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Overview
Fluxes of P and other nutrients from Utah Lake sediments may be an important cause of eutrophication,
even with reduction in external nutrient loads. Sediment is typically a net P sink but the short-term
cycling of P from sediment to the water column may be an important driver for algal blooms. P release
from sediments is the primary reason there is a lag in lake recovery after nutrient load reductions.
Sediment pore water typically contains relatively high concentrations of dissolved P, which could be
mobilized during wind events, transported to surface water by diffusion, or utilized in situ by
cyanobacteria. Further, there is typically a high fraction of Fe-bound P in sediment, which is likely redoxsensitive. Nutrient fluxes from the sediment to water column and redox cycling of Fe-P complexes need
to be better understood to develop better models of nutrient cycling in Farmington Bay and similar
water bodies.
Tasks
We hypothesize that Utah Lake sediments represent and important internal source of P release to the
water column that could drive harmful algal blooms. To test this hypothesis, we completed the following
tasks:
1. Characterize total P concentrations in sediment and total and dissolved P pore water, and
surface water in Utah Lake;
2. Evaluate P speciation in sediment samples via sequential extraction experiments;
3. Quantify P release from sediment at various locations using sediment flux chambers;
4. Evaluate P release mechanisms through laboratory experiments; and
Task 1: P concentrations in sediment, pore water, and the water column
Methods
We collected samples at 12 locations on Utah Lake during early July, late August, and mid-October 2018
(Figure 1). The sites were selected to provide spatial coverage of the entire lake, including samples near
the four DWQ monitoring buoys. At each site, samples were collected for sediment, pore water, and
water column chemistry. Site 12 was inaccessible during August due to low water levels in Provo Bay.
The sample location near Lindon Marina and the two locations in Provo Bay were grouped together as
“east shore Samples”, while the rest of the samples were grouped together as “open water samples”.
This distinction was made because samples on the east side of the lake typically contain higher P
concentrations because they are located near WWTP inputs (Randall et al., 2019).
Sediment samples were collected using a percussion corer with an acrylic liner. The top 10 cm of
sediment was transferred from the acrylic tube to a 1-gallon Ziploc bag and stored on ice during
transport to the lab. Total phosphorus (TP) in sediments was measured by total digestion with EPA
method 3052. Sediment chemistry, including P2O5, was analyzed by X-ray fluorescence (XRF). X-ray
diffraction (XRD) was used to determine the mineralogy of sediments. Organic matter and carbonate
composition were measured by loss on ignition (LOI) at 550°C and 1000°C, respectively.
In the lab, an aliquot of sediment was centrifuged to extract pore water. The pore water was filtered
(0.45 µm nylon syringe filter) for chemistry measurements by ICP-OES and IC. For pore water, there was
not enough volume for alkalinity or field parameter measurements, as described below for water
column samples.

Water column samples were collected in a 1 L plastic bottle and stored on ice during transport to the
lab. In the lab, the water was filtered for chemistry measurements by ICP-OES (total dissolved P, major
cation, and trace element concentrations) and IC (orthophosphate and major anion concentrations). A
separate aliquot of water was analyzed for total alkalinity by titration. A YSI multi-meter water probe
was used to measure water temperature, barometric pressure, dissolved oxygen (DO), pH, and ORP insitu at each sample location at the top and bottom of the water column.
Results
Sediment total phosphorus (TP) concentrations ranged from 482 to 1109 mg/kg in Utah Lake (Fig. 2).
Concentrations were similar across the lake with the exception of the July samples at site 4 (open water)
and site 12 (Provo Bay), which were the only samples with concentrations >800 mg/kg. These samples
also had the highest P2O5 concentrations measured by XRF. Surprisingly, the Lindon Marina (site 5) and
the other Provo Bay (site 11) samples were not significantly higher than open water sites, as they were
in our previous studies (Randall et al., 2019). There was limited seasonal variability from early summer
to late fall, with no consistent patterns across the lake.
Sediment mineralogy (Fig. 3) was dominated by calcite in the open water (sites 1-4 and 6-10) and Lindon
Marina (site 5), with small amounts of quartz and dolomite. In contrast, Provo Bay sediment (sites 1112) contained approximately half quartz and half carbonate (dolomite plus calcite) minerals. The Provo
Bay samples likely have a smaller sorption capacity for phosphorus given the high amounts of quartz
relative to other sites, which may explain why the sediment TP concentrations are not considerably
higher than the other sites.
Pore water total dissolved phosphorus (TDP) concentrations ranged from 0.08 to 9.3 mg/L in Utah Lake
(Fig. 4). Concentrations were similar in the open water samples (sites 1-4 and 6-10) and Lindon Marina
(site 5), typically around 1 mg/L or less. The highest concentrations were found in the middle of Provo
Bay (site 12) with concentrations of 2.8 and 9.3 mg/L. Surprisingly, the lowest TDP concentrations were
found at the mouth of Provo Bay (site 11), with concentrations <0.2 mg/L. Concentrations were highest
in the October samples at nearly all sites, which may reflect P release as suboxic conditions develop in
the sediment during fall.
Water column total dissolved phosphorus (TDP) concentrations ranged from 0.02 to 0.56 mg/L in Utah
Lake (Fig. 5). These concentrations are about an order of magnitude lower than observed in pore water.
Concentrations were similar in the open water samples (sites 1-4 and 6-10), typically around 0.05 mg/L
or less. Concentrations were generally highest in the Lindon Marina (site 5) and Provo Bay (sites 11 and
12) samples. The sample with the highest TDP concentration was taken from the mouth of Provo Bay,
which had the lowest TDP concentrations in pore water. Concentrations were highest in the October
samples at nearly all sites, similar to seasonal trends in pore water, which may reflect P release from the
sediments to the overlying water column.
Task 2: P speciation in sediments
We analyzed all 35 samples for P speciation through sequential leaching experiments. Unfortunately,
the results were not reliable since the sum of P concentrations from the five steps was much higher than
the P concentrations in sediment. We are still trying to figure out what went wrong in the experiments
and may redo the experiments this summer.

Task 3: P release from sediments
We experimented with flux chambers during summer 2018 but were unable to get satisfactory results
given the short timeframe for learning how to use the flux chambers and trying to deploy them on the
lake. We only had one flux chamber from BYU but it was not equipped with adequate monitoring
equipment or a stirring mechanism. After many attempts, we were unable to obtain more suitable flux
chambers from WFWQC or DWQ. This is something we hope to continue to pursue in the future.
Task 4: P release mechanisms
We collected practice cores for P release experiments but did not obtain reasonable data from the
cores. The P release experiments are currently being conducting (summer 2019) using funds from DWQ.
We will test P release under oxic and anoxic conditions and at pH=7 and pH=9.5. Experiments will be run
in triplicate using a range of P concentrations in overlying water.

Figure 1. Sampling locations on Utah Lake during early July, late August, and mid-October 2018.
Samples were collected for surface water, sediment, and pore water. Green circles represent “open
water” and red circles represent “east shore” samples.
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Figure 2. Sediment total phosphorus concentrations in Utah Lake samples. Sample sites correspond to
labels in the location map.

Figure 3. Average mineralogy in Utah Lake sediments for open water (sites 1-4 and 6-10), Lindon
Marina (site 5), and Provo Bay (sites 11-12).
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Figure 4. Pore water total dissolved phosphorus concentrations in Utah Lake samples. Sample sites
correspond to labels in the location map.
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Figure 5. Water column total dissolved phosphorus concentrations in Utah Lake samples. Sample sites
correspond to labels in the location map.
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