	Particulate Phosphorus

	Scope and Application

i.) This method describes the determination of low level particulate phosphorus normally found in estuarine and/or coastal waters.

ii.) The applicable range is 0.01 to 2.0 mg P/L.

iii.) The method detection limits (MDL) are determined on a yearly basis, and should be established using the guidelines in Chapter VI, Section C.

iv.) This method should be used by analysts experienced in the use of colorimetric analyses, matrix interferences and procedures for their correction. Analyst training and/or a demonstration of capability should be documented.

v.) The reaction chemistry described may be used with segmented flow, flow injection, manual spectrophotometric and discrete instrumentation.

	Summary of Method

i.) Particulates in a known volume of sample are concentrated on a 0.7 µm glass fiber filter. The filters are combusted at 550°C to oxidize organic and inorganic phosphorus compounds to orthophosphate and then extracted in dilute HCl. Dissolved orthophosphate in the extract reacts with ammonium molybdate and antimony potassium tartrate to form a complex. This complex is then reduced by ascorbic acid to form an intense blue-colored compound. The color is proportional to the phosphorus concentration present in the sample. The colorimetric procedure conforms to EPA Method 365.1 (1993).

ii.) After a defined reaction period, either through continuous flow or by timing, the color is measured spectrophotometrically at 880 nm.

	Interferences

i.) Sample turbidity should be removed by filtration prior to analysis.

ii.) Silicon concentrations of 100 g/L or more cause an interference equivalent to approximately 0.04 g/L of P. Maintaining an acid concentration of 2.45N sulfuric acid in the reagents, and performing the analysis at 37ºC can avoid this interference. SKALAR analysis is done at 40ºC.

iii.) High iron concentrations can lead to precipitation and loss of phosphorus in samples.

iv.) Refractive index correction is not necessary (EPA 365.5 does have this requirement).

	
	Apparatus and Materials

i.) Automated analytical systems such as a continuous segmented flow analyzer, flow analyzer, flow injection analyzer or discrete analyzer equipped with an autosampler, reagent addition and mixing components, heating bath, colorimeter, phototube and computer-based data system.

ii.) All glassware used in the determination must be low in residual phosphate to avoid sample or reagent contamination. Washing with 10% HCl and thoroughly rinsing with reagent water has been found to be effective. A laboratory’s glassware cleaning method will be considered sufficient if all quality control samples are within the expected ranges.

iii.) Autoanalyzer cups that are pre-rinsed two-three times with sample prior to being filled.

iv.) Glass fiber filters, 47 or 25 mm, 0.7 m pore size.

v.) Muffle furnace capable of maintaining temperatures of 550 ± 50ºC.

vi.) Vacuum filter apparatus with a minimum capacity of 100 mL.

  
	Reagents

i.) Stock reagent solutions: The specific recipe for these reagents is generally instrument dependent, and may change due to the concentration of the samples being analyzed.  In this SOP the chemicals needed for the reaction will be listed, but not the specific amounts.
(1) Ammonium Molybdate Solution: This reagent is prepared by dissolving ammonium molybdate tetrahydrate in reagent water. The solution is stored in plastic containers for up to three months at 4 ± 2°C.
(2) Antimony Potassium Tartrate Solution: This reagent is prepared by dissolving antimony potassium tartrate in reagent water. The solution is stored in glass amber bottles for up to three months at 4 ± 2°C.

ii.) Calibration standards: Laboratories may purchase or prepare stock and working standards. The calibration check standard must be purchased or made from a second source.
(1) Stock Phosphate Standard Solution: Anhydrous potassium dihydrogen phosphate is dried overnight at 105 ± 2°C. To prepare the stock solution, 1.632 g is dissolved in 500 mL reagent water containing 1 mL chloroform that serves as a preservative. One mL of this solution thus contains 12 µg P. The solution is stable for six months when stored at 4 ± 2°C.
(2) Prepare a series of standards by diluting suitable volumes of stock solutions with reagent water. Prepare working standards daily. Standards should bracket the expected concentration of the samples.

iii.) Reagent water: Refer to Chapter VI, Section 4.2.
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	Sample Handling

i.) Samples must be filtered as soon as possible after collection, preferably on the field. Using a forceps, transfer a 0.7 µm glass fiber filter, wrinkled side up, onto the base of a vacuum filtration apparatus. Filter a known volume of water through the filter under vacuum pressure (≤ 20 inches Hg) to concentrate particulates on the filter pad. Rinse particulates with distilled water, and continue suction until dry. Freeze at -20°C.

ii.) Samples must be analyzed as quickly as possible. If the samples are to be analyzed within 48 hours of collection, refrigerated at ≤ 6°C.

iii.) If samples will not be analyzed within 48 hours of collection, freeze and store them at -20°C or less for a minimum of 28 days.


	Procedure (Pre-rinse, blank? Include TSS comment if necessary)

i.) [bookmark: _GoBack]If samples filter pads are frozen, thaw to room temperature. 

ii.) Place the filters in a clean container and dry overnight in an oven at 50 ± 2°C (some labs exclude this step).

iii.) Place the dried filters in a clean numbered crucible in a muffle furnace and heat for 1.5 – 2 hours at 550 ± 2°C. Cool overnight.

iv.) Place the filters in labeled 50 mL screw cap centrifuge tubes, add 10 mL of 1N HCl and shake gently over a 24 hour period. 

v.) Dilute to 50 mL with reagent water, transfer the supernatant to autoanalyzer cups and measure the phosphate concentration as specified in the Orthophosphate method.

vi.) Allow both the colorimeter and recorder to warm up, and obtain a stable baseline with reagent water running through the sample line.

vii.) Switch the sample line from reagent water to sampler and begin analysis, starting with the standards in order of decreasing concentration.

viii.) Subtract the blank background response from the standards before preparing the standard curve.

ix.) Record the stabilized potential of each unknown sample and convert the potential reading to the phosphorous concentration using the standard curve.


	Calculations

i.) Calculate particulate phosphorus concentrations from the linear regression obtained from the standard curve in which the concentrations of the standards are entered as the independent variable (x-axis) and the corresponding response is the dependent variable (y-axis).

ii.) The actual concentration of particulate phosphorus in samples (mg/L) is determined using the following equation:


iii.) Calculate the relative percentage difference (RPD) for sample duplicates as follows:



iv.) Results should be reported in units of mg P/L.


	Quality Control

i.) Method detection limits (MDL): Method detection limits should be established using the guidelines in Chapter VI, Section C.

ii.) Reference materials: The laboratory must analyze a standard reference material once a year, as available. A laboratory control sample (LCS) for particulates is not commercially available. Prepare a LCS of known concentration in the acid matrix used for particulate phosphorus extracts.

iii.) Additional quality control parameters are listed in the table below.

Summary of acceptance and corrective actions for particulate phosphorous QC parameters

	INDICATOR
	ACCEPTANCE/ACTION LIMITS
	ACTION
	FREQUENCY (BATCH)

	Correlation Coefficient (r)
	r  ≥  0.995
	If < 0.995, evaluate data points of the calibration curve.  If any data point is outside established limits, reject as outlier.
	1 per batch if acceptable.

	ICV
	± 10%
	Recalibrate if outside acceptance limits.
	Beginning of run following standard curve.

	QCS
	± 10% (EPA 1993)
± 3s (NELAC)
	If QCS value is outside ± 10% of the QCS concentration, reject the run, correct the problem and rerun samples.
	Beginning of run following the ICV.

	CCV
	± 10%
	If outside 10%, correct the problem.  Rerun all samples following the last in-control CCV.
	After every 10-20 samples and at end of batch

	Method Blank/Laboratory Reagent Blank (LRB)
	≤  Method Quantitation Limit
	If the LRB exceeds the quantitation limit, results are suspect.  Rerun the LRB.  If the concentration still exceeds the quantitation limit, reject or qualify the data, or raise the quantitation limit.
	Following ICV, after every 10-20 samples and at the end of the run.

	Method Quantitation Limit (MQL) check standard
	Within +3s of average MQL check standard output?
±30% ?
	When the value is outside the predetermined limit and the ICV is acceptable, reanalyze the sample.  If the reanalysis is unacceptable, increase the concentration and reanalyze.  If this higher concentration meets the acceptance criteria, raise the reporting limit for the batch.
	Beginning of run following the LRB

	Laboratory Matrix Spike Sample
	± 20%
	If the recovery of any analyte falls outside the designated acceptance limits and the QCS is in control, the recovery problem is judged matrix induced.  Repeat the LFM and if the sample results are again outside the acceptable recovery range, the sample should be reported with a “matrix induced bias” qualifier.
	After every 10-20 samples

	Laboratory Duplicate Sample
	± 20%
	If the RPD fails to meet the acceptance limits, the samples should be reanalyzed.  If the RPD again fails to meet the acceptance limits, the sample must be reported with a qualifier identifying the sample analysis result as not having acceptable RPD for duplicate analysis.
	After every 10-20 samples.
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