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Persulfate Digest (Manual Method)

Simultaneous Persulfate Digestion
Total Phosphorus, Total Dissolved Phosphorus,
Total Nitrogen and Total Dissolved Nitrogen

(Manual Method)
1. SCOPE

This method is for the analysis of Total Phosphorus (TP), Total Dissolved Phosphorus (TDP), Total Nitrogen (TN) and Total Dissolved Nitrogen (TDN) in drinking, surface, underground, saline and industrial wastewater test samples using persulfate digestion.

The working range for TP and TDP on undiluted samples is from 0.005 - 1.00 mg/L as P.

The working range for TN and TDN on undiluted samples is from 0.02 - 5.00 mg/L as N.

1.1. Safety

Relevant references to any hazardous compounds or procedures are contained within the body of the text.

1.2. Interferences

1.2.1. Contamination by ammonia is a common pre-digestion interference experienced with this method. An acute awareness of the problem is required at all times, especially in sample preparation procedures. Sources of ammonia may include the laboratory atmosphere, sweat on the hands of workers, tobacco smoke, etc. 

1.2.2. Samples containing mostly ammonium species may give low recoveries due to the addition of the alkaline digestion mixture. If a problem is expected it is important to do replicate analyses using different sample dilutions. Always perform calculation checks to ensure the total nitrogen concentration is greater than the sum of the inorganic nitrogen species (NOX + NH3).

1.2.3. Samples containing large quantities of particulate matter may give poor total phosphorus and total nitrogen recoveries. If uncertainty exists, those samples need to be diluted or be digested by a more robust procedure eg Kjeldahl. 

1.2.4. Poor phosphorus and nitrogen recoveries may be obtained for saline samples. For these samples, a white precipitate forms with the addition of the digestion mixture (4.2) which is insoluble at ambient temperatures. If this occurs a two-stage autoclaving process is required.

1.2.5. As phosphate and nitrogen compounds are found in many detergents, DO NOT use detergents for cleaning glassware or sample containers.

1.2.6. Arsenate forms a similar colour complex to phosphate with the colourimetric reagents. Its concentration should be less than 0.1 mg/L as As.

1.2.7. Sulfides and nitrites at concentrations of greater than 10 mg/L and 1 mg/L respectively cause positive interference for phosphorus.

1.2.8. Chromium (VI) and chromium (III) at >2 mg/L and >30 mg/L respectively cause negative interference by reacting with phosphate.

1.2.9. Metal ions, Cu (II) and Fe (III) interfere at concentrations >10 mg/L cause negative interference by reacting with phosphate

2. REFERENCED DOCUMENTS

2.1. AS 2162
Code of practice for using volumetric glassware

2.2. AS 2163
graduated measuring cylinders

2.3. AS 2164
one-mark volumetric flasks

2.4. AS 2166
one-mark pipettes

2.5. AS 3753
Recommended practice for chemical analysis by ultraviolet/visible spectrophotometry.

2.6. AS/NZS 5667:1(1998)
Water Quality – Sampling

2.7. ISO 5667- 3 (2003) Water Quality - Sampling

2.8. Hosomi, M and Sudo, R (1986) Simultaneous Determination of Total Nitrogen and Total Phosphorus in Freshwater Samples Using Persulfate Digestion International Journal of Environmental Studies, Vol 27 , pp267-275

2.9. Grasshoff K., Erhardt M. and Kremling K (editors). Methods of seawater analysis. 3nd edn. Weinheim:Verlag Chemie. 1999:198 -206.

3. PRINCIPLE

The persulfate digestion method is used for samples that contain a low level of refractory compounds. The method is generally not suitable for measurement of flood run-off samples when sediment loads are required for Total Nitrogen (TN) and Total Phosphorus (TP). 

Samples for TN and TP are digested using a simultaneous persulfate digestion procedure based on that described by Hosomi and Sudo 1986, with quite a few modifications to allow analysis of saline waters. For saline waters a double digest is required. After oxidation/digestion, analyses for TN and TP are performed using NOx and FRP chemistries.  

The persulfate digestion procedure initially oxidises the samples at high pH, converting most nitrogen forms to nitrate. As the temperature increases to approximately 121(C hydrolysis of persulfate occurs forming sulfuric acid and hence acid digestion occurs.
An unfiltered sample will measure all N and P forms eg particulate N and P, dissolved organic N and P, ammonia, nitrate and nitrite. A filtered sample does not measure the particulate portion, hence the particulate N and P is measured by calculation.
4. REAGENTS

Unless otherwise specified, all reagents must be of analytical grade. 

4.1. Reagent Water - Shall be deionized reverse osmosis water to ISO 3696 Grade 2.

4.2. Digestion Mixture 

Dissolve 4.5g sodium hydroxide (NaOH) in 350 mL of reagent water. Add 20 g potassium persulfate (K2S2O8) and stir to dissolve. Make up to 500 mL with reagent water.
Prepare daily.
WARNING:
Sodium hydroxide is corrosive and poisonous if swallowed. Avoid contact with eyes and skin. Refer to M.S.D.S. for detailed information.

5. STANDARD SOLUTIONS
5.1. Stock Mixed Standard  (200 mg/L NO3- as N, 40 mg/L PO43- as P)

Dissolve 1.4437 g potassium nitrate  (KNO3) and 0.1758 g potassium dihydrogen phosphate (KH2PO4) in 1L of reagent water.
NOTE:
All salts must be dried at 105(C for a minimum of two (2) hours prior to being weighed.
6. APPARATUS
6.1. Glassware

Volumetric glassware shall comply with AS 2164, graduated pipettes with AS 2163. Use of volumetric glassware shall be in accordance with AS 2162.

6.2. Digestion Apparatus

6.2.1. Pressure cooker capable of holding test tube racks and having the ability to operate at approximately 121(C.

6.2.2. 15mL polypropylene tubes (with polyethylene lids) capable of handling temperatures of 121(C.

7. SAMPLING AND SAMPLE PREPARATION

7.1. Samples should be collected in high-density polyethylene (HDPE) containers and frozen immediately. Samples are found to be stable for 12 months when stored at -18(C. Refer to AS/NZS 5667:1998 for details.

7.2. On the day of analysis samples are to be thawed at ambient temperature and thoroughly shaken. 

8. PROCEDURE 

Calibration Standards shall be prepared on the day of analysis.

They are to be digested in the same manner as the samples.

8.1. Table 1 describes the preparation of calibration standards.
Table 1 – Calibration Standrds
	Std Number
	Concentration (mg/L N)
	Concentration (mg/L P)
	Volume Mixed Standard (5.1) ((L)
	Final Volume (mL)

	S1
	5.00
	1.00
	5000
	200

	S2
	3.75
	0.75
	3750
	200

	S3
	2.50
	0.50
	2500
	200

	S4
	1.25
	0.25
	1250
	200

	S5
	0.50
	0.10
	500
	200

	S6
	0.25
	0.05
	250
	200

	S7
	0.10
	0.02
	100
	200

	S8
	0.00
	0.00
	0
	


8.2. In-house Reference Materials (IHRM) Samples

To check the efficiency of the digestion procedure it is essential to digest organic standards and calculate digestion efficiency.

Mixed nicotinic acid and sodium pyrophosphate IHRM samples of various concentrations in various matrices are supplied for this purpose.
Table 2 summarises these concentrations and matrix.

Table 2 – IHRM samples

	
	Reagent Water
	Seawater

	
	Low
	Medium
	High
	Low
	Medium

	Expected Phosphorus  Concentration (mgP/L)
	0.100
	0.40
	0.80
	0.003
	0.40

	Expected Nitrogen  Concentration (mgN/L)
	0.50
	1.50
	3.00
	0.08
	1.53


8.3. Sample preparation procedure 

NOTE: 
Treat ALL samples (calibration standards AND samples) identically. 

8.3.1. Shake the sample thoroughly and pipette an 8.0 mL aliquot into the 15 mL digestion tube.

NOTE:
If the expected concentration is greater than the concentration of the highest standard, the sample should be diluted with reagent water prior to digestion and the results adjusted accordingly.
8.4. Each digestion rack shall contain the following controls:

8.4.1. Set of calibration standards (8.1).

8.4.2. An additional sample blank (being reagent water (4.1)).

8.4.3. IHRM sample(s).

8.4.4. A duplicate sample to follow the sample that it is duplicating.
8.5. Add 4.0 mL of digestion mixture (4.2) to each tube, cap tightly and mix well by shaking.

8.5.1. For saline samples, a white precipitate forms with the addition of the digestion mixture (4.2).
8.5.2. If this occurs, a two-stage autoclaving process is required (See Note in 8.7.3).

8.6. Loosen the lids a half turn and place the tubes into the digestion rack.

8.7. Digestion Procedure 

8.7.1. Follow manufacturer’s instructions for setting up the Pressure Cooker.
8.7.2. Load the rack containing samples and standards into the pressure cooker.
8.7.3. Digest the samples for 60 minutes at approximately 121°C.
NOTE:
For samples that formed a white precipitate when the digestion mixture was added (seawater samples); digest for two 30 minute digestion periods. Cool slightly, tighten lids, shake the sample and reloosen lids to dissolve the precipitate between digestions.
8.7.4. When the pressure and temperature have dropped to safe levels, remove the rack of tubes from the autoclave using a towel.

WARNING: The rack and tubes will be extremely hot.

8.7.5. When cool enough to handle, tighten lids and shake tubes vigorously. 

8.7.6. Allow to settle overnight before analysing.

9. ANALYSIS PROCEDURE 
9.1. Total Nitrogen (TN) and Total Dissolved Nitrogen (TDN)

9.1.1. Analyse the cooled, settled samples by the same procedures used for nitrogen oxides (NOX) analysis.

9.2. Total Phosphorus (TP) and Total Dissolved Phosphorus (TDP)

9.2.1. Analyse the cooled, settled samples by the same procedures used for filterable reactive phosphorus (FRP) analysis.
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