
FAQ: SORPTION AND PHOSPHORUS STABILITY IN UTAH LAKE 
What is sorption, and why does it matter in Utah Lake? 
Sorption is the process by which dissolved substances—like 
phosphorus (P)—attach (and detach) to solid surfaces, such as 
lakebed sediments. In Utah Lake, sorption plays a dominant role 
in regulating phosphorus levels. The lake’s shallow depth, high 
sediment mixing, and phosphorus-rich sediments allow for rapid 
and reversible exchange between the water column and 
sediments, buffering P concentrations and keeping them stable. 

Why is Utah Lake especially prone to sorption-dominated 
phosphorus cycling? 
Utah Lake is well suited for sorption processes to play a large 
role: 
• It is shallow (average depth ~3 meters), well-mixed due to 

wind and wave action, and doesn’t have a thermocline. 
• It has phosphorus-rich sediments from natural geologic  

sources like the Phosphoria and Park City formations. 
• It experiences frequent sediment resuspension due to wind and carp bioturbation. 
• Sediment phosphorus concentrations range from 300–1100 mg/kg, with ~40% being available for exchange 

with the water column. 

Does the phosphorus concentration in Utah Lake fluctuate with lake volume? 
Surprisingly, no. Long-term monitoring (1989–2023) shows that dissolved phosphorus (P) concentrations remain 
stable, typically between 0.02 and 0.04 mg/L, even though lake volume can annually vary by more than 50% due to 
snowmelt, runoff, and evaporation with year-to-year variations by a factor of 2. This defies standard mass-balance 
expectations and reinforces that sorption dominates the system rather than P inflows or outflows (i.e., mass balance). 

What is a Kd Value and Why Does It Matter? 
The Kd value, or distribution coefficient, is a measure of how strongly phosphorus (P) binds to sediments versus 
staying dissolved in water. A high Kd means phosphorus tends to stick to sediments (strong sorption with the 
concentration in the sediment higher than that in the water), while a low Kd means more phosphorus stays in the 
water (the concentration in the water is higher than the 
sediment). In Utah Lake, Kd values range from hundreds to over 
1000, depending on conditions like pH and sediment 
composition. These high values indicate that most dissolved 
phosphorus quickly binds to sediments, which helps explain 
why phosphorus concentrations in the water remain stable—
even when external phosphorus inputs or lake volumes change. 

What would we expect without sorption? 
In a typical lake without strong sorption or where the sediments 
do not interact as much with the water column: 
• P concentrations would increase in dry years or during 

late summer when the lake shrinks through evaporation, 
but external loads remain similar. 

• P concentrations would decrease in wet years due to 
dilution from spring runoff or precipitation (again while 
external loads remain similar). 

However, Utah Lake’s data show the opposite: P concentrations 
stay nearly constant, suggesting buffering from sorption on the 
sediment. 



How does sorption respond to phosphorus inflow or loading? 
Sorption buffers against external phosphorus loads—like wastewater or stormwater—increasing water 
concentrations. Even large changes in phosphorus input have little effect on the lake’s water column: 

• Raising P from 0.030 to 0.035 mg/L would require adding 346–714 metric tons of phosphorus. 
• To reduce P from 0.030 to 0.025 mg/L, Utah Lake would need to be flushed 13–27 times  over with clean 

water (depending on the Kd value—13 times is for a Kd value of 100, the lower end of the range).  

This level of intervention far exceeds current or practical management options. 

Why doesn’t reducing P loads to Utah Lake lower water 
column concentrations? 
Because the sediments contain an enormous reservoir of 
phosphorus, and sorption seeks equilibrium between 
sediment and water. Reducing external P input does not 
change that equilibrium quickly because of the large amount 
of P in the sediment that can “make up the difference”. 
Instead, sediment P continues to buffer water column P 
concentrations, resisting change. This makes Utah Lake 
insensitive to typical load-reduction strategies. 

What are the policy implications of a sorption-dominated 
lake? 
Since reducing external phosphorus loads may not 
significantly lower water column concentrations, 
management efforts may be more effective if they focus on: 

• Sediment stabilization (e.g., carp removal, vegetation 
restoration) to reduce sediment-water mixing. 

• In-lake treatments targeting internal P cycling. 
• Improving predictive models that account for  

sorption dynamics to provide Managers with realistic 
options for consideration. 

Is this situation unique to Utah Lake? 
Not entirely. Other shallow, well-mixed lakes with P-rich sediments—especially those underlain by geologic 
phosphate—may exhibit similar behavior. However, Utah Lake’s combination of shallow depth, extensive sediment 
mixing, and high sediment P concentrations from geologic P sources makes it a sorption-dominated lake. 
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