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Abstract: Plankton, as a crucial component of aquatic ecosystems, plays a key role in maintaining ecological balance with its
population and diversity. However, with the increase in human activities, the emission of nuclear waste, and the frequency of
nuclear accidents, the issue of nuclear pollution has become increasingly severe, posing a significant threat to the living
environment of plankton. The primary sources of nuclear pollution are the discharge of nuclear waste and leaks from nuclear
power plant accidents. These radioactive substances dissolve in water and emit radiation, causing severe damage to the aquatic
ecosystem. Plankton, such as algae and protozoa, due to their characteristics, are more susceptible to radiation. The impact of
nuclear pollution on the population and diversity of plankton is evident. To protect the balance of aquatic ecosystems, it's
necessary to strengthen the management and regulation of nuclear pollution, reduce the discharge of nuclear waste, and lower
the risk of nuclear accidents. Also, for water bodies already affected by nuclear pollution, effective purification measures should

be taken to restore the health of the aquatic ecosystem.
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1. Impact of Nuclear Pollution on

Plankton Population and Diversity

Different levels of pollution have varying impacts on
plankton, as shown in Table 1. With the widespread use of
nuclear energy, the treatment and disposal of nuclear waste
have become global issues. The radioactive materials
contained in nuclear waste pose long-term hazards to the
environment and ecosystems. Firstly, the radioactive
substances in nuclear waste are highly destructive; they can
directly cause mutations or even death in plankton. These
mutations may lead to genetic confusion and abnormal
physiological functions, affecting their survival and
reproductive capabilities. Secondly, the long-term presence of
nuclear pollution significantly affects the population of
plankton. Due to the persistence of radioactive substances,
their accumulation and continued presence in the ecosystem

exert continuous pressure on plankton, leading to a significant
decline in population numbers. Such impacts are not limited
to directly radiated organisms but may also have broader
effects through the food chain, as each link in the food chain
is interdependent. Thirdly, nuclear pollution may significantly
impact the diversity of plankton[1]. Radiation can cause
genetic mutations, potentially leading to changes or loss of
species adaptability, further affecting their status and survival
capability in the ecosystem. Over a longer time scale, the
structure and function of the ecosystem undergo significant
changes, possibly leading to the extinction of certain species
or the loss of ecosystem stability. The impact of nuclear
pollution on the population and diversity of plankton is severe,
directly threatening the survival of these microorganisms and
having profound effects on the entire ecosystem. Therefore,
the treatment and disposal of nuclear waste need more
attention, and effective measures should be taken to mitigate
the negative impact of nuclear pollution on ecosystems.

Table 1. Impact of Nuclear Pollution on Plankton

Nudiirvl;o llution Plankton Population Plankton Diversity Changes in Plankton Species
No Nuclear . . . . . No Significant Changes
Pollution High Diversity High Quantity

Reduction in Some Sensitive
Low-Level Lower Quantit Lower Diversit Specie
Nuclear Pollution weruanity wer VIVersity pecies
High-Level . Extremely Low . .
Nuclear Pollution Extremely Low Quantity Diversity Extremely Low Diversity

2. Role of Plankton in the Ecosystem
2.1. As a Food Source

As a food source, plankton plays a crucial role in aquatic
ecosystems, providing a rich food source for other organisms
and maintaining the balance and stability of the ecosystem.
Zooplankton is an essential component of aquatic ecosystems,
with a wide variety of tiny organisms including protozoa,

13

rotifers, and crustaceans. They reproduce massively in water
bodies, becoming the primary food source for many fish and
other aquatic animals[2-3]. Some benthic organisms consume
zooplankton, such as shrimp and crabs. Phytoplankton,
especially algae, is also a critical link in the food chain of
aquatic ecosystems. Algae produce oxygen through
photosynthesis and absorb nutrients in the water. They
provide energy and nutrients to herbivorous animals,
maintaining the health of aquatic ecosystems. It's important to



note that both excessive or insufficient quantities of plankton
can negatively impact aquatic ecosystems. Maintaining an
appropriate number of plankton is crucial for the balance of
aquatic ecosystems. Strengthening the monitoring and
management of aquatic environments, taking -effective
measures to protect and restore the ecological balance of
water bodies, and ensuring the sustainable survival and
reproduction of plankton are necessary.

2.2. Maintaining Ecological Balance

Plankton plays a crucial role in maintaining the ecological
balance of water bodies. As an essential link in the food chain,
they provide food sources for other organisms and are a key
factor in ecosystem stability. When environmental changes
occur, the number and species of plankton may be affected.
These tiny organisms are the foundation of the ecosystem, and
their population and diversity are particularly important for
maintaining ecological balance. If the number of plankton
decreases or the species become less diverse, the entire
ecosystem may be impacted. A reduction in plankton numbers
may affect fish and other aquatic animals that depend on them
for food. Consequently, the numbers of these animals may
also decrease, affecting higher levels of the food chain. This
chain reaction could lead to the collapse of the entire

ecosystem, threatening the ecological balance of water bodies.

To maintain ecological balance, it's essential to closely
monitor changes in the population and species of plankton.
Strengthening monitoring and management to protect and
restore the ecological balance of water bodies, ensuring the
sustainable survival and reproduction of plankton, providing
a stable food source for the entire aquatic ecosystem, and
maintaining ecological balance are crucial steps.

2.3. Participation in Material Cycling

Plankton play a key role in the cycling of matter and energy
flow in aquatic ecosystems through processes such as
photosynthesis, becoming a crucial link in the ecosystem.
Phytoplankton, as producers in aquatic ecosystems, convert
solar energy into chemical energy through photosynthesis.
This process absorbs carbon dioxide and releases oxygen,
providing an energy source for the ecosystem. It's these tiny
plants that inject vitality into the entire ecosystem, allowing
other organisms to thrive and reproduce. At the same time,
plankton also play an important role in material cycling[4].
They absorb nutrients in the water, such as nitrogen and
phosphorus, and convert these nutrients into biomass through
growth and reproduction. When plankton die, their remains
sink to the bottom or are consumed by other organisms,
allowing nutrients to be recycled. Moreover, plankton play a
critical role in energy flow. As primary producers in the food
chain, they provide a food source for other organisms. Energy
is transferred along the food chain from phytoplankton to
zooplankton to higher-level organisms. This energy flow
maintains the balance and stability of the ecosystem, ensuring
that various organisms can obtain the energy they need.

3. Measures to Reduce the Impact of
Nuclear Pollution on Plankton

3.1. Strengthening Monitoring and
Information Sharing
Establishing a comprehensive monitoring network for
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nuclear waste discharge is essential to ensure that it doesn't
cause irreversible damage to the marine environment. This
network should not only monitor the discharge of nuclear
waste in real-time but also continuously track the situation
post-discharge. This way, any abnormalities, such as nuclear
waste leakage or radioactive substance exceedance, can be
promptly detected and addressed to minimize harm. In
addition to monitoring the impact of nuclear waste on the
marine environment, the network should also focus on the
impact on marine plankton communities. Marine plankton, as
a vital part of marine ecosystems, produce oxygen through
photosynthesis and provide food and energy for other
organisms. If nuclear waste negatively affects marine
plankton, it could trigger a chain reaction throughout the
ecosystem. Hence, real-time monitoring of the impact of
nuclear waste on marine plankton communities is crucial to
timely identify and address potential issues. Furthermore,
strengthening international cooperation and information
sharing is key to resolving the issue of nuclear waste.
Different countries and regions may face varying challenges
in dealing with nuclear waste disposal and emission, but
cooperation and information exchange can lead to faster
solutions. By enhancing international cooperation, we can
learn from each other, make collective progress, share best
practices and technological innovations, and help devise more
effective protective measures to jointly safeguard our marine
environment.

3.2. Conducting Research and Risk
Assessments

To better understand the impact of nuclear waste on marine
plankton communities, it's crucial to conduct in-depth
research and risk assessments. Intensify research on the
impact of nuclear waste on marine plankton communities,
thoroughly investigating the toxic effects of nuclear waste on
plankton. Laboratory studies and field surveys can observe
the impact of nuclear waste on plankton growth, reproduction,
and survival, and understand its mechanisms. In addition to
toxicity effects, it's also necessary to assess the overall risk of
nuclear waste to marine ecosystems. By studying the
diffusion, migration, and transformation of nuclear waste in
the marine environment, the impact range and degree on
plankton communities can be predicted, enabling a more
scientific assessment of the potential threat of nuclear waste
to marine ecosystems. Risk assessment is crucial for
formulating protective policies and measures. By
understanding the threat level of nuclear waste to marine
plankton communities and developing corresponding risk
management strategies, as shown in Table 2, we can better
protect the marine environment. Additionally, it's important to
strengthen international cooperation and communication,
sharing research findings and experiences, and collectively
advancing the research and risk assessment of the impact of
nuclear waste on marine plankton communities. Through
joint efforts, we can better understand the impact of nuclear
waste on the marine environment and take effective measures
to protect our marine resources.



Table 2. Risk Management Strategies

Research Area

Research Content

Purpose and Significance

Establish monitoring systems

Real-time monitoring of nuclear
waste discharge and the marine
environment

Timely detection of abnormalities,
taking countermeasures

Develop emergency plans

Formulate plans for potential nuclear
waste leaks or other emergencies

Rapid response, reducing potential
risks

Implement pollution control
measures

Control the discharge and spread of
nuclear waste, reducing its negative
impact on marine ecology

Reducing the destruction of nuclear
waste on the marine environment

3.3. Promoting Sustainable Energy
Development

Reducing reliance on nuclear energy and transitioning to
renewable energy can not only effectively lower the
generation and emission of nuclear waste but also provide
long-term solutions for environmental protection and
sustainable development. To achieve this goal, it's necessary
to increase investment in the research and development of
renewable energy technologies to reduce costs and improve
efficiency. Through technological innovation and policy
support, promote the widespread application of renewable
energy, gradually replacing nuclear energy and other fossil
fuels. Compared to other sources, renewable energy such as
solar, wind, and hydro power has tremendous potential. They
are not only abundant but also environmentally friendly as
they don't produce harmful substances during use. Increasing
investment in renewable energy technology research and
development can drive the transformation and upgrading of
the energy industry, creating more job opportunities and
economic benefits. Moreover, developing renewable energy
helps reduce greenhouse gas emissions, mitigate the impact
of climate change, and contribute to global environmental
protection. Apart from the development of renewable energy,
it's also important to pay attention to energy storage and
transmission issues[S5]. As renewable energy is used on a large
scale, effectively storing and transmitting it becomes a crucial
problem. Therefore, by increasing investment in renewable
energy technology research and development, reducing costs,
and improving efficiency, we can achieve the transformation
and upgrading of the energy industry and contribute to
environmental protection and sustainable development.

4. Conclusion

In environments affected by nuclear pollution, plankton
face severe challenges in survival and reproduction. Radiation
and chemicals from nuclear pollution have profound impacts
on the population and diversity of plankton. The impact of
nuclear pollution on plankton populations is significant, with
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radiation and chemicals potentially inhibiting the growth of
plankton, particularly microorganisms like algae, and
reducing their reproductive capacity. Nuclear pollution can
also increase the mortality rate of plankton, leading to a
substantial reduction in population numbers. In severe cases,
some plankton populations may even face the risk of
extinction. Moreover, the impact of nuclear pollution on
plankton diversity cannot be ignored. On the one hand, some
plankton species with stronger resistance to radiation and
chemicals may survive and even thrive in polluted
environments. On the other hand, nuclear pollution may also
lead to genetic mutations and population differentiation in
plankton, resulting in the emergence of new biological
species. To protect and restore the ecological balance of
plankton, it's crucial to understand the mechanisms of nuclear
pollution's impact on plankton and take effective measures to
reduce its impact. Further research on the combined impact of
nuclear pollution and other environmental factors is needed
for a more comprehensive assessment and prediction of
ecosystem changes.

References

[1] Chen X., Zhang J., Ma Y., Cui T. Monitoring and analysis of
coastline changes of the Sanmen Bay with remote sensing

during the past 40 years[J]. Mar. Sci. 2015, 39 (2): 43—49.

Cheung Y. Y., Cheung S., Mak J., Liu K., Xia X., Zhang X., et
al.Distinct interaction effects of warming and anthropogenic
input on diatoms and dinoflagellates in an urbanized estuarine
ecosystem[J]. Glob. Change Biol. 2021, 27: 3463-3473.

(2]

[3] Cloern J. E. Why large cells dominate estuarine
phytoplankton?[J] Limnology Oceanography, 2018, 63 (S1):
S392-S409.

Deininger A., Frigstad H. Reevaluating the role of organic
matter sources for coastal eutrophication, oligotrophication,
and ecosystem health[J]. Front. Mar. Sci. 2019, 6: 210.

Gao Y., Jiang Z., Chen Y., Liu J., Zhu Y., Liu X, et al. Spatial
variability of phytoplankton and environmental drivers in the
turbid Sanmen bay (East China Sea)[J]. Estuaries and
Coasts, 2022, 45: 2519-2533.



