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Wabamun Lake  P-Budget 1981

Diffuse Runoff 1262 kg

Ash Lagoon 239 kg

Groundwater 364 kg
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Surface Runoff (Streams) 1804 kg

Diffuse Runoff 1262 kg

Ash Lagoon 239 kg

Atmospheric Deposition 2034 kg

Cottages (Sewage) 75 kg

Groundwater 364 kg

Internal Loading 12000 kg

Wabamun Lake P-budget, March 4, 1981 to March 3, 1982

Total Load = 17778 kg



Questions

ÅWhat is a Phosphorus Budget?

ÅHow to estimate external and internal sources of Phosphorus 

to a lake?

ÅWhat does and what doesnôt the Phosphorus budget tell us?

ÅWhere do we go from here?



What is a Phosphorus Budget?



Family Budget

ÅBreakdown helps make decisions on managing expenses

ÅSourceséééééééééééééand losses of money

ÅWork

or

ÅLottery?!?

This Photo by Unknown Author is licensed under CC BY

https://familyinequality.wordpress.com/2010/12/13/rich-budget-poor-budget/
https://creativecommons.org/licenses/by/3.0/


Phosphorus Budget

ÅBreakdown helps make decisions on managing phosphorus 

that enters the lake and that algae use to bloom

ÅSourcesééééééé..and losses of phosphorus to/from a 

lake

Outflow 
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Forest

Agricultural/Cleared

Precipitation/Dustfall

Internal Load
(bottom sediments)

Blindman Diversion

TOTAL LOAD = 16,245 kg

(Preliminary Estimates)

Gull Lake P-Budget, 2000



Phosphorus (P) Budget

Modified from: Hamilton et al. 2007 Lake Restoration Handbook

Internal Load



Water Budget

U.S. Geological Survey 2013. Water Budgets for Coeur dôAlene Lake, Idaho, Water Years 2000ï2005

Measured

Calculated



External Sources of P



External Phosphorus Sources

Arenadust.com

Wikimedia

Atmosphere

Forest Agriculture

2dadstravel.com

agcanada.com

cattlefeeders.ca

Residential

Travelalberta.com

Steinbachonline.com

Waterfowl



How to Estimate External P Sources

ÅWatershed:

ÅExport coefficients

ÅStream sampling (flow and water quality)

ÅWatershed Modeling (e.g., ABMI P Runoff Model, SWAT)

ÅGroundwater: sampling and water budget

ÅSewage, birds: estimates from literature, multiplied by 

population

ÅAtmospheric: measured or estimated



Stream Sampling Results Baptiste Lake

Annual Flow-weighted Mean Concentrations of Total Phosphorus 

for Stream Basins within the Baptiste Lake Watershed (1978)
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External P Load in AB Lakes

ÅAgricultural lands: largest loads

ÅAtmospheric load often 

important: (e.g., Pigeon: 20%)

Å% of total load (D. Trew, Median 

of 1980-1990):

Precipitation Agriculture Forest

5% 6% 3%

ALMS 2013



Internal Sources of P



In-Lake Sources

Sediment 

Resuspension

Bouma-Gregson et al. 2018, PLOSArne Diercks, ECOGIG, flickr.com

Attached algae, 

cyanobacteria

Tang et al. 2018, Water Research

Bioturbation

Sediment 

Release

passel.unl.edu



How to Estimate In-Lake P Sources

3) Release Experiments

People.vcu.edu

2) Model based on empirical  data 

(after Nürnberg)

1) Mass Balance

Mass change     Inputs              Outputs     Sediment Flux
Most AB Data



Internal P load in AB Lakes

ÅMedian % of total load 1980-1990 (33 lakes): 82% (D. Trew)
Wabamun Lake  P-Budget 1981

Diffuse Runoff 1262 kg

Ash Lagoon 239 kg

Groundwater 364 kg
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7.1%

10.1%

11.4%

67.5%

Surface Runoff (Streams) 1804 kg

Diffuse Runoff 1262 kg

Ash Lagoon 239 kg

Atmospheric Deposition 2034 kg

Cottages (Sewage) 75 kg

Groundwater 364 kg

Internal Loading 12000 kg

Wabamun Lake P-budget, March 4, 1981 to March 3, 1982

Total Load = 17778 kg

Lesser Slave 1991-1993

Lac Ste. Anne  P-Budget 1997

Surface Runoff 8234 kg

3.0%

2.0%

35.2%

59.8%

Surface Runoff 8234 kg

Atmospheric Deposition 469 kg

Cottages (Sewage) 700 kg

Net Internal Load 14000 kg

Isle Lake P-budget, March 1 to October 31, 1997

Total Load = 23403 kg

Lac Ste. Anne  P-Budget 1997

Surface Runoff 11854 kg

From Lake Isle 5732 kg
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28.2%

13.6%

2.5%

52.6%

Surface Runoff 11854 kg

From Lake Isle 5732 kg

Atmospheric Deposition 1068 kg

Cottages (Sewage) 1272 kg

Net Internal Load 22110 kg

Lac Ste. Anne P-budget, March 1 to October 31, 1997

Total Load = 42036 kg
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Forest

Agricultural/Cleared

Precipitation/Dustfall

Internal Load
(bottom sediments)

Blindman Diversion

TOTAL LOAD = 16,245 kg

(Preliminary Estimates)

Gull Lake P-Budget, 2000 Pigeon Lake 2012



Internal Load in Canadian Lakes (Orihel et al. 

2017)
ÅCommon phenomenon in Canadian freshwaters

ÅHighest rates under anoxia, at slightly elevated pH and in P-

rich lakes (hypertrophic)

ÅPrairie lakes have the largest internal load

ÅClimate change exacerbates internal load

ÅRelative importance of different internal load mechanisms 

poorly understood


