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Phosphorus generally occurs in water as phosphates. The various classifications of
phosphorus species include orthophosphate, polyphosphates, and organically bound
phosphates, and may occur in solution, in particulate detritus and in the bodies of aquatic
organisms. Fertilizers and commercial cleaning preparations such as detergents are major
sources of phosphorus. This procedure measures the total concentration of dissolved
phosphorus species present in the sample.

Samples are acidified, potassium persulfate is added and the mixture is digested at
elevated temperature (~ 121°C) and pressure (98 — 137 kPa) in a steam autoclave. After
digestion, the sample is reacted with a mixture of ammonium molybdate and potassium
antimonyl tartrate in acid solution. Ascorbic acid is then added to produce a blue coloured
product with an absorbance maximum at 880 nm. The absorbance of the solution is
measured and the phosphorus concentration is determined by comparison with standards
treated in the same manner.

This method is performance-based. Laboratories may adopt alternative options to improve
performance or efficiency provided that all stated performance requirements and
prescribed (mandatory) elements are met.

Analyte Approx. MDL EMS Analyte EMS Method
(mg/L) Code Code

Phosphorus, Total 0.003 P--T X030

Phosphorus, Total Dissolved 0.003 P--D X030

***Refer to EMS Parameter Dictionary on the ministry website for all current EMS codes.

Drinking water, surface water, saline and marine waters, wastewater

High ferrous iron concentrations in anoxic waters may cause precipitation and loss of
phosphorus upon exposure to air due to co-precipitation with ferric oxide/hydroxide. Field
filter and preserve with H2SO4 to minimize this negative interference.

High concentrations of arsenic (arsenate) causes positive interference with this method
(one lab reported that 5 mg/L arsenic caused false positive equal to ~ 0.025 ug/L
phosphorus, increasing roughly proportionately with concentration; false positive
contributions may vary with method details and arsenic species distribution in samples).

Avoid detergents containing phosphates for the cleaning of labware or sample containers

used for this method.

Container: Plastic or Glass.

Preservation:

e Total Phosphorus: Preserve samples in the field by addition of H2SO4 to pH < 2.

e Total Dissolved Phosphorus: Field filtration is highly recommended. Samples may be
preserved after filtration by addition of H2SO4 to pH < 2.

Holding Time: 3 days unpreserved, 28 days when preserved with H2SO4 to pH < 2.

Preservation must occur after filtration for Total Dissolved Phosphorus.

Storage: Sample temperature should be chilled to < 10°C immediately after sampling and
during transit to the laboratory. In the laboratory, samples must be refrigerated at < 6°C.
Avoid freezing to prevent sample breakage.

Water samples undergo a heated acid-persulfate digestion to convert condensed
phosphates and organically bound phosphorus to reactive orthophosphate.


https://www2.gov.bc.ca/assets/download/318C7B875C5A4C4194C0761F9215401B
https://catalogue.data.gov.bc.ca/dataset/bc-environmental-monitoring-system-results/resource/5c982e1a-7c04-466a-a0d7-a775f7968a7a
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For colourimetric analysis, orthophosphate is reacted with ammonium molybdate and
potassium antimonyl tartrate to produce a heteropoly acid - phosphomolybdic acid that is
converted to an intensely coloured blue complex by reduction with ascorbic acid.
Absorbance at 880 nm is proportional to phosphorus concentration. Either manual or
automated post-digestion colour development procedures may be used, using a
spectrophotometer or filter photometer for measurement of light absorption at 880 nm.

Consult APHA Method 4500-P B (Sample Preparation, Method 5, Persulfate Digestion
Method) for recommended details regarding reagent preparation and for the autoclave
digestion procedure. Samples must be autoclave digested at ~121°C for at least 30
minutes to achieve complete digestion.

Consult APHA Method 4500-P E or F for recommended details regarding manual or
automated colourimetric analysis procedures.

Any analytical method options selected for this analysis must meet or exceed the
performance requirements specified below.

Accuracy and Precision requirements are distinct from daily QC requirements, and apply to
measures of long term method performance (averages and standard deviations).
Achievement of these requirements is to be demonstrated during initial and ongoing
method re-validation studies. For Initial Validations, averages of at least 8 Laboratory
Control Samples must be assessed. Ongoing Re-validations (performance reviews)
should assess QC data encompassing longer timeframes (e.g. 6 months to 1 year). A
minimum frequency of 2 years is recommended for Ongoing Re-validations.

Accuracy Requirement: Laboratories must demonstrate method accuracy (measured as
average recovery) of 90-110% for Laboratory Control Samples prepared from AMP
(adenosine monophosphate), an organophosphate, at concentrations = 10x the
laboratory’s reported detection limit. AMP is also recommended as the routine LCS spiking
substance.

Precision Requirement: Laboratories must demonstrate method precision equal to or
better than 10% RSD through analysis of Lab Control Samples at concentrations = 10x the
laboratory’s reported detection limit.

Sensitivity Requirement: Where possible, the method should support Reporting Limits
(and MDLs) that are less than 1/5 of applicable numerical standards. The method is not fit-
for-purpose if an MDL exceeds a guideline, standard, or regulatory criteria against which it
will be used for evaluation of compliance.

Summary of QC Requirements

QC Component Minimum Frequency Minimum Data Quality
Objectives
g&{lr?(;::gr(]c\ces”)ﬁia;nodnsource 1 per initial calibration 90 - 110%
Continuing Calibration At least every 20 samples, 90 - 110%
Verification (CCV) and at end of each batch. for mid-level standards
Method Blank (MB) One per batch Less than reported DL
(max 20 samples)
Lab Control Sample (LCS) One per batch 80 — 120%
(max 20 samples)
Lab Duplicate (DUP) One per batch 20% RPD
(max 20 samples) [or within 2x reported DL
for low level results]
Matrix Spike (MS) One per batch 70 — 130%

(max 20 samples)

If DQOs are not met, repeat testing or report qualified test results. DQOs do not apply to MS results
where sample background exceeds spike amount.

Lab Control Sample: AMP (adenosine monophosphate) is recommended for use as the
LCS spiking material, since it is more challenging to digest than simple phosphates.



Prescribed Elements

References

Revision History

The following components of this method are mandatory:

1. All samples tested for Total Dissolved Phosphorus must be filtered through a 0.45 pm

membrane filter.

. Sample digestion by an authorized procedure is required. Acid-persulfate digestion by

autoclave at ~121°C (98 — 137 kPa) for = 30 minutes is the recommended digestion
procedure. Closed vessel hotblock acid-persulfate digestion systems may also be used
(e.g. Hach method, 150°C setpoint, 30 mins). Other permitted digestion techniques
include acid-persulfate digestion by boiling for = 90 minutes, perchloric acid digestion
(APHA 4500-P B Method 3), sulfuric acid — nitric acid digestion (APHA 4500-P B
Method 4), or the TKN digestion method. Where suitable detection limits can be met,
ICPMS or ICPOES may also be used for phosphorus analysis following the BC Lab
Manual Method Digestion for Total Metals in Water.

3. Performance Requirements and Quality Control requirements must be met.

Apart from these limitations, and provided performance requirements are met, laboratories
may introduce modifications to this method in order to improve quality or efficiency.

1.

Standard Methods for the Examination of Water and Wastewater, APHA, AWWA, WEF,
Method 4500-P (2017).

. Methods for the Chemical Analysis of Water and Wastes, EPA600/4-79-020, USEPA,

Revised March 1983. Methods 365.1, 365.2, and 365.3.

Dec 17,2020 Updated to PBM format. Combined Total and Total Dissolved Phosphorus

Methods. Corrected nomenclature to Total Phosphorus instead of Total
Phosphate. Added QC sample DQOs and validation requirements.
Added requirement for filtration of all T-DP samples and for use of
autoclave digestion procedure or approved alternative equivalent
digestion procedure. Updated preservation and hold time requirements for
consistency with latest approved BC ENV protocols. Added option for
ICPMS or ICPOES analysis where DLs permit. Upon director approval,
this method will supercede and replace two existing methods from the
2020 BC Lab Manual: “Phosphorus, Total Phosphate”, and “Phosphorus,
Total Dissolved Phosphate”.

Dec 31,2000 SEAM codes replaced by EMS codes.



