The Salton Sea Environmental Crisis:

Tracking Sources and Sinks of Pollutants
and their Ecological Impacts

Author: Caroline Hung, PhD Candidate, Lyons Biogeochemistry Lab
Dept. of Earth and Planetary Sciences, University of California, Riverside

Aerial photo shows the arid lanscape in which the Salton Sea resides. Untreated agricultural return flow via tributaries and
smaller canals has sustained the lake for the last century despite its rapid shallowing under further water diversions. However,
this has introduced consistent and large supply of nutrients into the lake, and their environmental impacts have been negative.

Abstract

The Salton Sea, California's largest lake, is experiencing an environmental crisis fueled by historical water
policies and agricultural practices in the region. This packet serves as an introductory outline to explore
pollutant sources and sinks so researchers can use this information to study pollutants’ trajectory and
impacts on community health. We present a historical timeline of water policies to demonstrate the link
between untreated agricultural runoff and the lake's ecological degradation. Graphs of lake elevation and
salinity concentrations from the lake’s flooding in 1905 to the present day highlight the sensitivity and
dynamicity of environmental responses to water diversion and policies. Spatial mapping of nutrient
concentrations (phosphates and nitrates) in the lake's major tributaries (Whitewater River, New River, and

Alamo River) identifies key areas of nutrient loading at riverine mouths, which are suggested areas for
further sampling for toxins. A conceptual illustration shows the biogeochemical cycling of these nutrients
through the sediments, water column, and air, considering factors like seasonal temperature variations and
patterns of lake circulation, and their impacts on microbial metabolisms and wildlife in the lake. The packet
concludes with common questions and answers about the lake's pollution issues and emphasizes areas
needing further research to inform effective lake management, clean-up, and policy decisions.



I. Relationship of Water Supply and Salinity in a Terminal Lake-
The runaway problem with untreated agricultural drainage collection
via excessive nutrient loading and impacst from eutrophication
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Il. Spatial Map of Nutrient Inputs through Agricultural Runoff
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lll. Biogeochemical Cycling at the Salton Sea:
The Interconnected Air, Water and Sediment
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Algal Photosynthesis:
Carbon dioxide + Water --> Organic Matter + Oxygen

Groundwater seepage

Algal Decay (Bacterial Respiration) :
Organic Matter + Oxygen --> Carbon dioxide (aq) + Water

o

Anaerobic Bacterial Metabolism: Internal cycling of phosphates
Organic Matter + Sulfate --> Carbon dioxide(aq) + Hydrogen Sulfide and nitrates based on oxygen-
ation of waters

Sulfide from anoxic sediments
also diffuse into water column

Top 20 cm lakebed of anthropogenic
influence with high organic matter,
as well as sulfide, trace metal and
pesticides at unnatural levels.

Light colored lacustrine sediments beyond
20cm deep indicate low organic matter
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Why is the Salton Sea so salty?

The Salton Sea is a terminal lake, meaning water flows in but doesn't flow out. Most of its water comes from the already salty
Colorado River and agricultural runoff, which carries extra salts and nutrients fertilizer from flushing the fields. As the water
evaporates in the hot climate, it leaves the salts and nutrients behind. Over time, these salts and nutrients build up, making
the lake even saltier with compromised water quality due to eutrophication. In fact, sulfate salts in the Salton Sea are about
seven times saltier than seawater, all due to this cycle of untreated input, evaporation and salt accumulation.

What causes the rotten egg yolk smell?

The rotten egg smell around the Salton Sea comes from high sulfide concentrations in the water. Extra nutrients brought in by
agricultural return flow causes algae overgrowth. When algae blooms die off, their decay consume oxygen, allowing bacteria
that thrive without oxygen to dominate. These bacteria convert sulfate (highly available salts, as mentioned above) to sulfide.
As sulfide concentrations increase, some of it turns into sulfidic gas, which has that distinctive rotten egg odor. Our findings

indicate that as the lake becomes shallower and mixes more, sulfide levels in the water vary, leading to the gas being released
more frequently but in lesser amounts.

Why can't fish persist in the lake?

The Salton Sea's extremely high salinity and poor water quality makes it inhospitable for fish. In the late 1900s, mass die-off events
occured due to a lack of oxygen and toxic sulfide buildup in the water. Although the California Department of Fish and Game
introduced various fish species in the 1950s, such as corvina and tilapia, the harsh conditions and absence of native fish species
have largely prevented fish populations from persisting in the lake.

What would be helpful in terms of water monitoring?

Monitoring the Salton Sea is essential as it faces constant changes. The reduction in government monitoring, due to the lake's shallowing
and accessibility issues, creates a gap in understanding its dynamics, crucial for its ecological health and risk mitigation. Deploying remote
buoys with sensors for real-time, continuous data on water quality can provide vital insights into the lake's rapidly changing conditions,
including the expansion of suboxic zones and altered sulfide release patterns, which shifted from sporadic, high-volume events to more
fequent, lower-volume ones. These shifts have major implications for wildlife and public health. Transmitting this data via cellular networks
ensures public access, fostering transparency and swift action. Encouraging community science can also keep the monitoring ongoing
despite challenges. Up-to-date information is key to informed decisions for the lake's management and conservation.

Why should we care about cleaning up the Salton Sea lake water? |

Firstly, aerosals or sea spray from the lake water or playa dust can carry microbial toxins, which poses a significant health risk to nearby
communities. Secondly, the lake's persistently low oxygen levels and sulfidic conditions create a hostile environment for aquatic life,
disrupting the ecological balance and restoration efforts. Additionally, these environmental issues directly impact the quality of life for
local communities, potentially exacerbating health problems and diminishing the area'’s livability. Finally, with the emerging ithium
industry around the Sea, improving water quality becomes even more essential. The introduction of a new workforce and the
development of this industry depend on a safe, healthy environment. Addressing water quality issues is not just about protecting
ecosystems but also about ensuring the well-being and economic future of the region.
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