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FRACTIONS OF P ???



d ]O suonoeld




CN} OGA2ya 2F 0O

OF Course

Everything is ABOUT
Phosphorus These Days



What arettherEractions P ?

 What are Fractions of P - Sometimes called P
“species”?

Total Phosphorus is just that -

. The total oF the DIFFERENT
Phosphorus FRACTIONS or SPECIES

* There are numerous DIFFERENT type of
Phosphorus which all together make up
TOTAL PHOSPHORUS




Four Ways to
Characterize P

AReactiverPhospharus
ANon-ReactiverPhospharus
ASoluble Phosphorus

AParticulate Phesphorus

A 5t ¢ Acid ytieolyabbid ddisdob/ incial)id part
of more aanpexffeacitons



Simpler Fractions«ofP

ATotal Phosphorus can be
fractionalized into dasicparts,

2 of the fractions come directly
from analysis sTP & sRP

The other two, pTP & sNRP, are
calculated using the results of 3

different analyses, sTP, sRP
and TP



Putting it All
Together



Simpler Fractions«ofP

ATotal PhosphorusT@®

ATotal Soluble PhosphorusT(®
I FilteredTP

A Soluble Reactive Phosphors&Rg
I Filteredortho-P

A Soluble NorReactive PhosphorusNRP

(IS

P minusRP

AParticulate Total PhosphorusTP
I TPminus sTP



How ¢lo

get the Simpler
FRACTIONS OF P ???



TP

Total Phosphorus
Persulfate Digestion
Direct Colorimetric Method



Total Soluble Phosphorus
Filter (0.45 Micron)/Persulfate Digestion
Direct Colorimetric Method

TP sTP




Total Particulate Phosphorus
TP minus sTP

TP sTP




Soluble Reactive Phosphorus
Filter (0.45 Micron)
Direct Colorimetric Method

TP

sTP



TP

Soluble Non-Reactive

Phosphorus
STP minus sRP

sTP



Additional Fractionation

* Gets a More Complete
Picture

* Helps to Understand
Treatability



Advanceadc More Fractions ofP

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

5 of the fractions are directly
from analyses tRP, tAHP, sTP,
SAHP & sRP

The other 12 are calculated
using the results of 6 different
analyses



DOUBLE CAL

" List of Fractions of P

Fraction of P Abbrev. Source

Total Phosphorus TP 1* |Analyze

Total Reactive Phosphorus tRP i+ |Analyze

Total Acid Hydrolysable Phosphorus tAHP 1% |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 PhosphorugpAHP tAHP - SAHP

Total Soluble Phosphorus sTP 1} |Analyze after 0.45 um filte
Soluble Acid Hydrolysable Phosphorus |SAHP e Analyze after 0.45 um filte
Soluble Reactive Phosphorus sRP 1%+ |Analyze after 0.45 um filte
Soluble Organic Phosphorus sOP STP - sAHP

Soluble Non Reactive Phosphorus sNRP sTP - sRP

Soluble Polymerized Phosphorus sPoly SAHP - sRP




Beware !!|
TWO DIFFERENT PATHWAYS ----

* As part of analyzing for fractions of P:

* There are two totally different

procedures/pathways to arrive at the various
analyzed fractions of P

— Pathway (1) TP - Persulfate digestion followed by
colorimetry

— Pathway (2) Acid hydrolyzable - Acid hydrolysis
followed bv dice<tion and then colorimetrv



Beware !}
TWO DIFFERENT PATHWAYS ----

These two different procedures may result in
an issue where all of the analyzed and
calculated fractions of P do not add up
EXACTLY the TOTAL PHOSPHORUS value.

* See following 2 slides



From HHach/Method-for
ACIDHYDROLYZABPHOSPHORUS
(AHP)

a¢KS LINPOSRdIz2NE dzaSa |
the sample. Organic phosphates are not
converted to orthophosphate by this process,
but a very small fraction may be
unavoidably included in the resulto ¢



Troubles with Analysis

A STEP 1AHP analysis usés_|D& HEATo
converntcondensed (polymerized) Phosphorus to
orthophosphate

A NOTE-- Organic P does convert to
orthophosphate in STEP 1

A STEP 2 Once condensed P is converted to ortho
P a simple color based orthophosphate test Iis
used to measure P levels

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

A May shows up as part of the tAHP & sAHP result



Possible Organic P Bleed Thr




Be Aware

A Filter samples right away after collecting so
Fye t GAGKAY &2f ARA |
Into the liquid phase

A Run Soluble & Total Reactive Phosphorus
analyses right away



How ¢lo
get the VMoreComplex

FRACTIONS OF P ???



NOW:
Here's All the

Fractions




Summany-of (py RPoly & S)
FractionscofPPhasphorus

Includes
PRPpPoly \
and pOP -~

el
Total particulate phosphorus (pTP)

Total
Phosphorus =

Total soluble

(TP soluble reactive phosphorus [sRP
ki (SRP) - phosphorus

Soluble non-reactive phosphorus [sNRP)

\

Includes
sPolyand
sOP




Fractions of
TOTAL(D P




Total Reactive Phosphorus
(tRP)

Direct Analysis

TP

tRP Is direct

analysis @



Total Acid Hydrolysable

TP

tRP

tAHP Is direct

analysis

—

i

tAHP

TP

pum—

Phosphorus (tAHP)

Direct Analysis

tAHP




Total Non-Reactive

Phosphorus (tNRP)
TP-tRP

TP

TP & tRP are
direct
analysis



lotal Polymerized

Phosphorus (tPoly)
tAHP- tRP

tRP

tAHP
TP =

direct analysis




Total Organic Pnospnorus

tRP

(tOP)

— tAHP

e -

TP& tAHP are
direct analysis

TP =

TP- tAHP

gum—

tAHP

L toP |



Fractions of
PARTICULATE (P) P




Total Particulate Phosphorus

(PTP)
TP-sTP

TP sRP ~— STP

L _PIP |

TP& sTP are
direct analysis @



Particulate Reactive

Phosphorus (pRP)
tRP- sSRP

tRP

tRP & sRP are
direct analysis @



Particulate Organic
Phosphorus (pOP)

tOP-sOP
tOP = TRtAHP

SOP = sTPsAHF

tOP

TP, tAHP, sTP &
sAHP are all
direct analysis




Particulate Non-Reactive
Phosphorus (pNRP)

tNRP-sNRP
tNRP = TPtRP
SNRP = sTBRP
SNRP
tNRP
TP, tRP, sTP, &
SRP are all

NBERD (o)

direct analysis



Particulate Polymerized

Phosphorus (pPoly)
tPoly- sPoly

tPoly = tAHRtRP
sPoly = sAHPSRP

tPoly

tAHP, tRP, sAHP
& sRP are all
direct analysis

sPoly

s BEOlY l



tAHP & SAHP DAHP
are direct tAH P_ SAHP

analysis

sAHP

tAHP




Fractions of
SOLUBLE (S) P




Total Soluble Phosphorus
(STP)

Direct Analysis

TP ~ STP

STP Is a direct

analysis @



Soluble Acid Hydrolysable
Phosphorus (SAHP)

sTP —

S—

sRP

SAHP is a
direct analysis

m———

—

— SAHP

sTP —

Direct Analysis

p—

sAHP




Soluble Reactive Phosphorus

TP

SRP Is a direct
analysis

(SRP)
Direct Analysis

sRP

~— STP

m——la



Soluble Organic Phosphorus

(sOP)
sTP-sAHP
sRP -
TP —  SAHP
L _sOP |

STP & sAHP are -
direct analysis @



Soluble Non-Reactive

Phosphorus(sNRP)
sTP-sRP

sRP
STP —

m ()

TP

sTP& sRP are
direct analysis

sRP

~— STP




Soluble Polymerized

Phosphorus(sPoly)
SAHR sRP

sRP
sAHP

sRP & sAHP are ‘w-

direct analysis @



Summany-of (py RPoly & S)
FractionscofPPhasphorus

Includes
PRPpPoly \
and pOP -~

el
Total particulate phosphorus (pTP)

Total
Phosphorus =

Total soluble

(TP soluble reactive phosphorus [sRP
ki (SRP) - phosphorus

Soluble non-reactive phosphorus [sNRP)

\

Includes
sPolyand
sOP




Why Bother
with the
FRACTIONS OF P ???



Why Fractionahize P ?
AWe want to understand how
to approach phosphorus
treatment

ABest way is to understand
each fraction and its make
up
AOnce known, treatment
options become more clear
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WHAT CAUSED THE
JUMP IN EFF. TP?

Al yl-igié M o aA O FNJ
i You **® what makes up TP

I Adjust appropriate treatment to reduce
species
I Reduce source

I Work better with engineers to design a
fitting and efficient processes for P removal



P, mg/l
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3 Main Basic Fractions of P and Their
General Treatment Pathway

A Soluble Reactive Phosphors&§
Chemical & BPR

A SolubleNon-Reactive PhosphorusNiRfy
which does not react well

I~ Most difficult to remove

ATotal ParticulategTP which is the
phosphorus In the solids

Enhanced Settling & Filtration



TP

sRP

Soluble Reactive Phosphorus (sRP)
Treatment: Chemical & EBPR

——

Soluble Non-Reactive Phosphorus (sNRP)
Treatment:

Total Particulate Phosphorus (pTP)

i ’




Example of Reactive \don-Reactive &
SolubleNRP vsParticulateNRP

Removing the Fractions

sRP React with something to make a particle, 1
or react with a particle

sNRP Adsorption to a particle (Sticks to the 4
particle surface without a chemical
reaction)

pRP Reaction with other particles, adsorption, 2

coagulation, flocculation
pNRP Adsorption, coagulation, flocculation 3

Chemical Phosphori®emoval withthe Actiflo®Process
20150RWEF Shoi$chool, Clackam&ommunity College
Chris Maher, Operations Analyst

Rock Creek AWTF

Chan“’hhzr{ﬂcnrices




Fractions of P
Odds & Ends




VariousWays to Fractionize P

* lnorganic vs. organic
— Requires two difference digestion methods

— Chemical Treatment has real problems removing
certain fractions of organic P

* Soluble vs. Insoluble (Particulate)

— Filtered & unfiltered results
 Reactive vs. Non-Reactive
 Soluble NRP vs. Particulate NRP

— All calculated values

» BIOAVAILABLE P



Soluble vs. Insoluble (Particulate)
Filtered & unfilteredresults

0.900
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0. 000

Total Phosphorus (TP)

= Total Insoluble
(pTP)

® Soluble Reactive
Phosphorus (sRP)

® Soluble Non-
Reactive (sNRP)

PhosphorusSpeciation by Autumn Fisher, Fond du Lac, WI




Soluble vs. Particulate
(Reactive & NorReactive)

Total Phosphorus

(TP)
Soluble Soluble Non Particulate Particulate
Reactive Reactive Reactive Non Reactive
Phosphorus Phosphorus Phosphorus Phosphorus
(sRP) (sNRP) (pRP) (pNRP)

Chemical Phosphoriemoval withthe Actiflo®Process

20150RWEF Shoi$chool, Clackam&ommunity College
Chris Maher, Operations Analyst
Rock Creek AWTF CleanWater \" Services




TP

SAME AS THIS

sRP

=

= STP

—

} pTP



BioAvailabld? ¢ What Is 1t?

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



