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Why is Phosphorus 
Important?



Phosphorus is 
often the nutrient 
that limits algae 

growth in 
freshwaters



Relationship Between P and Chlorophyll-a in NY Lakes



Forms of Phosphorus and 
Bioavailability



Some Different Forms of Phosphorus

Total
Phosphorus (TP)

Dissolved 
Phosphorus (DP)

Soluble Reactive 
P (SRP)

Diss. Organic P 
(DOP)

Particulate 
Phosphorus (PP)

• Total phosphorus (TP) is the total amount of
elemental P in a sample (all forms)



Phosphorus Bioavailability, The Concept

1. P exists in multiple forms and those forms 
differ in their ability to support primary 
production

2. Those forms that are useable by algae, 
phytoplankton for assimilation and growth 
are called bioavailable

algaeinfo



Phosphorus Bioavailability: A spectrum

• Soluble Reactive P (SRP)

• Dissolved Organic P (DOP)

• Particulate P (PP)

Highly, instantly

Poorly, slowly

Bioavailable



Phosphorus Forms and Bioavailability

SRP PP



Quantifying Bioavailability: Algal Bioassays

Algal Bioassays
• Measure algal uptake of P over time to quantify 

usability (soluble P and particulate P)
+ Direct estimates based on algal response
- Labor intensive

○ sample collection, filtering (hours), assays 
(multiple days), multiple analytical tests

- Expensive
○ labor costs, lab analysis, shipping (specialty 

lab)



bioavailability has real value in 
watershed, lake management



SRP

SRP is immediately and 100% bioavailable!
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Variability in Bioavailability: DOP

Courtesy of M. Auer, MTU

General Range = 30% to 100%, average = 70%



Variability in Bioavailability: PP

Courtesy of M. Auer, MTU

General Range = 0% to 30%, average = 10%
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Current Work



What Determines the 
BAP of a Source?

(1) total phosphorus 
concentration

(2) the proportion of 
total phosphorus 
that is dissolved, 

(3) the bioavailability 
of dissolved 
phosphorus, and 

(4) the bioavailability 
of particulate 
phosphorus

TP Load = 1,000

BAP Load

SRP
PP

127

243

435

BAP Load

 Source B is 2x 
higher than 
Source A

 Source C is 
3.5x higher 
than Source A

 1.8x higher 
than Source 
B  DOP

Source A

Source B

Source C

SRP

Bio-PP

Bio-DOP

The amounts of DP vs PP

Target for BMPs!



What Determines the 
BAP of a Source?

TP Load = 1,000

BAP Load

SRP
PP

393

280

243

BAP Load
 Source A is 

30% more 
than Source 
B

 Source A is 
40% more 
than Source 
CDOP

Source A

Source B

Source C

SRP

Bio-PP

Bio-DOP

The bioavail. of the components

(1) total phosphorus 
concentration

(2) the proportion of 
total phosphorus 
that is dissolved, 

(3) the bioavailability 
of dissolved 
phosphorus, and 

(4) the bioavailability 
of particulate 
phosphorus 

Target for BMPs!



Calculations

Performed numeric exercises to estimate reductions in BAP from three P 
management strategies to meet TP load reduction targets
• Same initial TP load
• Random cases of P-bioavailability and particulate/dissolved TP composition 

(based on literature ranges)
• 5,000 iterations
• What was the resulting BAP load for each Strategy?

The three strategies were: 
1. Reduce PP only;   2. Reduce PP and DP;  3. Reduce DP only. 



*In many cases, reducing SRP, SUP would not achieve desired TP reductions

Results

BAP Load ReductionStrategy
Worst1. Reduce PP only (SRP, DOP constant)

Moderate2. Reduce PP, SRP, and DOP
Best*3. Reduce SRP, DOP only (PP constant)

Focusing on DP is critical to reduce bioavailable P to meet water 
quality goals

Adopting a DP management strategy alone is impractical: 
• erosion controls will always be an important part of 

watershed management 





Auer et al. 2021



Management: What to Do?



Best Management Practices: Cayuga Lake TMDL

https://stormwater.pca.state.mn.us/index.php?ti
tle=Phosphorus_in_stormwater

https://dec.ny.gov/sites/default/files/2024-
08/tmdl_phos_cayuga.pdf



Conclusions
1. P is a key nutrient that often limits algae and cyanobacteria growth
2. Generally, soluble forms of P are more bioavailable than particulate forms
3. Bioavailability is highly variable within and between non-point sources 

and point sources;
4. Bioavailability in clean water planning is an emerging area of 

management;
5. Reducing soluble forms of phosphorus to waterbodies is always a better 

strategy to reduce bioavailable P, but
6. Particulate phosphorus reductions will always be necessary to prevent 

erosion losses and meet water quality goals and targets;
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Quantifying Bioavailability

Chemical Extractions
• TP  six categories!
• Based on ease of extraction
+ Cost-effective
+ Less labor, analysis time
- Not a direct measure of algal 

response
- Can be limited analytically

Total P

Total 
Dissolved P

Total 
Particulate P

Diss.
Reactive

P

Diss.
Non-

Reactive
P

NaOH-
extract. PP

Stable PP

Diss.
Hydrol.

P

Diss.
Organic

P

from Baker et al. 2014


