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CǊŀŎǘƛƻƴǎ ƻŦ άtƘƻǎǇƘƻǊǳǎέ 

OF Course  
Everything is ABOUT  

Phosphorus These Days 



What are the Fractions P ? 



ÅReactive Phosphorus  

ÅNon-Reactive Phosphorus  

ÅSoluble Phosphorus  

ÅParticulate Phosphorus 
Å5th ς Acid Hydrolysable (dissolve in acid) ς part 

of more complex fractions 



Simpler Fractions of P 

ÅTotal Phosphorus can be 
fractionalized into 4 basic parts,  

ï2 of the fractions come directly 

from analysis sTP & sRP 

ïThe other two, pTP & sNRP, are 

calculated using the results of 3 

different analyses, sTP, sRP 

and TP 



Putting it All 

Together 



Simpler Fractions of P 

ÅTotal Phosphorus (TP) 
ÅTotal Soluble Phosphorus (sTP) 
ïFiltered TP 

ÅSoluble Reactive Phosphorus (sRP) 
ïFiltered ortho-P 

ÅSoluble Non-Reactive Phosphorus (sNRP) 
ïsTP minus sRP 

ÅParticulate Total Phosphorus (pTP) 
ïTP minus sTP 

 



How do   
get the Simpler  



Total Phosphorus 
Persulfate Digestion 

Direct Colorimetric Method 



Total Soluble Phosphorus 
Filter (0.45 Micron)/Persulfate Digestion 

Direct Colorimetric Method 



Total Particulate Phosphorus 
TP minus sTP 



Soluble Reactive Phosphorus 
Filter (0.45 Micron) 

Direct Colorimetric Method 



Soluble Non-Reactive 

Phosphorus 
sTP minus sRP 





Advanced ς More Fractions of P 

ÅTotal Phosphorus can be divided into 
a total of 17 fractions or species 

ï5 of the fractions are directly 

from analyses tRP, tAHP, sTP, 

sAHP & sRP 

ïThe other 12 are calculated 

using the results of 6 different 

analyses  



List of Fractions of P 
Fraction of P Abbrev. Source

Total Phosphorus TP Analyze

Total Reactive Phosphorus tRP Analyze

Total Acid Hydrolysable Phosphorus tAHP Analyze

Total Non Reactive Phosphorus tNRP TP - tRP

Total Polymerized Phosphorus tPoly tAHP - tRP

Total Organic Phosphorus tOP TP -  tAHP

Total Particulate Phosphorus pTP TP -  sTP

Particulate Reactive Phosphorus pRP tRP - sRP

Particulate Organic Phosphorus pOP tOP - sOP

Particulate Non Reactive Phosphorus pNRP tNRP - sNRP

Particulate Polymerized Phosphorus pPoly tPoly - sPoly

Particulate Acid Hydrolysable PhosphoruspAHP tAHP - sAHP

Total Soluble Phosphorus sTP Analyze after 0.45 um filter

Soluble Acid Hydrolysable Phosphorus sAHP Analyze after 0.45 um filter

Soluble Reactive Phosphorus sRP Analyze after 0.45 um filter

Soluble Organic Phosphorus sOP sTP - sAHP

Soluble Non Reactive Phosphorus sNRP sTP - sRP

Soluble Polymerized Phosphorus sPoly sAHP - sRP

DOUBLE CALC 



Beware !!! 



Beware !!! 



From Hach Method for  
ACID HYDROLYZABLE PHOSPHORUS 

(AHP)  

ά¢ƘŜ ǇǊƻŎŜŘǳǊŜ ǳǎŜǎ ŀŎƛŘ ŀƴŘ ƘŜŀǘ ǘƻ ƘȅŘǊƻƭȅȊŜ 
the sample. Organic phosphates are not 
converted to orthophosphate by this process, 

but a very small fraction may be 

unavoidably included in the resultΦέ 



Troubles with Analysis 

ÅSTEP 1 - AHP analysis uses ACID & HEAT to 
convert condensed (polymerized) Phosphorus to 
orthophosphate 

ÅNOTE --- Organic P does convert to 
orthophosphate in STEP 1 

ÅSTEP 2 ς Once condensed P is converted to ortho-
P a simple color based orthophosphate test is 
used to measure P levels 

ÅBUT -  small amount of ORGANIC P may in 
fact bleed through and be converted to 
orthophosphate in STEP 1 

ÅMay shows up as part of the tAHP & sAHP results 



Possible Organic P Bleed Thru 



Be Aware 

ÅFilter samples right away after collecting so 
ŀƴȅ t ǿƛǘƘƛƴ ǎƻƭƛŘǎ ŘƻƴΩǘ ŜƴŘ ǳǇ ŘƛǎǎƻƭǾƛƴƎ 
into the liquid phase 

ÅRun Soluble & Total Reactive Phosphorus 
analyses right away 



How do   
get the More Complex  





Includes 
pRP, pPoly 
and pOP  

Includes  
sPoly and 

sOP  

Summary of (p, Poly & s)   
Fractions of Phosphorus 



Fractions of  

TOTAL(t) P 



Total Reactive Phosphorus 

(tRP)  
Direct Analysis 

tRP is  direct 
analysis  1 



Total Acid Hydrolysable  

Phosphorus (tAHP) 
Direct Analysis 

tAHP is direct 
analysis  2 



Total Non-Reactive 

Phosphorus (tNRP)  
TP - tRP 

TP & tRP are  
direct 

analysis  3 



Total Polymerized 

Phosphorus (tPoly) 
tAHP - tRP 

tRP & tAHP are 
direct analysis  4 



Total Organic Phosphorus 

(tOP) 
TP - tAHP 

TP & tAHP are 
direct analysis  5 



Fractions of  

PARTICULATE (p) P 



Total Particulate Phosphorus 

(pTP) 
TP - sTP 

TP & sTP are 
direct analysis  6 



Particulate Reactive 

Phosphorus (pRP) 
tRP - sRP 

tRP & sRP are  
direct analysis  7 



Particulate Organic 

Phosphorus (pOP) 
tOP - sOP 

TP, tAHP, sTP & 
sAHP are all 

direct analysis  

tOP = TP - tAHP 
sOP = sTP - sAHP 

8 



Particulate Non-Reactive  

Phosphorus (pNRP) 
tNRP - sNRP 

TP, tRP, sTP, & 
sRP are all 

direct analysis  9 

tNRP = TP - tRP 
sNRP = sTP - sRP 



Particulate Polymerized  

Phosphorus (pPoly) 
tPoly - sPoly 

tAHP, tRP, sAHP 
& sRP are all 

direct analysis  10 

tPoly = tAHP - tRP 
sPoly = sAHP - sRP 



pAHP 
tAHP - sAHP 

tAHP & sAHP 
are direct 
analysis  

11 



Fractions of  

SOLUBLE (s) P 



Total Soluble Phosphorus 

(sTP) 
Direct Analysis 

12 
sTP is a direct 

analysis  



Soluble Acid Hydrolysable 

 Phosphorus (sAHP) 
Direct Analysis 

sAHP is a 
direct analysis  13 



Soluble Reactive Phosphorus 

(sRP) 
Direct Analysis 

sRP is a direct 
analysis  14 



Soluble Organic Phosphorus 

(sOP) 
sTP - sAHP 

sTP & sAHP are 
direct analysis  15 



Soluble Non-Reactive 

Phosphorus(sNRP) 
sTP - sRP 

sTP & sRP are 
direct analysis  16 



Soluble Polymerized 

Phosphorus(sPoly) 
sAHP - sRP 

sRP & sAHP are 
direct analysis  17 



Includes 
pRP, pPoly 
and pOP  

Includes  
sPoly and 

sOP  

Summary of (p, Poly & s)   
Fractions of Phosphorus 



Why Bother    
with the  



Why Fractionalize P ? 
ÅWe want to understand how 

to approach  phosphorus 

treatment 

ÅBest way is to understand 

each fraction and its make 

up 

ÅOnce known, treatment 

options become more clear 
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WHAT CAUSED THE  

JUMP IN EFF. TP? 

Å!ƴŀƭȅȊŜ Ҧ ōŀǎƛŎ ŦǊŀŎǘƛƻƴǎ ǘƘŜƴΤ 

ïYou               what makes up TP 

ïAdjust appropriate treatment to reduce 
species 

ïReduce source 

ïWork better with engineers to design a 
fitting and efficient processes for P removal   
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3 Main Basic Fractions of P and Their 
General Treatment Pathway 

ÅSoluble Reactive Phosphorus (sRP) 
ïChemical & BPR 

ÅSoluble Non-Reactive Phosphorus (sNRP) 
which does not react well 
ïMost difficult to remove 

ÅTotal Particulate (pTP) which is the 
phosphorus in the solids 
ïEnhanced Settling & Filtration 





Example of Reactive vs. Non-Reactive &  
Soluble NRP vs. Particulate NRP  

Chemical Phosphorus Removal with the Actiflo® Process  
2015 ORWEF Short  School, Clackamas Community College 
Chris Maher, Operations Analyst 
Rock Creek AWTF 



Fractions of P  

Odds & Ends  



Various Ways to Fractionize P 



Soluble vs. Insoluble (Particulate) 
Filtered & unfiltered results 

Phosphorus Speciation by Autumn Fisher, Fond du Lac, WI 



Soluble vs. Particulate 
(Reactive & Non-Reactive) 

Chemical Phosphorus Removal with the Actiflo® Process  
2015 ORWEF Short  School, Clackamas Community College 
Chris Maher, Operations Analyst 
Rock Creek AWTF 





BioAvailable P ς What is It? 

http://www.extension.umn.edu/agriculture/nutrient -management/phosphorus/the-
nature-of-phosphorus/ 


