Agouron/UH Summer Course

Determination of soluble reactive phosphorus (SRP) and total dissolved phosphorus (TDP) by magnesium-induced co-precipitation (MAGIC) 

Instructor: Karin Björkman 

Objectives: 
1. Understand and conduct basic analysis of soluble reactive phosphorus (SRP) using the magnesium-induced coprecipitation (MAGIC) method. 

2. Construct a calibration curve for SRP standards prepared in seawater using the MAGIC method. 

3. Determine the SRP concentration of surface seawater using the MAGIC method.

4. Determine total dissolved phosphorus (TDP) concentration of surface seawater using persulfate oxidation. 

Introduction:


Phosphorus (P) is an essential macronutrient for growth of all marine organisms. In open ocean marine ecosystems, P is often present in low and sometimes limiting concentrations for microalgal and bacterial populations. Therefore, P is a central element in oceanic biogeochemical cycles (see Karl and Björkman, 2001, 2002, for a comprehensive review of phosphorus in the marine environment). 


In seawater, inorganic phosphorus, also referred to as orthophosphate or soluble reactive phosphorus, occurs chiefly as ions of HPOeq \o(\s\up 6(2-),\s\do 2(4)), with a small percentage present as POeq \o(\s\up 6(3-),\s\do 2( 4)). Dissolved organic phosphorus (DOP) is present in a variety of chemical forms (primarily P-esters) and is derived from excretion, decomposition of particulate material, cell death and lysis. The DOP pool is often larger than the orthophosphate pool, the latter, however, is typically regarded as the more readily available for microbial assimilation.  

DOP is often determined as the difference between TDP and SRP (DOP = TDP - SRP). TDP is measured after hydrolysis of the organic material. The most common oxidation methods include ultra violet radiation or persulfate oxidation (we will use the latter method in this laboratory class). 
Principle of Analysis:


Traditional quantitative analysis of SRP in seawater relies on the reaction of phosphate with acidified molybdate reagent and potassium antimonyl tartrate to form a 12-molybdophosphoric acid (12-MPA) complex (Fiske and Subbarow, 1925, Murphy and Riley, 1962). Addition of ascorbic acid reduces this acidic complex to an intensely colored molybdenum blue solution. The color intensity is measured using absorption spectrophotometry at a wavelength of 880 nm.  In the surface oligotrophic ocean, SRP is typically below the detection limits of traditional methods described above (< 0.05 µM). A straightforward procedure has been developed to determine SRP concentrations at low nanomolar levels. The method relies on the addition of sodium hydroxide (NaOH) which leads to the formation of brucite (Mg(OH)2) precipitation in seawater. The brucite quantitative scavenges inorganic phosphate from solution and the phosphate co-precipitates with the brucite floc. The precipitate is centrifuged and the resulting pellet is resuspended in trace metal grade hydrochloric acid (HCl).  The phosphate concentration is then determined using traditional quantitative methods described above. The limits of detection are determined by a combination of factors: the volume of seawater used, the amount of sodium hydroxide added to precipitate brucite and volume of acid the pellet is resuspended into. The standard protocol used by HOT has a detection limit of  <3 nM-P.

Potential interferences:
Arsenate (As5+) and silicate (in the form Si(OH)4) interferes with SRP analysis by forming heteropoly acids with molybdate (Levine et al., 1955). Si interference is eliminated in standard colorimetric techniques (Murphy and Riley, 1962) by controlling the acidity of the reaction solution (Pai et al., 1990). Arsenate is quantitatively co-precipitated with POeq \o(\s\up 6(3-),\s\do 2( 4)) in the MAGIC procedure and its reactivity is similar to that of POeq \o(\s\up 6(3-),\s\do 2( 4)).  Additionally, in oligotrophic waters arsenate concentrations can equal the concentration of phosphate (Karl and Tien, 1992). Hence, SRP-MAGIC determinations are corrected for arsenate interferences by thiosulfate reduction of arsenate to arsenite which does not react to form the 12-MPA complex (Johnson, 1971, see Karl and Tien, 1992 for further discussion). 
PROTOCOL

Supplies:

Soluble Reactive Phosphate
1. Acid cleaned high density polyethylene (HDPE) sampling bottles.
2. Polypropylene centrifuge tubes 50 ml (Corning).

3. Plastic pipettes 50 ml for sample dispensing.

4. Automatic pipettes or repipetter for reagent dispensing.
5. Pasteur pipettes, vacuum flask and tubing to aspirate samples.
6. Cuvette cells 10 cm

Total Dissolved Phosphate
1. Acid cleaned autoclavable glass centrifuge tubes 50 ml with Teflon lined caps (Kimble).

Equipment:
1. Spectrophotometer Beckman DU 640, or equivalent
2. Centrifuge with capacity to hold 50 ml tubes

3. Autoclave

Reagents:

Soluble Reactive Phosphate:
1. Sodium hydroxide 1M (NaOH, Fluka Biochemica #71689)

2. Hydrochloric acid 0.1 M (HCl,  Fisher trace metal grade A508-212)

3. Arsenate reducing mixture: 

a) Sulfuric acid 3.5 N (H2SO4 Fisher A300-212)

b) Sodium metabisulfite 0.737M (Na2O5S2 , Fluka Biochemica  # 71930)

c) Sodium thiosulfate 0.056M (Na2O3S2 , Fluka Biochemica  # 72049)                      

All solutions are made up in distilled deionized water. Make up the sodium metabisulfite (#2) fresh each time. Mix reagents 1 and 2, add 3 in the volumetric proportions 2:4:4.

4. Molybdenum blue reaction mixture: 

a) Sulfuric acid 5 N (H2SO4 Fisher A300-212)

b) Ammonium molybdate 0.024M ((NH4)6Mo7O24 4H2O, Fisher A674-500)

c) Ascorbic acid 0.307M (Fisher A61-100) 

d) Potassium antimonyl tartrate 0.002M (KSbC4H4O7 ½ H2O)

All reagent solutions are made up in distilled water. Ascorbic acid is prepared fresh daily, or stored frozen. All other solutions are stable for months to years. Mix reagents 1 and 2, add 3 and last 4 in the volumetric proportions 5:2:2:1.

Total Dissolved Phosphate:

1. Potassium persulfate (0.185M, K2S2O8)

Standards and blanks:
Standards:

You have been supplied with a primary standard solution of potassium phosphate (KH2PO4) at a concentration of 100µM. Using gravimetric dilution, prepare a series of seawater standards ranging from 0.015 to 0.4 µM (15 to 400nM). Standards are prepared in sea surface waters and treated the same as samples.

Note: This can be done by weighing x mls of 100µM primary stock into 50ml of seawater in a centrifuge tube. 

	Final P concentration (µM)
	Volume of primary stock to add to 50ml seawater 

	0.015
	

	0.030
	

	0.050
	

	0.100
	

	0.200
	

	0.400
	


Primary (Conc.(µM) x Volume(mls)) = Secondary (Conc. (µM) x Volume (mls))

Blanks:
Blank samples are prepared from phosphate free seawater as follows. Fill four 50 ml centrifuge tubes with seawater and add 1.25 ml NaOH. Spin for 1 hour. Transfer the supernatant with a pipette to three new 50 ml tubes, leaving at least 10 ml in the first set of tubes. Be careful not to transfer any of the pellet. Add 1.25 ml of NaOH to the supernatant and spin again for 1 hour. Aspirate supernatant, and dissolve pellet in 9 ml  0.1 M HCl. These samples are your blanks in triplicate.
Precision and Accuracy of the SRP-MAGIC method:


It is good analytical practice to use certified reference materials of known concentration (e.g. WACO CSK standard materials in seawater) to determine the accuracy of your analyses. To determine the accuracy of the SRP-MAGIC method, we have prepared a standard using a certified reference material of known concentration. You will be asked to determine the concentration of this certified SRP standard to test to accuracy of your analysis. Acceptable accuracy should be within 1 standard deviation of the reported value, or 2% of the given concentration of the standard. 


To determine the precision of the SRP-MAGIC method, you will be required to determine the reproducibility of your analysis by preparing a seawater sample in triplicate. Analytical precision can be determined by calculating the coefficient of variation (CV) as a percentage (%) as follows: (standard deviation/mean)*100. The CV (%) should be less than 2%. 

Analytical procedure for SRP analysis:
1. 3x50 ml sample aliquots are placed into new 50 ml polypropylene centrifuge tubes using a 50 ml plastic pipette. Work from low to high concentrations (i. e. from surface to deep).

2. Add 1.25 ml (2.5% v/v) 1M NaOH to each 50 ml aliquot.

3. Cap tubes tightly, and invert to mix the floc produced by the NaOH addition.

4. Centrifuge at 1000xg at room temperature for 60 minutes.

5. Aspirate the supernatant using a clean Pasteur pipette attached to a vacuum line and a collection flask. Take care not to disturb the pellet.

6. 9.0 ml of 0.1 M HCl is added to each tube and the sample is vortexed to dissolve the pellet completely.

7. Add 1 ml of reduction mix to each 10 ml sample. Vortex and let react for 151 minutes.

8. After 151 minutes, add 1 ml of molybdenum blue reaction mix to each 10 ml sample and vortex to mix. Let react for at least 15 minutes at room temperature to ensure full color development.

9. Samples and standards are read at 880 nm in 10 cm cell on the spectrophotometer. 
Analytical procedure for TDP analysis:
Note: Samples and standards are treated the same (i.e. chemically oxidized). 

1. 3 x 40 ml sample or standard aliquots are placed into 50 ml acid washed glass centrifuge tubes using a 50 ml plastic pipette. 

2. Add 6.4 ml potassium persulfate solution to each tube. Cap tightly.

3. Autoclave 121(C, 30 minutes.

4. Allow samples to cool to room temperature.

5. Add 3.3 ml 1M NaOH to each sample. 

6. Cap tubes tightly, and invert to mix the floc produced by the NaOH addition.

7. Centrifuge at 1000xg at room temperature for 60 minutes.

8. Determine SRP concentrations as outlined from step 5 above. 
9. Dissolved organic phosphorus concentrations are determined by subtracting SRP concentration from TDP concentration (µM). 
Points for Discussion:

1. How can we vary the detection limits of the SRP-MAGIC method?
2. How can we analyze SRP concentrations at nanomolar levels in fresh water where magnesium concentrations are low?
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