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UV Radiation 4

Your notes

UV Radiation Effects

= The Sunemits electromagnetic radiation in arange of wavelengths, from low-frequency radio waves to
high-frequency gamma radiation

= Shorter wavelengths of radiation have higher frequencies
= More energy damages living organisms

= E.g.ultraviolet (UV)radiation

Effects on human health
= Ultraviolet radiation from the Sun can have damaging effects on human living tissues

= When excessive UV radiationreaches the surface of the Earth, it canlead to various health issues
by damaging cells and tissues

UV Radiation Effects on Humans

Healthissues caused Explanation
by UV radiation
Cataracts Prolonged exposure to UV radiation can contribute to the development of
cataracts
Cataracts cause clouding of the lens in the eye, leading to blurry vision and
eventualvisionlossif left untreated
UV radiation affects UV radiation has the potential to induce mutations in DNA during cell division
cells
When cells are exposed to UV radiation, it canlead to genetic alterations and
mutations
This can disrupt normal cell growth andincrease the risk of developing cancer
Skin cancer UV radiationis a majorrisk factor for the development of skin cancer
UV rays can damage the DNAin skin cells, leading to uncontrolled cell growth
and the formation of cancerous tumours
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Prolonged orintense exposure to UV radiation, especially without
proper protection, increases the risk of developing skin cancer

Sunburn

When the skinis exposed to excessive UV rays, it triggers aninflammatory
response as a defence mechanism

Sunburned skinbecomes red, painful and may blister, indicating damage to
the skincells

Premature skin ageing

Chronic exposure to UV radiation accelerates the ageing process of the skin

It can cause the breakdown of collagen and elastin fibres, leading to wrinkles,
sagging skin and the development of age spots

Measures such as wearing sunscreen with a high sun protection factor (SPF), using sunglasses that
block certain UV rays, seeking shade during peak sun hours and wearing protective clothing can help
reduce therisk of UV-related health issues (Photo by Dimitris Chapsoulas on Unsplash )

Effects on biological productivity
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= Harmful UV radiationreaching the Earth's surface affects plant growth and productivity ,

= |ncreased UV exposure canleadto: Your notes
= Reduced photosynthesisrates
= Altered plant metabolism
= Decreased cropyields

= Exposure toincreased UV radiation can affect other photosynthetic organisms, such
as phytoplankton

= Phytoplankton play a crucial role in aquatic food webs
= They convert sunlight, carbon dioxide and nutrients into organic matter through photosynthesis
= UVradiation damages phytoplankton by:
= Causing DNAdamage
= Reducing photosynthetic activity and growth
= Thisleads to adecrease in primary productivity in aquatic ecosystems

= Reduced phytoplankton productivity can have cascading effects on higher trophic levels in aquatic
ecosystems

= Zooplankton, which feed on phytoplankton, have less food available
= This affects their growth and reproduction
= This, inturn, canimpact higher-level consumers, such as fish and marine mammals

= Organismsinthese higher trophic levels rely on phytoplankton and zooplankton as food
source

= This cansignificantly reduce the biodiversity of aquatic ecosystems
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The Montreal Protocol

The Montreal Protocol
The role of UNEP

= The United Nations Environment Programme (UNEP) has played a critical role in the protection of the
stratospheric ozone layer

= This have been achieved throughits efforts in providing information and creating international
agreements:

= UNEP has beeninstrumentalinraising awareness about:
= Thefact that the ozone layer was being rapidly depleted
= The causes of this depletion
= The associated environmental and healthimpacts of this depletion

= Throughresearch and sharing of information, UNEP has helped educate governments,
industries and the public about the importance of ozone layer protection

= UNEP has been actively involvedin the creation of international agreements aimed at reducing
the use of ozone-depleting substances (ODSs)
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The Montreal Protocol on Substances that Deplete the Ozone Layer, initiated in 1987, played a crucial
role in reducing the production, use and emissions of ozone-depleting substances (natural sources of
halogen gases that deplete stratospheric ozone include biological activity in terrestrial and aquatic
ecosystems)

= The Montreal Protocol on Substances that Deplete the Ozone Layer was initiated in 1987
= |twas started underthe guidance of UNEP

= |tisalandmarkinternational agreement that regulates the production, trade and use of
chlorofluorocarbons (CFCs) and other ODSs.

= 24 countriesinitially signed the initial protocol, and the total now stands at 197 countries

= |thasbeenupdatedand strengthened (alateramendment at a summitin Copenhagenin1992
tightenedrestrictions further)
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= [thasresultedin emissions of ODSs falling rapidly from around 1.5 million tonnesin 1987 to ‘,
around 400 000 tonnesin2010

Your notes
= UNEP hopes to end production of all HCFCs by 2040

o

L

% y

< g 300

=z o

¥ Q 230 AFTER THE
y > 200 MONTREAL
o5 PROTOCOL
wn I 150

w -

ns

S x 100 AFTER THE
Ve s COPENHAGEN
0 AMMENDMENT
L)‘é Ol T I I 1 1

i 2000 2010 2020 2030 2040 2050

TIME

The effects of CFC reduction on predicted skin cancer rates in Northwest Europe

= Theillegal market for ozone-depleting substancesis a significant challenge to the effectiveness of
ozone protection efforts:

= UNEP recognises the need for consistent monitoring and enforcement to tackle thisissue

= By collaborating with national authorities, customs agencies and other relevant stakeholders,
UNEP works towards:

= Stoppingtheillegal trade of ozone-depleting substances
= Ensuring compliance with international regulations
= Phasedreductions:
=  Gradualreduction schedules for ODSs have allowed industries to adapt
= The Montreal Protocol provided time for the development and adoption of alternatives to ODSs
= National governments play animportant role inimplementing the agreements made by the UNEP:

= |nresponse to the Montreal Protocol, governments have enacted national laws and regulations to
decrease the consumption and production of halogenated organic gases, such as
chlorofluorocarbons (CFCs)

Page 7 of 12

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

= Theselaws help enforce the reduction targets and promote the transition to ozone-friendly
alternatives

= The collective efforts of UNEP, governments, industries and other stakeholders are vital in
achieving goals, including:

= Ozone layer protection
= Mitigating theillegal trade of ozone-depleting substances

= Encouraging global cooperation foramore sustainable future

Planetary boundary for stratospheric ozone depletion

= Stratospheric ozone depletionis one of the nine planetary boundaries outlined by the planetary
boundaries model

= Planetary boundaries are thresholds that lead to significant environmental changes if they are
crossed

= The Montreal Protocolis regarded as the most successful example yet of international cooperationin
management and intervention to resolve a significant environmental issue

= Actions takeninresponse to the Montreal Protocol have prevented the planetary boundary for
stratospheric ozone depletion being crossed

= Evidence from data:
= Datashows adecreaseinthe size of ozone holes overtime

= Continuous monitoring indicates that ozone layerrecovery is underway

EXAMTIP (o)

Make sure you understand the key reasons for the Montreal Protocol's success (e.g. international
cooperation, legally binding agreements, etc.) and that you are familiar with how the protocol has
helpedreverse stratospheric ozone depletion.
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Stratospheric Ozone 4
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Stratospheric Ozone

= Ozoneisamolecule composed of three oxygen atoms (O3z)
= [tismainly foundinthe Earth's stratosphere

= Thisis alayerof the atmosphere located approximately 10 to 50 kilometres above the Earth's
surface

= Ozone plays averyimportantrole in protecting life on Earth
= Thisisbecauseitabsorbs a significant portion of the Sun's harmful UV radiation
= This significantly reduces the amount of UV radiation that reaches the Earth's surface
= Types of UV radiation:
= UVA:
= |ongestwavelength
= | eastharmfulbut can cause skin aging and contribute to skin cancer
= UVB:
= Mediumwavelength
= Cancause skin burns and direct DNAdamage
= Mostly absorbed by stratospheric ozone, but some reaches the Earth's surface
= UVC:
= Shortest wavelength
= Most harmful

= Completely absorbed by stratospheric ozone

Ozone Equilibrium
= The amount of ozone in the stratosphere remains relatively constant overlong periods
= Thisis due to a steady state of equilibrium

= Equilibriumis maintained between the processes of ozone formation and destruction
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= When UV radiation from the Suninteracts with ozone molecules, some of the ozone absorbs the /

energy and breaks apart
Your notes
= Thisresultsinthe formation of an oxygen molecule (O5) and a free oxygen atom (O)

= This process of ozone destruction occurs naturally in the stratosphere

= Undernormal conditions, the free oxygen atom (O) can combine with another oxygen molecule
(O) to form ozone (O3) again

= This ozone destruction and reformation creates a dynamic equilibriumin the stratosphere
= Thereis a continuous cycle of ozone molecules being broken apart and reformed

= This dynamic equilibrium ensures that the concentration of ozone in the stratosphere remains
relatively stable overtime

= Therate of the forward reaction equals the rate of the backward reactionin the system, so the
concentrations of the reactants and products remain relatively constant
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Ozone destruction and reformation creates a dynamic equilibrium in the stratosphere—thereis a

continuous cycle of ozone molecules being broken apart and reformed

Ozone Depletion

Ozone-depleting substances

= Ozone-depleting substances (ODSs) are chemicals that cause stratospheric ozone depletion

= These substances cause the destruction of ozone molecules

= |notherwords, they enhance the natural ozone breakdown process (beyond natural levels)

= ODSsare commonly usedinvarious human activities and products:

Sources of Ozone Depleting Substances

Source Details

Aerosols Chlorofluorocarbons (CFCs) were previously used as propellants in aerosol
products like sprays, foams, and deodorants
Whenreleased into the atmosphere during spraying, these substances can eventually
reach the stratosphere and contribute to ozone depletion

Gas-blown ODSs were also used as blowing agentsin the production of foamed plastics

plastics
These agents help create air pockets within the plastic material, making it lightweight
During manufacturing or disposal of these products, ODSs can be released into the
atmosphere

Pesticides Some pesticides, e.g. those containing methyl bromide, have been usedin
agricultural practices for soil fumigation
When applied, these substances can vaporise and enter the atmosphere, where they
can contribute to ozone depletion

Flame Some flame retardants contain halogen atoms and have been used in various

retardants products toreduce their lammability

When these products degrade or are disposed of, the halogenated compounds can
bereleasedinto the atmosphere
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Refrigerants ODSs were widely used as refrigerants in cooling systems, such as air conditioners
and refrigerators

The most well-known examples are CFCs

When these refrigerants leak or are improperly disposed of, they canreach the
stratosphere and contribute to ozone depletion

Imbalance in equilibrium
= \When ozone formation and destruction rates are unequal, equilibrium is disrupted
= Thisleadstoincreased ozone depletion
= Increased UVBradiationreachesthe Earth's surface
= Affects ecosystems and human health
= Causesincreasedrates of skin cancer and cataracts

= Reduces terrestrial and marine productivity

Ozone holes
= Ozone depletion affects the entire Earth's stratosphere
= However, ozone holes are most prominent at the poles
= (Ozone holes are areas of low stratospheric ozone

= Theseholes appearevery spring due to ODSs and seasonal weather patterns

EXAMTIP (o)

The use of chemical symbols, formulae or equations for the equilibrium of ozone is not required, so
you do not need to learn the chemical equations relating to the formation and destruction of ozone.
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