		Date__________________________
Section 3.2 Changing the Concentration of Harmful Chemicals

The best way to keep the environment safe is to prevent potentially harmful substances from entering it… 
…this however, isn’t going to work because we humans engage in activities that introduce harmful chemicals to the environment.

BACKGROUND: Concentration refers to __________________________________________________________________

There are 5 ways to change the concentration of chemicals in the environment:

1) Dispersion ______________________________________________________________________________________________

	For example:







2) Dilution __________________________________________________________________________________________________

	For example:
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Dispersion ad dilution may not always leave an environment clean enough to meet government standards. There  are 3 other methods to remove or eliminate harmful chemicals from the environment:
3) Biodegradation
4) Phytoremediation
5) Photolysis

3) Biodegradation

			“degrade” means ___________________________________

    “bio” means _____________________________________

___________-______________________ that live in or on the soil and water can be important in the biodegradation of pollutants. 

Name the following micro-organisms that are involved in biodegradation:
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    _____________________________        ___________________________        _____________________________

Bacteria
Some bacteria grow and reproduce only when oxygen is present. They use oxygen for the process of ____________________ biodegradation. 
Some bacteria thrive where there is little or no oxygen. This environment is known as an ____________________________ environment.
Provide an example of anaerobic bacteria involved in biodegradation:




Factors that affect Biodegradation
· Temperature: The colder it is, the __________ biodegradation occurs.
·  
·  
·  
·  
·  

Bioreactor technology is developing based on knowledge of the effects of the above factors. Explain how bioreactor technology is used in landfills to promote biodegradation:






4) Phytoremediation 
			  “remediation” means _________________________________________
     “phyto” means ________________________________

Phytoremediation is a technique that reduces the concentration of harmful chemicals in __________
_________________________________________.
How do plants work to “cure” the soil around them?
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[bookmark: _GoBack]5) Photolysis
			
			“lysis” means __________________________________
   “photo” means ______________________________
The formation of the ______________ is an example of photolysis. 
[image: ]
Nitrogen dioxide in the presence of light breaks down to form _______________________________________ and an _____________________________ atom. This oxygen atom then combines with an oxygen molecule to form ____________________..

Another example of photolysis is photodegradable plastic. Explain how this works in your own words. 





















Section 3.3 Hazardous Chemicals affect all Living Things

Chemicals can enter into the environment in a variety of ways, and are often difficult to remove, or even to reduce the concentrations of them.

Biomagnification is _______________________________________________________________________________________
_______________________________________________________________________________________________________________A good example of this is mercury. Explain why mercury is a good example of biomagnification.
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Case Study: Oil Spills around the World
Step 1: View the power point and answer the questions at the end with a classmate












Step 2: Watch the video “Exxon Valdez”
Fill out the “While you Watch” form distributed by Miss. Campbell


Step 3: Read page 250 – 252
Imagine you are a reporter for a global newspaper. Write a news story summarizing the Exxon Valdez oil spill or any other major oil spill you research. Consider the following in your report: 
· what happened
· the results
· the clean-up
· the after-effects

The following websites will allow you to generate a newsclipping of your article should you choose: 
http://www.fodey.com/generators/newspaper/snippet.asp
http://www.homemade-gifts-made-easy.com/newspaper-generator.html

Other methods to present the material must be approved by Miss. Campbell
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BIODEGRADATION



Nature uses living things to clean the environment. Every autumn, leaves
fall but they do not build up year after year because some of them
decompose and become part of the soil. Organisms such as earthworms,
bacteria, and fungi help the biodegradation of most organic substances,
including many pollutants. “Bio” refers to living things and “degrade”
means to break up. 



Micro-organisms are especially important in the biodegradation of
pollutants. Many different types of micro-organisms live in soil and water.
Algae, bacteria, fungi, and protozoa are common. Algae live at the soil
surface and can produce their own organic compounds for food by
photosynthesis. Bacteria, fungi, and protozoa use existing organic
compounds for food. Carbon atoms in these molecules can be used to
build biological compounds such as carbohydrates and protein.



Bacteria
Each organism needs specific conditions to grow and reproduce. Some
bacteria grow and reproduce only when oxygen is present. They use
oxygen for the process of aerobic biodegradation (“aero-” means “air”).
Some bacteria need an anaerobic environment—one without oxygen 
(“an-” means “without”). They thrive where there is little or no oxygen;
for example, deep within landfill sites. 



Some types of anaerobic bacteria remove chlorine from harmful
chlorine-containing compounds such as PCBs (polychlorinated
biphenyls). PCBs are human-made oils used in electrical equipment.
These bacteria are able to remove chlorine atoms from the pollutant’s
molecules and replace them with hydrogen atoms. The molecules can
then be used as food for the bacteria. In this way, some harmful pollutants
are removed from the environment.
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Figure 3.7 Large organic
molecules are broken
down (hydrolyzed) either
inside or outside bacteria.
The decomposition
process usually involves
several steps.



Figure 3.6 Micro-organisms
that live in or on the soil and
water can be important in the
biodegradation of pollutants.
Left to right: algae, bacteria,
a protozoan.
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Factors Affecting Biodegradation
In Canada, little bacterial growth occurs in the cold winter months, so
biodegradation is very slow then, if it occurs at all. Temperature is just one
factor that affects the rate of biodegradation. Other factors are soil
moisture, pH, oxygen supply, and nutrient availability.



Bioreactor technology is a developing technology based on a
knowledge of the effects of these factors. Bioreactors are designed to speed
up the decomposition of organic wastes such as food and paper in
municipal landfills. Liquids are added to the landfill to create ideal
conditions for micro-organisms that decompose organic waste. Under
these conditions, biodegradation occurs much more quickly.



Another method of encouraging biodegradation in soil involves
planting vegetation. Bacteria and fungi occur in larger numbers in soil that
contains plants than they do in soil without plants. The bacteria and fungi
live around the roots of the plants. This greater microbial activity may
increase the biodegradation of hazardous materials.



PHYTOREMEDIATION



Green plants can also be used in another way to remove or degrade
hazardous materials. Phytoremediation is a technique that can be used to
reduce the concentration of harmful chemicals in soil or groundwater.
“Phyto” means plant and “remediation” means correction or cure. Plants
have been used to clean up metals, hydrocarbons, solvents, pesticides,
radioactive materials, explosives, and landfill leachates. Some plants can
absorb and accumulate (build up) unusually large amounts of metals from
the soil. The plants are allowed to grow for some time and then harvested
and burned or composted. In some cases, the metal can be recycled. Once
the plants used for phytoremediation have “cleaned” the soil, other plants
can be planted there.
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r eSEARCH



Pollution Clean-Up
Using books or
electronic resources,
find and describe a
situation where either
biodegradation or
phytoremediation has
been successfully used
to solve a pollution
problem. Begin your
search at
www.pearsoned.ca/
scienceinaction.



Figure 3.9 Sunflowers have been
used at Chernobyl to remove
radioactive substances from
groundwater. 
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PHOTOLYSIS



Some substances degrade from exposure to light. Photolysis is the
breakdown (lysis) of compounds by sunlight (photo). An example of
photolysis is the formation of ozone. Nitrogen dioxide in the presence of
light breaks down to form nitrogen monoxide and an oxygen atom. The
oxygen atom then combines with an oxygen molecule to form ozone.



Another example of photolysis is photodegradable plastic. Ordinary
plastic does not degrade easily and can last for hundreds of years.
Photodegradable plastic is made of chemicals that react when exposed to
sunlight. After about three months, these reactions have changed the
plastic to a fine powder that is easier to dispose of than the original
plastic objects. The problem with photodegradable plastic is that it will
not decompose if it’s buried or placed anywhere else that sunlight cannot
reach it. 



CHECK AND REFLECT



NO2(g) ➝ NO(g) + O(g)
nitrogen dioxide ➝ nitrogen monoxide + oxygen atom



O(g) + O2(g) ➝ O3(g)
oxygen atom + oxygen molecule ➝ ozone



Key Concept Review
1. List five ways of reducing the concentration



of pollutants in the environment.



2. What element do bacteria remove from a
PCB molecule?



3. How do micro-organisms change large
organic molecules to forms that can be
absorbed and used inside the cell? 



4. Define and give an example of photolysis. 



5. Cattails in swamps are used to absorb
chemical pollutants. What method of
reducing pollutant concentration is this?



Connect Your Understanding
6. Would you rather live in an aerobic



environment or an anaerobic one? Explain
your answer.



7. Will a potato decay faster in warm soil or
cold soil? Give a reason for your answer.



8. Are dispersion and dilution the same
process? Explain.



Extend Your Understanding
9. a) Suppose there was an oil spill in soil in



a remote section of southern Canada.
What would you suggest as an effective
clean-up method? Give a reason for your
answer.



b) Suppose the oil spill were in a sandy
soil near a community water supply.
What would you suggest as an effective
clean-up method in this case?



10. Write the procedure for an experiment that
would show the effect of pH on the rate of
biodegradation of waste material.
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3.3 Hazardous Chemicals Affect Living Things
So far in this unit, you have learned how chemicals can enter the
environment, move through it, and be taken into organisms. You have also
learned how harmful chemicals can be concentrated in the environment.
For example, they can become concentrated in soil and river or lake
bottoms. They can also accumulate in plants through uptake of water and
nutrients. This increase in concentration means that some chemicals may
remain in the environment for long periods. This also makes it possible
for some chemicals to increase in concentration as they move up the food
chain. 



BIOMAGNIFICATION



Biomagnification is the increase in concentration of a chemical or element
as it moves up the food chain. A good example is mercury. Figure 3.10
shows what happens when mercury is introduced into the environment.
The mercury comes from emissions from coal-fired power plants, waste
incinerators, and commercial boilers and furnaces that burn mercury-
containing materials. The mercury falls onto fresh or salt water where
bacteria join it to an organic molecule that algae can absorb. Any one algal
organism isn’t affected by the mercury because it takes in very little.



At this point, the mercury enters the food chain when the algae are
eaten by invertebrates such as insects. The mercury concentration is low
in the algae because it is spread over many of them. But an insect has to
eat many algae to survive. The insect is eaten by a fish, which has to eat
many insects to survive. If these insects contain mercury, then the fish
takes in a large quantity of mercury, which it stores in its body tissues.
The fish may be affected by this concentration of mercury. Then you and
your family catch several fish and eat them. If you eat enough of these
mercury-contaminated fish, you may become ill. Mercury-contaminated
fish have been a problem in parts of Canada, such as the Great Lakes.



Figure 3.10  Mercury can
enter water systems in two
ways. One way is from the
air as a result of emissions
from industrial plants.
Another way is from
industrial waste fluids, as
shown here. Once in the
water, the mercury increases
in concentration as it moves
up the food chain.
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i n f oBIT



Lead in the Environment
The City of Calgary issued
a press release on May 17,
2001, stating that
environmental
monitoring results
indicated that lead levels
in surface soil in the
Lynnview Ridge area were
above the current
environmental
guidelines. Precautions
were recommended. Lead
can damage the kidneys,
the nervous system, and
the reproductive system. 
It is especially damaging
to young children and
fetuses.
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3.2 Changing the Concentration of Harmful 
Chemicals in the Environment



The best way to keep the environment safe is to prevent potentially
harmful substances from entering it. However, this isn’t always practical
because most human activities introduce potentially harmful chemicals
into the environment.



The concentration of pollutants in the environment can be changed
using different techniques. The examples discussed here are: dispersion,
dilution, biodegradation, phytoremediation, and photolysis.



Dispersion is the scattering of a substance away from its source. For
example, suppose you are fertilizing your lawn and spill too much
fertilizer in one spot. To prevent damage to the lawn in that spot, you
could spread the fertilizer out over a larger area. In doing this, you would
be dispersing the chemical.



Dilution reduces the concentration of a pollutant by mixing the
polluting substance with large quantities of air or water. For example, if
you place one drop of bleach into a sink full of water, the molecules of the
bleach will mix with the molecules of water, and the bleach will be
diluted.



A fast-flowing river or air mass can disperse and dilute a chemical
very quickly. However, dispersion and dilution may not leave an area
clean enough to meet government standards for clean water or air.
Dilution or dispersion combined with another clean-up process, such as
biodegradation, may be more effective.



Biodegradation of a
Chemical
A site in Sarnia, Ontario,
was contaminated with
an organic chemical
called ethylbenzene.
Approximately 400 t of
clay soil were dug up
and placed in piles, and
micro-organisms were
added to the piles of
soil. Within five months,
concentrations of
ethylbenzene dropped
from 434 ppm to 
25 ppm.



i n f oBIT



Figure 3.5 Substances released into a
river are dispersed and diluted, or they
are deposited on the bottom and
become part of the sediment.
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