environments

Article

Slow-Release Lanthanum Effectively Reduces Phosphate in
Eutrophic Ponds without Accumulating in Fish

Callie McCright, Jenna McCoy, Natalie Robbins and Steve Comfort *

check for
updates

Citation: McCright, C.; McCoy, J.;
Robbins, N.; Comfort, S.
Slow-Release Lanthanum Effectively
Reduces Phosphate in Eutrophic
Ponds without Accumulating in Fish.
Environments 2023, 10, 20.
https://doi.org/10.3390/
environments10020020

Academic Editor: Chin H. Wu

Received: 30 November 2022
Revised: 18 January 2023
Accepted: 24 January 2023
Published: 27 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Natural Resources, University of Nebraska, Lincoln, NE 68583, USA
* Correspondence: scomfort@unl.edu

Abstract: Nutrient runoff is a major water quality issue affecting water resources. Excess nutrients
such as nitrate (NO3 ™) and phosphate (PO entering surface waters promote eutrophication.
Recent research showed that floating treatment wetlands combined with slow-release lanthanum
composites deployed through airlift pumps can reduce NO3 ~ and PO,3~ concentrations, minimize
algae and weeds, and increase dissolved oxygen concentrations. While water quality improves
following this biological and chemical approach, questions remain about the toxicity and potential
accumulation of lanthanum in lentic organisms. We addressed this concern by analyzing flesh and
liver of fish exposed to the slow-release lanthanum following two years of treatment and compared
results to fish harvested from a control, untreated pond. We also conducted an aquarium fish
study that used higher lanthanum concentrations than those observed in the field. The field study
confirmed that under the concentrations of lanthanum released to treat eutrophic ponds (109 pg L~1),
no adverse effects were observed in harvested fish. We also observed no significant differences
between lanthanum-exposed and -unexposed fish (x = 0.05) in our controlled tank study. Given the
laboratory tank lanthanum concentrations were approximately nine times higher (916 pug L) than
the observed field concentrations, we conclude the slow-release lanthanum composites used to treat
eutrophic ponds are effective in improving water quality and do not lead to significant lanthanum
accumulation in fish.
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1. Introduction

One of the most prevalent water quality issues in the U.S. and worldwide is the
deterioration of surface waters caused by nutrient runoff [1]. Nonpoint sources of nutrients
include surface runoff from residential, industrial, and agricultural lands [2,3]. Specific
nutrient sources within urban watersheds include lawn fertilizers, pet waste, and grass
clippings [4]. The two most problematic runoff nutrients are phosphorus and nitrogen,
which include the anions nitrate (NO3; ™) and phosphate (PO4%~) [1,2,5]. Although human
health concerns in connection to nitrate and phosphate consumption exist [6,7], greater
attention should be paid to their environmental effects in surface water.

Nutrient runoff of excess nitrate and phosphorus threatens freshwater aquatic ecosys-
tems [8]. Increased nutrient loads in surface water result in habitat alteration and harmful
algal blooms [9]. Aside from reducing aesthetics and opportunities for recreation, algal
blooms are detrimental to aquatic animals. Effects include clogged gills of fish and low
dissolved oxygen concentrations (i.e., anoxia). These impacts alter the freshwater ecosystem
and threaten biodiversity, water quality, and environmental health [10]. Decreasing nitrate
and phosphorus in the water column must be performed simultaneously as algal blooms
can increase if only nitrate is reduced [5].

To mitigate nitrate and phosphorus pollution, our previous research reported on a
two-pronged, biological, and chemical strategy to treat eutrophic ponds [11]. The biological
approach utilizes floating treatment wetlands (FTWs) to improve water quality. Wetland

Environments 2023, 10, 20. https:/ /doi.org/10.3390/environments10020020

https:/ /www.mdpi.com/journal /environments


https://doi.org/10.3390/environments10020020
https://doi.org/10.3390/environments10020020
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/environments
https://www.mdpi.com
https://orcid.org/0000-0001-8566-8090
https://doi.org/10.3390/environments10020020
https://www.mdpi.com/journal/environments
https://www.mdpi.com/article/10.3390/environments10020020?type=check_update&version=2

Environments 2023, 10, 20

20f12

plants are deployed in floating frameworks, where their exposed roots are suspended in
the water. General mechanisms for pollutant removal include plant uptake and denitri-
fication [12]. McKercher et al. [11] initially suspended 13 wetland species in a floating
framework to demonstrate this technique in a eutrophic pond (Figure 1). The submerged
roots take up nitrogen and phosphorus from the water, while microbes on the plant roots
convert nitrate to nitrogen gas (i.e., NoO, Np) when oxygen becomes limiting.

A biological and chemical approach to restoring eutrophic ponds
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Figure 1. Biological and chemical approach to restoring eutrophic ponds.

The chemical approach utilizes lanthanum, a soft metal lanthanide, to remove phos-
phorus from the water column. Lanthanum exhibits a high affinity to binding phosphate.
The resulting compound, LaPQy, is insoluble and unusable by algae and aquatic macro-
phytes. The key asset of lanthanum in phosphorus control is its ability to be used in diverse
environmental conditions [13]. Historically, chemical amendments to remediate P-rich
freshwater included aluminum (Al) or iron (Fe). However, their effectiveness was largely
dependent on factors such as pH, redox, alkalinity, other ions, and dissolved organic
carbon [13,14]. Furthermore, Al and Fe impact on lentic organisms has not been well
documented [15].

With lanthanum’s more robust affinity to binding with phosphate (Kgp = 3.7 x 10~2; [16]),
its use in environmental remediation projects is growing. One of the most widespread
commercial lanthanum products used for environmental treatment is Phoslock®. First
manufactured in the 1990s by the Commonwealth Scientific and Industrial Research Or-
ganization, Phoslock® is a patented lanthanum-modified bentonite clay formula [15,17].
Application methods typically include one large dose delivered beneath a platform boat
as it moves across the water surface. Phoslock® then removes phosphates from the water
column as the phosphate-lanthanum-—clay settles to the bottom [15]. The effect of high dose
lanthanum treatments on aquatic organisms is not fully understood and toxicity concerns
are present [15].

To avoid large, single lanthanum doses, McKercher et al. [11] added lanthanum using
a slow-release composite that gradually released lanthanum into the water column. Lan-
thanum chloride (LaCls), paraffin wax, and sand are combined in a 3:2:1 ratio (w/w/w) to
create a wax composite [11]. This composite is placed inside an airlift pump, which consists
of a submerged PVC pipe where air is bubbled beneath the lanthanum to facilitate its release
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into the water column (Figures 1 and 2). Aeration aids in gradual lanthanum dispersal as
well as oxygenation of the water; lanthanum composites are replaced monthly as needed.
Using this approach, McKercher et al. [11] determined that lanthanum concentrations
averaged 104 pg L~!1, with most concentration spikes well below 1000 pg L1 [11].
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Figure 2. Photographs of slow-release lanthanum and airlift pump.

Our goal was to quantify the toxicological impacts of the slow-release lanthanum
composites in treating eutrophic ponds. We accomplished this by harvesting fish from a
pond exposed to the lanthanum treatment for two years and determining whether lan-
thanum had accumulated in the fish (liver or flesh/skeletal muscle). The field experiment
also compared concentrations of lanthanum in the organs of bluegill and largemouth bass
fish harvested from a lanthanum-treated and -non-treated pond. A supporting laboratory
experiment was also performed that compared flesh and liver concentrations of bluegill
fish raised in lanthanum-spiked tanks and control tanks following 5 weeks of exposure.

2. Materials and Methods
2.1. Field Site Description

The field site used for experimentation is the Densmore Pond, which is located in
Densmore Park (Lincoln, NE, USA). Designed by Olsson Associates (Lincoln, NE, USA),
Densmore Pond was initially constructed in 2002 to control urban runoff. The pond surface
area is 0.5 hectares with an average depth of 1.3 m. The air temperatures of the site ranged
from —35.0 °C to 39.4 °C in 2020 and 2021, and the site is within a humid continental
climate zone [11].

Densmore pond is also highly accessible to the public. Located within 100 m from the
Cooper YMCA (Lincoln, NE, USA), community members utilize the area for fishing. The
local high school also teaches fishing skills at the Densmore Pond. Fish species within the
pond are bluegill (Lepomis macrochirus) and largemouth bass (Micropterus salmodies) as well
as Amur carp (Cyprinus rubrofuscus). Other wildlife includes red-winged blackbirds as well
as migratory geese and ducks.

In 2020, the Densmore Pond displayed strong evidence of eutrophication (Figure S1 in
Supplementary Materials). Approximately 80% of the pond surface was covered with a mat
of algae and weeds. Dead fish were routinely observed in the water (Figure S1). In June 2020,
UNL’s biological and chemical treatment technology (Figure 1) was installed and consisted
of one 400 ft? floating treatment wetland (FTW) and one aitlift pump to deploy lanthanum
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(Figures 1 and 2). In June 2021, a second FTW (400 ft?) and airlift pump were installed. Details
regarding maintenance of the biological-chemical treatment and weekly water quality sampling
protocols performed in 2020 and 2021 are provided in McKercher et al. [11].

The control pond is Bowling Lake, also located in Lincoln, NE. This 11-hectare pond is
owned by the Lincoln Airport Authority (LAA) and leased to the City of Lincoln Parks and
Recreation Department. The Nebraska Game and Parks Commission (NGPC) manages the
fishery of the lake, which includes large-mouth bass, crappie, small-mouth bass, and bluegill.

2.2. Fish Collection and Sampling from Densmore Pond

Following two seasons (spring—fall) of lanthanum treatment to the Densmore Pond,
improvements in surface water appearance and clarity were evident and improvements
in water quality indicators were recorded. Thus, in partnership with the Nebraska Game
and Parks Commission (NGPC), bluegill and largemouth bass fish were collected from
the Densmore pond on 14 September 2021, using a small electrofishing boat (Figure S2 in
Supplementary Materials). Fish of varying sizes were collected (Figure S2) and euthanized
following NGPC protocol. Each sample was immediately weighed and measured before
being frozen at —18 °C until dissection and analysis. Similar procedures were used to
harvest fish from the control pond, Bowling Lake, on 15 September 2021. Fish ages ranged
from less than one year old to approximately four years old at all sites, based on fish length.

2.3. Lanthanum-Spiked Aquarium Experiment

To determine if lanthanum accumulates in bluegill fish raised in a controlled tem-
perature and humidity environment, a tank study was performed in the University of
Nebraska’s Aquaculture Laboratory (Lincoln, NE, USA). The experimental units were four
37.85 L (10-gallon) aquariums filled to 30 L. Without accounting for sorption by filters, fish,
or background phosphate concentrations in the water, we chose an initial target lanthanum
(La%*) concentration of 1.87 mg L. This target concentration was achieved by making
a 0.61 M lanthanum chloride spike solution (227.3 g L~ LaCl;-7H,O dissolved in H,O)
and adding 0.660 mL to the 30 L. Lanthanum chloride was purchased from ALB Materials
(Hendeson, NV, USA). Two tanks were spiked to a target concentration of 1.87 mg L1
La; two tanks were not spiked and served as controls. The spiked tanks provided higher
lanthanum concentrations than what was observed under field conditions.

The tanks circulated for 24 h before we added 10 bluegills to each tank. Bluegill fish
had been previously harvested from a control pond and acclimated to the fish aquaculture
laboratory for several weeks. Fish ages varied from less than one year old to approximately
three years old. Each tank was equipped with a Marineland Bio-Wheel Penguin 100 Power
Filter (Blacksburg, VA, USA). To adhere to the UNL's established fish rearing guidelines,
each aquarium had to have 7 L of its 30 L removed and replaced every other day. To
maintain an elevated lanthanum concentration for the duration of the experiment, 0.154 mL
of the spike solution (0.61 M LaCls) was added to the lanthanum treatment tanks with each
7 L water replacement. This maintained the lanthanum concentration in the experimental
tanks. After allowing the water to equilibrate following spiking, a water sample from each
tank was collected to measure the lanthanum concentration.

Fish care included recording temperature and pH daily with an EcoSense ODO200
Dissolved Oxygen and Temperature instrument (YSI Inc, Yellow Springs, OH, USA). We
monitored nitrate, nitrite, and ammonia levels weekly using API Freshwater Master Test
Kit. Weekly water samples were collected using 125 mL high-density polyethylene (HDPE)
sample bottles to measure lanthanum concentrations. Samples were preserved with three
drops of concentrated nitric acid (HNO3, J.T. Baker, Phillipsburg, NJ, USA), and refrigerated
at 4 °C until analysis at the Water Science Laboratory using EPA method 6020. Following
the 5-week experiment, each fish was euthanized using MS222 following FAU IACUC
approved protocol [18]. Samples were weighed, measured, and frozen at —18 °C until
dissection and analysis.
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2.4. Dissection and Tissue Removal

Each fish was thawed in the refrigerator overnight to improve ease of dissection.
Materials included scalpels, suture scissors, forceps, and trays. Tools and trays were
cleaned using soap and water and sanitized with 80% antiseptic alcohol solution between
consecutive samples.

A small incision was made at the anus up to the isthmus followed by an upward
lateral cut to remove the liver. Using clean tools, a lateral line was cut directly upward from
the point of primary incision to fillet the fish and remove a sample of the skeletal muscle or
flesh (hereinafter referred to a “tissue” or “flesh” sample) from the left lateral side. Tissue
and liver samples were then cut into approximately 2 mm pieces and placed in individual
vials. Vials were frozen at —18 °C until analysis.

2.5. Liver, Tissue, and Statistical Analysis

All sample analyses were conducted at the University of Nebraska Water Science Lab-
oratory. Liver and tissue samples were thawed overnight and then prepped for digestion
with Microwave Accelerated Reaction System (MARS) Digestion Oven. Digested samples
were run on the iCAP RQ ICPMS (Waltham, MA, USA). The EPA Standard Method 3052 for
siliceous or organically based matrices was followed [19]. In following this method, 0.125 g
of each sample was digested. The digestate was then diluted to a volume of 50 mL prior to
analyzing for lanthanum content on the iCAP RQ ICPMS (Waltham, MA, USA). Due to the
high organic content of the samples, we used 1 mL of hydrogen peroxide (H,0O,) instead of
the normal 0.125 mL, and 1 mL of trace metal grade nitric acid to aid in digestion.

All standards were prepared using SPEX Certiprep™ 1000 jtg mL~! standard solutions
and trace metal grade nitric acid. The detection limit for digested samples was 0.003 ug g~ *.
A surrogate spike of indium was added to each sample to ensure adequate recovery of
90 to 110%. Additional quality control procedures included running a duplicate sample
first against itself and fortified blanks of known concentration, which similarly required
recovery of 90 to 110%.

Unpaired standardized t-tests were used to compare lanthanum accumulation between
groups using GraphPad Software (San Diego, CA, USA). Outliers were excluded.

3. Results and Discussion
3.1. Field Site Results: Improvements in Water Quality

Following two seasons of treating the Densmore Pond with the floating treatment
wetlands (FITWs) and lanthanum composites via an airlift pump, we observed noticeable
changes in water quality parameters, such as temporal changes in phosphorus and nitrate
concentrations and dissolved oxygen (Figure 3). Specifically, both phosphorus and nitrate
concentrations decreased with treatment, while dissolved oxygen concentrations increased
(Figure 3). These changes corresponded with noticeable decreases in algae and weed
growth in the second year (Figure 4) and significantly greater water clarity (Figure 5).

3.2. Field Site Results: Fish Analysis

While improvements to water quality were clearly visible and quantifiable (Figures 3-5),
it was important to determine whether the lanthanum released from the lanthanum-wax
composites were negatively impacting lentic organisms. Results from our fish analysis
following two years of treatment showed higher lanthanum concentrations in the liver
(1.02 ug g~ 1) than the tissue (0.50 pg g~ ') for all fish harvested from the Densmore Pond
(Table 1). While higher lanthanum concentrations in the liver was expected, significant
differences between the liver and tissue were not observed (Table 1). Landman et al. [20]
similarly determined that trout (Oncorhynchus mykiss) and koura (Paranephrops planifrons)
in Lake Okareka (New Zealand) accumulated lanthanum in the liver and hepatopancrease
tissues following two years of Phoslock® application, but minimal lanthanum was detected
in the flesh.
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Table 1. Lanthanum accumulation in organs (flesh vs. liver) of all lanthanum-treated fish harvested
from field study (Densmore Pond).

Organ Average (ug g~1) Number of Samples Standard Deviation p-Value Significance ( = 0.05)
Flesh 0.50 11 0.46 S
Liver 1.02 10 1.56 0.30 Not significant
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Figure 3. Temporal changes in phosphate, nitrate, and dissolved oxygen concentrations between
2020 and 2021.
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Figure 4. Changes in surface water appearance of Densmore Pond following two years of biological—-
chemical treatment (2020 vs. 2021).
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Figure 5. Visible improvements in water clarity after lanthanum composite addition.

We also compared lanthanum accumulation between experimental (La**-treated) and
control ponds using fish from similar ages and sizes. Statistical analyses were performed
on all bluegill and largemouth bass collected. The tissue samples of fish collected from the
experimental site resulted in an average of 0.50 pug/g lanthanum in fish of all ages (Table 2).
The control group exhibited an average lanthanum concentration of 0.27 ug/g (Table 2).
The overall p-value was 0.18. While this analysis does not demonstrate a significant
difference (& = 0.05), results indicate a trend toward higher lanthanum accumulation in the
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tissue (flesh) of fish at the Densmore pond versus the control site. Likewise, higher liver
lanthanum concentrations were also observed in fish from the Densmore pond than the
control pond, but again values were not significantly different (o = 0.05, Table 2).

Table 2. Lanthanum accumulation in organs of all fish harvested from field study ponds (lanthanum
treated vs. control).

Treatment/Organs

Average (ugg~1)  Number of Samples  Standard Deviation = p-Value  Significance (c = 0.05)

Lanthanum—Flesh
Control—Flesh
Lanthanum—Liver
Control—Liver

0.50 11 0.46

0.27 9 0.20 0.18 Not significant
1.02 10 1.55 C
0.33 6 0.32 0.31 Not significant

Past studies offer mixed reviews on the effects of lanthanum on various study species.
Lanthanum accumulation is highest in the internal organs and hepatopancreas of fish [21-24].
Localized accumulation in internal organs, which are less frequently consumed by humans,
as opposed to fish flesh, indicates human health concerns are limited. One study deter-
mined lanthanum concentrations in fish liver reverted to baseline concentrations several
months after Phoslock® application [20]. Given Phoslock® is typically applied in one large
dose, it is expected that lanthanum concentrations in the water column would be initially
high after application and gradually decline as the lanthanum-—clay suspensions settled out.
A decrease in lanthanum liver concentrations months after Phoslock® applications indicate
internal organs are capable of lanthanum detoxification, excretion, or both [20,22]. It is
perhaps noteworthy that in the upper Midwest (USA), a similar decline in lanthanum con-
centrations could also be observed in treated ponds. Using the lanthanum composite-airlift
pump approach (Figure 1), the slow-release lanthanum composites would only be deployed
during spring through fall (i.e., March to October); this would leave several fall and winter
months where the lanthanum composites would not be present and overall lanthanum
concentrations in the water column would decrease. Given the fish harvested in this field
study occurred during the end of active treatment (i.e., mid-September), detoxification or
removal of lanthanum from the fish may occur during the winter months when lanthanum
composites are not deployed. This could result in even lower lanthanum concentrations in
the fish tissue than reported (Tables 1 and 2).

Regarding human consumption, the safety threshold for lanthanum toxicity in humans
is high [25]. Lanthanum is used to lower high blood phosphate concentrations in people
who are on dialysis due to severe kidney disease. Specifically, lanthanum carbonate is used
in the prescription medication, Fosrenol®, which acts as a phosphate-binding agent to treat
hyperphosphatemia [26]. The U.S. Food and Drug Administration has approved Fosrenol®
dosages of 750 to 3000 mg per day. Further, Harrison and Scott [27] reported that up to
3 g per day of elemental lanthanum was tolerated per person without any toxic effects
following four years of study. Given the concentrations of lanthanum we observed in the
fish tissue (0.27-1.02 ug g’l; Tables 1 and 2), exceeding this daily lanthanum dose from
over consumption of fish would not be possible. Despite this, ensuring the lanthanum
treatment is within the consumable fish species’ biological depuration capacity is essential
to confirm human and environmental safety. Given the low lanthanum concentrations in
the water column during treatment and the four or five months of non-treatment during
the calendar year in the upper Midwest (USA), we believe the environmental safety of fish
and humans (from fish consumption) is being preserved.

3.3. Controlled Tank Results: Lanthanum Treated versus Control

Analysis of fish from the Densmore Pond revealed that the concentration of lanthanum
used to combat eutrophication was detectable in the fish liver and flesh but not significantly
different from fish harvested from the control pond. Lanthanum concentrations in the
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water column at the Densmore pond averaged 104 ug L~! and generally ranged between
50 and 200 pg L1 [11].

To supplement the field results and determine whether higher lanthanum concen-
trations would result in significant differences in fish tissues between lanthanum-treated
and -non-treated tanks, we initiated a five-week controlled tank experiment (Figure 6) that
used a nine-fold higher concentration of lanthanum. The average concentration in the
experimental tanks was 916 ug L~! (Figure 7). Statistical analysis was performed on all
bluegills raised under experimental (lanthanum) and control conditions. No statistical
difference was observed between these two treatments (Table 3).

B e = B

-

Figure 6. (A) UNL Aquaculture Laboratory; (B) Fish aquarium tank enclosure; (C) Individual aquari-
ums; (D) Bluegill fish during acclimation period before start of five-week laboratory experiment.
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Figure 7. Measured lanthanum concentrations in lanthanum-treated aquariums over five weeks.
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Table 3. Lanthanum accumulation in organs of bluegill fish grown in aquarium tanks for five weeks
(lanthanum treated vs. control).

Treatment/Organs

Average (ugg~1)  Number of Samples  Standard Deviation  p-Value  Significance (c = 0.05)

Lanthanum—Flesh
Control—Flesh
Lanthanum—Liver
Control—Liver

3.54 6 1.80

2.63 7 0.98 0.27 Not significant
1.92 7 2.05 o
2.71 7 0.32 0.31 Not significant

A second analysis was performed on experimental fish based on their date of mortality.
We compared lanthanum concentrations in bluegill fish that experienced premature death
(PD) versus those that survived the full five-week experiment (FE). Unfortunately, some
bluegill fish developed symptoms characteristic of red sore disease, which is a common
disease in freshwater game fish and typically caused by two organisms: Aeromonas hy-
drophila, a bacterium, and Heteropolaria sp., a protozoan [28]. The analysis of these two
groups (PD vs. FE) did not reach the « < 0.05 threshold (Table 4); however, we observed a
trend toward significance. The PD treatment group displayed a higher liver concentration
of lanthanum (average = 4.91 pg L) than the FE treatment group (average = 2.71 pg L™1)
with a p-value of 0.14 (Table 4). Whether the lanthanum treatment predisposed the bluegills
to red sore disease is unknown. While previous research has shown increased mortality of
fish following lanthanum exposure [29], usually at higher concentrations, the lanthanum
concentrations observed in our tank study (Figure 7) were not high enough to produce
significant differences in observed results (Tables 3 and 4).

Table 4. Lanthanum accumulation in bluegill organs grown in lanthanum-treated aquarium tanks.
Comparison between fish that survived the full experiment (FE) versus fish that had premature
deaths (PD).

Treatment/Organs Average (ugg~1)  Number of Samples  Standard Deviation  p-Value  Significance (x = 0.05)
FE—Flesh 3.54 6 1.80 S
PD—Flesh 3.86 5 4.07 0.86 Not significant
FE—Liver 1.92 7 2.05 L
PD—Liver 491 5 4.44 0.14 Not significant

Lanthanum is a rare earth element (REE) and as such, there has been considerable
research on lanthanum due to the increased use of REEs in high technology applications.
Arienzo et al. [29] recently provided an excellent review of REE, which included a review
of the mechanisms involved in lanthanum bioavailability and toxicity. What is clear from
the literature is that the toxicology of REEs resembles non-essential metals and low toxicity
can be expected at low concentrations. In addition, the concentration of the free La ion is
what has been shown to be a good indicator of toxicity. When phosphate is available, it
readily binds with lanthanum and fewer toxic effects are observed in aquatic organisms [29].
It is noteworthy that the water used in the tank study did not have elevated phosphate
concentrations, as was present in the Densmore pond (Figure 5). This means less speciation
(i.e., complexation) of the added lanthanum in the tank study occurred and more free
La may have been present. This would not be the case in the field where slow-release
lanthanum composites are used to remove phosphate from eutrophic ponds.

4. Conclusions

The United Nations 2030 agenda for sustainable development includes 17 goals that
lay the blueprint for peace and prosperity for people and the planet [30]. One of the United
Nations’ sustainable development goals is to ensure clean water and sanitation [30]. This
goal will require efforts on many fronts to combat the effects of nutrient loads on freshwater
ecosystems. While reducing the mass of nutrients entering freshwater systems is the key
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to prevention, having a chemical and biological approach to restoring deteriorated inland
waters could also be useful to some communities.

The University of Nebraska’s (UNL) biological and chemical approach to treating
eutrophic ponds is a novel technology for removing nitrogen and phosphorus from the
water column, reducing algae and weeds, and increasing dissolved oxygen and water
clarity. While improvements in water quality are clearly visible following one or two years
of treatment (see Figures 4 and 5), questions remain about the toxicity of the lanthanum
used with the chemical approach and the possible accumulation of lanthanum in fish tissue.

We analyzed the tissue of fish exposed to the field treatment after two years and a
controlled tank study that used higher lanthanum concentrations than those observed
in the field. The field site confirmed that under the concentrations of lanthanum being
released to treat eutrophic ponds, no adverse effects were observed in fish harvested from
the field site. Likewise, no significant differences were observed in our controlled tank
study between lanthanum exposed and unexposed fish. We observed increased mortality
and higher lanthanum concentrations in the liver of fish exposed to lanthanum in the tank
study, but treatments were not significantly different («x = 0.05). Given that the laboratory
tank lanthanum concentrations were nine times higher (916 pg L~1) than what we observed
under field conditions (104 pg L), we conclude that the lanthanum composite treatment
of eutrophic ponds exhibits no significant accumulation in fish tissue. Future work should
continue to monitor fish exposed to slow-release lanthanum over more years than those of
the present study and use a larger sample size with additional fish species.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/environments10020020/s1, Figure S1. A. and B. Photographs of
eutrophic pond (Densmore Pond, Lincoln, NE, USA) in 2020. C. Dead koi fish at Densmore Pond,
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