Water Pollution

D.4 Acid Rain

1. State what is meant by acid rain and outline its origins.

2. Discuss the environmental effects of acid rain and possible methods to counteract them.
Acids that fall out of the atmosphere are referred to as acid rain.  Airborne acidic pollutants have highly destructive results.  Normal rain has a pH of about 5.6, which is slightly acidic.  So anything below a pH of 5.6 is considered acid rain.  Acid rain was first discovered in 1852, when the British chemist Robert Agnus invented the term.
"Acid rain" is a broad term used to describe several ways that acids fall out of the atmosphere.  A more precise term is acid deposition, which has two parts: wet and dry. 

Wet deposition refers to acidic rain, fog, and snow.  As this acidic water flows over and through the ground, it affects a variety of plants and animals.  The strength of the effects depend on many factors, including how acidic the water is, the chemistry and buffering capacity of the soils involved, and the types of fish, trees, and other living things that rely on the water. 

Dry deposition refers to acidic gases and particles.  About half of the acidity in the atmosphere falls back to earth through dry deposition.  The wind blows these acidic particles and gases onto buildings, cars, homes, and trees.  Dry deposited gases and particles can also be washed from trees and other surfaces by rainstorms.  When that happens, the runoff water adds those acids to the acid rain, making the combination more acidic than the falling rain alone.

Prevailing winds blow the compounds that cause both wet and dry acid deposition across state and national borders, and sometimes over hundreds of miles.  Scientists discovered, and have confirmed, that sulfur dioxide (SO2) and nitrogen oxides (NOx) are the primary causes of acid rain.  In the US, About 2/3 of all SO2 and 1/4 of all NOx comes from electric power generation that relies on burning fossil fuels like coal.

Acid rain occurs when these gases react in the atmosphere with water, oxygen, and other chemicals to form various acidic compounds.  Sunlight increases the rate of most of these reactions.  The result is a mild solution of sulfuric acid and nitric acid. 

Acid rain causes acidification of lakes and streams and contributes to damage of trees at high elevations (for example, red spruce trees above 2,000 feet) and many sensitive forest soils.  In addition, acid rain accelerates the decay of building materials and paints, including irreplaceable buildings, statues, and sculptures that are part of our nation's cultural heritage.  Prior to falling to the earth, SO2 and NOx gases and their particulate matter derivatives, sulfates and nitrates, contribute to visibility degradation and harm public health.
To solve the acid rain problem, people need to understand how acid rain causes damage to the environment.  They also need to understand what changes could be made to the air pollution sources that cause the problem.  The answers to these questions help leaders make better decisions about how to control air pollution and therefore how to reduce - or even eliminate - acid rain.  Since there are many solutions to the acid rain problem, leaders have a choice of which options or combination of options are best.  
Clean up smokestacks and exhaust pipes
Almost all of the electricity that powers modern life comes from burning fossil fuels like coal, natural gas, and oil.  Acid deposition is caused by two pollutants that are released into the atmosphere, or emitted, when these fuels are burned: sulfur dioxide (SO2) and nitrogen oxides (NOx).

Coal accounts for most US sulfur dioxide (SO2) emissions and a large portion of NOx emissions.  Sulfur is present in coal as an impurity, and it reacts with air when the coal is burned to form SO2.  In contrast, NOx is formed when any fossil fuel is burned.

There are several options for reducing SO2 emissions, including using coal containing less sulfur, washing the coal, and using devices called scrubbers to chemically remove the SO2 from the gases leaving the smokestack.  Power plants can also switch fuels; for example burning natural gas creates much less SO2 than burning coal.  Certain approaches will also have additional benefits of reducing other pollutants such as mercury and carbon dioxide.  Understanding these "co-benefits" has become important in seeking cost-effective air pollution reduction strategies.  Finally, power plants can use technologies that don't burn fossil fuels.  Each of these options has its own costs and benefits, however; there is no single universal solution.

Similar to scrubbers on power plants, catalytic converters reduce NOx emissions from cars.  These devices have been required for over twenty years in the US, and it is important to keep them working properly and tailpipe restrictions have been tightened recently.  Changes have also been made to gasoline that allows it to burn cleaner.

Use alternative energy sources
There are other sources of electricity besides fossil fuels.  They include: nuclear power, hydropower, wind energy, geothermal energy, and solar energy.  Of these, nuclear and hydropower are used most widely; wind, solar, and geothermal energy have not yet been harnessed on a large scale.

There are also alternative energies available to power automobiles, including natural gas powered vehicles, battery-powered cars, fuel cells, and combinations of alternative and gasoline powered vehicles.

Restore a damaged environment
Acid deposition penetrates deeply into the fabric of an ecosystem, changing the chemistry of the soil as well as the chemistry of the streams and narrowing, sometimes to nothing, the space where certain plants and animals can survive.  Because there are so many changes, it takes many years for ecosystems to recover from acid deposition, even after emissions are reduced and the rain becomes normal again.  For example, while the visibility might improve within days, and small or episodic chemical changes in streams improve within months, chronically acidified lakes, streams, forests, and soils can take years to decades or even centuries (in the case of soils) to heal.

However, there are some things that people do to bring back lakes and streams more quickly.  Limestone or lime (a naturally-occurring basic compound) can be added to acidic lakes to "cancel out" the acidity.  This process, called liming, has been used extensively in Norway and Sweden but is not used very often in the United States.  Liming tends to be expensive, has to be done repeatedly to keep the water from returning to its acidic condition, and is considered a short-term remedy in only specific areas rather than an effort to reduce or prevent pollution.  Furthermore, it does not solve the broader problems of changes in soil chemistry and forest health in the watershed, and does nothing to address visibility reductions, materials damage, and risk to human health.  However, liming does often permit fish to remain in a lake, so it allows the native population to survive in place until emissions reductions reduce the amount of acid deposition in the area.
D.5 Water Suitable for Drinking

1. Discuss the demand for fresh water and reasons for the inadequacy of its supply.

2. Compare the advantages and disadvantages of treating drinking water with chlorine and ozone.

3. Discuss ways to obtain fresh water from sea water using distillation, reverse osmosis and ion exchange.

4. Discuss ways to reduce the amount of water used and to recycle water.

The water cycle continuously revitalizes the Earth's fresh water supplies.  This supply has been constant for millions of years.  What changes, is the demand for water by an increasing world population and the accompanying industrial municipal and agricultural demands.  Currently, the world's water supply is sufficient to supply four times the Earth's existing population, if it was available in the right places at the right time.  


Of all the water in the world, 97.5% is salt water.  The remaining 2.5% is fresh but a significant amount is tied up in the polar ice caps.  This leaves less than 1% of the world's water supply available to meet the fresh water demands of all living things.  Some parts of the world experience floods, other parts are drought-ridden.

Worldwide, industry accounts for 22 percent of total water usage, compared to domestic use at 8 percent and agricultural use at 70 percent.  However, according to a 2003 U.N. water report, industrial water use of high-income countries can be as high as 59 percent.  Within the United States, experts are paying increased attention to the competing demand for fresh water among industry, agriculture, and municipal water suppliers.  
Water quality changes can be the result of naturally occurring events or as a result of human activity.  When water vapour in the air condenses to form rain, it may pick up tiny air-borne impurities that become part of the raindrop.  As rainwater seeps through rocks or soil, it may dissolve minerals or other water-soluble substances that give the water some of its chemical characteristics.  Flowing water picks up many objects and carries sediments.  Water quality also changes with the seasons as temperature, volume of flow, turbidity and biological activity respond to the seasonal differences.

Apart from the natural changes, Humans are responsible for a great many changes to the quality of water.  These changes can be a result of industrial, agricultural, municipal or recreational activities.

Water pollution occurs when the quality of the water is altered in a way that affects either the organisms living in the water or the suitability of the water for uses such as swimming, stock watering, and drinking.

Organic Pollutants are usually produced by biological activity, especially during the decay of once-living materials.  Sources include runoff from barnyards and dumps, improper disposal of human wastes, and dead plants and animals.  Other sources include gasoline and oil from automobiles and trucks.  A new class of organic pollutants has been manufactured by man.  Man-made organic compounds that do not occur naturally are another source of organic pollutants.  The insecticide, DDT is one of these.  Because DDT is not easily broken down by natural processes, it lasts for a long time in the environment.

Inorganic pollutants are the minerals and salts dissolved in water and the silt suspended in water as a direct result of the actions of man.  Many of these substances are found naturally in water.  The actions of man can increase the amounts to where it is not possible to drink the water safely.  Sources include fertilizer runoff from farm fields, sand and salt from our roads, erosion from fields and banks, ore mining, burning fossil fuels and industrial wastes.  Metals like mercury, lead, arsenic and cadmium are also inorganic pollutants.  They can create serious health problems at very low concentrations.  Sources include industrial wastes, improper disposal of car and truck batteries, and household products like nickel-cadmium batteries and small watch and transistor batteries.

Biological pollutants are the bacteria, viruses, protozoans and worms, which are carried by water from one host to another.  Algae can also be a biological pollutant when they occur in large numbers.  Sources of biological pollution include treated and untreated human sewage, organic pollution, and animal waste. 
Water Treatment
Chlorine is a disinfectant added to drinking water to reduce or eliminate microorganisms, such as bacteria and viruses, which can be present in water supplies.  The addition of chlorine to our drinking water has greatly reduced the risk of waterborne diseases.

Disinfecting our drinking water ensures it is free of the microorganisms that can cause serious and life-threatening diseases, such as cholera and typhoid fever.  To this day, chlorine remains the most commonly used drinking water disinfectant, and the disinfectant for which we have the most scientific information.

Chlorine is added as part of the drinking water treatment process. However, chlorine also reacts with the organic matter, naturally present in water, such as decaying leaves.  This chemical reaction forms a group of chemicals known as disinfection by-products.  The most common of these by-products are trihalomethanes (THMs), which include chloroform.  The amount of THMs found in drinking water depends on a number of things, including the season and the source of the water.  For example, THM levels are generally lower in winter than in summer, because the amount of natural organic matter is lower and less chlorine is needed to disinfect at colder temperatures.  THM levels are also low when wells or large lakes are the drinking water source, and higher when rivers or other surface waters are the source, because they generally contain more organic matter

Current scientific data shows that the benefits of chlorinating our drinking water (less disease) are much greater than any health risks from THMs and other by-products.  Although other disinfectants are available, chlorine remains the choice of water treatment experts.  When used with modern water filtration methods, chlorine is effective against virtually all microorganisms.  Chlorine is easy to apply and small amounts of the chemical remain in the water as it travels in the distribution system from the treatment plant to the consumer's tap.  This level of effectiveness ensures that microorganisms cannot recontaminate the water after it leaves the treatment plant. 

A number of cities use ozone to disinfect their water, because ozonation does not produce THMs.  Although ozone is a very effective disinfectant, it breaks down quickly and cannot be used to maintain disinfection in the distribution system.  Small amounts of chlorine or other disinfectants still must be added.  Renovating water treatment plants so they can use ozone can be expensive. 

For many years chlorine has been effective in water purification, but some bacteria are becoming resistant to it.  Internationally, Ozone is fast becoming the chemical choice to replace chlorine in drinking water treatment.  This latest technology in water purification is being introduced into this country as an alternative to chemical treatment. 

Use of ozone will: 

· Disinfection i.e. to kill microorganisms (Giradia lamblia / virus inactivation / elimination of cryptosporidia) 

· Elimination of odours (deodorization) 

· Elimination of humic substances (decolouration) 

· Taste enhancement 

· Oxidation of iron and manganese 

· Breakdown of pesticides 

The advantages of using ozone rather than chlorine are: 

· No production of Haloforms 

· Very low ozone masses are needed, i.e. investment and operating costs are low 

· No secondary products 

· pH-insensitivity 

· Support and partial replacement of flocculants 
· Ozone is generated “on site”

· Less corrosive than chlorine in water
Treating Salt Water

reverse osmosis (RO): A water treatment process that removes undesirable materials from water by using pressure to force the water molecules through a semipermeable membrane.  This process is called "reverse" osmosis because the pressure forces the water to flow in the reverse direction (from the concentrated solution to the dilute solution) to the flow direction (from the dilute to the concentrated) in the process of natural osmosis.  RO removes ionized salts, colloids and organic molecules down to a molecular weight of 100.

ion exchange: A reversible chemical process in which ions from an insoluble permanent solid medium (the "ion exchanger" usually resin) are exchanged for ions in a solution or fluid mixture surrounding the insoluble medium.

distillation: The process of separating the water from the organic and inorganic contaminants through a combination of evaporation (or vaporization), cooling and condensation.
D.6 Dissolved Oxygen in Water

1. Outline the importance of dissolved oxygen in water.

2. Outline biological oxygen demand (BOD) as a measure of oxygen demanding wastes in water.

3. Distinguish between aerobic and anaerobic decomposition of organic material in water.

4. Describe the influence of sewage, detergents and fertilizers on the growth of aquatic plants, and the effect of their subsequent decomposition on oxygen concentration (eutrophication). 

5. Discuss the effect of heat on dissolved oxygen and metabolism in water.

Oxygen is important to all life.  We breathe air that contains about 20% oxygen.  Aquatic life needs oxygen to live.  Aquatic life uses oxygen that is dissolved in the water and is in much smaller quantities than in the air.  Oxygen, in water, is measured as dissolved oxygen (DO).  If more oxygen is consumed than is produced, dissolved oxygen levels decline and some sensitive animals may move away, weaken, or die.
Through rain, wind, waves, and currents, oxygen is mixed in from the air above.  Water that moves faster contains more dissolved oxygen because it has more contact with the air than still water.  Underwater plants and algae also contribute oxygen that is given off during photosynthesis.

Weather, temperature and salinity affect amounts of dissolved oxygen (DO).  Cold, fresh water holds more oxygen than warm or salty water.  If DO levels are severely low, large quantities of fish may die.  Low DO is also caused by fertilizer and manure runoff from streets, lawns and farms.  Fertilizers and fecal matter encourage the growth of too much algae, which uses up the oxygen quickly.  Plants and animals die and are decayed by bacteria, which also uses up a great deal of oxygen.

One of the best methods for determining the health in an aquatic ecosystem is by measuring for dissolved oxygen.  Dissolved oxygen is measured in parts per million (ppm) and can range from 0-18 ppm.  DO levels of 6-18 ppm will sustain a variety of aquatic life.  When DO levels dip down to 4-5 ppm aquatic life becomes under stress.  If oxygen levels in a body of water dip lower than 3 parts per million, even the hardiest of aquatic organisms will die.

A simplified description relationship between dissolved oxygen and temperature, salinity, and pressure is as follows:

· Gas solubility increases with decreasing temperature, colder water holds more oxygen.

· Gas solubility increases with decreasing salinity, thus freshwater holds more oxygen than saltwater. 

· Gas solubility decreases as pressure decreases, thus at higher altitudes oxygen decreases.

	Temperature(°C)
	DO(mg/l)
	Temperature(°C)
	DO(mg/l) 

	0
	14.60
	23
	8.56

	1
	14.19
	24
	8.40

	2
	13.81
	25
	8.24

	3
	13.44
	26
	8.09

	4
	13.09
	27
	7.95

	5
	12.75
	28
	7.81

	6
	12.43
	29
	7.67

	7
	12.12
	30
	7.54

	8
	11.83
	31
	7.41

	9
	11.55
	32
	7.28

	10
	11.27
	33
	7.16

	11
	11.01
	34
	7.16

	12
	10.76
	35
	6.93

	13
	10.52
	36
	6.82

	14
	10.29
	37
	6.71

	15
	10.07
	38
	6.61

	16
	9.85
	39
	6.51

	17
	9.65
	40
	6.41

	18
	9.45
	41
	6.41

	19
	9.26
	42
	6.22

	20
	9.07
	43
	6.13

	21
	8.90
	44
	6.04

	22
	8.72
	45
	5.95


When organic matter decomposes, microorganisms (such as bacteria and fungi) feed upon this decaying material and eventually it becomes oxidized.  Biochemical oxygen demand, or BOD, measures the amount of oxygen consumed by microorganisms in the process of decomposing organic matter in stream water.

BOD directly affects the amount of dissolved oxygen in rivers and streams.  The more rapidly oxygen is depleted in the stream, the greater the BOD.  This means less oxygen is available.  The detriment of high BOD is the same as low dissolved oxygen: aquatic organisms become stressed, suffocate, and die.

Sources of BOD include leaves and woody debris; dead plants and animals; animal manure; effluents from pulp and paper mills, wastewater treatment plants, feedlots, and food-processing plants; failing septic systems; and urban storm water runoff.

Anaerobic digestio

Anaerobic digestion is a bacterial process that is carried out in the absence of oxygen.  

Aerobic digestion

Aerobic digestion is a bacterial process occurring in the presence of oxygen.  Under aerobic conditions, bacteria rapidly consume organic matter and convert it into carbon dioxide.  Once there is a lack of organic matter, bacteria die and are used as food by other bactieria.  Because the aerobic digestion occurs much faster than anaerobic digestion, the capital costs of aerobic digestion are lower.  However, the operating costs are characteristically much greater for aerobic digestion because of energy costs for aeration needed to add oxygen to the process.

Nitrate is found in nature in very small amounts because of the ongoing growth and decay process.  When plants and animals die and decompose, ammonia is produced. Bacteria usually turn the ammonia into nitrate (NO3).  Pollutants such as sewage or manure however, contain much higher levels of nitrates.  High levels of nitrate may get into groundwater or streams from fertilized fields, lawns, golf courses, from septic system effluent, or from runoff of manure.


Nitrate is a nutrient that helps plants to grow.  An excess of nitrates in the water can result in a rapid growth of algae and other plants.  A massive growth of aquatic plant life can change the water significantly.  Water becomes murky, and the water temperature warms.  When the plant life dies and starts to decompose, bacteria use up all the oxygen.  The oxygen level gets so low that many types of fish and insects can no longer survive in the lake.  Excess nitrates can start a chain reaction that has very serious effects.

Sources of nitrates include wastewater treatment plants, runoff from fertilized lawns and cropland, failing on-site septic systems, runoff from animal manure storage areas, and industrial discharges that contain corrosion inhibitors.
Phosphates are a plant nutrient that can also be a pollutant.  Phosphates in water contribute to the growth of algae, similar to nitrates.  Adding phosphates to a body of water can accelerate plant growth and eventually damage an ecosystem by draining the oxygen levels when the plants decompose.


Phosphorous is usually present in natural waters as phosphate (PO-4-P).  Phosphate has two different forms in our environment: organic phosphate, which is a part of living plants and animals, their by-products and their remains; and inorganic phosphate, which can be bound to soil particles or present in laundry detergents.


Phosphorous is an essential element for life, an important nutrient for plants to grow. The number of aquatic plants growing in a particular area is dependent on the amount of phosphorous available.  In an aquatic ecosystem, inorganic phosphate is rapidly taken up by algae and larger plants, resulting in algal blooms, increased biochemical oxygen demand and significant impacts on water quality.


Phosphorous from natural resources, such as forest fires and fallout from volcanic eruptions, is insignificant when compared to human-caused enrichments of water from nutrients such as phosphorous. Phosphorous is introduced into the environment from human activities such as: human and animal wastes, fertilizers, industrial wastes and human disturbance of the land and its vegetation.


Because phosphorous acts as a plant nutrient, it also causes eutrophication. Eutrophication is the enrichment of water with nutrients, usually phosphorous and nitrogen, which stimulates the growth of algal blooms and rooted aquatic vegetation. Eutrophication promotes more plant growth and decay, which in turn increases biochemical oxygen demand. Phosphates in excess amounts can have a significant impact on water quality.
A sampling of water quality facts

· Approximately 57% of Canadians are served by wastewater treatment plants, compared with 74% of Americans, 86.5% of Germans, and 99% of Swedes. 

· In developing nations, 80% of diseases are water-related. 

· Of all Canadians, 26% rely on groundwater for domestic use. 

· One drop of oil can render up to 25 litres of water unfit for drinking. 

· One gram of 2,4-D (a common household herbicide) can contaminate ten million litres of drinking water. 

· One gram of PCBs can make up to one billion litres of water unsuitable for freshwater aquatic life. 

· One gram of lead in 20 000 litres of water makes it unfit for drinking. Older homes often contain plumbing made of lead or soldered in lead, which can then leach into water. 

· The nitrates in fertilizers promote excessive growth of algae and larger aquatic plants, causing offensive algal blooms and driving out sport fish. 

· Methane gas can often be seen bubbling up from the bottom of ponds; it is produced by the decomposition of dead plants and animals in the mud. 

· Calcium and magnesium – both essential elements for man – account for most water hardness. Death rates for certain types of cardiovascular disease have been found to be higher in soft water areas than in hard water areas in many parts of the world. 

· Copper is another essential element – for optimal absorption and metabolism of iron and for bone formation – and fairly common in natural water. More than one milligram per litre may make water unpalatable. 
D.7 Waste Water Treatment

1. Outline the primary and secondary stages of sewage treatment and state what is removed during each stage.
2. Discuss the increasing use of tertiary treatment.
The wastes generated by some 60% of the U.S. population are collected in sewer systems and carried along by some 14 billion gallons of water a day.  Of this enormous volume, some 10% is allowed to pass untreated into rivers, streams, and the ocean.  The rest receives some form of treatment to improve the quality of the water (which makes up 99.9% of sewage) before it is released for reuse.

The conventional sewage treatment process typically involves the following three stages:
1. Primary treatment - to settle out solids 

2. Secondary treatment - to remove the dissolved and emulsified components
3. Tertiary treatment - to make the effluent fit to be received in the environment
Primary Treatment

The simplest, and least effective, method of treatment is to allow the undissolved solids in raw sewage to settle out of suspension forming sludge.  Primary treatment is to reduce oils, grease, fats, sand, grit, and coarse (settleable) solids. This step is done entirely with machinery, hence the name mechanical treatment.  Such primary treatment removes only one-third of the BOD and virtually none of the dissolved minerals.  Attempts to use digested sludge as a fertilizer have been hampered by its frequent contamination by toxic chemicals derived from industrial wastes. 

Secondary Treatment

However, many treatment plants in North America then pass the effluent from primary treatment to secondary treatment.  Here the effluent is brought in contact with oxygen and aerobic microorganisms.  They break down much of the organic matter to harmless substances such as carbon dioxide. 

Primary and secondary treatment together can remove up to 90% of the BOD.  After chlorination to remove its content of bacteria, the effluent from secondary treatment is returned to the local surface water.

Advanced Waste Treatment

The combination of primary and secondary treatment removes most of the organic matter in sewage and thus lowers the BOD.  However, most of the nitrogen and phosphorus in sewage remains in the effluent from secondary treatment.  These inorganic nutrients can cause eutrophication of surface water receiving the effluent causing blooms of algae.  To avoid this, a few communities add a third stage of treatment called tertiary or advanced waste treatment. 

Several techniques are available to remove dissolved salts from sewage effluent, but all are quite expensive. 

