in solution 
increases. In acid soils containing aluminum,and iron phosphate 
such as variscite and strengite, P concentration in solution 
increases as the pH rises. 

This method provides an index of available P. The relation 
between the P soluble in the extract and the expected yield 
response to applied fertilizer P is as follows: <5 ppm, a 
response; between 5 and 10 ppm, a probable response; and >lO 
ppm, a response unlikely. It has been determined that there is 
a high correlation between the NaHC03 extractable P and uptake 
of P by plants. 

NOTE: Variation of the analytical results in this method are 
associated with the temperature of the extracting solution and 
the shaking speed. It has been shown (Stone, 1971) that 
extractable P increases with an increase in temperature. Also 
higher values will be determined if the shaking speed increases 
greatly from that outlined below. 

2. Apparatus 

2.1 Reciprocating shaker (160 vibrations per minute). 

2.2 Repipet dispensing bottle (accuracy +-l%, reproducibility .l%). 

2.3 Whatman #40 filter paper or 2V folded. 

2.4 Filter funnels. 

2.5 125 mL Erlenmyer flasks. 

2.6 Auto-analyser and proper manifold for automatic calorimetric 
determination (Technicon), or calorimeter for doing conventional 
calorimetry at 880 mu. 

3. Reagents 

3.1 O.5M Sodium bicarbonate (NaHC03): Dilute 42 g of sodium 
bicarbonate in a liter volumetric flask with distilled water. 
Adjust the pH of this solution to 8.5 with 1M NaOH. Prepare a 
fresh extracting solution if it has been standing over one month 
in glass container. It is preferable to store the solution in a 
polyethylene container for periods longer than 1 month, but 
check the pH of the solution each month or before using. 
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3.2 Carbon black G. 

3.3 Stock solution A: Dissolve 8 g of ammonium molybdate [(NH4)6 
Mo7024.4H20] in 3000 mL distilled water. Add 312 mL of 
concentrated HCl gradually with stirring. Allow to cool and 
dilute to 4000 mL with distilled water. Store in a dark bottle. 

3.4 Solution B: Prepare this solution B daily as required (120 
mL/hr), it is only stable for 24 hours. Dissolve 0.4 g L-ascorbic 
acid in each 100 mL of solution A required, and store in a dark 
bottle. 

3.5 Certified atomic absorption standard ~1%. Alternatively the P 
standard may be prepared as follows: Dilute 0.4393 g of oven dry 
KH2P04 in a liter volumetric flask with distilled water. The 
concentration is 100 ug/mL. Add 5 drops toluene to diminish 
microbial activity. Prepare a set of standards in a range of O-5 
pg/mL made up of NaHC03 solution. 

4. Procedure 

4.1 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

4.1.5 

4.2 

4.2.1 

4.2.2 

4.2.3 

Extraction 

Weigh 2.5 g of 2 mm of soil into a 125 mL Erlenmyer flask. 

Using a calibrated scoop add l/2 teaspoon of carbon black. 

Add 50 mL of the extracting solution (0.5M NaHC03 pH 8.5) to the 
sample. 

Stopper tightly and shake for 30 minutes on an appropriate shaker 
(160 vibrations per minute). Parafilm may be used instead of 
rubber stoppers. 

At completion of shaking time immediately filter the suspensions 
through Whatman No. 40 filter paper. If the filtrates are dark 
colored add more carbon black and filter again to obtain a clear 
filtrate. Save the filtrate in plastic vials and analyse within a 
few days. 

Determination of P by auto analyzer. 

Check that the correct filter and aperture are in the 
calorimeter: 815 n4.1 filters and No. 2 aperture (reference 
side). 

Turn on calorimeter lamp and allow at least 30 minute warm-up 
before running baseline as in 4.2.10 below. 

Place proper manifold on pump and attach all connections: 
a> manifold to heating bath set at 53OC. Heating the sample 

speeds up color development 
b) heating bath to delay coil - 
c> delay coil to calorimeter 
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d) calorimeter to manifold return 
4 manifold to sampler wash receptacle 
f> manifold, calorimeter, and wash receptable overflow to 

waste sink 
43) place delay coil in constant temperature water bath. 

4.2.4 Place all reagent lines in distilled water. 

4.2.5 Stretch manifold pump tubes, lower pump rollers and start pump. 
Run for at least 5 minutes with lines in water. 

4.2.6 Arrange standards and samples on sampler, starting at position No. 
1 on the inner rim. Insert U - shaped pin in appropriately 
numbered hole on the outer rim to stop sampler at the last 
sample. 

4.2.7 Insert reagent lines in full reagent bottles. Check with diagram 
for correct connections. Put sample lines and probe into the 
NaHC03 reagent bottle and run for about 5 minutes. 

NOTE: During the analysis the sample is mixed with solution B 
(molybdate-ascorbic acid) to react with orthophosphate, then 
debuhbled to remove excess C02, remixed and heated at 53OC to 
speed up color development and passed through a delay coil. See 
figure No. 1. 

4.2.8 Turn on pen drive of recorder (bottom switch). Top switch must 
never be turned off. 

4.2.9 Check zero adjustments with zero aperture on sample side of 
calorimeter. Adjust pen to 0% transmittance (T) by means of the 
zero control on the calorimeter. Remove the zero aperture. 

4.2.10 With reagents running and sample line in NaHC03 solution 
establish baseline at 100% transmittance (T) by means of the 100% 
T control on the calorimeter. 

4.2.11 Check the gain on the recorder and adjust it if necessary. 

4.2.12 When reagent baseline is satisfactory, switch on sampler. 

4.2.13 Shut off sampler after the last sample has been taken, stopping 
the probe in the wash receptable (or transfer the probe to the 
NaHC03 reagent bottle). 

4.2.14 When the last sample has been recorded, shut off the pen drive 
(bottom switch) and, if work has been completed the calorimeter 
lamp. 

. . . 

4.2.15 Place sample and reagent lines in detergent solution and run for 
15 minutes. Rinse sample and reagent lines with 10% HCl for 15 
minutes. 
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4.2.16 

4.2.17 

4.2.18 

4.2.19 

4.2.20 

4*3 

4.3.1 

4.3.2 

4.3.3 

4.3.4 

Remove sample and reagent lines from acid rinse, place in 
distilled water and rinse for 15 minutes. 

Stop pump and raise roller assembly. 

Release tension of pump tubes on manifold. 

Cap all reagent bottles and return to shelf. Remove all samples 
from sampler and clean up any spillage. 

Prepare standard curve from recorded readings of standards and 
calculate P in samples. 

Determination of P by conventional calorimetry. 

Pipet an aliquot of the extract (usually 5 mL) containing 1 to 20 
ug of P into a 25 mL volumetric flask. 

Reduce the pH of the sample to 5.0 with 5N H2SO4. If a 5 mL 
aliquot is taken, 0.5 mL of 5N H2SO4 is sufficient. Check to 
ensure that the pH is 5.0 otherwise there will be interferences in 
color development. 

Add distilled water to bring the volume to about 20 mL, then add 4 
mL of reagent B. Make to volume and mix well. 

Read absorbance at 880 nq! after 10 minutes. The color is stable 
for 24 hours. 

5. Calculations 

5.1 ug/g P in soil = 20 x pg/mL in extract. 

6. Precision 

6.1 Insufficient data available. 
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Fig. 1 Flow diagram for the determination of NaHCO, extractable phosphorus by an autoanalyser. 
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