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Sources of Water Pollution

Sources of Water Pollution

= Water pollution has multiple sources and has majorimpacts on marine and freshwater systems

= Types of aquatic pollutantsinclude:

= Organic material

= |norganic nutrients (nitrates and phosphates)

Water Pollution Effects

Industrial effluent
Urban run-off

Solid waste disposal
Toxic metals
Synthetic compounds
Suspended solids
Hot water

Qil

Radioactive pollution
Pathogens

Light

Noise

Invasive species

Pollutant Description

Effect

Organic
material

plant material

Excessive organic matter from untreated
human sewage, animal waste, or decaying

water bodies

Leads to oxygen depletion, harmful
algal blooms and eutrophicationin
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Inorganic Excess nitrates and phosphates from Causes nutrient enrichment, leading to

nutrients agricultural run-off, sewage and fertilisers algal overgrowth and water quality
degradation

Industrial Wastewater discharged by industrial Canbe toxic to aquatic life, disrupt

effluent facilities afterbeing usedin production ecosystems, and contaminate drinking

processes, containing a variety of pollutants
e.g. heavy metals, toxic chemicals, organic
matter and pathogens

water sources

Urban run-off

Rainwater or melted snow that flows over
impervious surfaces, such asroads,
pavement and rooftops, picking up
pollutants along the way e.g. oil, grease,
pesticides, fertilisers, pet waste and litter

Degrades water quality, harming aquatic
life, promoting algae blooms, and
contaminating drinking water sources

Solid waste
disposal

Rain falling on landfills leaches contaminants
into soil and groundwater, whilst litter can
end up in waterways, entangling wildlife and
releasing harmful chemicalsinto the water

Contaminates groundwater sources and
harms aquatic life

Heavy metals

Heavy metals such as mercury, lead and
arsenic fromindustrial activities, mining, or
improper waste disposal

Metals accumulate in aquatic
organisms, leading to toxic effects and
posingrisks to human health

Synthetic Human-made chemicals, including Enter water bodies through run-off,
compounds pesticides, herbicides, pharmaceuticals and | discharges, orimproper disposal,
industrial pollutants potentially harming aquatic life and
human health
Suspended Solid particlesin water, typically sediment, High concentrations canimpair water
solids silt, or fine particles from erosion, clarity, clog fish gills, smother benthic
construction, ordredging activities habitats and impact aquatic organisms
such asinvertebrates and theirlarvae
Hot water Release of heated waterinto aquatic Disrupts aquatic ecosystems, reduces

systems, often associated with industrial
processes or power generation

oxygen levels and negatively impacts
fish and other organisms (e.g. disrupting
migration patterns or natural breeding
cycles)
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Oil Oil spills, leaks, or discharges from shipping, | Oil coats the water surface, affecting
oil exploration, orindustrial activities marine and freshwater ecosystems,
harming aquatic life such as seabirds
and leading to long-term environmental
damage
Radioactive Release of radioactive substances, often Severe ecological and human health
pollution associated with nuclear accidents, mining, impacts, with prolonged exposure
orwaste disposal potentially leading to genetic mutations
and cancer
Pathogens Presence of disease-causing Contaminate water sources, leading to
microorganisms, including bacteria, viruses waterborne diseases (e.g. cholera) and
and parasites, often originating from posingrisks to human and animal health
sewage or animal waste
Light Excessive artificial lighting, particularly in Disrupts natural light cycles, affecting
coastal areas nocturnal marine species and disrupting
reproduction, navigation and feeding
patterns of marine organisms
Noise Noise from human activities such as Disrupts communication, feeding and
shipping, sonar, construction, or offshore migration patterns of marine species
energy production (e.g. whales), leading to ecological
disturbances
Invasive Introduction of non-native speciesinto Outcompete native species, alter
species aquatic ecosystems, often through ballast habitat structure, disrupt food webs and

water or occasionally intentional release
(e.g. forbiological control or recreational
fishing purposes)

cause severe ecological imbalances
(e.g.theinvasion of lionfishinto U.S.
Atlantic coastal waters)
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Plastic Pollution

Plastic Pollution

= Plastic pollutionrefers to the accumulation of plastic productsin the environment, negatively
affecting wildlife, habitat and humans

= Plastic debrisis a significantissue in marine environments, where it accumulates and causes
various problems

Harm from oceanic plastic pollution
Wildlife impacts

= |ngestion:
= Many marine animals mistake plastic debris for food
= This canleadto starvation, malnutrition and death

= Forexample, sea turtles often mistake plastic bags for jellyfish, leading to ingestion, which can
eventually be fatal

= Birds, such as albatrosses, have been found with stomachs full of plastic, leading to starvation

= Entanglement:

= Animals become entangledin plastic waste like fishing nets, six-pack rings for drinks cans and
plastic bags, causinginjury or death

= Forexample, seals often get caughtin discarded fishing gear, leading to severe injuries or
drowning

= Whales are often found with fishing nets wrapped around their bodies, restricting movement
and causing distress

= [nvasive species:
= Plastics cantransportinvasive species to new areas, disrupting local ecosystems

= Barnacles and other small crustaceans can hitchrides on floating plastic debris, spreading to
new regions and potentially outcompeting local species

= Chemicalleaching:

= Plastics canrelease toxic additives into the water, such as bisphenol A (BPA)
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= BPA, usedinmanufacturing plastics, canleach into water and has been shown to interfere with /
the reproductive systems of some aquatic species
Human and economic impacts Your notes

= Water quality:

= Plastic pollution can degrade water quality, affecting human populations that rely on these water
sources

= Tourismindustry:
= Polluted beaches and coastal areas can deter tourists, affectinglocal businesses and economies

= Forexample, beaches littered with plastic waste canlead to adecline in tourism, impacting
local hotels, restaurants and other businesses

= Recreational activities:

= Plastic pollution caninterfere with recreational activities such as swimming, diving and boating

Aggregationin oceanic gyres
= Plastics are carried by rivers and streams into the ocean
= Ocean currents transport these plastics, which then become trapped in the rotating currents of gyres
= Gyresarelarge systems of circular ocean currents
= They are formed by global wind patterns and forces created by the Earth's rotation
= Thisleads to plastic accumulating in these gyres over time, forming large patches of debris

= Forexample, the Great Pacific Garbage Patchis a well-known gyre, containing an estimated 1.8
trillion pieces of plastic

Microplastics and the food chain
= Microplastics are small plastic particles less than 5mm in diameter
= Theycome fromlarger plastic debris breaking down or from products like cosmetics and clothing
= Food chain entry:
= Microplastics are ingested by small marine organisms
= These organisms are then eaten by larger predatorsin higher trophic levels
= Thisleads to bioaccumulation and biomagnification

= Thisis where concentrations of microplastics and their associated toxins increase up the
food chain
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= This can eventually lead to microplastics in human food sources

= Forexample, studies have found microplastics in fish and shellfish sold for human
consumption, indicating a direct pathway to humans
= Transport of toxins

= Plastics can absorb harmful chemicals from the environment

= Wheningested by marine life, these toxins can enter the food chain, posing healthrisks to animals
and humans

= Forexample, chemicals like polychlorinated biphenyls (PCBs) and pesticides found on
microplastics have beenlinked to cancer, reproductive issues and disruption of hormonal
systemsin animals and humans

Management and Solutions
= Managementis needed to remove plastics from the supply chain and to clear up existing pollution
= Some management strategiesinclude:
1. Reduction strategies:
= |mplementing policies to reduce plastic production and usage
= Promoting alternatives to plastic, such as biodegradable materials

= Forexample, the UKhasintroduced a ban on single-use plastic straws, drinks stirrers and
cutlery

2. Cleanup efforts:

= QOrganising beach cleanups and developing technologies for ocean cleanups to remove existing
plastic pollution

= Forexample, the Ocean Cleanup project aims to remove large quantities of plastic from the
Great Pacific Garbage Patch and other water bodies using advanced technology

3. Recycling and waste management:

= |mprovingrecyclingrates and waste management systems to prevent plastic from entering the
ocean

= Encouraging the public torecycle and dispose of waste responsibly

o

Examiner Tips and Tricks
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Be prepared to critically evaluate different management and solution strategies for plastic /

pollution, considering their effectiveness and feasibility.
Your notes
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Monitoring & Assessing Water Quality

Monitoring & Assessing Water Quality

= Water quality is the measurement of chemical, physical and biological characteristics of water

Chemical characteristics include: levels of dissolved substances like minerals, pollutants and
nutrients

Physical characteristics include water clarity, temperature and turbidity (cloudiness)

Biological characteristics include the presence of microorganisms (e.g. bacteria) and invasive
species

= Water quality is highly variable and is often measured using a water quality index (WQI)

Scientists use various tests to measure different water quality parameters
Awater quality indexis then calculated

This combines multiple measurements into a single value or score

This provides an assessment of the overall water quality of a particular water body

Thisindex helps in easily communicating the quality of the water body to the public and
policymakers

= E.g.indicating whetherwater quality is good, acceptable, or poor forvarious uses such as
drinking, recreation and aquatic organisms

AhighWQIindicates good water quality

Water quality parameters

= Some of the different water quality parameters that canbe used are:

1. Dissolved oxygen (DO)

2.pH

Measures the amount of oxygen dissolved in water
Sufficient oxygenlevels are important for the survival of aquatic organisms
Low dissolved oxygen can lead to hypoxia

= This cansuffocate orkillaquatic life

Measures the acidity or alkalinity of water
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= pHimpactsthe survival, growth and reproduction of aquatic organisms /

= Unusual pHlevels canindicate pollution, acidification, or other environmental changes Your notes
3. Temperature

= Measures the degree of heat or coldness of water
= Temperature affects the metabolic rates, behaviour and distribution of aquatic organisms
= Abnormal temperature fluctuations can stress or kill aquatic life
4. Nitrates and phosphates
= Measuring nitrates and phosphates assesses nutrient pollutionin water
= Highnutrientlevels canlead to eutrophication

= Monitoring nutrient concentrations helps manage nutrient inputs and prevent water quality
degradation

5. Metals
= Testing for metals, such as mercury, lead, cadmium, or arsenic assesses contamination levels
= Metals canaccumulate in aquatic organisms
= This posesrisks to their health and the health of organisms in higher trophic levels

= Monitoring metal concentrations helps identify pollution sources and evaluate potential
ecologicalimpacts

6. Total suspended solids (TSS)
= TSSisthe concentration of solid particles suspended in water
= Highlevels of TSS can decrease water quality by blocking sunlight
= Thisreduces photosynthesisin aquatic plants and disrupts aquatic food chains

= Suspended solids can also smother the gills or breathing apparatus of aquatic invertebrates and
fish

= HighTSS canbe asign of erosion, wastewater discharge, or runoff from urban and agricultural
areas, leading to habitat degradation

7. Turbidity
= Turbidity measures the clarity or cloudiness of water
= Thisis affected by suspended particles
= High turbidity canreduce light penetration
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= Thisreduces photosynthesisin aquatic plants and visibility for predators and prey
= High turbidity canindicate soil erosion orurban, agricultural orindustrial run-off

LOW TURBIDITY

HIGH TURBIDITY

Turbidity increases as the level of sediment present in the water samples increases

Measuring key abiotic factors in aquatic systems

Abiotic factor

How abiotic factor is measured

Dissolved oxygen (DO) Measured using an oxygen meter equipped with a probe

pH pH levels are determined using a pH meter equipped with a probe

Temperature Water temperature is assessed using a digital thermometer ora
temperature probe

Nitrate and phosphate Measured using test kits, specific to each nutrient

concentrations

These kits use colorimetric tests where the water sample reacts with
chemicals, producing a colour change corresponding to the concentration
level of the nutrient

Total suspended solids
(TSS)

Measured by filtering a known volume of water through a pre-weighed filter
paper, then drying and weighing the paper again

The difference in weight represents the mass of TSS collected
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This canthen be converted to a concentration /

Your notes

Turbidity Measured using a Secchi disc—a black and white disc lowered into the water
The depth at which the disc disappears from sightis recorded

This indicates light penetration and turbidity in the water column

THE SECCHI DISC IS SECCHI DISC IS
SLOWLY LOWERED ON SECCHI DISC IS ONLY VISIBLE AT
A ROPE UNTIL IT CAN VISIBLE AT A A SHALLOWER
NO LONGER BE SEEN GREATER DEPTH DEPTH

o P

THE DEPTH AT
WHICH THE DISC
DISAPPEARS IS
RECORDED

o T A Y T AT AN UMY T T T |

CLEAR WATER MURKY WATER
WITH LOW WITH HIGH
TURBIDITY TURBIDITY

An example of how a Secchi disc can be used to measure water turbidity

= These parameters provide valuable information about the health and condition of aquatic ecosystems

= |tiscrucial to compare readings from various locations, such as upstream and downstream of a
sewage outlet or factory, to assess any potential impacts on the ecosystem

= Monitoring and analysing these parameters at regular intervals helps scientists, environmental
agencies and policymakers to:

= Understand the overall water quality
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= |dentify potentialissues

= Implement appropriate management strategies to protect and restore aquatic ecosystems

Measuring water pollution parameters near factory outlets is vital to assessing the impact on
ecosystems (photo by Tarek Badr on Unsplash)

o

Examiner Tips and Tricks
Turbidity and total suspended solids (TSS) are closely related but are not exactly the same thing.

Turbidity focuses on the effect—it measures how light scatters and absorbs due to suspended
particles, making the water cloudy. It doesn't tell you the exact amount or type of these particles,
just theirpresence andimpact onlight.

TSS focuses on the cause—it measures the actual mass of all the suspended particlesin a water
sample and is given as a concentration e.g. milligrams perlitre (mg/L) or parts per million (ppm).

Biochemical Oxygen Demand
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Biochemical oxygen demand (BOD) is a measure of the amount of dissolved oxygen required to break
down the organic material in a given volume of water through aerobic biological activity

Aerobic organisms rely on oxygen for respiration

When there is a higher abundance of organisms or anincreased rate of respiration, more oxygenis
consumed

This means that the biochemical oxygen demand (BOD) is influenced by:
= The quantity of aerobic organisms presentin the water
= Therate at which these organisms respire
BOD canbe used as anindirect measure to evaluate:
= The amount of organic matter within a sample
= The pollutionlevelsinwater

= Theintroduction of organic pollutants, such as sewage, leads to anincrease in the population
of organisms that feed on and break down the pollutants

= This,inturn, results inincreased BOD values

= Certain species, such as bloodworms and Tubifex worms, show tolerance to organic pollution
and the associated low oxygen levels

= Onthe otherhand, mayfly nymphs and stonefly larvae are typically only found in clean-water
environments
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Tubifex worms are able to withstand quite polluted water (Matthias Tilly, CC BY 3.0, via Wikimedia
Commons)

Example of how BOD is used to indirectly measure the amount of
organic matter within a sample

= HigherBOD valuesindicate alarger amount of organic matter present in the water sample
= Thisis because more oxygenis needed forits decomposition

= By measuring the decrease in dissolved oxygen levels over a specific incubation period, BOD
provides an estimate of the organic load or pollution levelin the water

= BOD values are typically expressed in milligrams of oxygen consumed per litre of water (mg/L)oras a
percentage of the initial dissolved oxygen level

= TheBODtestinvolves:
= Collecting awater samplein aclosed container
= Measuring the initial dissolved oxygen concentration

= Re-measuring the dissolved oxygen concentration after a specific incubation period (usually 5
days) at a constant temperature (usually 20°c)

= Forexample:
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= Awatersample has aninitial dissolved oxygen concentration of 8 mg/L /
= After5days, the dissolved oxygen concentration decreasesto 2 mg/L Your notes
= The BOD value would be calculated as 8 mg/L -2 mg/L =6 mg/L

= Asthedissolved oxygenlevels have decreased substantially, this indicates that the sample
has arelatively high organic load
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Eutrophication /

Your notes

Eutrophication

What is eutrophication?

= Eutrophication occurs when water bodies like lakes, estuaries and coastal areas receive large amounts
of mineral nutrients, mainly nitrates and phosphates

= This oftenresultsin the excessive growth of phytoplankton, a type of microscopic algae, as well as
aquatic plants

= Mainnutrients involved:
= Nitrates: often from agricultural run-off

= Phosphates: commonly found in detergents and sewage thatis discharged into waterways
without proper treatment

The process of eutrophication
1. Nutrient enrichment:
= Excessnitrates and phosphates enter the water
= This encourages rapid growth of phytoplankton, algae and aquatic plants
2. Excessive aquatic plant growth:

= Nutrient availability causes fast growth of aquatic plants (macrophytes) e.g. duckweed and water
hyacinth

= Dense plant growth nearer the surface can block sunlight reaching underwater plants
3. Algal bloom formation:
= Algae also use available nutrients to grow quickly

= Forexample, when the mineralions from excess fertilisers leach from farmland into waterways,
they cause rapid growth of algae at the surface of the water

= Thisisknownas analgalbloom
= Eventually, algae can completely cover the water surface
4. Blocking of sunlight:

= The algalbloom can completely block out sunlight and stop it from penetrating below the water
surface
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Aquatic plants below the water surface start to die as they can no longer photosynthesise

= Asthis photosynthesis normally helps to oxygenate the water, dissolved oxygen levels begin
to decrease

excess aquatic plants die off

5. Decay of phytoplankton and plants leading to oxygen depletion:

Bacteria decompose the dead plants and algae
As the bacteriarespire aerobically, they use up the dissolved oxygenin the water

The amount of dissolved oxygen in the water rapidly decreases, so aquatic organisms such as fish
andinsects may be unable to survive

Dead zones in both oceans and freshwater can occur when there is not enough oxygen to support
aquatic life

Hypoxia = low oxygen levelsin water

Anoxia = severe or complete depletion of oxygeninwater

6.Impact on aquatic life:

Fish and other aquatic life die inlarge numbers due to lack of oxygen

= This caneventually lead to aloss of species andimbalances in aquatic ecosystems
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4 ALGAL BLOOM PREVENTS
SUNLIGHT FROM REACHING
AQUATIC PLANTS. WATER
OXYGEN LEVELS FALL.

5 DECOMPOSITION RATE
INCREASES. AEROBIC
RESPIRATION OF

1 EXCESSIVE NUTRIENTS DECOMPOSERS REDUCES
FROM FERTILISERS DISSOLVED  OXYGEN
RUN—OFF FROM THE 3 ALGAE ALSO SHOW FURTHER
LAND INTO WATER RAPID GROWTH

o DECOMPOSERS

AQUATIC PLANTS DEATH OF ORGANISMS
FLOURISH, GROWING REQUIRING DISSOLVED
RAPIDLY OXYGEN IN WATER

The sequence of events causing eutrophication in lakes, rivers and coastal waters

Positive feedback in eutrophication
= Positive feedback amplifies changes, creating a reinforcing cycle in eutrophication:
1.Increased nutrients:
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= Excessnitrates and phosphates from run-off or sewage /

= Promotesrapid growth of algae and aquatic plants Your notes
2.Increased death:

= Algae andplants die off inlarge numbers

=  Adds organic matterto the water
3.Increased decomposition:

= Bacteriadecompose dead organisms, consuming oxygen

= This decompositionreleases more nutrients backinto the water
4. Cyclerepeats:

= Released nutrients promote furtheralgal and plant growth

= Eachstepreinforces the next, worsening eutrophication and its impacts on the aquatic ecosystem

Impacts of eutrophication
= Eutrophication can greatly affect various ecosystem services:
= Fisheries:
= FishKkills: suddenlosses of fish due to low oxygen
= Reduced fish stocks: long-term depletion of fish populationsin certain areas
= Recreation and aesthetics:
= Unpleasant odours: decaying algae and plants release unpleasant smells

= Water quality: poorwater conditions make swimming and boating unpleasant

Visual pollution: algal blooms create green or murky water

= Foam and slime: algal blooms and decaying algae can cause foam and slimy water surfaces
= Health:

= Toxins: some algal blooms produce harmful toxins

= Drinking water: eutrophication canlead to contamination of drinking water sources

o

Examiner Tips and Tricks
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Pay attention to the difference between key terms such as eutrophication, decomposition, hypoxia /
and anoxia.
Your notes
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Water Pollution Management Strategies /

Your notes

Water Pollution Management Strategies

= Human activities, such as farming and industrial practices, urbanisation, development of transport, and
energy production, are the major causes of pollution

= The amount of material released into the environment determines the impact

= There are three main stages leading to the impact of pollutants on the environment:
= Stage I: Human activity producing the pollutant
= Stage 2: Releasing of the pollutant into the environment

= Stage 3: Theimpact of the pollutant on ecosystems

HUMAN ACTIVITY

PRODUCING

POLLUTANT

RELEASE OF
POLLUTANT INTO
ENVIRONMENT

IMPACT OF
POLLUTANT ON
ECOSYSTEMS

The main stages leading to the impact of pollutants

= There are three types of strategies for managing the impacts of pollution (which relate to the stages of
pollutantimpact shown above):

= Changing human activity
= Regulating and reducing quantities of pollutants released at the point of emission
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= Cleaning up the pollutants and restoring the ecosystem after pollution has occurred

STAGE OF POLLUTANT
IMPACT

LEVELS OF POLLUTION MANAGEMENT

HUMAN ACTIVITY

POLLUTANT

RELEASE OF

ENVIRONMENT

IMPACT OF

PRODUCING <::;

ALTERING HUMAN ACTIVITY

MOST FUNDAMENTAL LEVEL OF POLLUTION

MANAGEMENT — CHANGING HUMAN ACTIVITY

THAT LEADS TO PRODUCTION OF POLLUTANT

BY PROMOTING ALTERNATIVE TECHNOLOGIES,

LIFESTYLES AND VALUES THROUGH:

« CAMPAIGNS, EDUCATION AND COMMUNITY
GROUPS,

« GOVERNMENTAL LEGISLATION,

e ECONOMIC INCENTIVES/DISINCENTIVES

POLLUTANT INTO K—]

CONTROLLING RELEASE OF POLLUTANT

WHERE ACTIVITY OR PRODUCTION CANNOT

BE COMPLETELY STOPPED, STRATEGIES CAN

BE APPLIED AT THE LEVEL OF REGULATING

THE RELEASE OF POLLUTANTS BY:

* LEGISLATING AND REGULATING STANDARDS
OF EMISSION,

* DEVELOPING AND APPLYING TECHNOLOGIES
FOR EXTRACTING POLLUTANT FROM
EMISSIONS

POLLUTANT ON
ECOSYSTEMS

CLEAN-UP AND RESTORATION
OF DAMAGED SYSTEMS

WHERE BOTH LEVELS 1 & 2 OF MANAGEMENT
HAVE FAILED, STRATEGIES MAY BE
INTRODUCED TO RECOVER DAMAGED
ECOSYSTEMS BY:
* EXTRACTING AND REMOVING POLLUTANT
FROM ECOSYSTEM,
* REPLANTING AND RESTOCKING LOST OR
DEPLETED POPULATIONS AND COMMUNITIES

The main strategies for managing the impacts of pollution

Management Strategies for Eutrophication

= Eutrophication and othertypes of water pollution can be addressed at three different levels of

management:
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= Thereduction of human activities that produce pollutants
= Thereduction of the release of pollutioninto the environment

= Theremoval of pollutants from the environment and restoration of ecosystems

1. Reduction of human activities producing pollutants

This level aims to prevent pollution at the source by changing human practices and products
Alternatives to fertilisers:
= Organic fertilisers: use compost or manure instead of synthetic fertilisers

= Slow-release fertilisers: release nutrients gradually, reducing the amount of nitrate and
phosphate leachinginto water bodies

Alternatives to detergents:
= Phosphate-free detergents: use products without phosphates to minimise pollution
Sustainable farming practices:

= Croprotation: improve soil health and fertility by alternating crops with different nutrient needs,
reducing the need for chemical fertilisers

= Buffer strips: plant vegetation along waterways to absorb excess nutrients

2. Reduction of pollutionrelease into the environment

This level focuses on treating pollution before it reaches natural waters
Wastewater treatment:
= Nutrient removal: use treatment plants that remove nitrates and phosphates from sewage
= Advanced treatment methods: use methods like constructed wetlands and biofilters
Regulation and monitoring:

= Enforce pollution controls: introduce and enforce regulations on nutrient discharge from
industries and farms

= Monitoring programmes: regularly test water bodies for nutrient levels
Agricultural practices:

= Controlled fertiliser application: apply fertilisers at optimal times to minimise run-off (e.g. apply
during the growing season and avoid periods of heavy rain)

= Cover crops: plant cover crops to absorb excess nutrients and prevent soil erosion
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3. Removal of pollutants and restoration of ecosystems
= Thislevelinvolves cleaning up polluted environments and restoring natural ecosystems
= Pollutantremoval:
= Dredging: remove nutrient-rich mud and sediments from eutrophic lakes
= Algaeremoval: physically remove excess algae from water bodies
= Ecosystemrestoration:

= Reintroduction of species: reintroduce native plants and fish that may have become locally
extinct, torestore ecosystem balance

= Habitat restoration: create orrestore wetlands to filter nutrients naturally

Application to other types of pollution
These strategies can also be applied to manage other types of pollution:
= Plastic pollution:
= Prevention: reduce plastic use andimprove recycling
= Treatment: implement systems to capture and remove plastics from waterways
= Cleanup: remove plastic waste from beaches and oceans
= Chemical pollution:
= Prevention: reduce the use of harmful chemicals in agriculture and industry
= Treatment: use filtration and treatment systems to remove chemicals from wastewater

= Cleanup: clean contaminated soils and sediments e.g. using bioremediation

p
Examiner Tips and Tricks
Make sure you are able to explain each level of pollution management and can apply these to
different types of pollution. These management strategies may be implemented in different way
across different regions orindustries to address specific pollutionissues.

L
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Water Quality in Aquatic Ecosystems (HL)

Water Pollutants
Types of pollutants

= Awide variety of pollutants can negatively impact aquatic ecosystems

= These pollutants harm both water quality and the organisms living in these environments

Organic matter

= Organic pollutants, such as untreated sewage, add large amounts of biological material to water
systems

= Asbacteriabreak down the sewage, they consume dissolved oxygen
= This canleadto oxygen depletion, resulting in the death of fish and otheraquatic life

= Forexample, riversinrapidly urbanising areas without proper waste treatment, like the Ganges Riverin
India, suffer from sewage contamination

= Thiskills fish and posesrisks to human health

Dissolved substances
= Tributyltin (TBT) is an example of a harmful dissolved substance
= TBTisananti-fouling agent once used on ship hulls

= |twas found to disrupt the endocrine systems of marine animals, particularly causing reproductive
issuesinmolluscs

= TBT pollution was responsible for severe declines in oyster populations in some European
estuaries before it was banned

Persistent organic pollutants (POPs)
= Theseinclude chemicals like polychlorinated biphenyls (PCBs)
= PCBsareresistant to breakdown and can persist in the environment for decades

= These toxins accumulate in organisms (bioaccumulation) and become more concentrated as they
move up the food chain (biomagnification)

= PCBshave accumulated in marine top predators like killer whales and polar bears, leading to
immune and reproductive issues
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Plastics
= Plastics, especially microplastics, are widespread pollutants in marine environments
= Largerplastics can cause entanglement oringestion problems

= |ngested microplastics have been foundin many species of fish, affecting their health

Heat energy

= Thermal pollution occurs whenindustrial plants or power stations release warm water into rivers or
oceans

= Warmerwater holds less dissolved oxygen and can harm species adapted to cooler conditions

= Some freshwater ecosystems near nuclear power plants experience reduced fish populations due
toincreased water temperatures

Harmful Algal Blooms (HABs)

= Harmful Algal Blooms (HABs) occur when certain types of algae or microorganisms grow rapidly
= Theyform dense blooms that produce toxins or deplete oxygenin the water
= These blooms can significantly impact water quality

= This poses threats to aquatic ecosystems, human health, and economic activities like fishing and
tourism

= HABs contain a variety of organisms, including:
= Cyanobacteria
= Protists
= Algae
= Dinoffagellates
= Freshwater examples:

= |nfreshwater environments, cyanobacteria (also known as blue-green algae) are the main
contributors to HABs

= These bacteriarelease cyanotoxins that can:
= Contaminate drinking water
= Causeliverdamage
= Affect the nervous system of both animals and humans
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= Marine examples: /

= Inmarine environments, dinoflagellates (a type of protist) are responsible for many HABs Your notes

= They sometimes produce 'red tides' that are toxic

= The neurotoxins produced by these organisms can cause paralytic shellfish poisoning (PSP) in
humans who consume contaminated seafood

= Economicimpacts:

= HABs affect fisheries, aquaculture, and tourism as toxins from blooms can lead to the closure of
fisheries and swimming areas

= Thisnegatively impactslocal economies
Anoxic & Hypoxic Water

= Anoxic waters lack oxygen completely
= This stateis known as anoxia

= Hypoxic waters have very low oxygen levels that are insufficient to support most aquatic life
= This state is known as hypoxia

= Bothconditions can create "dead zones", where marine organisms cannot survive
= Thesezone usually occurin coastalregions where nutrient runoff is high

= Forexample, the Gulf of Mexico experiences one of the largest dead zones, largely caused by
nutrient pollution from agricultural runoff in the Mississippi River

= The Baltic Seais anotherregion plagued by dead zones, largely due to nutrient runoff from
agriculture and sewage

= Deadzonescanleadto:
= Severe disruptionsin marine food chains

= Collapse of local fisheries

Causes
= Hypoxia and anoxia are driven by a combination of factors, including:
= Global warming: Warmer water holds less oxygen, making conditions increasingly hypoxic

= Thermal stratification: Layering of water by temperature prevents oxygen-rich surface water from
mixing with deeper layers

= Sewage disposal: Decomposing organic matter from sewage lowers oxygen levels
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= Eutrophication: excess nutrients, often from agricultural runoff, fuel algal blooms /

= Whenthe algae die and decompose, oxygen is consumed, creating hypoxic conditions Your notes
= With climate change and continued pollution, the occurrence of hypoxic and anoxic waters is
expectedtorise

= Thiswill threaten fisheries and coastal ecosystems globally

o

Examiner Tips and Tricks

The prefixhypo- means 'below normal’ or 'deficient'. So, hypoxia refers to low oxygen levelsin
tissues, but not necessarily a complete lack. You might recall hypothermia (low body temperature)
toremember that hypo- indicates a deficiency.

The prefixan- means 'without'. Therefore, anoxia means a complete absence of oxygen. You can
link this to anaemia, where blood lacks sufficient healthy red blood cells orhaemoglobin, leading to
insufficient oxygen transport.

Page 29 of 45

© 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

Sewage Treatment (HL)

Sewage Treatment

= Sewage treatmentis the process of removing harmful substances from wastewater so it can be:
= Safelyreturnedto the environment
= Usedfordomestic purposes (e.g. for toilets, showers, drinking water)

= |tprevents pollution, protects public health, and helps conserve water by recycling treated water

The three stages of sewage treatment

Primary treatment
= Purpose: Removes large solid materials (e.g. debris) and some suspended solids
= Process:

= Screening: Large objectslike sticks, rubbish, and plastic are filtered out using screens (usually
made from metal bars)

=  Comminution: Any remaining large solids are ground up by a device called a comminutor to
prevent pipe blockages

= Gritremoval: Sand and gravel settle to the bottom of the grit chamber

= Sedimentation: Wastewater flows into sedimentation tanks (also known as primary clarifier) where
smaller suspended solid particles settle at the bottom as sludge

= Skimming: Floating materials like grease and oil are skimmed from the surface

= Result: Wateris partially cleaned but still contains dissolved and smaller particles

Secondary treatment
= Purpose: Breaks down organic matter using biological processes
= Process:

= Aeration: Oxygenis pumped into the wastewater to encourage bacteria to break down organic
pollutants (e.g. human waste, food)

= Biological degradation: Microorganisms (mainly bacteria) consume the organic waste, converting
itinto harmless by-products like carbon dioxide, water, and 'activated sludge’

= Activated sludge contains aerobic bacteria that decompose organic matter
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= Clarification: Wateris again left to settle (in a secondary clarifier) so that any remaining sludge can
beremoved

= Aportion of this sludge isreused as activated sludge in the aeration tank to continue the
process of organic matterdecomposition
= Result: Wateris significantly cleaner but may still contain some nutrients (e.g. nitrates, phosphates) and
pathogens

Tertiary treatment
= Purpose: Removes remaining nutrients, chemicals, and pathogens for maximum water quality
= Process:

= Chemical treatment: Chlorine or ultraviolet light (UV) is used to disinfect the water and kill
pathogens

= Nutrient removal: Processes like chemical precipitation are used to remove excess nitrogen and
phosphorus, which can cause eutrophicationif released into water bodies

= Filtration: Water may be filtered through sand, activated carbon, or other materials to remove any
finalimpurities

= Result: Effluent (treated water) is now clean enough to be safely discharged intorivers, lakes, or reused

[Primary treatment | |Secondary treatment |
f \f ] Disinfectant
Aeration tank Secondary e.g. chlorine
clarifier

i = i:- ¢ 82 —
Primary m o el
effluent I _ 1 |

— Tertiary
> treat: t
Primary i Air ferifared ifrieer:::l‘
clarifier compressor)”  LStudge
Secodary
' ; e = . effluent
sludge pum

Grit Raw or primary sludge
chamber

Grit disposal

|Sludge treatment and disposal |

Primary and secondary water treatment stages
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Challenges inimplementing sewage treatment

Highincome countries (HICs)
= Advancedinfrastructure:

= HICsusually have well-established sewage treatment facilities that cover most urban and rural
areas

= Highcosts:
= Although advanced, maintaining and upgrading sewage treatment plantsis expensive

= Continuousinvestmentis needed to meet stricter environmental regulations and improve
efficiency

Low income countries (LICs)
= Limitedinfrastructure:

= |Inmany LICs, especially inrural or densely populated areas, sewage treatmentinfrastructure is
eitherinsufficient ornon-existent

= Healthrisks:

= Untreated sewage canlead to serious public health problems such as waterborne diseases like
cholera, typhoid, and dysentery

= Costbarriers:

= Building and maintaining sewage treatment facilities is costly, and many LICs lack the financial
resources to develop thisinfrastructure

= Thislimits access to proper sanitation, especially inrural areas

Social and economic inequality
= Wealthgaps:
= |nmany countries, wealthiercommunities have access to better sanitation and sewage treatment
= Poorerormarginalised groups often live without proper facilities
= |nternational aid and partnerships:

= Many LICsrely oninternational organisations and NGOs to provide funding and expertise to build
orimprove sewage systems

Page 32 of 45

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

i

Your notes


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

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Indicators of Water Quality (HL) 4

Your notes

Indicator Species

= |ndicatorspecies are organisms that are used to:
= Assess the quality of an environment
= |ndicate the presence of specific environmental conditions, including pollution

= Different groups of organisms, including invertebrates, plants, and algae, can act as indicator species
in polluted or unpolluted aguatic habitats:

Page 33 of 45

© 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

POLLUTION LEVEL INDICATOR SPECIES

STONEFLY
NYMPH

MAYFLY
NYMPH

FRESHWATER
SHRIMP

BLOODWORM
(MIDGE LARVA)

TUBIFEX
WORM

NO INVERTEBRATE
LIFE

Fresh water pollution invertebrate indicator species

Indicators of polluted water

1. Invertebrates

= Bloodworms (the aquatic larvae of midges) are commonly found in polluted waters, especially those
contaminated with organic matter

= Theirpresence indicates low dissolved oxygen levels and high organic pollution
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= Tubifexworms also thrive in polluted waters with high organic content and low oxygen levels /

2. Plants

Your notes
= The Common Reed is tolerant of high nutrient levels, such as nitrates and phosphates, often foundin
eutrophic or polluted waters

= Duckweedis a small floating plant that thrives in nutrient-rich waters, including those polluted with
agricultural runoff or sewage effluents

3. Algae

= Excessive nutrients, particularly nitrogen and phosphorus, can trigger harmful algal blooms dominated
by blue-green algae (cyanobacteria)

= These blooms are often associated with nutrient pollution and indicate degraded water quality

Indicators of unpolluted water

1. Invertebrates

= Stonefly nymphs are sensitive to water pollution and are often found in well-oxygenated, clean
streams andrivers

= Theirpresenceindicates good water quality

= Mayfly nymphs are also highly sensitive to pollution and require clean, well-oxygenated water

2. Plants

= Water Crowfootis a plant species commonly foundin clean, well-oxygenated freshwater streams and
rivers

= |tspresenceindicates good water quality and suitable habitat conditions for other aquatic
organisms, e.g. fish

3. Algae

= Diatoms are a diverse group of algae, and their presence in high diversity and abundance is often
associated with clean, well-oxygenated waters

Using indicator species

= These organisms are just a few examples of indicator species commonly used in water quality
assessments

= By studying the presence, abundance, and diversity of these organisms, scientists can better
understand the pollution levels and overall health of aquatic ecosystems
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= |tisimportant to note that the selection of indicator species varies depending on the specific
region, ecosystem, and type of pollution being assessed
= Monitoring the presence or absence of these organisms helps to assess the condition of water bodies

= This aids in conservation and management efforts to improve water quality and protect clean,
unpolluted waters

Indicator species such as the stonefly nymph can tell you that water is clean, but not how clean (Dave
Huth from Allegany County, NY, USA, CC BY 2.0, via Wikimedia Commons)

Limitations of using indicator species

= Althoughusingindicator speciesis a fairly simple and cost-effective method of determining whether
a habitatis polluted or not, it has some drawbacks:

= |tcan't give accurate numerical (quantitative) figures for exactly how much pollutionis present

= Otherfactors, such as the presence of predators or disease, can also affect the presence or
absence of indicator species

= |f more detailed information on pollution levels is required, non-living indicators can be usedinstead
= Forexample, dissolved oxygen meters and chemical tests canbe used to:
= Very accurately determine the concentration of dissolved oxygenin the water

= Show changesinlevels of water pollution over time

Biotic Indices
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= Bioticindices are tools used to assess the overall health and pollution levels of an aquatic ecosystem
= Basedonthe presence, abundance, and diversity of indicator species within a community

= Abioticindex provides anindirect measure of water pollution by evaluating the impact on different
species according to their

= Pollutiontolerance
= Diversity
= Relative abundance
Step 1= selection of indicator species
= |ndicatorspecies are selected based on their known sensitivity or tolerance to water pollution

= These species are representative of different ecological niches

Step 2 = sampling and data collection
= Samplingis conducted at different sites within the water body

= The presence, abundance, and diversity of indicator species are recorded

Step 3 = calculation of biotic index
= The collected datais usedto calculate a biotic index value
= Thisis a numerical score orrating that reflects the overall quality of the aquatic habitat

= Theindexisbased onfactors such as species diversity, tolerance values, and relative abundance

Step 4 = interpretation of biotic index
= The bioticindexis theninterpreted to determine the pollutionlevel of the ecosystem

= Higher bioticindexvaluesindicate cleaner or less polluted waters, whilst lower valuesindicate
higher pollutionlevels

= Forexample, the Trent Biotic Index is a widely used biotic index for assessing freshwater pollution
= |tfocusesonmacroinvertebrates (insects, crustaceans, molluscs) as indicator species

= Theindexassigns tolerance values to different species based on their known sensitivity to
pollution

= |fthe Trent Biotic Index score for a particular section of the riveris high, it suggests a healthy and
less polluted ecosystem
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= Thisisbecauseitindicates the presence of a diverse community of pollution-sensitive
macroinvertebrates
= Conversely, alow Trent Biotic Index score indicates poor water quality and higher pollution levels

= |nthis case, pollution-tolerant species dominate the community
Water Quality Index (WQI)

= AWater Quality Index (WQ)I) is a single number representing the overall quality of waterin a particular
area

= The WQI simplifies complex water quality datainto one clear score
= Thismakesit easierto assess and compare water quality across different locations
= WQIis calculated by combining results from multiple water quality tests

= Each of these measures a specific factor or pollutant in the water

How water quality index s calculated

Individual water quality parameters
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Total dissolved
solids (TDS)

Biochemical
oxygen demand

(BOD)

Faecal coliform

Temperature

Suspended
solids (SS)

Commonly used water quality parameters

Common parametersinclude:

pH

Dissolved oxygen
Biochemical oxygen demand
Turbidity

Temperature

Nitrate levels

Total dissolved solids

Each parameterhasits ownrating scale, which indicates how contaminated the water sample is
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Weighted averaging
= Eachparameteris given a weighting based onitsimportance to water quality

E.g. dissolved oxygenis often given a high weighting because it is crucial to the survival of fish and
certain other aquatic organisms

= The weighted scores for each parameter are combined to produce a single WQI score
= E.g.the WQIscore forasample may range from O (poor quality) to 100 (excellent quality)

Vernier’'s WQI example

= Vernier, a scientific equipment company, provides tools and calculators for measuring WQI using
several key water quality parameters

= Vernier's WQlincorporates parameters like temperature change, faecal coliform, BOD, and
nitrate levels

= E.g.aVernier WQI of 75 mightindicate “good” water quality, suitable for most uses, whereas a
score of 40 would show poor quality, requiring treatment before use
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Drinking Water Standards (HL)

Drinking Water Standards

= Drinking water standards are regulations that define the acceptable quality of water forhuman
consumption

= They aim to ensure that drinking water is safe, clean, and free from harmful contaminants
= There are no globally accepted standards for drinking water
= Standards differ by country

= Theyareinfluencedbylocalresources, infrastructure, and needs

World Health Organization (WHO) drinking water guidelines
= The World Health Organization (WHO) provides drinking water quality guidelines
= Thisistohelp countries ensure safe drinking water, especially where no national standards exist
= Countries can adopt these standards oruse them as a framework to develop their own standards
= The WHO guidelines outline recommended limits for contaminants, including:
= Bacteria
= Chemicals(e.g. fluoride, lead, nitrate)
= Physical properties of water (e.g. pH, turbidity)

= While WHO guidelines are not enforceable, they are often used as a baseline in developing countries
orwhere governments aim to improve water safety

National drinking water standards

Developed countries

= Developed countries like the UK, USA, and Australia have statutory drinking water standards based on
the WHO guidelines, often with additional requirements

= Forexample, the UK follows regulations that specify limits on contaminants such as lead and
pesticides to ensure safe drinking water across the country

= Watersuppliers are regularly monitored to ensure compliance

= Failure to meet standards canresult in fines or shutdowns

Developing countries
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= |Indeveloping countries, setting and enforcing drinking water standards is more challenging due to
limited resources and infrastructure

= Many countries adopt WHO guidelines as they may lack the resources to conduct theirown
extensive testing

International business and environmental assessments

Environmental Impact Assessments (EIA)

= ElAsare studies that assess the potential environmental effects of proposed projects (e.g. road
construction or mining operations)

= Drinking water standards play animportantrole in EIAs
= They help evaluate the impact onlocal water sources

= This helps to ensure safe water for surrounding communities

International business agreements

= When private companies operate abroad, especially when using local resources like water, they need
to follow local standards to protect the environment and the health of the local community

= Companies arerequired to meet the local water quality standards of the country they operatein

= Forexample, adrinks company building a bottling plant must ensure its water use meets local
standards to avoid depleting or polluting community water

= Many companies use WHO standards as a minimum, even if local laws are less strict
= This helps avoid environmental harm and maintains a positive reputation
= Forexample, Coca-Colafaced concerns over water use atits bottling plantsin India

= Toaddress this, the company followed both WHO and local guidelines to protect community
water sources and avoid controversy

= Otherexamplesinclude:

= [nternational mining companies often follow stricter global water quality standards to prevent
pollutioninlocalrivers and lakes

.
Examiner Tips and Tricks
Remember, WHO provides guidelines, while individual countries set enforceable standards.
L
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Reducing Water Pollution (HL)

Reducing Water Pollution

= Waterpollutionis the introduction of harmful contaminants into water bodies, making the water
unsafe for humans, wildlife, and ecosystems

= Reducingwater pollutionis essential for:
= Protecting drinking water sources
= Conserving biodiversity
= Supporting overall ecosystem health.

= Bothindividual actions and organised group efforts can make a significantimpact onreducing water
pollution

Actions individuals can take

Reducing consumption and waste disposal
= Conserving water:
= Reducing water use decreases the amount of wastewater generated
= Thisreduces the volume that needs treatment and helps to keep water sources cleaner

= E.g.taking shorter showers, turning off taps while brushing teeth, and using water-efficient
appliances canreduce household water waste

= Disposing of waste properly:

= Properdisposal of chemicals, oils, paints, and medicines prevents these pollutants from entering
water systems

= Hazardous household waste should be disposed of at designated recycling or waste facilities

= \When dumped down sinks or drains, these substances can contaminate both local water sources
and groundwater

= Minimising use of harsh chemicals:

= Avoiding strong chemicalsin daily use, like certain detergents and cleaners, helps prevent these
harmful compounds from entering the water system

Using eco-friendly products
= Choosing cleaning products:
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= Using eco-friendly products that are biodegradable ensures that fewer harmful chemicals end up
inwater sources

= Many green products are made from naturalingredients that break down easily, reducing the risk
to aquatic life
= Reducing plastic use:

= Reducing single-use plastics decreases the chances of plastic waste ending up inrivers, lakes,
and oceans

Actions by groups and citizen activists
Peaceful citizen protest

= Raising awareness:

= Peaceful protest candraw public attention to water pollution issues and encourage companies or
governments to take action

= Protests can make both policymakers and the public more aware of potential environmental risks
= This can sometimes lead to stricter regulations or new laws to protect water
= Organising community clean-ups:

= By organisinglocal clean-up events, groups can help directly remove pollutants like litter and
plastics fromrivers, lakes, and beaches.

= Community clean-ups also educate members of the community on the importance of keeping
water sources free from waste

Data collection and research
= Community science projects:
= Community-led data collection efforts, often called community or citizen science

= E.g.thiscouldinvolve local residents monitoring water quality by measuring factors like pH,
turbidity, and levels of certain pollutants

= Community data can provide valuable information about water pollution trends and help identify
specific sources of pollution

= Reporting pollution:

= |ndividuals and groups can help by reporting visible pollution or notable changes in water quality to
local authorities

= This canhelp authorities take action before pollution spreads further, making it easier to contain
and treat
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Forming legal teams and lobbying lawmakers
= Legal action against polluters:

= Environmental legal teams often help communities hold polluters accountable by filing lawsuits if
laws protecting water quality are violated

= |egalaction canleadto financial penalties for companies or stricter operational requirements
= This helps to prevent further pollution.
= Lobbying for stronger water laws:

= Groups and organisations may work to influence local or national lawmakers to create or
strengthenregulations protecting water quality.

= Lobbyingeffortscanleadto:
= New policies that restrict pollution
= |Increase penalties forviolations

= Require improved treatment of industrial and agricultural wastewater
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