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Background 
Phosphorus is a key element for organic life and plays a crucial role in aquatic ecosystems.  
Phosphate (PO4

3-) is regarded as the limiting nutrient in freshwater bodies, and its control is 
considered pivotal to environmental health.  Elevated levels of phosphorus species in aquatic 
systems can lead to eutrophication, with potentially devastating impacts on water ecology 
and human health. 
 
As of 2019, 55% and 73% of assessed river and lake water bodies fail to meet the phosphorus 
standards to achieve “Good” or higher ecological status under the Water Framework 
Directive (WFD) 1, and phosphorus levels causing most water quality failures in England. 
Significant progress is required before “Good” or better status for all water bodies is 
achieved. To this end wastewater discharge consents for phosphorus are set to tighten to 
drive lower phosphorus levels in the environment.  

Industry Standard Phosphorus Fractionation 
Phosphorus, does not occur in a homogenous state.  It exists in a wide variety of oxidation states, molecule sizes and phases. 
These phosphorus species display vastly different responses to treatment processes. Understanding the speciation of a given 
wastewater is vital to achieve high removal efficiencies of total phosphorus (TP).  The industry standard fractionation procedure 
separates total phosphorus into fractions based on functionality and particle size. The simplicity of the testing methodology 
allows for frequent, quick and cheap data collection, crucial when large numbers of tests are required and remote locations are 
involved.   
 
Standard fractionation is based on 3 steps -  filtration, a digestion step, and the molybdenum blue (MB) test. Different digestion 
steps allow for the detection of non-molybdenate reactive species.  The use of a strong persulfate oxidising agent oxidizes all 
phosphorus species to phosphate, allowing for measurement of total phosphorus (TP), whereas a weaker oxidant such as sulfuric 
acid breaks phosphoester bonds without changing the redox state, giving Acid Hydrolysable Phosphorus (AHP). The MB step adds 
molybdenate, which forms a blue complex with reactive phosphorus species quantifiable with a photospectrometer. 
 
The unreactive fraction, commonly referred to as the “organic phosphorus” fraction, by subtracting RP and AHP from TP.  This 
unreactive fraction tends to be the smallest fraction in wastewater, but also the most difficult to remove. 

Avenues for development 
There is a lack of accessible fractionation data available from wastewater sources.  The main reason for this is that until recently 
the phosphorus removal requirements have been achievable by processes optimized for SRP only, with removal of other fractions 
not required. However, increasingly tight consents can no longer be met by removal of the reactive phosphorus fractions.  
Therefore a development of understanding for how to remove non-SRP fractions must be formed.  The first step is gathering data 
on these fractions and how they are impacted by removal processes. 
 
There are avenues for development of the methodology, and how the fractions are reported. Using different sized filters can allow 
for truer separation of dissolved species (including simple ions such as orthophosphate).  Multiple filter sizes could lead to an 
inconsistency when fractions are reported.  This can be overcome by referring to the filter (or lack there of) and its size that is 
used when reporting, for instance referring to SAHP as f0.45-AHP. Referring to fractions with language stating their molybenate 
reactivity may prevent false assumptions– such as molybenate reactive phosphorus instead of RP or orthoP. 
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Challenging flawed assumptions in methodology and 
interpretation 

While the MB test and fractionation is accepted as standard 
methodology by major national regulatory bodies and industry, 
issues have been raised as far back as the 1960’s. Studies have 
shown that using the method for determination of orthophosphate 
(orthoP) overestimates orthoP by as much as 20x times2 compared 
to quantification by ion chromatography or NMR. It has been 
reported that several organic compounds display SRP character3. 
Additionally, while reduced phosphorus compounds such as 
phosphite are unreactive with MB, there is evidence of their use as 
a phosphorus source by microorganisms4. 
 
It has been speculated that much of the overestimation of orthoP 
by SRP fractionation may be due to the association of RP species 
with particulate matter that passes through filters and dissociates 
from these particles in the MB test5. Additionally it is possible that 
the molybdenate reacts with non orthophosphate RP species and 
still produce the blue molybdenate complex which is detected and 
quantified.  
 
There is debate on the use of 0.45 μm filters to define the soluble 
fraction. 0.45 micron filters have been used to divide soluble and 
particulate matter, however colloidal particles exist with a diameter 
below that of 0.4 microns, and are able to pass through and be 
counted in the “soluble” fraction. It has been shown that the use of 
0.025 μm filters give a value of orthoP closer to that found by 
advanced chromatographical methods6, suggesting that smaller 
filters may be effective at excluding finer particulates.  
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