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Abstract

The ELA, located in northwestern Ontario, Canada, is a unique scientific facility where researchers have been
conducting long-term, large-scale experiments since the late 1960s. These experiments involve manipulating whole
lakes to simulate and study various environmental stressors and their impacts on aquatic ecosystems. In recent
years, investigations at the ELA have focused on the interactions between acidification, eutrophication, and heavy
metal contamination, particularly lead. Acidification and eutrophication are common limnological stressors impacting
many water bodies across the globe. While the negative impacts of these stressors on limnetic communities are
generally known, their influence on the accumulation of specific sediment constituents, such as metals, remains
unclear. Benefitting from past research and long-term monitoring, lakes at the International Institute for Sustainable
Development - Experimental Lakes Area in northwestern Ontario, Canada are invaluable to understand the extent to
which these two common lake stressors can influence the accumulation of metals in lacustrine sediment. Acidic pH
is also expected to mediate these responses by decreasing epilimnetic DOC concentrations leading to reduced Pb

accumulation in the sediment.
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Introduction

Metal pollution seldom occurs independently of other
anthropogenic impacts and can often be confounded by the presence of
additional environmental stressors that have the potential to modulate
the abundance of metals in the environment. One prominent example
is the issue of environmental acidification [1]. Typically, ecosystem
acidification is generated through the combustion of fossil fuels and
emissions from smelters whereby sulfur and nitrogen compounds are
emitted into the atmosphere, and subsequent acidic precipitation is
deposited on the landscape .Lake eutrophication, on the other hand,
which corresponds to an increase in limiting nutrient levels in lakes,
is currently often linked to diffuse sources, such as agricultural run-
off and has been particularly well documented to increase total organic
carbon and dissolved organic carbon concentrations in lake water [2].
While insights into the deposition and accumulation of metals can be
gained through a regional paleolimnological survey, the co-occurrence
of anthropogenic land-use changes may hinder the mechanistic
determination of the influence of Lake Acidification and eutrophication
on the accumulation of metals in lake sediments. For example, despite
metals generally exhibiting greater solubility in acidic pH trends in
metal accumulation in regions of the world known to have experienced
high rates of acid deposition may not reflect this increased within-lake
solubility but rather reflect increased metal accumulation mediated
by atmospheric deposition and catchment leaching [3]. Conversely, in
regions of important agricultural run-off, metal accumulation trends
may overestimate the true atmospheric deposition patterns of metals
and be biased by the greater proportion of organic compounds in lake
water, whereby important complexation of metals with organic matter
is expected It would thus be important to investigate the influence of
acidification and eutrophication in a more controlled experimental
setting [4].

Acidification occurs when acidic substances, often resulting from
industrial emissions or acid rain, enter freshwater ecosystems, causing
a decrease in the pH levels of lakes and rivers. Eutrophication, on the
other hand, is characterized by excessive nutrient inputs, primarily

phosphorus and nitrogen, leading to the proliferation of harmful algal
blooms and oxygen depletion in aquatic systems [5].

In a groundbreaking study conducted at the ELA, researchers
observed that acidification and eutrophication can significantly impact
the accumulation of lead in lake sediments. Lead, a toxic heavy metal, is
often present in the environment as a result of human activities such as
mining, smelting, and the use of leaded gasoline in the past. The study
revealed that acidification, caused by sulfuric acid addition, increased
the release of lead from surrounding soils and sediments into the water
column, subsequently leading to its accumulation in lake sediments [6].

Furthermore, the research highlighted the role of eutrophication in
exacerbating lead accumulation. Excessive nutrient inputs, particularly
phosphorus, from agricultural runoff and wastewater can promote the
growth of algae. These algae can adsorb and concentrate lead from the
water, eventually sinking to the lake bottom as they die and decompose.
The accumulation of organic matter and algal debris in the sediments,
coupled with the presence of lead, can create a favorable environment
for lead retention over time [7].

These findings have important implications for freshwater ecosystem
management and conservation efforts [8]. The connection between
acidification, eutrophication, and lead accumulation underscores the
need for integrated approaches to mitigate multiple stressors [9]. Efforts
to reduce sulfur emissions and combat acid rain can help alleviate the
release of lead from sediments. Additionally, implementing measures
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to control nutrient inputs and mitigate eutrophication can indirectly
reduce the accumulation of lead in sediments by preventing algal
blooms and organic matter deposition [10].

Conclusion

The experiments carried out in the Experimental Lakes Area have
unraveled theintricate connection between acidification, eutrophication,
and lead accumulation in sediments. These findings highlight the need
for holistic approaches in addressing multiple stressors that affect
freshwater ecosystems. By comprehending the interplay between
these processes, we can work towards preserving the health and
integrity of our lakes and rivers, ensuring clean and sustainable water
resources for future generations. Moreover, the research conducted at
the ELA emphasizes the importance of long-term monitoring and the
assessment of cumulative impacts in freshwater systems. Understanding
the complex interactions between acidification, eutrophication, and
heavy metal contamination is crucial for informed decision-making
and the development of effective management strategies to safeguard
our precious freshwater resources. Each of the relevant variables were
sampled every two weeks and averaged by year and lake basins, by first
calculating monthly averages, and then calculating the annual mean
across the ice-free season. Variables with a large proportion of missing
data were discarded.
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