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Biology Background
■ Water is essential to many of the homeostatic mechanisms

that make human life possible. The control of body
temperature, a feature of all birds’ and mammals’
metabolisms, is dependent on water’s ability to resist
temperature change (i.e., its specific heat). Cooling is aided
by the body’s excretion of water in the form of sweat,
which removes energy from the body because water
vapourizes at a high heat. Water is essential in digestion, as
any food must be changed into a solution that can diffuse
into the cells of the digestive tract. Transport of nutrients,
oxygen, and carbon dioxide in the blood depends on water.
Human cells are bathed in a close approximation of
seawater called extra-cellular fluid (ECF). This is no
surprise, as the biological processes that are common to all
cells originated in primordial ocean waters.

■ Water is not distributed evenly throughout Alberta.
Northern Alberta, in general, has more of this natural
resource, while the southern part of the province has less of
it. Indeed, one early visitor to the province (John Palliser,
1857–1860) declared that one part of southern Alberta was
so dry that it was unfit for human habitation.

■ Tropical rain forests have a large diversity of tree species,
unlike Alberta forests, which tend to be made up of large
numbers of one or two predominant species. A large
tropical forest can have up to 5000 species of trees, often
100 to 200 species per acre.

Teaching Strategies
■ BLM 2.1.1 (OH) The Hydrologic Cycle can be used to

refresh students’ knowledge of the hydrologic cycle and the
basics of evaporation, condensation, and precipitation.
Transpiration (from Science 10) and the importance of
ground water can be included. Alternatively, you may want
to use BLM 2.1.2 (HAND) Hydrologic Cycle Activity
and BLM 2.1.2A (ANS) Hydrologic Cycle Activity
Answer Key to reactivate their prior learning. Have
individual or groups of students draw and label the
diagram of the hydrologic cycle provided, off the tops of
their heads, without the use of outside resources. This
should take less than half an hour. Discuss their results—
the parts they included and the ones they missed.

■ Use a series of demonstrations to show the effects of
characteristics of water. Have students explain the meniscus
of a graduated cylinder, surface tension, and the conversion
of ice to steam.

■ Using BLM 2.1.3 (OH) The Water Molecule, discuss the
unequal sharing of electrons and the polar nature of the
water molecule that results. This can be used as the
opening of a discussion on what makes water unique and
why that uniqueness is important to life. Include high
specific heat, cohesion, adhesion, melting and boiling
points of water, and hydrogen bonding. 

■ Use BLM 2.1.4 (OH) Crystalline Structures of Solid
and Liquid Water to explain why ice floats and why water
is densest at 4 °C. The changes in the structure of water

and its implications for life may not be intuitive to
students. As such, this may be an opportunity to point out
to students the interconnections between chemistry,
physics, and biology.

■ BLM 2.1.5 (HAND) Water Question and Answer
Activity and BLM 2.1.5A (ANS) Water Question and
Answer Activity Answer Key can be given to students as a
short quiz or as an in class review exercise at the end of
Section 2.1. 

Answers to Questions for Comprehension
Student Textbook page 36

Q1. Water has partial positive charges and partial negative
charges. These partial charges attract oppositely charged
ions. The partial positive charges of water’s hydrogen
atoms, for example, attract the negatively charged
phosphate ions.

Student Textbook page 37

Q2. (a) It takes considerable energy to break the many
hydrogen bonds between water molecules in a volume
of water. As a result, water does not change from a
liquid to a gas until about 100 °C. Similarly, water
freezes at 0 °C. Over this wide temperature range,
water remains a liquid and therefore able to dissolve
and transport nutrients.

(b) Due to hydrogen bonding, water is most dense at 
4 °C. In spring, water from melting ice on the lake
surface warms to 4 °C and sinks, displacing cooler
water. Similarly, as winter approaches and the warm
lake water cools towards 4 °C, it becomes denser and
sinks, displacing warmer water. As water sinks and
rises, it cycles nutrients with it.

(c) Adhesion—hydrogen bonding between water
molecules and molecules of other substances—causes
water to cling to the inside surface of a plant’s xylem.
As water evaporates from a plant’s leaves, more water
is drawn up through the xylem because of cohesion—
the attraction of water molecules to each other due to
hydrogen bonding.

Thought Lab 2.1: Water Gains and 
Losses

Student Textbook page 38

Purpose
Students will get a chance to compare a typical human water
budget with that of another animal—the kangaroo rat, which
has a series of adaptations that allows it to live in arid
conditions.

Outcomes
■ 20–A2.3
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Advance Preparation

Time Required
1 period

Helpful Tips
■ You can introduce this Thought Lab with a discussion of

humanity’s ability to survive in almost any environment on
the planet. Ask students why some animals are found only
in specific localities, while others exist in a wide range of
climates. Ask for student suggestions of organisms that can
exist in many different places. At the end of the lab, point
out that adaptation to a specific locality is a double-edged
sword. Adaptations that provide an advantage in one
environment may actually hinder an organism in a
different one.

■ Use BLM 2.1.6 (HAND) Thought Lab 2.1: Water Gains
and Losses to support this activity. Remove sections as
appropriate to meet the needs of the students in your class.
The answers can be found on BLM 2.1.6A (ANS)
Thought Lab 2.1: Water Gains and Losses Answer Key.

Answers to Procedure Questions
2. (a) Water gain from metabolic water—human, 10%;

kangaroo rat, 90%.

(b) Water gain from absorbed water—human, 90%;
kangaroo rat, 10%.

3. (a) Total water loss from urine—human, 47.4% (50%
using correct significant figures); kangaroo rat 22.5%.

(b) Total water loss from evaporation—human, 42.1%
(40% using correct significant figures); kangaroo rat
73.2%.

Answers to Analysis Questions
1. Both organisms lose the largest percentage of water by

evaporation (including breathing) and the lowest
percentage through their feces. Water loss through urine is
an intermediate percentage for both organisms.

2. Metabolic water makes up 90% of the kangaroo rat’s
water gain. Comparatively, a human only gains 10% of its
water from metabolic water.

3. (a) The kangaroo rat is able to recycle water more
efficiently from urine, feces, and metabolic water.

(b) Answers may include the following: the kangaroo rat
sweats relatively little—it uses behavioural adaptations
such as deep burrowing and nocturnal behaviour to
stay cool; the kangaroo rat has a relatively long
digestive tract to allow for more complete re-
absorption of water from the digestive system; the
kangaroo rat has very efficient kidneys that are able to
reabsorb a great deal of water from the urine. Accept
any reasonable answer.

4. 73.2% of the kangaroo rat’s water loss occurs from
evaporation, while a typical human loses 42.1%. By being
active only at night when temperatures are cooler, the
kangaroo rat is able to reduce water loss from evaporation.
Students may note that the kangaroo rat loses a greater
percentage of water through evaporation than a human
does; however, a kangaroo rat lives in a much more
extreme environment than the typical human.

5. (a) Carbohydrate: (620 g)(0.6) = 372 g; Fat: (20 g)(1.07)
= 21.4 g; Protein: (110 g)(0.4) = 44 g

372 g + 21.4 g + 44 g + 104 g free water = 541.4 g

= 9.02 d

The cellular respiration of 1 kg of grain will release
541.4 g of water, sufficient to maintain a kangaroo rat
for about 9 days.

(b) Carbohydrate: 0 g; Fat: (70 g)(1.07) = 74.9 g;
Protein: (270 g)(0.4) = 108 g

74.9 g + 108 g + 656 g free water = 838.9 g

= 0.44 d

The cellular respiration of 1 kg of steak will release
838.9 g of water. This should be sufficient water to
maintain a human for 0.44 days.

Assessment Options
■ Collect answers to Procedure and Analysis questions for

marking 
■ Have students mark the answers in class and hand in

results for recording.

Answers to Questions for Comprehension
Student Textbook page 39

Q3. Metabolic water is the water produced by cellular
respiration.

Q4. Organisms gain water by eating, drinking, and absorbing
water (animals through skin, plants through roots), and as
a waste product of metabolism.

Q5. Organisms lose water via evaporation, including breathing
and sweating in animals and transpiration in plants.
Animals also lose water in feces and urine.
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When to Begin What to Do

1 day before ■ Have the students read
through the lab the night
before and remind them to
bring calculators to class.

■ Photocopy BLM 2.1.6
(HAND) Thought Lab 2.1:
Water Gains and Losses
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■ Use BLM 2.2.12 (OH) The Phosphorus Cycle to help
students understand the various steps of the phosphorus
cycle. BLM 2.2.13 (HAND) Phosphorus Cycle Activity
and BLM 2.2.13A (ANS) Phosphorus Cycle Activity
Answer Key can provide further practice for students
struggling with this cycle or you may want to use it as a
quiz. BLM 2.2.14 (OH) Algal Bloom Diagram/Flow
Chart is designed to help clarify the processes involved in
the formation of algal blooms. You may want to ask
students if they can outline the process on their own before
using this BLM and then use the BLM to highlight points
that were missed.

■ After completing this section, BLM 2.2.15 (HAND)
Hydrologic and Biogeochemical Cycles Review Question
and Answer Exercise and BLM 2.2.15A (ANS) Hydrologic
and Biogeochemical Cycles Review Question and Answer
Exercise Answer Key can be used as a review aid or a quiz to
assess retention of the cycles covered in this section.

Terms used in the sulfur and nitrogen cycle may be confusing,
especially to ESL students. As such, you may want to suggest that
students set up their own vocabulary list. Students may wish to create
their own “flash cards” with the term on one side of the card and its
definition or description on the other side. They may also design
flowcharts of the cycles to help them remember the terms in context.

Figure 2.8
Student Textbook page 42

The pea plant on the right is lacking essential nutrients, such
as sulfur, nitrogen, and phosphorus.

Answers to Questions for Comprehension
Student Textbook page 43

Q6. A nutrient reservoir is a component of the biosphere in
which nutrients temporarily accumulate. Examples
include soil, water, and organisms.

Q7. When organic matter accumulates, it can move out of the
rapid cycling of nutrients and become part of the slow
cycling of nutrients through fossilization and the
formation of sediments, and as such, becomes unavailable
to living organisms. Weathering, erosion, and burning
fossil fuels can release accumulated substances back into
the rapid cycling of nutrients.

Figure 2.11
Student Textbook page 43

Oxygen is an end product of photosynthesis and a reactant in
cellular respiration. Carbon dioxide is an end product in
cellular respiration and a reactant in photosynthesis.

Biology File: Web Link
Student Textbook page 44

This Web Link study on determining domestic carbon
dioxide emissions should help students link the carbon cycle
they have just learned about to their own behaviours and
consumption habits, and those of their family.

Answers to Questions for Comprehension
Student Textbook page 44

Q8. (a) Plants take up carbon dioxide from the air and use it
to create carbon compounds through photosynthesis.
During forest fires or when plant matter decomposes,
carbon is released to the atmosphere.

(b) Animals consume carbon-rich organisms and release
carbon dioxide as an end product of cellular
respiration. Decomposition of animal matter also
releases carbon into the biosphere.

Investigation 2.B: Carbon Dioxide 
Production in Plants and Animals

Student Textbook pages 44–45

Purpose
Students will measure the amount of carbon dioxide produced
by a plant and compare this data with carbon dioxide
production by an animal. Students will design their own
experiment, carry it out, and gather their data.

Outcomes
■ 20-A2.1s
■ 20-A2.2s

Advance Preparation

When to Begin What to Do

Beginning of the term ■ Check to see what
materials and testing
apparatuses are available
for student investigations.

1 week before ■ Book computer and library
resources for student
research.

1 day before ■ Ask students to read the
investigation the night
before.

■ Photocopy BLM 2.2.3
(HAND) Investigation 2.B:
Carbon Dioxide Production
in Plants and Animals
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Answers to Questions for Comprehension
Student Textbook page 46

Q9. Earth’s major carbon sinks are the oceans, forests,
petroleum deposits, and limestone rock.

Q10. (a) Deforestation reduces photosynthesis by reducing the
number of producers, and thereby reducing the
amount of carbon dioxide that is removed from the
atmosphere by these organisms. Students may also
mention that when biomass, such as brush and
branches, is left to decompose on the ground after
deforestation or is burnt after harvesting, carbon
dioxide is also released into the atmosphere. If the
trees that are harvested are burnt, this carbon will also
be released into the atmosphere.

(b) Burning fossil fuels takes carbon out of slow cycling as it
quickly releases carbon dioxide into the atmosphere.

(c) Frequently, agriculture relies on deforestation, and as a
result, atmospheric carbon dioxide will increase as
photosynthesis decreases (trees remove a great deal more
carbon dioxide from the air than agricultural crops).

Figure 2.13
Student Textbook page 46

Seashells contain calcium carbonate (CaCO3), which forms
limestone rock over time. As such, they are a component of
the slow cycling of carbon.

Biology File: Web Link
Student Textbook page 47

A Winogradsky column is a model of distinct microbial
growth zones. The microorganisms in each of these zones
depend on the release of nutrients provided by other
microorganisms that have already grown in that zone. Over
time, distinct layers form in which anaerobic communities
exist in the bottom layers and aerobic communities exist in
the upper layers.

Answers to Questions for Comprehension
Student Textbook page 48

Q11. Small amounts of acid deposition are natural, and return
sulfur from the atmosphere to the oceans and soil where
organisms can use it. Large amounts of acid deposition,
however, damage plants, acidify lakes, kill fish and other
aquatic organisms, and leach nutrients from the soil.
Some students may also mention that nitrogen can play
a role in acid deposition as well.

Q12. Bacteria convert sulfur from one form to another. Sulfate
reducers convert sulfate to sulfide and elemental sulfur,
while sulfur oxidizers convert sulfide to elemental sulfur
and sulfate.

Thought Lab 2.2: Carbon, Sulfur, and 
Iron

Student Textbook page 48

Purpose
This short Thought Lab helps students understand how coal
mining can damage the environment and disrupt
biogeochemical cycles, giving students the opportunity to
apply what they have just learned to a new, but important,
situation.

Outcomes
■ 20–A2.1s

Time Required
Approximately 30 minutes.

Helpful Tips 
■ Use BLM 2.2.8 (HAND) Thought Lab 2.2: Carbon,

Sulfur, and Iron to support this activity. Remove sections
as appropriate to meet the needs of the students in your
class. The answers can be found on BLM 2.2.8A (ANS)
Thought Lab 2.2: Carbon, Sulfur, and Iron Answer Key.

■ If possible, have samples of pyrite available for students’
examination.

Answers to Analysis Questions
1. Pyrite breaks down when exposed to oxygen, converting

sulfide to sulfuric acid. If pyrite was exposed during the
mining process, the lower pH caused by the formation of
sulfuric acid may have killed the plants.

2. (a) Coal mining can expose previously buried sulfur
compounds, which cause acidification of the soil and
run-off, harming vegetation. Large, open pit mines
can also create unstable slag heaps (waste left after
coal is processed) and water and air pollution (coal
dust). Aesthetic damage can also be an issue.

(b) Accept any well-defended answer.

3. (a) Depending on the amount of sulfur in the coal, the
mine may have no effect on the sulfur cycle, or it may
increase the amount of sulfuric acid in the cycle
(rapid cycling)  and decrease the amount of sulfide
bound to iron in pyrite (slow cycling) as pyrite breaks
down upon exposure to air. 

(b) Mining removes carbon from the ground (slow cycling)
and increases coal dust in the atmosphere (rapid
cycling). Coal, when it is burned, releases carbon
dioxide into the atmosphere as well (rapid cycling).

4. Coal mining may expose previously buried pyrite. Upon
exposure to oxygen, the Fe2+ in the pyrite will be
converted to Fe3+ by bacteria, increasing the overall
amount of Fe3+ in the iron cycle.
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Assessment Option
■ Have students hand in the answers to the Analysis

questions for marking.

Answers to Questions for Comprehension
Student Textbook page 49

Q13. Plants can use ammonium or nitrate.

Q14. N2(g) → NH4
+ → NO2

– → NO3
–

nitrogen gas → ammonium, nitrite → nitrate

Student Textbook page 50

Q15. Organisms need phosphorus to make ATP, DNA, and
teeth and bones.

Q16. Phosphorus is found in organisms, soil, water, and rock
(through gradual weathering). It is mainly transported
through water and does not cycle through the
atmosphere.

Q17. Increased amounts of phosphorous in aquatic
environments can result in algal blooms. Algal
overgrowth may block sunlight, resulting in the death of
aquatic plants. Decomposition of the resulting organic
matter reduces oxygen levels in the water, and as a result,
many aquatic life forms may die. 

Investigation 2.C: What’s in the Water?
Student Textbook page 51

Purpose
Students will take local water samples and test them for
various water quality parameters with an assay kit. They will
have the opportunity to apply the material they have learned
by gathering and analyzing real-world data.

Outcomes
■ 20–A2.2s

Advance Preparation

Time Required
■ Time for field trip to gather data
■ 2-3 periods for investigation

Safety Precautions
■ Read and follow the safety instructions that come with the

assay kit.
■ Be sure that students are aware of potential dangers in

gathering samples in a flowing river or stream.
■ Remind students to wear gloves and to wash their hands

after the investigation.

Helpful Tips 
■ Use BLM 2.2.16 (HAND) Investigation 2.C: What’s in

the Water? to support this activity. Remove sections as
appropriate to meet the needs of the students in your class.
The answers can be found on BLM 2.2.16A (ANS)
Investigation 2.C: What’s in the Water? Answer Key.

■ If one is available, consider adding a dissolved oxygen test
to the data you collect. A dissolved oxygen test will help

Materials

■ water sample from each area
■ Probeware or colourmetric assay kit for sulfate (or iron), nitrate,

phosphate, and pH
■ 8 to 10 test tubes (10 mL)
■ pipette bulb
■ 2 pipettes (2 mL)
■ 2 sample jars or lids
■ metal scoopula

When to Begin What to Do

2 weeks before ■ Discuss the field trip with
your students, outlining the
purpose of the field trip,
where you are going, and
what you will be doing.

■ Hand out any appropriate
forms that require a
parent’s signature.

1-2 days before ■ Demonstrate each test and
be sure students are
comfortable with what they
have to do and what
precautions will be
necessary with the tests
and the gathering of the
data.

■ Photocopy 2.2.16 (HAND)
Investigation 2.C: What’s in
the Water?

When to Begin What to Do

Beginning of the term ■ Check to see what testing
apparatus is available.

3 weeks before (depending on
jurisdiction)

■ Select an appropriate site.
■ Fill out the appropriate

forms and arrange for
transportation.
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Answers to Analysis Questions
1. Increasing UVR inhibits photosynthesis, and thus

decreases productivity.

2. Direct effects of increasing UVR are as follows: kills fish
and some amphibians, causes developmental damage in
amphibians, decreases amphibians’ ability to fight off
disease, and causes skin deterioration and eye problems
(cataracts) in humans.

3. Indirect effects of increasing UVR are as follows: changes
in behaviour (fish swim to deeper, darker water; shade-
seeking and nocturnal behaviour); selection for darker
pigmentation; humans wear sunscreen and protective
clothing; selection for efficient DNA repair processes;
increased survival of fish and amphibians in water where
dissolved material acts as shield.

4. A typical suggestion would be to counteract increased
UVR by actively enforcing a worldwide ban on CFCs and
HCFCs. To ensure that worldwide ban on CFCs and
HCFCs is a wise approach, scientific studies should be
completed to see how these chemicals impact the stability
of the ozone layer and UVR levels. Countries could also
be consulted to determine if they would be willing to
enforce this ban and to determine the economic cost of
this ban. Accept any reasonable answer. 

Assessment Options
■ Collect answers to Analysis questions for teacher marking

or mark answers in class and hand in results for teacher
recording.

■ To assess group work, use Assessment Checklist 3
Performance Task Self-Assessment and/or Assessment
Checklist 4 Performance Task Group Assessment. (See
Appendix A.)

Answers to Questions for Comprehension
Student Textbook page 55

Q18. Increased amounts of sunlight allows for more
photosynthesis, and thus more productivity, as long as
sufficient water is available. Too much ultraviolet
radiation, however, can inhibit photosynthesis and limit
the growth of plants.

Q19. Other than nutrients, the two major factors that limit
productivity are sunlight and water.

Biology File: Web Link
Student Textbook page 55

As might be expected from such a seemingly unscientific
hypothesis, reception among the scientific community has
been and remains mixed. Viewed as metaphor, the Gaia
hypothesis has much in common with Aboriginal views of the
interconnections of Earth and its living and non-living
components, and it tends to be embraced by scientists with a

more holistic approach to the study of Earth and its systems.
Viewed in strictly and traditionally western scientific terms,
the Gaia hypothesis has met with resistance (or rejection),
especially from evolutionary biologists who tend to argue that
the hypothesis lacks a coherent (or any) explanatory
mechanism.

Investigation 2.D: Biosphere in a Bottle
Student Textbook pages 57

Purpose
In groups, students will design and create model ecosystems to
evaluate carbon dioxide, oxygen, and water exchange, and
observe ecosystem function in a closed biological system.

Outcomes
■ 20–A3.2s
■ 20–A3.3s

Advance Preparation

When to Begin What to Do

3 weeks before (depending on
jurisdiction)

■ Determine where and how
students are going to
gather materials. 

■ Select an appropriate site
to collect materials if doing
so as a class.

■ Fill out the appropriate
forms and arrange for
transportation.

2 weeks before ■ Discuss the field trip with
your students, outlining the
purpose of the field trip,
where you are going, and
what you will be doing.

■ Hand out any appropriate
forms that require a parent
or guardian’s signature.

1-2 days before ■ Decide what restrictions
you want to apply to these
miniature ecosystems, how
long this activity should last,
and whether each student
should create their own
ecosystem or if each group
will create one ecosystem
together.

■ Photocopy BLM 2.3.6
(HAND) Investigation 2.D:
Biosphere in a Bottle.


