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CHAPTER 2 CELLULAR RESPIRATION 

Reflect on Your Learning 

(Page 88) 
 
1.  (a) Organisms use the oxygen they absorb in cellular respiration to accept two electrons from the electron transport chain 

to produce water. 
  (b) The carbon in carbon dioxide is from the carbon atoms found in the glucose molecule. 
  (c) Carbon dioxide is excreted by the body because it is fully oxidized and cannot provide any further energy. Carbon 

dioxide reacts with water to form carbonic acid. The buildup of carbonic acid may lower pH to toxic levels, which will 
denature proteins. 

2.  (a) Bakers add yeast to flour to produce carbon dioxide gas, which causes the baked product to rise. 
  (b) The gas produced in fermentation is carbon dioxide. 
  (c) After a while the bubbling will stop for two reasons: the absence of sugars for fermentation or the buildup of ethanol, a 

product of alcoholic fermentation. A high concentration of ethanol kills the remaining yeast cells. 
  (d) Wine is produced. 
  (e) The name of this process is alcoholic fermentation. 
3.  (a) The reason your muscles feel stiff after a long, hard run is because of the accumulation of lactic acid in the cells of your 

muscle tissues. 
  (b) The reason you pant at the end of a run is to convert the lactic acid back into pyruvate. 

Try This Activity: Clothespins and Muscle Fatigue 

(Page 89) 
  
(a) 
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(b) The strength of your squeezes should decrease with each successive trial. 
(c) Your hand and fingers will ache after the experiment. 
(d) Factors that may cause you to become less fatigued would be the size of the contracting muscles, adaptation to this type of 

activity, and the use of those muscles recently. 
(e) Your dominant hand should be able to contract more often than your nondominant hand. This reduction of fatigue is due 

to adaptation and increased strength of the muscles in your dominant hand. 
(f) After 10 minutes’ rest, you can repeat the same experiment with the same results because your body has removed 

metabolic wastes and replenished lost nutrients.



Copyright © 2003 Nelson Chapter 2  Cellular Respiration 29 

2.1 CELLULAR RESPIRATION: THE BIG PICTURE 

Section 2.1 Questions 

(Page 93) 

Understanding Concepts 
 1. (a) The carbon atoms in CO2 come from the glucose molecule. 
  (b) The hydrogen atoms from glucose end up as part of water. 
  (c) Glucose contains carbon–hydrogen bonds. Carbon-hydrogen bonds are nonpolar, with the electron pairs being shared 

almost equally by the two atoms. The equation for cellular respiration shows that 12 hydrogen atoms break away from 
glucose and attach to six oxygen atoms (from the O2 molecules) to become six water molecules. This is oxidation, 
because hydrogen atoms carry electrons away from the carbon atoms in glucose to oxygen atoms. The second oxidation 
occurs as the remaining six oxygen atoms (from O2) combine with the carbon atoms of glucose to form carbon dioxide. 
This is also an oxidation, because the more-electronegative oxygen atoms draw the shared electron pairs to themselves. 
This is a change equivalent to carbon losing electrons. 

2.  (a) An autotroph transforms light energy into chemical potential energy, whereas a heterotroph is feeds on other organisms 
to obtain chemical energy and then uses chemical potential energy to carry out its life functions. 

  (b) (a) dry yeast: heterotroph 
   (b) fern: autotroph  
   (c) lichen: autotroph 
   (d) amoeba: heterotroph 
   (e) Anabaena: autotroph 
3.  (a) The free energy diagram in Figure 5 does not represent the process of cellular respiration because cellular respiration 

requires a net input of energy. 
  (b)  
 
 
 
 
 
 
 
 
 
 
 
 
 
4.  Obligate anaerobes can only live in the absence of oxygen and obtain energy by oxidizing inorganic substances, while 

facultative anaerobes can tolerate the presence of oxygen. Clostridium tetani, Clostridium botulinum, and Clostridium 
perfringens are all obligate anaerobes. Escherichia coli, Vibrio cholerae, and Salmonella enteritidis are all facultative 
anaerobes. 

Making Connections 

5.  (a) Clostridium species are obligate anaerobes, which means they cannot tolerate the presence of oxygen. 
  (b) Clostridium species secrete toxins resulting from energy metabolism. 
  (c) Three infections caused by Clostridium species are tetanus (Clostridium tetani), botulism (Clostridium botulinum), and 

gas gangrene (Clostridium perfringens).
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2.2 CELLULAR RESPIRATION: THE DETAILS 

PRACTICE 

(Page 112) 

Understanding Concepts 
1.  Basal metabolic rate (BMR) can be estimated experimentally by measuring the amount of heat energy lost by a person’s 

body over a given time. This is done in a calorimeter. Body surface area is used to determine basal metabolic rate because 
a calorimeter measures the energy released from the body’s surface. 

2.   h = 1.70 m = 170 cm 
   m = 78.0 kg 
  BSA = m 0.425 ×h 0.725 ×  0.007 184 
    = 78.0 0.425 ×  170 0.725 ×  0.007 184 
    = 6.37 ×  41.41 ×  0.007 184 
    = 1.90 m2 
The body surface area of the teenager with a mass of 78 kg and a height of 1.70 m is 1.90 m2. 

Section 2.2 Questions 

(Pages 115–116) 

Understanding Concepts 
1.  The raw materials required for the cell to produce one molecule of ATP via substrate-level phosphorylation are ADP, Pi 

(or a phosphate-containing intermediate from glucose), and a substrate enzyme. 
2.  (a) Glycolysis occurs in the cytoplasm of eukaryotic organisms. 
  (b) Glycolysis refers to the breaking of the glucose molecule into two pyruvate molecules. 
3.  One molecule of glucose stores more potential energy than one molecule of pyruvate because in glycolysis, some 

potential energy of the original glucose molecule is shared between 2 NADH and 2 ATP molecules. Some potential 
energy is also dissipated as heat. 

4.  (a) The final products of glycolysis are 2 pyruvate, 4 ATP, 2 NADH, 2 H+, and 2 ADP. 
  (b) The two products of glycolysis that enter the mitochondria are pyruvate and NADH. 
5.  Substrate-level phosphorylation generates ATP directly from an enzyme-catalyzed reaction, whereas oxidative 

phosphorylation generates ATP indirectly by the chemiosmotic potential created by oxidative phosphorylation. The 
process is oxidative because it involves several sequential redox reactions, with oxygen being the final electron acceptor. 
It is more complex than substrate-level phosphorylation, and it produces far more ATP for every glucose molecule 
processed.  

6.  Adenosine diphosphate (ADP) has two inorganic phosphate groups attached to an adenosine molecule, whereas adenosine 
triphosphate (ATP) has three inorganic phosphate groups attached to an adenosine molecule. The ATP molecule has 31 
kJ/mol more potential energy than ADP. 

7.  Heart muscle cells have the most mitochondria, as they require the most energy to contract approximately 70 times per 
minute. Nerve cells have the second most mitochondria, as they need to maintain the membrane potential necessary to 
conduct a nerve impulse. Skin cells are next, as their functions require little energy, followed by fat cells, which do 
nothing but accumulate fat. 

8.  Mitochondrial membranes perform several vital roles in energy metabolism. The outer membrane of the mitochondria 
acts as a cell membrane and houses transport proteins that allow substances in and out of the mitochondria. For instance, 
the outer membrane houses transport proteins, which move the two pyruvate molecules formed during glycolysis from the 
cytoplasm into the mitochondria, where they undergo pyruvate oxidation before entering the Krebs cycle. The inner 
membrane of mitochondria serves several functions. It divides the mitochondrion into two compartments: the matrix and 
the intermembrane space. Both of these areas play important roles in energy metabolism. For instance, the matrix is where 
most of the Krebs cycle reactions take place and the intermembrane space is where protons are pumped as they are 
produced by the electron transport chain. These protons are used to create the electrochemical gradient that stores free 
energy, which is necessary to create ATP. The inner membrane of a mitochondria also houses the numerous proteins and 
cofactors required ultimately to generate ATP. NADH hydrogenase, cytochrome b-c1 complex, cytochrome oxidase 
complex, and ATP synthase are all found in the inner mitochondrial membrane. 
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9.  (a) Enzymes are biological catalysts. They speed up reactions without being consumed in the process. Every reaction in 
cellular respiration is catalyzed by a specific enzyme, as every enzyme has a unique substrate-binding site. The 
enzymes exhibit specificity to ensure that the correct reaction in the process is being carried out at the correct time. The 
enzymes ensure that the reactions are occurring in the correct order and that they are occurring at the correct speed.  

  (b) If an organism lacked the first enzyme, in glycolysis, hexokinase, cellular respiration would not occur. 
10. The function of NAD+ and FAD in cellular respiration is to act as coenzymes that harvest energy from the reactions of 

glycolysis, pyruvate oxidation, and the Krebs cycle and carry it to power ATP synthesis by oxidative phosphorylation. 
NAD+ is used to shuttle electrons to the first component of the electron transport chain. During oxidative phosphorylation, 
NAD+ removes two hydrogen atoms from a part of the original glucose molecule. Two electrons and one proton attach to 
NAD+, reducing it to NADH (NAD+ is the oxidized form of NADH). This reduction occurs during glycolysis, pyruvate 
oxidation, and the Krebs cycle. FAD functions in a similar manner to NAD+. FAD is reduced by two hydrogen atoms 
from the original glucose molecule to FADH2. This is done during the Krebs cycle. These reductions are energy 
harvesting and will transfer their free energy to ATP molecules. Reduced NAD+ and FAD move free energy from one 
place to another and from one molecule to another.  

11. The final products of cellular respiration are 6 CO2, 6 H2O, and 36 ATP. 
12. Glycolysis is not considered a highly effective energy-harnessing mechanism, because it only transfers about 2.1% of the 

free energy available in one mol of glucose into ATP. Most of the energy is still trapped in two pyruvate molecules and 
two NADH molecules. Aerobic respiration further processes the pyruvate and NADH during pyruvate oxidation, the 
Krebs cycle, chemiosmosis, and electron transport. During pyruvate oxidation, the pyruvate and NADH are transformed 
into two molecules each of acetyl-CoA, hydrogen, carbon dioxide, and NADH. Acetyl-CoA enters the Krebs cycle and 
increases ATP production. By the end of the Krebs cycle, the entire original glucose molecule is consumed. It has been 
transformed into six CO2 molecules, which are released as waste, and energy, which is stored as four ATP molecules and 
12 reduced coenzymes (NADH and FADH2). Most of the free energy stored in NADH and FADH2 will be transformed to 
ATP in the final stage of aerobic respiration, chemiosmosis, and electron transport. By the end of aerobic respiration, all 
the energy available in glucose has been harnessed. 

13. After glycolysis, pyruvate oxidation, and the Krebs cycle, the rest of the energy not captured in the form of ATP is stored 
as FADH2 and NADH. Two NADH are produced via glycolysis, two are produced during pyruvate oxidation, and six are 
produced during the Krebs cycle. Two FADH2 are produced during the Krebs cycle. The free energy stored in these 
molecules is released during chemiosmosis and electron transport. 

14. (a) Hydrogen atoms are the part of the glucose molecule that provides electrons in cellular respiration. 
  (b) Electron transport complexes set up a proton gradient by passing protons from the mitochondrial matrix to the 

intermembrane space. NADH gives up the two electrons it carries to NADH hydrogenase. Electron carriers, ubiquinone 
and cytochrome c, shuttle electrons from NADH hydrogenase to cytochrone b-c1 complex to cytochrome oxidase 
complex. Free energy is lost from the electrons during each step in this process, and this energy is used to pump H+ 
from the matrix into the intermembrane space. The final step in the electron transport chain sees oxygen accept two 
electrons from cytochrome oxidase complex, and it consumes protons to form water. 

  (c) The protons that accumulate in the intermembrane space create an electrochemical gradient. The gradient has two 
components: an electrical one caused by a higher positive charge in the intermembrane space than in the matrix, and a 
chemical gradient created by the higher concentration of protons in the intermembrane space. The electrochemical 
gradient stores free energy, which is referred to as proton-motive force (PMF). The mitochondrial membrane is almost 
impermeable to protons, so the protons are forced to pass through ATP synthase to get back into the mitochondrial 
matrix. The PMF forces the protons through ATP synthase, reducing the energy of the gradient. The energy is used by 
the enzyme ATP synthase to create the third phosphate-ester bond between ADP and inorganic phosphate, creating 
ATP. 

  (d) This process is termed chemiosmosis (oxidative phosphorylation). 
  (e) Chemiosmosis was discovered by Peter Mitchell in 1961. 
15. (a) An electron carrier is first oxidized and then reduced by a more electronegative molecule, while a terminal electron 

acceptor is only reduced—a terminal electron acceptor is at the end of an electron transport chain. 
  (b) The final electron acceptor in aerobic respiration is oxygen. 
16. The overall equation (C6H12O6 + 6O2 → 6CO2 + 6H2O) for cellular respiration is misleading as it does not include the 

numerous enzymes, coenzymes, and intermediate chemicals involved in the process. It also shows the conversion of 
glucose and oxygen to carbon dioxide and water as a simple, one-step process, where it is actually much more involved 
than that. 

17. CO2 cannot serve as a source of free energy because the carbon atoms are fully oxidized; there are no H atoms bonded to 
any of the C valence electron positions. Thus, its chemical potential energy is 0 kJ/mole. 

18. (a) Metabolic rate is the amount of energy consumed by an organism in a period, whereas basal metabolic rate is the 
minimum amount of energy an organism must consume just to stay alive. 

  (b) A person’s metabolic rate decreases with age because of reduced growth and development. This occurs via a reduction 
in growth hormone, which causes excess energy to be used to create fat.
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Applying Inquiry Skills 
19. (a) A pH meter could be placed into the mitochondrial matrix and intermembrane space to test Peter Mitchell’s 

chemiosmotic theory. The pH of the intermembrane space should be significantly lower than the matrix. 
  (b) A voltmeter could be used since an electric gradient is formed between the intermembrane space and the mitochondrial 

matrix. If the positive probe of a voltmeter is placed in the matrix and the negative probe placed in the intermembrane 
space, a voltage should be read on the voltmeter if electron transport is occurring. 

  (c) When a detergent is added to the mitochondria, the membranes leak. Since the membranes leak, H+ ions that enter the 
intermembrane space because of the electron transport chain can diffuse back into the mitochondrial matrix quite 
easily. The protons do not need to be forced through ATP synthase, so ATP is not produced.  

20. (a) The surface area of a teacher who is 180 cm tall and has a mass of 80 kg is 2.02 m2. 
  (b) Total energy content = basal energy req. ×  surface area ×  time 
       = 160 kJ/m2/h ×  2.02 m2 ×  24 h 
       = 7756.8 kJ 
  (c)  Student predictions will vary. 
  (d) Student answers will vary according to solution in (c). 

Making Connections 
21. (a) Mitochondria must be able to reproduce so that there will be enough of them after each successive cell division. 
  (b) All the mitochondria of a grown individual are from the mother’s egg; therefore, the mitochondrial DNA is identical on 

the mother’s side. 
  (c) Student solutions will vary depending on the diseases chosen. Two examples of mitochondrial diseases are Leigh’s 

syndrome and Pearson syndrome. Some very common diseases, such as Parkinson’s disease and Alzheimer’s disease, 
are mitochondrial diseases. 
Leigh’s syndrome (disease) 
• Full name: Subacute necrotizing encephalomyelopathy 
• Symptoms: Seizures, hypotonia (decreased muscle tone), fatigue, nystagmus (an involuntary rhythmic movement of 

the eyes, usually from side to side), poor reflexes, eating and swallowing difficulties, breathing problems, poor motor 
function, ataxia 

• Causes: pyruvate dehydrogenase deficiency, NADH dehydrogenase deficiency, succinate dehydrogenase deficiency, 
cytochrome c deficiency 

22. (a) Vitamin B complex refers to the fact that the vitamin is made up of  different B vitamins, not just a single type of 
vitamin. Vitamin B complex contains vitamin B1, B2, B3, B5, B6, and B12. 

  (b) When a vitamin is water-soluble, it means that excess intake of the vitamin is not stored in the body as fat; it is excreted 
with urine. These are vitamins that generally need to be replaced in the body often. Other examples of water-soluble 
vitamins include folic acid, vitamin C, and pantothenic acid.  

  (c) Student solutions will vary. Two possible vitamins are shown below.  
   Vitamin B1 

Thiamine enhances circulation and assists in blood formation, carbohydrate metabolism, and the production of 
hydrochloric acid, which is important for proper digestion. Thiamine also optimizes brain function. It has a positive 
effect on energy, growth, normal appetite, and learning capacity and is needed for muscle tone of the intestines, 
stomach, and heart. Good sources include meats, liver, whole grain, nuts, legumes. Deficiency symptoms include 
beriberi (a degenerative disease of the nerves marked by pain, the inability to move, and swelling), neurological effects, 
and cardiovascular abnormalities. 

 
   Vitamin B3 

Vitamin B3, also called niacin, niacinamide, or nicotinic acid, is an essential nutrient required by all humans for the 
proper metabolism of carbohydrates, fats, and proteins, as well as for the production of hydrochloric acid for digestion. 
Good sources include poultry, meat, fish, peanuts, and fortified grain. Deficiency symptoms include pellagra (which is 
marked by dermatitis and gastrointestinal and central nervous system symptoms).



Copyright © 2003 Nelson Chapter 2  Cellular Respiration 33 

23. (a)  

Function Hummingbird Human 

Resting heart rate (beats/min) 1260 72 

Breathing rate (breaths/min) 450 60 

Fastest speed (km/h) 60 37 

Average lifespan (years) 5 80 

 
  (b) If the average human were to consume as much food as a hummingbird, he or she would have to eat 103 kg of 

hamburger per day. 
 
2.3 RELATED PATHWAYS 

Explore an Issue   Take a Stand: Fetal Alcohol Syndrome 

(Page 120) 
 
Statement: Women should not drink even small amounts of alcoholic beverages while pregnant. 
 
Student answers will vary. Some possible points that students may make include the following: 
• Because it is not possible to determine a safe amount of alcohol consumption during pregnancy, women should not drink 

any alcohol at all. It is not fair to the developing fetus to risk any lifelong damage that could occur due to alcohol 
consumption. 

• People are overreacting. Women drank and smoked during their pregnancies in the 1970s and 1980s, before all this research 
was being conducted, and there has not been any study showing that all these children suffer any side effects from their 
mothers’ habits. 

• Small amounts of alcohol are probably safe for both mothers and their developing children. In nations such as France where 
it is natural to have a glass of wine with a meal, normal children are born each day. There is no indication that a glass of 
wine a day does any harm to a developing fetus.  

• More studies need to be done to determine what effect small amounts of alcohol have on a fetus. 

Section 2.3 Questions 

(Page 124) 

Understanding Concepts 
1.  When a cell has sufficient quantities of ATP, the excess acetyl-CoA is used to synthesize fatty acids. 
2.  Two differences in aerobic respiration and fermentation are that (1) aerobic respiration yields 36 ATP molecules per 

glucose molecule and produces water and carbon dioxide, and that (2) fermentation yields 2 ATP molecules per glucose 
molecule and produces ethanol or lactic acid. 

3.  A student will feel soreness in her chest and legs due to lactic acid buildup in her muscle tissues. This lactic acid buildup 
is due to a low VO2 max as a result of the longer low-level activity. 

4.  A nonalcoholic fermentation product is carbon dioxide. 
5.  The final products of alcohol fermentation are ATP, carbon dioxide, and ethanol. The final products of lactic acid 

fermentation are ATP and lactate. 
6.  (a) Two molecules of ethanol are produced for every molecule of glucose in alcoholic fermentation. 
  (b) Two molecules of carbon dioxide are produced during alcoholic fermentation, while lactic acid fermentation produces 

no carbon dioxide. 
  (c) Fermentation is an anaerobic process and does not require oxygen. 
7.  Alcoholic fermentation occurs in yeast and plants roots when they are submerged. 
8.  (a) Lactic acid produced in muscle cells travels in the bloodstream to the liver, where it is oxidized back to pyruvate, 

which then goes through the Krebs cycle and oxidative phosphorylation. 
  (b) Oxygen debt refers to the extra oxygen required by the liver to oxidize lactic acid to carbon dioxide and water (through 

the aerobic pathway). Panting “pays” for the oxygen debt. 
9.  The presence of lactic acid in the muscle tissues leads to stiffness, soreness, and fatigue. 
10. Maximum oxygen consumption, VO2 max, is a measure of a body’s capacity to generate the energy required for physical 

activity. It is the maximum volume of oxygen that the cells of the body can remove from the bloodstream in one minute 
per kilogram of body mass while the body experiences maximal exertion.
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11. VO2 max generally decreases with age. Since VO2 max is expressed in terms of body weight (mass), a decrease in weight 
that is the result of fat loss can result in a significant increase in VO2 max. 

12. VO2 max values are not perfectly correlated with overall athletic performance because of differences in mental attitude, 
running efficiency, and the amount of lactate produced during exercise. 

13. (a) The lactate threshold is 3.0 mmol/L. 
  (b) This value refers to a threshold. Below this level, an individual can sustain exercise for long periods; above the 

threshold, an individual cannot sustain exercise for long periods. Once the body passes the lactate threshold, the 
concentration of lactate in the blood increases sharply, causing pain, muscle stiffness, and fatigue.  

Making Connections 
14. (a) Student answers may vary depending on their research. Some possible advantages and disadvantages of gasohol 

include the following: 
Advantages 
• It burns more slowly, coolly, and completely than gasoline, thereby reducing emissions of some pollutants. 
• It aids the agricultural economy. Gasohol is made of gasoline and ethanol. The ethanol is produced from corn, so the 

demand for corn would be high, aiding the agricultural economy. 
• It would replace gasoline imports from other countries. 
• Alcohol mixes easily with water and prevents ice formation in cold weather. Alcohol has a higher octane rating than 

gasoline, resulting in better engine performance. 
 
Disadvantages 
• Gasohol is very expensive and energy intensive to produce. 
• It can damage rubber seals and diaphragms and can damage some paint finishes. 
• Gasohol vaporizes more easily than gasoline and can aggravate ozone pollution during warm weather. 
• It has a lower energy content than gasoline. 
• It is hard to use during cold weather—it needs chemical additives to run a car in winter. 
• Ethanol has relatively low volatility. In hot weather, the fuel vaporizes easily resulting in fuel boiling in the 

distribution lines. This can make the engine run rough or even prevent it from running altogether 
 

  (b) Currently, only one major fuel company in Canada supplies fuel containing alcohol. Competition between conventional 
fuels such as gasoline and diesel and alternatives like alcohol will ultimately determine the role of alcohol as a 
transportation fuel in Canada. One of the most important factors regarding the use of alcohol as a fuel in Canada will be 
our ability to produce it at a cost that makes it economically attractive in comparison with the common fuels. 

15. (a) Walking during a long distance run helps muscles conserve resources. When a muscle is used continuously, it fatigues 
relatively soon, forcing the runner to slow down later in the run or experience pain. Mixing walking and running 
distributes the workload among a number of muscles, increasing overall performance capacity. 

    Walking reduces the amount of exercise being done by the body. During strenuous exercise, muscle cells respire 
glucose faster than oxygen can be supplied. This leads to lactate fermentation and an accumulation of lactate 
molecules. Walking is not as strenuous as running and allows the body to recover. Lactate is transported to the liver 
and is processed into carbon dioxide and water through the aerobic pathway. This way, the marathon runner avoids the 
muscle stiffness and soreness that comes from long periods of strenuous exercise.  

  (b) Student solutions will vary depending on research.  
   Carbohydrate loading (also known as carbo-loading) is a strategy used by endurance athletes to increase glycogen 

reserves in muscle cells to improve performance. 
    Six days before a competition, the athlete consumes minimal carbohydrate and exercises to deplete the body’s 

glycogen stores. This is the glycogen-depletion stage. In the last three days before the competition, the athlete 
consumes many carbohydrate foods and reduces the amount of training.  

    Glycogen is the body’s storage form of glucose and the body’s chief source of energy. Some problems associated 
with carbohydrate-loading include increased blood cholesterol, which may lead to heart disease, diabetes, or kidney 
disease. The glycogen-depletion stage may cause vitamin and mineral depletion and may lead to a reduction in 
capability and performance. 

16. Alcoholic fermentation was most likely discovered when a plant product was left to rot in an environment free of oxygen 
by mistake. The resultant liquid mixture was consumed and the effect discovered. 

17. (a) The lactate threshold is the point where lactate begins to accumulate in the bloodstream. While running at a 
comfortable pace, the lactate generated is easily removed and doesn’t build up in the muscles. As the pace increases, 
eventually a point is reached where the anaerobic production of lactate is greater than its removal, resulting in a buildup 
of lactate in muscle—the lactate threshold is reached. Lactate buildup causes muscle fatigue and pain. Long-distance 
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athletes learn to identify signs of lactate buildup and train to run at a pace that keeps their blood lactate levels just 
below the threshold to avoid the negative effects of lactate buildup. 

  (b) Blood doping is the intravenous infusion of blood to increase a person’s blood oxygen-carrying capacity to increase 
athletic performance. 

    A large infusion of red blood cells could increase blood viscosity. This may result in a decrease in cardiac output, 
blood flow velocity, and reduced peripheral oxygen content—all of which would reduce aerobic capacity and a 
decrease in performance. Other potential dangers include blood clotting, heart failure, bacterial infections, and 
embolisms. Diseases such as hepatitis and AIDS may be contracted from the infusion process. 

 

PRACTICE 

(Page 125) 

Making Connections 
1.  Student answers will vary. Some careers other than the ones mentioned in the Student Text include nutritionist or 

dietitian, botanist, and lab technician. Most of these programs require at least a Bachelor degree in the life sciences. Some 
also require specialization in areas such as kinesiology, biochemistry, or botany. Most universities offer programs in the 
life sciences, but some offer well-respected degrees; for instance, McMaster University is known for kinesiology and 
University of Guelph is well known for botany. 

2.  Student solutions will vary, but they should indicate which topics relate to which careers. For instance, a botanist would 
need to know more about photosynthesis, whereas a nutritionist would need to know more about cellular respiration. 

3.  Student solutions will vary. 
4.  Student answers will vary depending on when the search is conducted. Good Internet sites for science jobs include:  

http://www.monster.ca 
http://www.workopolis.com 
http://www.sciencejobs.com/ 
http://naturejobs.nature.com/texis/js 

 
INVESTIGATION 2.1.1 OXYGEN CONSUMPTION IN GERMINATING AND 
NONGERMINATING PEA SEEDS 
(Pages 126–127) 

Prediction 
(a) Students should predict that the germinating pea seed would consume more oxygen than the nongerminating pea seeds. 

Procedure 
(b) The food colouring will move toward the test tube. 
(c) The ruler is used to measure, indirectly, the rate of oxygen consumption in terms of distance (mm). 
(d) KOH(s) is needed to consume the CO2(g) produced during respiration so that only the gaseous oxygen is measured.  
(e) The independent variable is the incubation temperature and the dependent variable is the rate of oxygen consumption. 
(f) Appropriate controls for this experiment would be to use nongerminating pea seeds for all temperature trials, or to use no 

peas at all. 
(g) Student solutions will vary. 
  Materials: 
   y retort stand 
   y test-tube clamp 
   y pinch clamp 
   y test tube 
   y number 3 stopper 
   y bent glass tubing 
   y ruler 
   y food colouring 
(h) Student solutions will vary but should be scientifically sound. 
  Procedure: 
  1. Set up 10 respirometers as shown in Figure 1 on page 127 and record the mass of the peas used in each experiment. 
  2. Set up five water baths at 10°C, 20°C, 30°C, 40°C, and 50°C.




