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determine the suitability of the body of water for fish and
other aquatic organisms.

■ Consider taking samples of benthic invertebrates, the small
organisms that live in the gravel of most rivers and streams,
if time and materials allow. The types and numbers of
these organisms can correlate with water quality.

Answers to Analysis Questions
1. The bar graphs will usually have higher levels of sulfate,

iron, nitrate, and phosphate depending on the nature of
the site being tested. pH level may be higher or lower
depending on the nature of the discharge into the body of
water. Student graphs should include a title and labels and
measurement units on both axes.

2. Any differences will be due to the nature of the discharge.
For example, a freshly watered and fertilized plant will
have high levels of nitrate and phosphate due to the use of
fertilizers, while a plant that received water only will have
significantly lower levels.

3. Comparisons with Calgary tap water will again vary
depending on where samples are taken. Calgary drinking
water is treated to lower some of these levels. In
comparison, water downstream of Calgary has high levels
of nitrate and phosphate due to storm water and sewage
(treated). 

Answers to Conclusions Questions
4. In general, most human activities cause phosphate and

nitrate levels to go up in downstream water. Other factors
vary with the discharge. 

5. Moderate levels of nitrate and phosphate in water increase
aquatic plant and algal growth. This subsequently
increases the number of invertebrate herbivores and
carnivores, which provide an abundant source of food for
fish. More significant increases in nitrate and phosphate
levels can also result in algal blooms. The very large
number of big trout downstream of the city of Calgary
provide a testament to how a problem (nutrient loading)
can affect a natural environment. These fish were also well
known for their oily taste many years after the local oil
refineries were torn down. 

Answer to Extension Question
6. The spill into Wabamun Lake was mostly Bunker C crude

oil, which has a relatively high sulfur content and includes
many other metals. Another component of the spill was
described as pole preservative, a polycylic aromatic
hydrocarbon. The immediate effects of the spill included
extensive oil coverage of the lake surface; an immediate
order to stop using the water for cooking, washing,
showering, drinking, and swimming; oil damage to over
1000 birds, of which less than 50% survived;
contamination of wildlife habitats; the shutdown of a
TransAlta power plant that used the water after

unacceptably high levels of aluminium, chromium,
arsenic, and copper were detected; and the shutdown of
the sport fishing industry on the lake. In the spring of
2006 there was another intensive clean-up effort; during
that summer high temperatures brought more of the oil
sunk in the lake to surface, creating oil sheens and tar
balls. A fish consumption advisory from Capital Health
remained in effect throughout 2006.

Assessment Options
■ Have the students write up a formal lab report with

answers to Analysis, Conclusions, and Extension questions
to be handed in for marking.

■ Use Assessment Checklist 2 Laboratory Reports. (See
Appendix A.)

Section 2.2 Review Answers
Student Textbook page 52

1. (a) Carbon moves relatively quickly through producers,
consumers, decomposers, and the atmosphere.
Carbon does not accumulate for long periods in any
of these components of the environment, making this
part of the carbon cycle an example of the rapid
cycling of matter.

(b) It takes many years for organic matter to accumulate
and form a fossil fuel. As a fossil fuel, the carbon is
not available to living organisms, and so is part of the
slow cycling of matter.

2. Nitrogen and oxygen enter the atmosphere, but
phosphorous and calcium do not. Instead, phosphorous
and calcium move through the biosphere in water,
organisms, and soil only. 

3. (a) 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.

(b) Through nitrogen fixation, bacteria convert nitrogen
gas to ammonium. Through ammonification, bacteria
break down organic matter and produce ammonium.
Other bacteria further convert ammonium into nitrite
and then to nitrate. Through denitrification, bacteria
convert nitrate and nitrite into nitrogen gas.

4. All biogeochemical cycles move through both the abiotic
and biotic environment by rapid and slow cycling, include
nutrient reservoirs, and involve transport by water.

5. (a) Green plants need nitrogen to make DNA and
proteins. 

(b) Green plants need sulfur for proteins and vitamins.

(c) Green plants need phosphorous to make DNA and
ATP.
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6. (a)

(b) Through nitrification, nitrifying bacteria convert
ammonium to nitrite and then into nitrate. Plants use
nitrate to make organic compounds requiring
nitrogen, such as DNA and proteins. Consumers can
get nitrogen by eating plants or other consumers. This
is a tricky question as the conversion of ammonium
to nitrite and then into nitrate is not specifically
identified as nitrification in the text, but most
students should be able to make the association.

7. (a)

(b) Burning fossil fuels releases sulfur to the atmosphere
as sulfur dioxide. Sulfur dioxide reacts with oxygen
and water vapour in the atmosphere to form sulfurous
acid and sulfuric acid. These acids return to Earth’s
surface in acid deposition.

8. (a)

(b) Producers readily use phosphate, but the scarcity of
phosphate in the environment tends to limit their
growth. As a result, phosphate from detergents that
enters the environment through sewage and
wastewater run-off can cause algal blooms in lakes
and other natural bodies of water. Algal blooms block
sunlight, resulting in the death of aquatic plants,
which can no longer photosynthesize. Decomposition
of the resulting organic matter depletes oxygen in the
water, thereby killing fish and other aquatic life.  

2.3 The Balance of the Matter and 
Energy Exchange

Student Textbook pages 53-61

Section Outcomes
Students will:
■ explain how energy, matter, and the productivity of

ecosystems are interrelated
■ explain the influence on atmospheric composition of the

equilibrium between the exchange of oxygen and carbon
dioxide in photosynthesis and cellular respiration

■ describe evidence and scientific explanations for changes in
the composition of Earth’s atmosphere from past to
present, and describe the significance of these to current
states of equilibrium in the biosphere

■ outline, explain, and evaluate the influence of human
activities on the biosphere

■ design and evaluate a model of a closed biological system

Key Terms
productivity
stromatolites

Biology Background
■ Some forms of high-energy electromagnetic radiation,

including ultraviolet radiation and x-ray radiation, can
disrupt the DNA of cells to trigger uncontrolled growth,
resulting in cancer. This radiation can physically break
down genetic materials to result in a permanent mutation
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