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Eutrophication  



Sustainable Biosolids  

 ñSoil test P benchmarks 
should be based upon 

environmental P loss risk 
rather than crop response.ò 

 

Dr. Hershel Elliott PSU  

Dr. George OôConner, UF 
 

 

Phosphorus management for sustainable biosolids recycling in 
the United States, Soil Biology & Biochemistry 39 (2007) 
1318 ï1327.  



OEPA Management of P  

 Basis of management -  soil test phosphorus 
(STP)  

 Agronomic rates based:  

ÆN based 

ÆDefined P based 

ÆMulti-year P based 

ÆSingle-year P based 

ÆP site index 

 Each field may need to managed differently  

 No allowance for P Source Coefficient (PSC) 
in P site index  



The Problem?  

 Applying biosolids to satisfy crop 
nitrogen needs results in P 
applications of 3 to 5 times crop 
requirements.  

 

 Many sites with a history of 
manure and/or biosolids 
application already have higher 
soil test P (STP) than required for 
crop production.  

 

 



What is the P Site Index?  

 The P Index is a field evaluation tool 
that was developed to identify areas 
that have a high risk of P loss to bodies 
of surface water.  

This tool combines indicators of P 
source and of P transport. The P source 
indicators used in the Pennsylvania P 
Index are:  

ÆMehlich 3 STP 

Æ Fertilizer application & methods 

ÆManure application, methods, and PSC 

 



How do states handle P indices?  

Most state P indices treat 
manures and biosolids the 

same  in terms of their P 
solubility and 

runoff/leaching potential.  
 

However,é.. 



P Site Index Concept  
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What is the P Source Coefficient?  

P Source Coefficienté. 

represents the environmental 

availability of a P source to 

move off-site relative to 

commercial fertilizer (PSC = 

1.0) 



Where do PSC values come from?  

Indoor rainfall simulator 

USDA-ARS 

Head House #4 

University Park, PA 



Where do PSC values come from?  

Outdoor Rain Simulator- 

Plot & Frame Set-up 



P Source Coefficients (Ver 2)  

P Source Pennsylvania Virginia 

Florida & 

Tennessee 

Most    

States 

Mineral  

Fertilizer 1.0 1.0 1.0 

1.0 

BPR  biosolids 
0.8 0.8 

0.5 

Alkaline 

stabilized 0.4 

0.4 
Conventionally 

stabilized 0.3 
Advanced 

alkaline & heat 

dried 
0.2 



PA - Version 1 PSC Table  

Category PSC 

Manures  -----------------------------------  

Swine  1.0  

Poultry  0.8 ï 0.9  

Dairy  0.8 ï 0.9  

Beef  0.8  

Alum Treated  0.5  

Biosolids  ----------------------------------  

Biological Phosphorus Removal  0.8  

Alkaline Stabilized  0.4  

Conventionally Stabilized or Composted  0.3  

Advanced -Alkaline Stabilized or Ht. -Dried  0.2  



Mean Runoff TDP vs PSC  
Adjusted for P Source Loading  
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How important are PSCs?  
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Source P Solubility  
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Comparison of water extractable P (WEP) for 
different types of biosolids  

13.9

7.4

3.1 2.7
2.2

0.48

0

5

10

15

20

25

W
E

P
 (

%
 0

f 
P

T
)

BPR Cake
n=6

Aerobic
n=8

Alkaline
n=5

Composted
n=5

Anaerobic
n=11

Heat-Dried
n=3

Error bars indicate one standard 

deviation.



P runoff ï Manure vs Biosolids  
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Do Soil 
Characteristics  
Make a 
Difference in 
RDP? 
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Berks STP Threshold  

Optimum Agronomic  
STP Range  
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Does the P -
Source  
Make a 
Difference in 
RDP? 
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Pennsylvania P -Site Index  

TRANSPORT FACTORS: 

ÅSoil Erosion  

ÅRunoff Class  

ÅSubsurface Drainage  

ÅContributing Distance  

ÅWatercourse  Connectivity  

SOURCE FACTORS: 

ÅSoil P Test  

ÅFertilizer P Rate  

ÅFertilizer P Method  

ÅOrg -P Rate  

ÅOrg -P Method  

ÅP Avail. Coefficient  

SITE VULNERABILITY RATING AND NUTRIENT MGMT:  

ÅLow   (N -based nutrient mgmt)  

ÅMedium   (N -based nutrient mgmt)  

ÅHigh   (P-based nutrient mgmt)  

ÅVery High   (No P allowed)  



Mean Runoff Dissolved P Concentration  
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OEPA Biosolids Rules -current  

ÅAgronomic Rate 
based on N 

Option (i) STP 
Ò 170 ppm  

Mehlich 3 

ÅAssess 
site/field based 
on P site index 

Option (ii) STP 
> 170  
Mehlich 3 



OEPA Biosolids Rules -July 1, 2013  

Option (i) STP Ò 45 ppm Mehlich 3 

Option (ii) STP >45 to Ò115 ppm Mehlich 3 

Option (iii) STP >115 ppm to Ò170 Mehlich 3 

Option (iv) STP >170 ppm Mehlich 3 



Option (i) ï STP Ò 45 ppm Mehlich 3  

Select most 
limiting P-

based factor 

N-based 
agronomic 

rate 

P rate of 250 
lbs/Ac  

P rate 
between 256 
& 500 lbs/Ac 

All biosolids 
injected, OR 

> 50% cover  
No additional 
applications 
for 3 years 



Option (ii) ï STP >45 & Ò115 ppm Mehlich 3  

Select most 
limiting P-

based factor 

N-based 
agronomic 

rate 

Multi-year   
P-based 



Option (iii) STP >115 to Ò170 ppm Mehlich 3  

Select most 
limiting P-

based factor 

N-based 
agronomic 

rate 

Single year 
P-based rate 



Option (iv) STP >170  ppm Mehlich 3  

Only selection  

Evaluate site in 
accordance with 
Ohio P site index 



ñAny attempt to use this tool 
(P-Index)  as a regulatory 
method is beyond the scope 
and purpose.ò   
 
(NJ NRCS, March 2003)  
 



How do planning tools become regulatory 
mandates?  

State biosolids permits require NRCS 
conservation plan  

New ñcomprehensiveò NRCS conservation 
plans include nutrient mgmt (P -Index)  

P-Index is therefore, de facto , a 
ñregulationò for biosolids recycling 



Best P Management Solution for Ohio?  

For application to soils with STP <115 
ppm Mehlich 3  

ÆN-based rates 

For application to soils with STP >115 & 
Ò170 ppm Mehlich 3  

ÆMulti-year P-based rate 

 

 

 For application to soils with STP 
>170ppm Mehlich III  

ÆP site index using PSC as part of source calculation  

 



Columbus LA Program Requirements  
 

 

 Application Rate = 3 DT/Ac  

Inject liquid/incorporate cake  

N available 1st year = 30%  

Application every 3rd year 

Roundtrip distance 64 mi avg 



Columbus Ohio -  Nutrients; N or P?  

Yr SOURCE TS AmmN TKN OrgN P K 
2007 JP-WWTP 9.30% 1.63% 3.52% 1.88% 1.93% 0.41% 
2008 JP-WWTP 9.31% 2.02% 4.45% 2.43% 2.14% 0.24% 

2007 S-WWTP 23.18% 2.07% 4.89% 2.82% 2.40% 0.37% 
2008 S-WWTP 22.88% 2.23% 5.43% 3.20% 1.90% 0.37% 

P/N ag -rate ratio indicates 3 -5x more acreage is needed for a 
P-based program  

Continuous (annual) application requires 23 -30% more 
acreage due to OrgN mineralization  

Frequency and 
basis for land 
application 

Application Rate (DT/Ac) Summary 

JP-WWTP 
100% liq 

S-WWTP 
100% liq 

S-WWTP 
100% cake 

JP-WWTP 
100% liq + 
S-WWTP 

100% cake 

JP-WWTP 
100% liq + 
S-WWTP 
100% liq 

PAN-based, 
every 2+ years 

3.0 
(4-yr rotation)  

2.6 
(3-yr rotation)  

4.0 
(5-yr rotation)  

3.8 
(4-yr rotation)  

2.6 
(3-yr rotation)  

PAN-based, 
every year 

2.8 2.4 3.5 3.2 2.5 

BAP-based, 
every year 

0.61 0.68 0.68 0.65 


