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METHOD # SM 4500-P E

Approved for NPDES

TITLE:


Ascorbic Acid Method
ANALYTE:


Total Phosphorus
INSTRUMENTATION:
Spectrophotometer
1.0
SCOPE AND APPLICATION

1.1
Phosphorus occurs in natural waters and in wastewaters almost solely as phosphates (-PO4). They are classified as orthophosphates, condensed phosphates and organically bound phosphates. They occur in solution, in particles or detritus, or in the bodies of aquatic organisms. 

1.2
Condensed phosphates are major constituents of commercial cleaning preparations. Orthophosphates present in fertilizers are carried into surface waters with storm runoff. Organic phosphates are formed primarily processes. They are contributed to sewage by body waste and food residues, and also may be formed from orthophosphates in biological treatment processes or by receiving water biota.

1.3
Phosphorus is essential to the growth of organisms and can be the nutrient that limits the primary productivity of a body of water.  Phosphates also occur in bottom sediments and in biological sludges, both as precipitated inorganic forms and incorporated into organic compounds.

1.4
Phosphates are classified analytically (based on analytical procedure) into three different types: reactive, acid-hydrolyzable phosphorus, and organically bound phosphorus. 

1.4.1
Reactive phosphates: Respond to colorimetric tests without preliminary hydrolysis or oxidative digestion of the sample.  Reactive is largely a measure of orthophosphate, however, a small fraction of any condensed phosphate present usually is hydrolyzed unavoidably in the procedure.

1.4.2
Acid-hydrolyzable phosphorus: Acid hydrolysis at boiling water temperature converts condensed phosphates to dissolved orthophosphate.

1.4.3
Organically bound: Phosphate fractions that are converted to orthophosphate only by oxidation destruction of the organic matter present. 

1.5
The total phosphorus as well as the dissolved and suspended phosphorus fractions each may be divided analytically into the three chemical types: reactive, acid-hydrolyzable, and organic phosphorus.  Determinations usually are conducted only on the unfiltered and the filtered (0.45-(m membrane) samples. Suspended fractions generally are determined by difference.

2.0
SUMMARY OF METHOD

2.1
Ammonium molybdate and potassium antimonyl tartrate react in acid medium with orthophosphate to form a heteropoly acid (phosphomolybdic acid) that is reduced to intensely colored molybdenum blue by ascorbic acid.

2.2
In the total phosphorus procedure, there are three possible digestion methods. The simplest and the least vigorous of the three is the persulfate oxidation technique. 

2.3
The absorbance of the molybdenum blue color that develops is measured at 650 nm on a spectrophotometer.

3.0
DEFINITIONS

3.1
Dissolved Phosphorus- sample filtered through a 0.45-(m membrane filter. 

3.2
Reactive Phosphate- the fraction of phosphate (mostly orthophosphate) that will react with color reagents without any preliminary treatment.

3.3
Condensed Phosphates- pyro-, meta-, and other polyphosphates

4.0
INTERFERENCES

4.1
Arsenates react with the molybdate reagent to produce a blue color similar to that formed with phosphate. Concentrations as low as 0.1 mg As/L interfere with the phosphate determination. 

4.2
Hexavalent chromium and nitrite interfere to give results about 3% low at concentrations of 1 mg/L and 10 to 15% low at 10 mg/L.

5.0
SAFETY

5.1
Standard laboratory protective clothing is required.

6.0
EQUIPMENT AND SUPPLIES

6.1
Hotplate

6.2
Spectrophotometer that can accommodate a 1- and a 10-cm cell.

6.3
Acid-washed glassware

7.0
REAGENTS AND STANDARDS

7.1
Phenolphthalein- dissolve 0.25 g phenolphthalein disodium salt in reagent water and dilute to 50 mL.

7.2
Sulfuric acid solution-(~11N) carefully add 300 mL conc H2SO4 to approximately 600 mL reagent water and dilute to 1.0 L.

7.3
Ammonium persulfate- (NH4)2S2O8 solid.

7.4
Sodium hydroxide- 2.0 N NaOH

7.5
Sulfuric acid solution- (~5N) dilute 70 mL conc H2SO4 to 500 mL with reagent water.

7.6
Potassium antimonyl tartrate solution - dissolve 1.3715 g C8H4K2O12Sb2(3H2O) in 400 mL reagent water in a 500 mL volumetric flask and qs to volume. Store in a glass-stoppered bottle.

7.7
Ammonium molybdate solution - dissolve 20 g (NH4)6Mo7O24(4H2O) in 500 mL reagent water. Store in a glass-stoppered bottle.

7.8
Ascorbic acid- (0.1M): dissolve 1.76 g ascorbic acid in 100 mL of reagent water. This solution is stable for about 1 week at 40C.

7.9
Combined reagent: Mix the above reagents in the following proportions for 100 mL of the combined reagent: 50 mL 5N H2SO4, 5 mL potassium antimonyl tartrate solution, 15 mL ammonium molybdate solution, and 30 mL ascorbic acid solution. Mix after addition of each reagent. Let all reagents reach room termperature before they are mixed and mix in the order given. The reagent is stable for 4 h.

7.10
Stock Phosphate solution (200 g/mL)- dissolve 0.4394 g KH2PO4 in 500 mL volumetric flask. Add several drops of conc H2SO4 and QS to volume.

7.11
Intermediate Stock A: (10 g/mL)- pipette 10 mL of stock to 200 mL volumetric and QS to volume.

7.12
Working Standard A: (0.10 g/mL)- pipette 5 mL of Intermediate Stock A to 500 mL volumetric flask and QS to volume.

7.13
Working Standard B: (1.0 g/mL)- pipette 5 mL of Stock Phosphate solution to 1.0 L volumetric flask and QS to volume.

8.0
SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1
If phosphorus forms are to be differentiated, filter sample immediately after collection.

8.2
Do not add acid when phosphorus forms are to be determined. If total phosphorus alone is to be determined, add 1 mL conc HCl or H2SO4 per liter.

8.3
Do not store samples containing low concentrations of phosphorus in plastic bottles unless kept in a frozen state because phosphates may be adsorbed onto the walls of plastic bottles.

8.4
Rinse all containers with hot dilute HCl, then rinse several times in reagent water.

9.0
QUALITY CONTROL

9.1
An LRB and a LFB are analyzed with every batch. The LFB must be within 10% of true value.

9.2
Duplicates and LFM’s are analyzed at a frequency of 10%.

9.3
A QCS is analyzed with every batch. It must be within 10% of true value.

10.0
CALIBRATION AND STANDARDIZATION

10.1
Spectrophotometer Procedure

10.1.1
Turn on and let warm up for 20 minutes.

10.1.2
 When the main menu appears, press 1 to put in abs/%T/conc mode.

10.1.3
Press “Go to WL” key and type 650, which is the correct wavelength. Press the ENTER key.

10.1.4
Put cal blank standard in cell and place in first cell holder. Press Auto Zero key to zero the instrument with blank.

10.1.5
Place standards and samples in cell and record absorbance directly from screen.

11.0
PROCEDURE

11.1
Digestion:
11.1.1
Collect 50 mL (or 150 mL for low-level detection – adjust reagent volumes accordingly) of sample in a Nessler tube. Collect a calibration blank and three calibration standards.

For low-level analysis (sample results less than 0.05 mg/L)

Std (0.02 mg/L): pipette 10 mL of working standard A into Nessler tube

Std (0.04 mg/L): pipette 20 mL of working standard A into Nessler tube

Std (0.06 mg/L): pipette 30 mL of working standard A into Nessler tube

For non-low level analysis (sample results greater than 0.05 mg/L)

Std (0.10mg/L): pipette 5 mL of working standard B into Nessler tube

Std (0.20mg/L): pipette 10 mL of working standard B into Nessler tube

Std (0.30mg/L): pipette 15 mL of working standard B into Nessler tube

11.1.2
Transfer to 125 mL Philips flasks. Add 1 mL of 11N H2SO4 and 0.4g (1 scoop) (NH4)2S2O8. Keep Nessler tubes.

11.1.3
Boil gently on a preheated hot plate for 30 to 40 min or until a final volume of 10 mL is reached.

11.1.4
Cool, dilute to approx 30 mL with reagent water and add one drop of phenolphthalein solution.  Neutralize to a faint pink color with NaOH.

11.1.5
Transfer back to Nessler tubes and QS to 50 mL.  Any precipitate that forms at this stage (like calcium phosphate) re-dissolves under the acid conditions of the colorimetric test.

11.2
Colorimetry
11.2.1
Transfer samples and standards back to Philips flasks. Add 8 mL of combined reagent and mix thoroughly.

11.2.2
After at least 10 min but no more than 30 min, measure absorbance of each sample at 650 nm using reagent blank as the reference solution.

11.3
Ortho-Phosphate or Reactive Phosphate
11.3.1
Collect samples and standards in 50 mL Nessler tubes and add 8 mL of combined reagent directly without any digestion.

11.3.2
For highly colored or turbid waters, prepare a blank by adding all reagents except ascorbic acid and potassium antimonyl tartrate to the sample. Subtract blank absorbance from absorbance of each sample.

12.0
DATA ANALYSIS AND CALCULATIONS

12.1
A linear calibration curve is prepared daily from the blank and the four calibration standards. This is done on a calculator. The correlation coefficient, slope, and y-intercept are all recorded.

12.2
The sample results are obtained directly from the calculator by entering the absorbance and retrieving the concentration.

13.0
METHOD PERFORMANCE

13.1
The Method Detection Limit (MDL) for low-level phosphorus analysis was experimentally determined to be 0.005 mg/L P (see Table 2), while the MDL for the 50-mL sample size is 0.02 mg/L P.

13.2
For a LFB of 0.02 mg/L, the average concentration measured was 0.0206 mg/L with a standard deviation of 0.002 mg/L (i.e., 103% recovery with a relative standard deviation of 10%).

13.3
Duplicates: The average RPD was 8% with an RPD standard deviation of 6.0%.

14.0
POLLUTION PREVENTION

14.1
The quantity of chemicals purchased should be based on expected usage during its shelf life.

14.2
Actual reagent preparation volumes should reflect anticipated usage during its shelf life.

15.0
WASTE MANAGEMENT

15.1
WES laboratory waste management practices comply with all applicable federal, state, and local rules and regulations.

16.0
REFERENCES

16.1
American Public Health Association (APHA).  1995.  Standard Methods for the Examination of Water and Wastewater, 19th Edition.  APHA, American Public Health Association, Water Environment Federation, Washington, D.C. 

17.0
TABLES AND VALIDATION DATA

	TABLE 1.
Quality Control Tests and Acceptance Limits for the Analysis of Total Phosphorus by Standard Method 4500-P E

	Accuracy
	Precision

	QC Test
	Acceptance Limits
(% Recovery)
	Frequency
	QC Test
	Acceptance Limits (RPDa)
	Frequency

	LFBb
	80 - 120
	With every batch of 
( 25 samples
	Duplicates
	( 26
	10%

	LFMc
	80 – 120
	10%
	
	
	

	QCSd
	85 – 115
	With every batch of 
( 25 samples
	
	
	

	a RPD = relative percent difference among duplicates.
b LFB = laboratory fortified blank sample.
c LFM = laboratory fortified matrix sample
d QCS = quality control sample from source outside of the laboratory.


	TABLE 2.
Method Detection Limit (MDL) for Low-Level Total Phosphorus Analysis in Reagent Water by Standard Method 4500-P E

	Date of Study
	No. of Samples Spiked (n)
	Spiked Concentration (mg/L)
	Accuracy (Mean % Recoverya)
	Precision
(SDb in mg/L)
	MDLc (mg/L)

	6/16/99
	7
	0.0067
	117
	0.0010
	0.005

	a Recovery of spiked concentration

b SD = standard deviation of mean concentration measured

C Method Detection Limit (MDL) for 50-mL sample size is 0.02 mg/L P.  
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