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What is the CAPT Science Test? 

The CAPT consists of a combination of multiple-choice questions and those requiring written responses.  

Students’ understanding of important concepts in life science, physical science and earth science, and their 

ability to apply those concepts in problem-solving situations is assessed.  In addition, scientific inquiry and 

communication skills are assessed by asking students to use scientific reasoning to solve problems.  The 

constructed response items will assess scientific inquiry and communication skills in the context of the 

curriculum-embedded tasks. 

Item Distribution 

 Content 
Knowledge 

Scientific Inquiry, Literacy and 
Numeracy 

 
Total 

Strand MC Items* MC Items* CR Items* Points 

I. Energy 
Transformations 
 

 
8 

 
4 

 
1 

 
15 

II. Chemical 
Structures & 
Properties 

 
8 
 

 
4 

 
1 

 
15 

III. Global 
Interdependence 
 

 
8 

 
4 

 
1 

 
15 

IV. Cell 
Chemistry & 
Biotechnology 

 
8 

 
4 

 
1 

 
15 

V. Genetics, 
Evolution & 
Biodiversity 

 
8 

 
4 

 
1 

 
15 

 

Totals 

 

 

40 MC Items 

 

 20 MC Items 

 

5 CR Items 

 

75 Points 

* Each multiple-choice (MC) item is worth 1 point.  Each constructed response (CR) item is worth 3 points. 

 

General Test Format 

There will be a total of 65 test questions: 60 multiple choice and five constructed response items.   

 

Each content strand will be assessed by 13 items: 12 multiple-choice and one constructed response item. Eight 

of the multiple-choice items will assess content knowledge and four will assess scientific inquiry, literacy and 

numeracy. 

 

Test Scoring 

The selected response items will be scored electronically as correct or incorrect.  Constructed response items 

will be hand-scored by trained readers using a 4-point scale (0-3). 

 

Testing Time 

The science test will be divided into two sessions, each 50 minutes in length. 
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CAPT SCIENCE REVIEW 

 

Strand 1 – Energy Transformations 

Part I: States of Matter 

 

All matter is composed of tiny particles (atoms and molecules) that are in constant motion.  The amount of 

kinetic (motion) energy and attraction between these particles determines the state of matter of the substance- 

solid, liquid, or gas.  

 
The particles in a solid  

• are close together  

• are in an rigid, orderly arrangement  

• are strongly attracted to each other  

• vibrate in a set position  

• have the least amount of energy of all three states of matter  

  

The particles in a liquid  

• are fairly close together, but farther apart than solids  

• have some attraction to each other 

• can move and flow over each other  

• have more energy than solids, but less than gases  

  

The particles in a gas 

• are very far apart  

• have almost no attraction to each other  

• move around very quickly in all directions  

• have the greatest amount of energy of all three states of matter  

  

**Temperature measures the average kinetic (motion) energy of the particles in a substance.
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A phase change or change of state occurs when a substance changes from one state of matter into another.  

This process occurs in two ways: 

 

1. By adding energy to the particles in the substance   

• By adding energy (heating a substance) the particles will increase their motion.   

• If enough energy is added, the particles can overcome the attractive forces holding them together and 

change into another state of matter with a higher energy.   

• This occurs in melting (solid to liquid), boiling/ vaporization (liquid to gas), and sublimation (solid 

to gas).  

 

2. By removing energy from the particles in a substance 

• By removing energy (cooling a substance) the particles will decrease their motion 

• If enough energy is removed the particles will slow down and the attractive forces between particles 

will hold them closer together in a state of matter with lower energy.   

• This occurs in freezing (liquid to solid), condensation (gas to liquid), and deposition (gas to solid).     
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Part II: Forms of Energy  

 

Energy is the ability to do work and cause change.  Energy can exist is many different forms.  

• Kinetic energy- energy of motion  

• Potential energy- energy stored in an object with the potential to do work  

• Gravitational Potential energy- energy stored in an object due to its position above the ground  

• Elastic Potential energy- energy stored in an object that is stretched or compressed  

• Mechanical energy- energy associated with the motion of everyday objects (things you can see, not 

on an atomic level)  

• Thermal energy- energy associated with the motion of particles; related to the temperature of the 

substance  

• Chemical energy- energy stored in the chemical bonds of a substance such as in fuel, food, and 

batteries  

• Electrical energy- energy associated with the movement of electrical charges  

• Electromagnetic (radiant) energy- energy that travels in the form of waves such as visible light, 

radio waves, and x rays  

• Nuclear energy- energy stored in the nucleus (center) of an atom; this is the energy used to power 

the sun and used in Nuclear power plants  

  

Energy Transformation  
The Law of Conservation of Energy states that energy cannot be created nor destroyed.  However, energy can 

be converted from one form to another.   
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Heat Transfer  

Heat (thermal energy) flows from warmer objects to cooler objects.  There are three methods of heat transfer- 

conduction, convection, and radiation.   

 

       

 

 

 

 

 

 

 

 

 

 

 

Conduction 

Transfer of heat within a material or between 2 materials that are touching each other.  Particles that are in 

warmer objects are moving around faster than particles in cooler objects.  Collisions occur between the 

molecules. The “hot” particles (higher energy) collide with the “cooler” (lower energy) particles and transfer the 

energy to the cooler ones, warming them up.   

 

Radiation 

Transfer of thermal (heat) energy through electromagnetic waves such as heat or light. This is how we feel 

warmth from the sun or when standing next to a campfire or barbeque grill.  

 

Convection 

Similar to conduction, but refers to the transfer of energy through a fluid (a liquid or a gas).  The example above 

shows water at the bottom of the pot heating up.  This water then becomes less dense as it warms and rises to 

the top of the pot.  The cooler water at the top of the pot is then pushed down by the warm water as indicated by 

the arrows.  This is referred to as convection current.  Another example is how a wood stove fireplace can heat a 

room.  Warm air rises through convection and creates a convection current that circulates the air in the room. 

Warm air and liquids rise, and cool air and liquids sink.  
 

 

Solar Cookers – The principles of heat transfer can be used to cook food when modern ovens are not available. 

A solar cooker can be made from a cardboard box (such as a pizza box) lined with aluminum (tin) foil and paper.  

 

 

A hole is cut in the top of the box to create a flap. The flap 

gets lined with aluminum foil in order to reflect sunlight 

energy into the bottom part of the box, where the food will 

be. 

 

The hole is covered with plastic wrap to keep the heat 

inside the box to cook the food. 

 

Black paper can be used to line the bottom of the box 

because dark colors absorb heat better than light colors. 
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Electricity and Magnetism 

Electricity is a form of energy caused by moving electrical charges.   

 

Static Electricity 

 

When you rub a balloon on your hair, electrons are 

transferred from your hair to the balloon. Your head 

becomes net positively charged. The balloon becomes 

net negatively charge. The balloon is attracted to the 

wall by induction. If you then go touch a metal object 

like a doorknob, the “shock” you feel is caused by 

static discharge, or the sudden flow of electrons away 

from your finger. 

 

 

Electric Force – the force between two objects due to a difference in their charges. 

 

Electric force between two objects depends on charge 

and distance. 

 

Doubling the charge doubles the force. (ex B) 

 

Doubling the distance reduces the force by ¼. (ex C) 

 
 

 

Electric Energy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  A series circuit is a single, 

continuous path of electricity. 

If any of the light bulbs are 

removed or burn out, the electric 

path is broken, and all the bulbs go 

out. 
 

    Series Circuit     Parallel Circuit 

A parallel circuit is a branching 

path of electricity. If a bulb is 

removed or burns out, the 

electricity continues to flow 

through the remaining bulbs, so 

they stay lit. 
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There are three characteristics of an electrical circuit- voltage (V), current (I), and resistance (R).   

 

Voltage (or potential difference) is the amount of “push” on the electrons in the circuit.  This is provided by 

electricity source (battery or outlet).  The unit of voltage is volts.   

 

Current is a measure of the amount of electrical charge that is flowing through the circuit.  The unit of current 

is ampere or amp.  Current can be measured with a device called an ammeter.  

 

Resistance is a measure of how hard it is for the electrons to flow through the circuit.  The unit of resistance is 

ohm.   

• Current flows through a wire more easily when resistance is low. Resistance can be lowered by using a 

thicker wire, a shorter wire, or a cooler wire. 

• Current slows down in a wire when resistance is high. Resistance can be increased by using a thinner 

wire, a longer wire, or heating the wire. 

 

  

Ohm’s Law can be used to find voltage, current, and 

resistance. 

 

 V = I x R 

 

 I = V / R 

 

 R = V / I 

 

 
Magnetism  
The magnetic force is a force a magnet exerts on another magnet or magnetic material.  All magnets have two 

poles or ends called a north pole and a south pole.  These poles will attract or repel other magnetic poles.  Like 

poles repel and opposite poles attract.  The area around a magnet where the magnetic forces interact is known as 

the magnetic field.  Certain materials such as iron, nickel, and cobalt have strong magnetic fields.  These 

substances can form permanent magnets.  Some materials with a weak magnetic field can form temporary 

magnets.   

  

Electromagnetism  
 

 

The magnetic field around a bar magnetic is 

concentrated around the poles. 
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Electricity and Magnetism are related in a single force known as the electromagnetic force.  Moving electric 

charges (a current) can create a magnetic field.  An electric current can be used to produce a temporary magnet 

known as an electromagnet.   

 
This can be done by taking a current-carrying wire and coiling it around an object that can be magnetized (like an iron 

nail).  As the current passes through the wire, the nail becomes magnetized and can pick up other iron or nickel objects 

like paper clips. The strength of this electromagnet can be increased by increasing the number of coils or 

increasing the current in the wire. Adding more coils = pick up more paper clips.  

  

 

 

 

 

 

 

 

 

 

 

 

Generation of Electricity 

Generators can be turned using fossil or nuclear fuels. The heat from the fuel boils water to make steam, which 

expands and pushes against the blades of a turbine. The spinning turbine then turns the generator. 

 

To the left is a diagram for the generation of electricity 

from a fossil fuel such as natural gas, using steam to 

drive the turbines. 

1:  The heat from the burning fuel turns water into 

steam in the boilers. 

2:  The steam spins the turbines 

3:  The turbines spin the generators, which produce 

the electricity. 

4:  The electricity goes to the transformers, which 

produce the correct voltage for transmission. 
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Comparing Renewable and Nonrenewable Energy Sources 

 

Energy Source Advantages Disadvantages 

 

Nonrenewable 

 

Fossil Fuels: 

Coal, oil, natural gas  

 

Nuclear power 

 

• Cheap 

• Readily available 

• Easy to use 

 

• Cannot be replaced  

• Pollution caused by burning fossil 

fuels- carbon dioxide, smog, 

greenhouse effect, global warming, 

acid rain 

• Nuclear waste is difficult to dispose of 

 

Renewable 

 

Solar, wind, 

hydroelectric, 

geothermal 

 

• Energy sources will 

not run out 

• Energy sources are 

clean and do not 

produce carbon 

dioxide by-products 

 

• Expensive to set up 

• Not always available depending on 

location (ex. water, sunlight, wind) 

• Building dams and wind mill fields 

can affect ecosystems 
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Energy Transformations – Multiple Choice Practice Questions 

1. An open pot of water is heated on the stove. As water boils, the molecules _____________. 

f. move slower and closer together 

g. move faster and farther apart 

h. get larger 

j. get smaller 

 

2. When in use, the heating element in a toaster glows and gives off heat. This is because atoms within the 

heating element _____________. 

a. undergo chemical reactions 

b. are excited by the flow of electrons 

c. gain electrons and increase in temperature 

d. conduct light and heat from the outlet  

 

3. A group of students carried out the following investigation: 

“Our hypothesis is that the greater the wire diameter used in a toaster, the greater the resistance in the 

wire.” 

1. We took a 4-meter length of wire with a diameter of 0.5 millimeters. 

2. We attached the wire to a 3-volt battery and measured the current. 

3. Knowing the voltage and current, we calculated the resistance in the wire. 

4. We repeated the same steps with wires of increased diameter. 

5. We organized our data in the table below. 

 

Diameter of Wire (millimeters) Measured Current (milliamps) Calculated Resistance (ohms) 
0.5 10 300.0 

1.0 40 75.0 

1.5 80 37.5 

2.0 100 30.0 

2.5 250 12.0 

08GETXXQ70407213 

To be certain that data in the table are correct, you will have to _____________. 

f. go online and seek additional information 

g. ask for your teacher’s opinion 

h. repeat the experiment as described 
j. repeat the experiment with different variables 

 

4.  A power company is building a new power plant to provide electricity for several communities. 
SC10H17XET09QX0407721 

What is a major advantage of using wind energy instead of coal or nuclear power plants? 

f. Wind is a renewable energy source. 
g. Wind is consistently available in all locations. 

h. Windmills reduce the strength of severe storms. 

j. A single windmill produces more energy than a nuclear plant.  
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__________________________________________________________________________________________ 

Electromagnets 

A group of students was studying simple electromagnets. They carried out the following experiment.  

 

1. Take a nail and wrap a 10-cm wire around the nail five times. 

2. Connect both ends of the wire to a 1.5-volt battery. 

3. Measure how many paper clips can be lifted by the end of the nail. 

4. Repeat for three trials. 

5. Repeat steps 1–4 using the same wire and increasing the number of loops of wire around the nail by 

five.  

 

5. Which of the following would most improve the design of the experiment? 

a. Replace the nail with a wood pencil. 

b. Increase the length of the wire as the number of loops is increased. 

c. Keep the number of paper clips lifted constant in the experiment. 

d. Increase the number of loops of wire beyond fifteen. 

 

6. Which graph correctly displays the results of the experiment? 

__________________________________________________________________________________________ 

f. g. 

h. j. 
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7. To demonstrate static electricity, a teacher takes an inflated rubber balloon and rubs it on his head. The 

rubber balloon picks up electrons from his hair, which causes his hair to have a(n) ____________. 

f. electrical current 

g. net positive charge 

h. net negative charge 

j. buildup of magnetic energy 

 

 

 

__________________________________________________________________________________________ 

Recreation Center Pool 
A local recreation center has received funding to build a swimming pool. After construction, the center will be 

responsible for all costs associated with pool operation. As a result, the center must consider a variety of design 

options, including pool size, location and heating. 
SC10P54XET01QX0608054 

8. What happens to water molecules in a pool as they absorb energy? 

f. The molecules occupy less volume. 

g. The molecules begin to move more slowly. 

h. The kinetic energy of the atoms decreases. 

j. The rate of collision between molecules increases. 

 

9. Prior to pool construction, engineers use computer models to compare which of several pool designs require 

the least amount of energy to be heated. What is the dependent variable in the computer models? 

a. pool size 

b. pool shape 

c. pool location 

d. pool temperature 

 

 

10. Where should hot water enter the pool to better heat the water? 

f. A 

g. B 

h. C 

j. D 

__________________________________________________________________________________________ 
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11. A student coils a bare copper wire around a metal rod and attaches the ends of the wire to an ammeter. He 

quickly moves a magnet past the coil and notes the resulting current. How could the student alter this apparatus 

to create a larger current? 

a. use thinner wire 

b. use insulated wire 

c. increase the length of the rod that is used 

d. increase the number of times the wire is coiled around the rod 

 

12. The picture below shows a turbine generator used to produce electricity at a geothermal power plant. 

 

Electricity is produced by using steam to _____________. 

f. heat the turbine generators 

g. spin the turbine generators  

h. reduce friction in the turbine generators 

j. reduce emissions from the turbine generators 
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__________________________________________________________________________________________ 

Electromagnets 
SC10P72XETXXQX08XXXXX 

A simple electromagnet can be constructed using a battery, a piece of insulated wire, and some kind of iron 

core, such as a nail.SC10P72XET06QX0810502 

13. When the current is turned off in an electromagnet, the _____________. 

f. battery short-circuits 

g. magnetic field is weakened  
h. wire gains a positive charge 

j. core becomes more magnetic 
SC10P72XET04Q40810513 

14. When an electrical current is flowing through an electromagnet, it encounters resistance. The resistance in 

the electromagnet can be reduced by _____________. 

a. using a battery with lower voltage 

b. removing the core from the looped wire 

c. using a thicker wire of the same material  
d. connecting both ends of the wire to the negative terminal 
SC10P72XET04QX0810543 

15. Adding a second battery to an electromagnet will _____________. 

f. decrease the resistance in the wire 

g. decrease the magnetism in the wire 

h. increase the current flowing through the wire  
j. increase the amount of current needed to magnetize the wire 

__________________________________________________________________________________________ 

The Franklin Stove 
SC10P93XETXXQX08XXXXX 

In 1742, Benjamin Franklin designed a wood-burning stove to heat rooms. The front of the stove was open, 

allowing heat to spread into a room. The back of the stove was closed, but had an air intake that increased air 

circulation. Fires lit in traditional fireplaces received less oxygen than those lit in Franklin stoves. 
SC10P93XET01QX0814902 

16. What effect does a lit Franklin stove have on the air molecules in a room? 

a. decreases their mass 

b. increases their speed  
c. decreases their volume 

d. increases their energy loss 
SC10P93XET02QX0814923 

17. If a ceramic cup is placed on top of a lit Franklin stove, it will gradually heat up. What is the mode of heat 

transfer from the Franklin stove to the ceramic cup? 

f. radiation 

g. convection 

h. conduction  
j. sublimation 

 

18. A researcher wants to measure how much more heat a Franklin stove releases than a traditional fireplace 

design. Which of the following must be held constant in this investigation? 

a. final room temperature 

b. mass of wood burned in each device  
c. amount of soot produced by each device 

d. rate of cooling in each room once the fires burn out  
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Energy Transformations – Open Ended Questions 

 

Solar Cooker Investigation (2011) 

A group of students want to determine whether changing the color of the floor in a solar cooker will affect the 

rate at which food cooks. They use a pizza box to make a solar cooker. First, they cut a window in the box top, 

as shown below. They cover the flap with aluminum foil. The opening is covered with plastic wrap, which 

allows sunlight to enter the box. 

 

Several different colors of construction paper are obtained to line the floor of the box, each color to be used in a 

different trial. The finished solar cooker is shown below. 

 
1. a) Explain why the flap on the top was covered with aluminum foil. 

    b) Besides allowing sunlight through, what might be another purpose for covering the hole with plastic wrap? 

    c) Identify the independent variable in this investigation. 

 

ANSWER ON THE NEXT PAGE 
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__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Solar Cooker Investigation (2009) 
 

A student hypothesized that container size will affect the performance of solar cookers in heating water. 

The student wrote and performed the following procedure to support her claim. 

 
 

The chart below shows the student’s data. 

 
 

 

a) Draw a conclusion regarding container size and the effectiveness of solar cookers in heating water, based on 

the student’s results. 

b) Describe two ways the student could have improved her experimental design and/or the validity of her 

results. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Solar Cooker Investigation (2008) 
 

A group of students has designed a solar cooker for an investigation. They are investigating whether the 

material that a container is made of has an effect on the rate of temperature change over time. They obtain three 

containers of identical size. They add water to each container. The containers are placed inside the solar cooker, 

which is made of a box lined with aluminum foil. 
SC10PT3XET07Q6060867O 

a) Identify two additional pieces of equipment that the students will need to use in their investigation. 

b) Explain why each piece of equipment is necessary. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Energy Consumption (2007) 
The graph below shows the energy consumption for coal and natural gas in Connecticut for 40 years. 

 

 
 

a) Describe the overall trend for coal or natural gas from 1960–2000. 

b) Make a prediction regarding the energy consumption of coal or natural gas for the year 2015. 

c) Support your prediction with specific information from the graph. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Strand 2 – Chemical Structures and Properties 

Matter  
Matter is anything that has mass and takes up space (volume).  

Example - Imagine a balloon- not only is the latex of the balloon itself matter, but the air inside the                   

balloon is also matter.  

Even gases –have mass and take up space.  

 
ATOMS are the building blocks of matter.  

Example - Imagine a collection of Lego blocks. You can build structures with these Legos, take them apart, and 

build new structures over and over again. Just like Lego’s, atoms cannot be broken down into simpler 

substances and still look and act the same, or have the same properties.   

 
ELEMENTS  are atoms that have the same structure and properties. 

__________________________________________________________________________________________ 

THE STRUCTURE OF ATOMS:  
  

 

 

 

 

 

 

 

 

 

 
PROTONS:  

The number of protons = ATOMS properties.  

Example - Hydrogen will always have just one proton.  

                   The number of neutrons can differ based on type of hydrogen.  

 
ATOMIC NUMBER is equal to the number of protons in an atom.                                               

                    It can be used to identify elements.  

EXAMPLE - Carbon has an atomic number of 6 which means an atom of    

                       Carbon contains 6 protons.  

NEUTRONS:  
    - Neutrons are found in the nucleus along with the protons – NO CHARGE 

    -  The number of neutrons can change in a given atom.  This forms an isotope 

  ISOTOPE – Different forms of an atom based on a different atomic mass. 

 

 

ATOMIC MASS is determined by adding the number of  

                          protons and neutrons   

     

 

 

 
ELECTRONS:  # equal to the amount of protons in a neutral atom.  Have a negative charge.                                                            

                           Found in the electron cloud surrounding the nucleus of an atom. 

 

Model of an Atom Nucleus of ATOM:  

• Made of PROTONS and NEUTRONS.  

• The nucleus has a positive charge because the protons are 

positively charged (+) and the neutrons are neutral.  

 

Electron Cloud:    

• The nucleus is surrounded by ELECTRONS which are negatively 

charged (-) 

• The electron cloud is divided into energy levels located at different 

distances from the nucleus. 
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ELECTRON CONFIGURATION:  

Electrons are arranged in energy levels or shells around nucleus of atom at different 

distances and different numbers of electrons.   

• The first energy level holds up to 2 electrons.    

• The second and third energy levels can hold up to 8 

electrons  

• The fourth can hold a maximum of 18 electrons.  

 

Periodic Table 

All elements are arranged in the periodic table in order of increasing atomic number.  

• Each column in the periodic table is called a “group”  

• A row is called a “period”.  

 

Elements in the same group share similar properties (due to their valence electrons). 

  (GROUP) 

 

 

 

 

          (PERIOD) 

  

METALS                             
 

 

 

         NONMETALS 
 

 

 

 

 

METALS  are found on the LEFT side of the periodic table    

o More reactive than nonmetals.                                               

o Metals give up electrons to nonmetals.    

NONMETALS  are found on the RIGHT side 

o gain electrons 
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VALENCE ELECTRONS  

• Are found in the OUTERMOST energy level. 

• They are the electrons that are involved in BONDING. 

• Determine the behavior and PROPERTIES of each element.  

o EXAMPLE - if you know that sodium explodes when placed in water, you can predict that 

lithium and potassium will react similarly. 

• You can easily determine the number of valence electrons in an atom by determining which group on 

the periodic table it is located in.  

o EXAMPLE - elements in group 1 only have 1 valence electron while elements in group 7A (17) 

have 7 valence electrons.  

 

• Properties of Groups of the Periodic Table  

 

 

 

Octet Rule  

• Atoms are STABLE and unreactive when they have a full outer energy level.  

• The Noble Gases (Group 18) have a full outer energy level (8 valence electrons) except Helium (only 2) 

 

Atoms vs. Ions  

• If electrons are lost or gained by an atom, it will no longer be neutral and it will be called an ION.  

• An ION is a charged particle. 

•  Ions are formed when atoms gain or lose ELECTRONS.  

• The # of protons will not change, only the number of electrons will.  

 

To determine the charge determine what does an ion have more of – positive protons or negative 

electrons? 

 

Positively charged ions that are formed when an atom loses electrons.  

o  An atom that has less electrons than protons will be positively charged  

 

Negatively charged ions that are formed when an atom gains electrons.  

o An atom that has more electrons than protons will be negatively charged 

__________________________________________________________________________________________ 

 

IONIC BONDING – occurs by the transfer of electrons 

 

• When a metal and a nonmetal react, they usually form ions.  

o EXAMPLE - when sodium reacts with chlorine, the POSTIVELY CHARGED Sodium is 

attracted with the NEGATIVELY CHARGED chlorine.  (like magnets) 
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COVALENT BONDING – occurs by the sharing of electrons.  

• When two nonmetals react, they both need to gain electrons to fill their outermost energy level. To do 

this, they SHARE electrons.  

• Each covalent bond contains two shared electrons (one from each atom).  

        EXAMPLE - Water (H2O) is one example of a compound that contains covalent bonds. An oxygen    

                          atom has 6 electrons in its energy level, so it needs 2 more to fill its energy level to be  

                          stable. A hydrogen atom has 1 valence electron. It needs 1 more electron to be stable. 

 

 

 

 

 

 

 

ACIDS and BASES  

 

• Acids -  produce hydrogen ions (H+) when dissolved in water.  Acids taste sour and turn litmus paper 

red. 

 

• Bases -  produce hydroxide (OH-) or remove hydrogen ions from a solution. Common bases feel 

slippery, taste bitter, and turn litmus paper blue.  

 

PH scale determines the strength of an acid or base solution.  

• This scale indicates the amount of hydrogen ions in the solution and typically has a range from 0 to 14.  

 

• A pH of 7 is considered neutral and indicates that there are equal amounts of hydrogen and hydroxide 

ions.     

o  Example - Pure water is neutral since it has even numbers of  (H+ and OH- = H2O).  

 

 
 

ACIDIC – has more hydrogen ions than hydroxide ions – ranges from  0 to less than 7 on pH scale.  

                 -closer to zero is a stronger acid  

 
BASIC (Alkaline) -has more hydroxide ions than hydrogen ions– ranges from greater than 7 to 14 on the  

                                 pH scale.                                  

 - Strong bases are closer to 14. 

 

Acid-Base Neutralization  

 

- When H+ ions are mixed with OH- ions in equal amounts, they react to form water.  

- A neutralization reaction occurs when an acid is mixed with a base to form pure water and a salt. 

   ACID + BASE = WATER + SALT 
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ORGANIC COMPOUND is a type of chemical compound that contains carbon (and usually hydrogen, 

oxygen, or nitrogen) 

 

Carbon  
• Carbon is a unique element because : 

o it has 4 valence electrons to form 4 bonds 

o it bonds in various ways with single, double, or triple covalent bonds. 

o forms long chains and rings.  

 

Carbon is found in many different organic and inorganic compounds.  

 

Exceptions to the rule – these contain carbon but are considered inorganic compounds such as carbonates 

(CaCO3) and oxides (CO2).  

 

Hydrocarbons -  a type of organic compound that contains carbon and hydrogen.  

o Carbon makes up the backbone of the molecule.  

o Can be natural or synthetic (man-made).  

o They make up proteins, plastics, and fossil fuels such as methane, butane, and octane.  

o Due to carbon’s unique bonding abilities, hydrocarbons can form a variety of structures – 

straight chains, branched, and ring. 

 

 
_____________________________________________________________________________________________ 

Combustion of hydrocarbons  
• The combustion (burning) of hydrocarbons such as fossil fuels releases energy.  

  

• The combustion of fossil fuels such as coal, oil, and natural gas is the most common source of energy in 

the world.  

 

In order to burn, oxygen (O2) must be present as a reactant. Its products are carbon dioxide (CO2) and water 

(H2O). The reaction for the combustion of propane is shown below:  

 

C3H8 + 5O2 → 3CO2 + 4H2O + energy 
            (Reactants)            (Products) 

 

The combustion of fossil fuels contributes to acid rain and global warming due to the release of excess carbon 

dioxide. 

•  If there is not enough oxygen present, combustion will still occur, but not completely. 

• Incomplete combustion can produce the deadly gas carbon monoxide and black soot (carbon residue).  
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Polymers  
• A polymer is a large molecule made up of repeating units called monomers.  

• The raw materials used to create polymers are hydrocarbons found in fossil fuels.  

• Polymers compose many substances such as rubber, plastics (polyethylene and polycarbonate), and 

fabrics (nylon and polyester).  

• NATURAL polymers are mostly found in three types: carbohydrates, proteins, and nucleic acids.  

• Polymers are commonly formed through addition reactions.  

• During this process, the double bond of the monomer breaks apart and frees up a bonding site to join 

with another monomer.  

• The process continues over and over until at least 500 monomers are connected together.  

 

 

 

 

 

 

• Polymers can be categorized based on their structure as linear, branched, or cross-linked.  

• The structure of a polymer determines certain properties of the polymer.  

• The most common structure of polymers is linear.  

o LINEAR polymers have each carbon atom connected in a line, one after another. – STRONG 

and RIGID.  

�  EXAMPLE - of a linear polymer is high-density polyethylene(HDPE) - plastic used in 

milk jugs and laundry detergent bottles. - Can be recycled by re-melting.  

 

o BRANCHED polymer has a main chain of carbon atoms but also contains several smaller chains 

of carbon atom attached to it.  – More FLEXIBLE.   

� EXAMPLE – of a branched polymer is low-density polyethylene(LDPE). plastic used in 

plastic bags and soda can rings. This type of plastic can also be reused.  

 

o CROSS-LINKED polymer - chains of hydrocarbons that are linked together by other elements 

such as oxygen or sulfur. –VERY STRONG and STIFF –The more cross links there are, the 

more rigid the plastic.  

� EXAMPLE -  vulcanized rubber in tires.  - Cannot melt and cannot be recycled.  

 

 

 

Landfills and Incineration  

• Landfills (garbage dumps) take up space, look bad, smell, attract wild animals, and breed disease. 

• Decomposing of the garbage produce methane gas which is a greenhouse gas that contributes to global 

warming. 

• Present a risk to our water supply. Toxic chemicals from the garbage can runoff and seep into the 

groundwater.  

• Much of the trash we throw away (such as tires and diapers) will not decompose  

 

An alternative to landfill use is to incinerate or burn the garbage.  

o Pros - thermal energy from burning the garbage can be used to produce electricity and reduces 

garbage mass. 

o Cons -  the burning releases greenhouse gases which contribute to global warming and releases 

toxic gases into the air. 



28 

 

Chemical Structures and Properties – Multiple Choice Practice Questions 

1. Consumers use many products made of plastic. Plastics are carbon-based polymers made from smaller carbon 

compounds, called monomers. 

S  C10H12XCS13QX0407422 

In organic molecules, the carbon atoms and the hydrogen atoms are held together by _____________. 

f. hydrogen bonds 

g. covalent bonds 
h. ionic bonds 

j. nuclear bonds  

 

2. A company is considering polymers A and B below for the production of plastic shopping bags. 

SC10  H12GCS15QX0407451 

Which polymer is more appropriate for the production of shopping bags? 

a. Polymer A, because its branched structure provides greater strength 
b. Polymer A, because its branched structure provides greater flexibility 

c. Polymer B, because its linear structure provides greater strength 

d. Polymer B, because its linear structure provides greater flexibility  

 

3. Many communities encourage the recycling of plastics, even though it is often expensive to do so. 

Why is it beneficial to the environment to recycle plastics? 

f. Plastics are expensive to manufacture. 

g. Plastics are made from renewable resources. 

h. Plastics decompose quickly, releasing toxic chemicals. 

j. Plastics decompose slowly, taking up space in landfills. 
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__________________________________________________________________________________________ 

Rubber Tires 
The tires on most cars are not made of natural rubber because it becomes brittle in the cold and sticky in the 

heat. Instead, natural rubber is vulcanized by adding sulfur and heat, making it stronger and more elastic. This 

process is represented chemically in the diagram below.  

 

 

4. During the vulcanization reaction shown above, the natural rubber polymer is converted to a new polymer by 

the _____________. 

a. cross-linking of carbon atoms with sulfur atoms 
b. cross-linking of hydrogen atoms with sulfur atoms 

c. replacement of carbon atoms with sulfur atoms 

d. replacement of hydrogen atoms with sulfur atoms  

 

5. The complete combustion or burning of natural rubber will produce _____________. 

f. hydrogen and oxygen 

g. oxygen and water 

h. hydrogen gas and water 

j. carbon dioxide and water  

 

6. The following data are recorded during a supervised investigation.  

 

What question was the investigator most likely trying to answer? 

a. How does the presence of oxygen affect combustion? 
b. At what point is equilibrium reached in a combustion reaction? 

c. What are the byproducts of an incomplete combustion reaction? 

d. Does the amount of fuel in a combustion reaction affect the burn time?  

__________________________________________________________________________________________ 
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_________________________________________________________________________________________ 

Petroleum-based Polymers vs. Plant-based Polymers 

A petroleum-based (inorganic) polymer is commonly used for grocery bags. Recently there has been a push by 

environmentalists to make grocery bags out of plant-based (organic) polymers. Students in a science class 

decided to investigate the strength of the two types of polymers. They obtained one petroleum-based (inorganic) 

polymer bag and one plant-based (organic) polymer bag of the same size and thickness. They added 100-gram 

weights to each bag until it broke. 
SC10P56XCS17Q50608142 

7. What is the independent variable in the investigation? 

a. the size of the bags 

b. the type of polymer 

c. the thickness of the bags 

d. the amount of weight of the bags 

 

8. The students found that the plant-based polymer grocery bag held 500 grams before breaking and the 

petroleum-based polymer grocery bag held 600 grams before breaking. In order to increase confidence in their 

results, the students should repeat the investigation using _____________. 

f. only plant-based polymer bags 

g. two other types of polymer bags 

h. a double thickness of each polymer bag 

j. both the plant and petroleum polymer bags 

__________________________________________________________________________________________ 

 

 

 

9. The pictures below show the structures of two polymers. 

 

What can be concluded from comparing these two pictures? 

a. Polymers are easily broken down into their component parts. 

b. The same number of carbon atoms may be arranged in various ways. 

c. Linear polymer structures are stronger than ringed polymer structures. 

d. It takes fewer monomers to form a linear polymer than a ringed polymer. 
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10. Researchers have developed a biopolymer made from orange peels and carbon dioxide. According to the 

researchers, using CO2 to make polymers could reduce the amount of greenhouse gas emitted into the 

atmosphere. What question would an environmentalist most likely want answered before accepting this 

statement as credible? 

f. How long will it take the biopolymer to decompose? 

g. Is the biopolymer as strong as hydrocarbon polymers? 

h. Can other types of citrus be used to produce biopolymers? 

j. What happens to the CO2 when the biopolymer decomposes? 

__________________________________________________________________________________________ 

Red Cabbage pH Indicator Investigation 
SC10P19XCSXXQX09XXXXX 

Red cabbage contains a water-soluble pigment. In a highly acidic solution, the pigment turns bright red, and in a 

moderately acidic solution, it turns pinkish. In a highly basic solution, the pigment turns yellow, and in a 

moderately basic solution, it turns bluish. 

A student makes a pH indicator from red cabbage that has a reddish-purple color with a pH of approximately 7. 

The student pours the same amount of the cabbage solution into each of four different beakers. He then adds a 

different household solution to each of the four beakers until a color change is obtained. His results are shown 

in the table below. 

 

The student finds the following chart online from someone else’s cabbage pH indicator investigation. 

 

11. Based on the information in the passage, which household solution has the lowest pH? 

a. club soda 

b. lemon juice  
c. drain cleaner 

d. window cleaner 

12. Comparing his results to the chart above, what logical conclusion can the student make regarding the 

substances he tested? 

f. Lemon juice has a pH between 0 and 2. 

g. Drain cleaner has a pH between 10 and 12. 
h. Window cleaner and club soda are both neutral solutions. 

j. Window cleaner can be used to completely neutralize drain cleaner. 
SC10P19XCS12Q40919952 

13. What should be held constant in the student’s investigation to make sure he obtains valid results? 

a. the pH of the household solutions that are tested 

b. the amount of household solution placed in each container 
c. the brand of the household solutions added to the cabbage pH indicator 

d. the final color of the cabbage pH indicator after the household solutions are added 

__________________________________________________________________________________________ 



32 

 

Chemical Structures and Properties Open-Ended Questions 

 

Health Effects of BPA (2013) 

Bisphenol-A (BPA) is a polymer that has been used for decades to produce plastics for food containers and 

baby bottles. Some recent studies have shown that at high temperatures BPA can seep from packaging into 

food, causing negative health effects in laboratory animals. In 2008, the Food and Drug Administration (FDA) 

conducted its own toxicology testing and reported that BPA-containing plastics were safe for use in food 

packaging. 
SC10STSXCS17Q1102213O 

1. Identify three questions a concerned parent would want answered when deciding whether to continue using 

food containers made from BPA plastic. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Polymer Investigation (2011) 

A student performed the following investigation to test four different polymer plastics for stretchability. 

 

The student recorded the following data from the investigation. 

 

1.  a) Draw a conclusion based on the student’s data. 

     b) Describe two ways the student could have improved the experimental design and/or validity of the results. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Polymer Investigation (2010) 
A manufacturer claims that its kitchen wrap will stretch twice as much as the leading competitor’s plastic wrap 

without tearing. A group of students has gathered the following materials to test this claim. 

• one sample of kitchen wrap from the manufacturer making the claim 

• one sample of kitchen wrap from the leading competitor 

• masking tape 

• one clamp with a hook for adding weights 

• several weights 

• a metric ruler 

 

The students wrote the following procedure for their investigation. 

 
 

Describe at least three steps or pieces of information the students should add to the procedure to improve the 

design of their experiment. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Polymer Investigation (2008) 

 
A group of students wrote the following procedure for their investigation. 

 

 
 

 

a) What question were the students attempting to answer with this investigation? 

b) Identify the independent variable and the dependent variable in the group’s investigation. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Polymer Investigation (2007) 

 
Students performed the following investigation. 

 

 
 

The students recorded the following data from their investigation. 

 

 
a) After analyzing the data, the students concluded that the data supported their original hypothesis. What could 

have been the students’ hypothesis? 

b) Support your answer with specific information from the investigation. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Strand 3 – Global Interdependence 

The internal energy of the Earth causes matter to cycle though the magma and solid earth. 

 

The solid part of the Earth is comprised of three (3) types of rock: 

• Igneous 
o crystals which are formed from the crystallization of a solution of molten rock called magma. 

• Sedimentary  
o Sedimentary rocks usually have rounded, cemented sediment grains. 

• Metamorphic 
Physical or chemical changes of rocks (without melting) create metamorphic rocks, which show 

parallel lines of minerals, this pattern is called foliation. 

  

The elements that make up rocks are never created or destroyed. They are changed from one rock type into 

another through the internal energy of the Earth. This process of change involving the lithosphere (outer crust) 

of the Earth is known as the Rock Cycle. 

  

 
 

• Sediments: The exposure of rocks to certain environmental conditions at the Earth's surface breaks them 

down physically or chemically into smaller grains. This process is referred to as weathering and 

erosion.  

• Variation in temperature, pressure, and/or the chemistry of the rock can cause chemical and/or physical 

changes in igneous and sedimentary rocks to form metamorphic rocks.  

• When exposed to higher temperatures within the Earth, rocks will undergo a change in state called 

melting, which creates magma. If the magma loses heat as it moves toward the Earth’s surface, freezing 

(crystallization) will occur resulting in igneous rock formation.  
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Solar Energy causes water to cycle through the major earth reservoirs.  

• Water is the source of all life on earth.  

• Water exists on earth as solid (ice), liquid, or gas (water vapor).  

• The total amount of the earth's water does not change.  

• The circulation and preservation of earth's water is called the hydrologic cycle.  

 

 
  

• The hydrologic cycle begins with the addition the sun, which causes evaporation of water from lakes or 

oceans.  

• As water vapor (gas) rises in the atmosphere, it loses heat. The loss of heat energy results in 

condensation, the gas turns back to liquid water droplets, which forms clouds. The droplets are held as a 

cloud until they become too heavy.  

• The water returns to the Earth’s surface as precipitation (rain). Upon reaching the ground, one of two 

things may occur;  

1) Some of the water may runoff into lakes, streams, or oceans 

2) The water may be absorbed (infiltrate) into the ground and become groundwater. 

• Groundwater slowly seeps its way through the subsurface until it discharges into the oceans, rivers, and 

streams.  

 

Another way that water is cycled in the environment is through plants and animals. As water seeps into the soil, 

some is taken up by the roots of plants. Plants pump the water up from the soil to deliver nutrients to their 

leaves. This pumping is forced by the evaporation of water through small pores called stomates found on the 

bottom side of leaves, this process is called transpiration.  

Plants also use water during photosynthesis, breaking it down and recombining it to make other substances, 

namely, sugar and oxygen. Animals that consume the plants recombine those materials back into water vapor, 

which is released during respiration.   
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The release of sulfur dioxide (SO2) into the atmosphere can form acid rain, which affects water sources, 

organisms and human-made structures.  

 
 

"Acid Rain" is a term that refers to precipitation, such as rain, snow, sleet, hail, or fog with a pH of less than 

5.0. The gasses in the atmosphere that contribute to the creation of acid rain come from both natural sources, 

such as volcanoes or the decomposition of organic matter, and from man-made sources such as the combustion 

of fossil fuels in automobiles and boilers.  

 

 
 

Acid rain changes the chemistry of the environment. It affects ponds and lakes, river and streams by increasing 

their acidity, in some cases to the point where animals and plants begin to die.  

 

Acid rain also damages vegetation. Scientists have observed leaf damage caused by acid rain that limits the 

plant's ability to grow and live. Damage to forests has also been seen because acid rain removes the nutrients in 

the soil which the trees need to grow.  

 

Acid rain can have a damaging effect on man-made structures. Acid rain eats away at stone, metal, paint—

almost any material exposed to the weather for a long period of time. Acid rain can rust metals and cause 

marble statues carved long ago to lose their features. Many buildings and monuments are made of marble and 

limestone and are eroded by acid rain. Repairing acid rain damage to buildings and monuments can cost billions 

of dollars. Historical monuments and buildings, such as the Lincoln Memorial in Washington, D.C., can never 

be replaced. 
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The accumulation of mercury, phosphates and nitrates affect the quality of water and the organisms that 

live in rivers, lakes and oceans.  
Mercury and many other heavy metals can be toxic (poisonous) to organisms, even in low amounts. Mercury 

cycles in the environment as a result of natural (ex: volcanic) and human activities. The primary human sources 

are: fossil fuel combustion and metal smelting activities. These activities release mercury vapor (Hg0) into the 

atmosphere, where it can combine with water vapor and travel back to the Earth’s surface as rain. 

 
Once in the water, bacteria change the mercury into a soluble (dissolvable) form called methylmercury. The 

mercury-processing bacteria may be eaten by the next higher organism up the food chain. The concentration of 

contaminants in the animals that are higher up the food chain is called bioaccumulation.  

 

Phosphates (PO4-3) and Nitrates (NO2- and NO3-) are necessary for all living organisms, but high amounts 

can be bad for the environment. Phosphates and nitrates are a common ingredients fertilizer, which are used to 

promote the growth of crops.  

 

A healthy and well-nourished body of water (river, lake or sea) has a rich and diverse aquatic life with all the 

layers in the food chain existing in equilibrium.  

 

The pressures of an expanding population and increased use of fertilizers for agricultural production in many 

regions have resulted in a massive increase in the nutrient loading of rivers, lakes and oceans. The term for this 

condition is called "eutrophication". The increase in phosphates and 

nitrates in these water bodies promotes the production of algae. This 

may lead to a decline in other water plants; particularly bottom 

growing plants as the algae blocks the sunlight necessary for them to 

exist. This loss in plant diversity can also lead to a shift in fish 

species, which may further affect the operating of the food chain. In 

extreme cases, toxic algal scums may be formed and water may 

become lack oxygen, leading to fish kills.   



41 

 

Chemical and physical processes cause carbon to cycle through the major earth reservoirs.  
 

Carbon is the fourth most common element in the universe, and is absolutely necessary for life on earth. Every 

organism on Earth needs carbon for either structure or energy, or both.  

The storage of carbon and its movement through the environment is illustrated below by the Carbon Cycle.  

 

 
 

The carbon cycle consists of four (4) storage areas: 

• Atmosphere 

• Hydrosphere 

• Biosphere 

• Lithosphere.  

 

In the atmosphere, carbon occurs mainly as carbon dioxide (CO2). The carbon may move from the atmosphere 

to the hydrosphere by dissolving into the water, or it can move into the biosphere via photosynthesis in plants. 

Once the CO2 is dissolved in the ocean it can be removed from the hydrosphere by organisms that produce 

shells of Calcium Carbonate (CaCO3). Accumulation and crushing of these shells result in the formation of 

carbonate rocks such as limestone and dolomite. Carbon may also enter the lithosphere via the accumulation, 

burial and decay of organisms and organic waste, which may produce fossil fuels such as coal, oil or natural 

gas.  

Carbon may re-enter the atmosphere by various natural processes such as: 

• Respiration by organisms  

• Volcanic eruptions 

• Burning of fossil fuels  
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The accumulation of carbon dioxide (CO2) in the atmosphere increases Earth’s “greenhouse” effect and 

may cause climate changes.  
 

Burning fossil fuels releases carbon into the atmosphere more rapidly than it is being removed, and this may 

have caused a rise in the level of Carbon Dioxide in the atmosphere. In addition, by clearing forests, we reduce 

the ability of organisms to remove CO2 from the atmosphere via photosynthesis.   

 

Because of carbon dioxide’s ability to retain heat energy in the atmosphere, it has been called a “greenhouse 

gas.” Much of the Earth’s energy comes from the Sun in the form of solar radiation, which is absorbed by the 

Earth and converted into heat energy. When the energy is re-introduced into the atmosphere some of it is 

trapped by greenhouse gasses, this is called the “greenhouse effect”. 

 

 
 

Scientists believe that the increase in CO2 is already causing important changes in the world’s climate. An 

increase in global temperatures has the potential for significant environmental changes such as modifications to 

plant and animal distribution, promoting the spread of tropical diseases, rise in sea level and severe weather.  
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Land development, transportation options and consumption of resources may affect the environment.  
 

The Earth’s supply of natural resources is limited. Population growth has resulted in increased development of 

the land for agricultural, industrial and residential purposes. One aspect of land development that significantly 

impacts the environment is the changing of forests to farming land. This involves the deforestation of the land, 

which drastically alters the existing ecosystem.   

 

Deforestation causes increased erosion  

of soil, displaces native plant and animal  

species and reduces the ability of the land  

to remove carbon dioxide (CO2) from the  

atmosphere via photosynthesis.  

The industrial revolution spurred the 

development of lands near waterways. This 

accomplished two goals: 

• The Flowing water could be harnessed 

for energy 

• The waterways could be used to 

transport raw materials and 

manufactured goods.  

Dams were commonly constructed to change 

the direction of water flow for energy. The 

environmental impacts associated with dams 

are a change of the natural surface water and 

sediment flow, and the disruption to fisheries 

that depend on the migration of certain species 

to spawn. Another unforeseen factor is the 

potential for industries to use the rivers for waste disposal, which has historically resulted in water pollution and 

the residual contamination of sediments.  

 

The creation of the automobile has enabled many people to live in areas outside of cities and commute to 

work. Mass transportation was developed in some major cities but the United States is so large that it not 

economically feasible in most areas. Some smaller countries, particularly those in Western Europe, have well-

developed systems of mass transit. The use of automobiles in the United States and other industrialized nations 

continues to be the preferred means of transportation. Unfortunately, choosing to use the automobile over mass 

transit has many environmental effects:  

• it consumes a much greater quantity of natural resources (fossil fuels),  

• releases greater quantities of air pollution 

• land is altered to accommodate automobiles by building roads and bridges.  
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Human efforts can reduce the consumption of raw materials and improve air and water quality.  
 

The use of these goods and energy result in waste that affects air and water quality. The two main things that 

can be done to reduce this consumption are to recycle and improve the efficiency of energy use.  

 

Many consumer goods such as plastics,  

cardboard, glass, metal and newspaper  

are disposed of in landfills. The  

environmental impacts from burying solid  

waste are the: 

• accumulation of materials such as plastics 

that does not readily decay 

• the release of methane into the air from the 

decay of organic material  

• leaching of contaminants into nearby 

ground and surface water.  

 

 

 

 

 

Recycling these materials has two main benefits 

• reduces the amount of raw materials and 

energy necessary to produce these items  

• reduces the amount of waste discharged into 

the environment.  

Most of the energy used world-wide comes from 

fossil fuels (coal, oil, and natural gas). Fossil fuels are 

considered non-renewable energy sources because 

they come from decayed organic matter that takes 

millions of years to develop. Consequently, they are a 

resource that would be expected to run out in the 

future.  

 

The combustion of fossil fuels produces substances that, when emitted into the air, are sources of pollution.  

The environmental effects from these compounds range from increased atmospheric temperatures (CO2), 

production of acid rain (SO2, NO2) and the accumulation of toxic metals such as mercury in soil and water.  

 

A reduction in the use of non-renewable fuel sources resulting from energy conservation and the use of 

renewable forms of energy such as solar, wind, and hydro-electric power are the main ways to improve air and 

water quality by reducing the amount of waste generated by fossil fuels.  
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Connecticut Brownfields and Remediation 

A brownfield is a piece of land that was once used for industrial purposes (factory, manufacturing plant, etc) 

and is now typically abandoned because of suspected contamination. A contaminant is a chemical that can 

pollute air, water, or soil and is toxic to humans and wildlife. 

When a piece of contaminated land is abandoned, it must be cleaned up, or remediated, before the land can be 

used for other purposes. 

 

Contamination can affect 

the brownfield site itself, 

but can also have effects on 

the surrounding areas. 

 

Toxic chemicals can enter 

the ground water and end 

up in our drinking water. 

 

Other toxic chemicals can 

leach into the soil around 

homes, parks, and schools. 

 

Steps of Brownfield Remediation: 

1. Assess what contaminants are present – find out what chemicals are present and how far the contamination 

has spread. 

2. Find out if state or federal funding is available to assist in the remediation effort. 

3. Clean up the site and stop contamination from spreading – either excavate the site to remove and dispose of 

contaminants, or seal the site which can be done by laying concrete over the soil; some brownfields can only be 

used for commercial purposes and cannot have homes, schools, or parks built over them. 

4. Develop a new use for the site.  
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Global Interdependence  – Multiple Choice Practice Questions 

1. The diagram below shows carbon cycling associated with oil and gas consumption.  

 

Which arrow on the carbon cycle diagram represents the process that takes the longest amount of time to occur? 

f. 1 

g. 3 

h. 5 

j. 7 

 

 

2. A teacher provides her class with a table displaying the relative greenhouse effect per molecule of different 

gases compared to carbon dioxide.  

 

Based on this table, a student made the conclusion that carbon dioxide is not the main cause of the greenhouse 

effect. What other data are needed to make a stronger conclusion? 

a. data about the origin of the gases 

b. data about the size of each type of molecule 

c. data about the absorption of these gases by plants 

d. data about the amount of each gas in the atmosphere 
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3. Pollution has many causes and can affect air and water quality in a variety of ways.SC10H03XGI22QX0406833 

The burning of fossil fuels may contribute to an increase in global temperatures. What might lead to this 

increase in temperature? 

a. The combustion products reflect solar radiation away from Earth. 

b. Carbon dioxide in the atmosphere attracts solar radiation. 

c. Carbon dioxide in the atmosphere blocks energy from escaping into space. 
d. The combustion products allow more energy to enter the earth.  

 

4. Which of the following is directly responsible for acid rain? 

f. steam vented from a nuclear power plant 

g. sulfur dioxide released from a coal-fired power plant 
h. mining of coal for a coal-fired power plant 

j. processing of uranium for a nuclear power plant  

 

5. A student wanted to design an experiment to determine the effect of nitrates on algae growth. 

Which procedure would create the most valid results? 

a. Vary both the temperature and the amount of nitrates. 

b. Keep the temperature constant and vary the amount of nitrates. 
c. Vary the temperature and keep the amount of nitrates constant. 

d. Keep both the temperature and the amount of nitrates constant.  

 

6. Over 6 billion people on Earth use water every day, yet Earth’s water supply remains relatively constant. This 

is because _____________. 

a. the sea level is rising 

b. water exists in three phases on Earth 

c. water is constantly recycled by the hydrologic cycle 

d. global warming melts ice to replace water that is used  

 

7. Which of the following pictures best represents the natural greenhouse effect?  
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8. The picture below shows the extent of summer Arctic Sea ice in 1979 and 2005.  

 

Which hypothesis is best supported by the changes in sea-ice coverage? 

a. Earth’s climate is gradually warming. 

b. Arctic Sea ice is migrating away from Earth’s poles. 

c. Global warming is caused by human activity, not nature. 

d. Global warming occurs only at Earth’s poles during the summer.  

 

__________________________________________________________________________________________ 

The London Smog Disaster of 1952 
SC10P77XGIXXQX07XXXXX 

On December 5, 1952, London, England, experienced temperatures that were much colder than normal. 

As a result, large amounts of coal were burned in furnaces to keep residences warm. This occurred at the 

same time as the formation of a heavy fog. Water from the fog condensed around airborne soot particles, 

and a thick smog quickly developed. Nearly 12,000 human deaths resulted. 
SC10P77XGI22QX0711493 

9. In addition to soot, what product of the burning coal contributed most to the extreme pollution of 

London’s air? 

a. uranium (U) 

b. methane (CH4) 

c. sulfur dioxide (SO2)  

d. chlorofluorocarbons (CFCs) 

 

10. Which government action was most likely the result of the London smog disaster of 1952? 

f. establishment of youth curfews after dark 

g. creation of a privately funded healthcare system 

h. conversion from underground mining for coal to strip mining for coal 

j. provision of grants for homeowners to convert to gas or oil-fueled heaters 
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11. The graph below shows the correlation between pollutants and human deaths during the London smog 

disaster of 1952. 

 
Which conclusion is best supported by the data? 

a. Acid rain fell from December 4 to December 10. 

b. Smoke caused more deaths than sulfur dioxide. 

c. Sulfur dioxide remains in the air longer than smoke. 

d. Air pollution peaked between December 7 and December 8. 

__________________________________________________________________________________________ 
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__________________________________________________________________________________________ 

Global Warming 
The burning of fossil fuels to heat homes, power factories, and run automobiles is largely responsible for 

increasing carbon dioxide emissions. Many scientists hypothesize that the increase in these greenhouse gases 

contributes directly to global warming. The graph below shows average global changes in carbon dioxide and 

temperature over an extended period of time. 

 
12. The natural greenhouse is a phenomenon that is beneficial as it results in _____________. 

a. the maintenance of Earth’s temperature  
b. a thinning of Earth’s atmospheric ozone layer 

c. an increase in the amount of carbon dioxide in Earth’s atmosphere 

d. the bending of the rays of sunlight that penetrate Earth’s atmosphere 

__________________________________________________________________________________________ 

 

 

13. A business claims to be doing “everything possible” to reduce greenhouse gas emissions. Which company 

practice would cause a consumer to question this claim? 

f. The company vehicles all use diesel fuel. 
g. The building lights are triggered by motion. 

h. The building is powered by geothermal energy. 

j. The company purchases recycled paper products. 

 

14. Assume the use of fossil fuels continues to increase over the next decade. What prediction are scientists 

most likely to make for carbon dioxide and temperature change? 

a. Carbon dioxide will increase, causing an increase in temperature.  
b. Temperature will increase, causing a decrease in carbon dioxide. 

c. Carbon dioxide will increase, and temperature will remain the same. 

d. Temperature will increase, and carbon dioxide will remain the same. 
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__________________________________________________________________________________________ 

Mount Mitchell Acid Rain 
SC10P94XGIXXQX09XXXXX 

In 1915, Mount Mitchell was designated as North Carolina’s first state park and was covered by a dense forest. 

Today, the forest has thinned considerably as a result of pollution and acid deposition. According to the 

Division of Parks and Recreation, the forest experiences acid fogs approximately 80% of the year. State 

officials have determined that much of the air pollution in North Carolina originates in other states and is 

transported by winds. In 2004, the Environmental Protection Agency began to develop a plan to reduce harmful 

emissions in states that are “upwind” from North Carolina. 
SC10P94XGI22QX0915022 

15. What type of facility is most responsible for the pollution that results in acid deposition on Mount Mitchell? 

a. nuclear power plants 

b. coal-fired power plants  
c. toxic waste disposal facilities 

d. wastewater treatment facilities 
SC10P94XGI19QX0915044 

16. How will acid deposition most likely affect the carbon cycle on Mount Mitchell? 

f. Acid deposition will have no direct effect on the carbon cycle. 

g. Sulfur dioxide will replace carbon dioxide in the carbon cycle. 

h. With fewer trees, the park will store a greater amount of carbon dioxide. 

j. There will be fewer trees to absorb carbon dioxide from the atmosphere. 

__________________________________________________________________________________________ 

 

 

 

 

17. A student designs an investigation to evaluate the effect of water acidity on the growth rate of potted spruce 

trees. What should be the independent variable in the student’s investigation? 

a. the pH of the water each tree receives  
b. the amount of water each tree receives 

c. the number of trees used in the investigation 

d. the difference in starting and ending tree heights 
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Global Interdependence Open-Ended Questions 

 

Acid Rain Investigation (2010) 

A group of students wrote the following procedure for their acid rain investigation. 

 

The chart below shows the students’ investigation results. 

 

1. a) What was the problem the students were investigating? 

    b) Describe two things the students could do to increase confidence in their results. 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Acid Rain Investigation (2008) 

A group of students wrote the following procedure for their investigation. 

 

 

 

The students’ data are recorded in the table below. 

 

After reading the group’s procedure, describe what additional information you would need in order to replicate 

the experiment. Make sure to include at least three pieces of information. 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 



54 

 

Decontamination Process (2007) 
SC10STSXGI25Q1050241O 

A process (phytoremediation) has been developed that uses plants to remove contaminants from soils and water. 

Suppose a contaminated area (Brownfield site) in your town is being considered for this process.  

 

Identify at least three questions that would need to be answered before starting such a program. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Strand 4 – Cell Chemistry and Biotechnology 

Cell Structure 

All cells contain DNA, ribosomes, cytoplasm, and are surrounded by a cell membrane. However, there are many 

differences between cell types. 

 

• Prokaryotes VS Eukaryotes 

Karyon – means “kernal” or nucleus. The major difference between prokaryotes and eukaryotes is the presence of a 

nucleus. Pro- means “before”: Prokaryotes evolved “before” cells had nuclei. They do not contain their DNA in a nucleus. 

Eu – means “true”. Eukaryotes have a “true nucleus” in which they contain their DNA. 

Prokaryotes 

• Small, simple cells 

• Do not keep their DNA in a nucleus 

• DNA is loosely located in a region called the nucleoid 

• NO membrane-bound organelles 

• Surrounded by a protective cell wall 

• Unicellular – one cell in size 

• All prokaryotes are bacteria 

• Some have pili for attachment to other cells and 

surfaces 

Eukaryotes 

• Large, complex cells 

• Contain their DNA in a membrane-bound nucleus 

• Have membrane-bound organelles 

• Multicellular – consist of many cells 

• Cells of animals, plants, fungi, protists 

 

  

 

• Plant Cells VS Animal Cells 

Both plant and animal cells are eukaryotes. They have all the attributes of eukaryotes in common. 

Animal Cell 

• Round or oblong shape 

• Centrioles participate in cell division 

• Several small vacuoles 

Plant Cell 

• Angled or rectangular shape 

• Cell wall for structure and support 

• Chloroplasts for photosynthesis 

• Large central vacuole 
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Eukaryote Cell Structure 

• The nucleus of the cell contains the DNA (genetic information) of the cell and is surrounded by a double-layered 

nuclear membrane.  

• Within the nucleus is the nucleolus, which is a region where ribosomes are formed.  

• Ribosomes play a very important role in the cell by making proteins from the instructions coded in the DNA. This 

formation of proteins happens on ribosomes in the cytoplasm and on the rough endoplasmic reticulum. 

• The rough endoplasmic reticulum also serves as a passageway, to move proteins along to the golgi apparatus. 

• The golgi apparatus is where proteins undergo further modification and packaging before being sent to their final 

destination. Proteins that need to move to other cell locations or to places outside the cell will be packaged in vesicles. 

• The smooth endoplasmic reticulum makes lipids for the cell and helps to detoxify the cell. 

• Lysosomes are important structures that digest waste products and organelles that are no longer useful. 

• Vacuoles serve as storage centers for water, salts, and various wastes. 

• Chloroplasts in plant cells are the site of photosynthesis, where food molecules are made by plant cells. 

• Mitochondria are the powerhouses of the cell and are site of cellular respiration, which produces cell energy. 
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The Cell Membrane 

The cell membrane is a lipid bilayer made up of two sheets of phospholipids. A single phospholipid has a hydrophilic 

(water-loving) head and two hydrophobic (water-fearing) tails. The hydrophilic heads face the inside and outside of the 

cell while the hydrophobic tails face each other inside the bilayer. The membrane is semi-permeable, which means some 

things (small, nonpolar molecules) can pass through and other things cannot. Proteins form pumps and channels through 

the membrane which are able to help large or polar molecules to pass through. 

 

 

Membrane transport 

The process of passive transport moves substances down their concentration gradient, from an area of high concentration 

to an area of low concentration. There are 3 types: Simple diffusion, Facilitated diffusion, and Osmosis. 

The process of active transport moves substances against their concentration gradient, from an area of low concentration 

to an area of high concentration. This includes protein pumps, endocytosis, and exocytosis. 
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Cell Metabolism 

Autotrophs are organisms that are capable of making their own food molecules. Heterotrophs are not able to make food 

molecules and must ingest food from their environment.  

Photosynthesis - One way autotrophs (plants and photosynthetic bacteria) can make their own food molecules is by the 

process of photosynthesis. Light energy is used to convert carbon dioxide and water into glucose, with oxygen being 

produced as a byproduct. 

 

Cellular Respiration – Both heterotrophs and autotrophs use the process of cellular respiration to produce energy for the 

cell. Glucose is broken down in the presence of oxygen to form carbon dioxide and water, with energy being produced in 

the form of ATP. 

 

 

When you look at these two equations, you should see that the products of each reaction serve as the reactants for the 

other reaction. This creates a cycle of nutrients, gases, and energy which sustain all living things. 
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Bacteria, Viruses, and Disease 

Bacteria 

 

Single-celled prokaryotes 

 

Viruses 

 

Acellular – not made of cells 

2 Domains: Archaea and Bacteria 

• Archaea living in extreme environments 

• Bacteria are present almost everywhere 

 

Many types of viruses 

• Influenza, HIV, tobacco mosaic virus, and many 

more infect plant and animal cells 

• Bacteriophages infect bacterial cells 

 

Various shapes: 

• cocci (round) 

• bacilli (rod-shaped) 

• spirilla (spiral) 

 

 

 

Structure consists of genetic material (DNA or RNA) 

wrapped in a protein coat called a capsid. Some viruses also 

have a protective envelope made of lipids. 

 

 
 

Reproduce by binary fission – the bacterial cell makes a 

copy of its DNA and the cell divides in half. This is asexual 

reproduction. Bacteria can reproduce very rapidly, 

sometimes in as quickly as 20 minutes. 

 

Requires a host cell to reproduce. The virus uses the cell’s 

reproductive machinery to make copies of its genetic 

material, forcing the host cell to produce new virus 

structures. The virus can stay in a lysogenic cycle, where 

many host cells are produced containing viral DNA, until 

something in the environment triggers the virus to enter a 

lytic cycle where the host cell builds new viruses and then 

bursts open, releasing the new viruses to infect new host 

cells. 

 

Can be treated/killed with antibiotics 

 

Cannot be treated with antibiotics. 

 

An infectious disease is caused by a pathogen (bacteria or virus), and can be transmitted from one organism to another. 

Diseases in humans can be transmitted through physical contact with an infected person, contact with bodily fluids on 

surfaces, inhalation of infected particles in the air (usually from a sneeze or cough from an infected person), or by being 

passed by another organism such as an insect or animal. 

How can humans reduce the spread of disease? 

Reduce transmission 

• Hand washing and physical removal 

• Disinfecting surfaces with cleansers 

• Proper food storage/refridgeration 

• Proper food preparation (keep cold foods cold, 

cook food thoroughly) 

Reduce contraction 

• Vaccines can prevent both bacterial and viral 

diseases 

• Vaccines can be made from small amounts of live 

pathogens, heat-killed pathogens, or proteins from 

the pathogen 

 

Some bacteria and yeasts can be useful to humans in food production. Bacteria such as lactobacillus are used in the 

production of cheese and yogurt. Yeasts are used in the process of fermentation of alcoholic beverages and are used in 

bread production and other food products that need carbon dioxide to make them “rise”. 



60 

 

Genetic Engineering and Biotechnology 

A change in the genetic sequence of an organism is called a mutation. This can happen naturally by chance, or due to 

environmental factors such as radiation and chemical exposure. When a mutation occurs, it can be harmful to the 

organism, resulting in disease or death, or it can be beneficial to the organism, resulting in an adaptation that gives the 

organism an advantage. Other times mutations are neutral, providing neither benefit nor harm. 

 

Genetic engineering: 

 

Humans are capable of manipulating the genes of 

certain organisms by adding genes from one 

organism into the DNA of another organism. This 

process produces what is known as a transgenic 

organism. 

 

This process can be used to repair disease causing 

genes in humans through the process of gene 

therapy. 

 

This process is now being used in agriculture to 

produce new types of crops that can withstand the 

application of chemical herbicides (weed killer) or 

that can produce their own insecticides (bug killer). 

This makes it cheaper and easier to farm these 

crops, but some people are concerned about the 

safety of eating them. 

 

 

Genetically Modified Organisms (GMOs) 

Many crops today are being genetically modified in labs by corporations. Genes from bacteria, animals, or other plants 

can be inserted into the DNA of crops grown for human consumption. Crops such as rice, soybeans, corn, canola, and 

others can be genetically modified to have specific traits that make farming cheaper and easier, and allow farmers to 

produce a greater yield per acre of land. (Yield = amount of useable crops produced) Some consumers are concerned that 

eating genetically modified foods may not be safe or healthy. They are concerned about possible health effects from 

eating “mutant” plants. Another concern is that if a plant is modified to allow it to survive the application of large 

amounts of herbicide (weed killer), that farmers may apply heavy amounts of chemicals to the crops which may make 

them unsafe to eat. There is much debate about whether or not the government should require companies that produce 

foods containing GMOs to put labels on their products, informing consumers that they are buying genetically modified 

food. 
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Cell Chemistry and Biotechnology – Multiple Choice Practice Questions 

__________________________________________________________________________________________ 

Potato Blight 
Blight is a plant disease caused by a fungus that affects potato plants. Some wild breeds of potato have natural 

resistance to the fungus. These wild potatoes contain chemical compounds that cause them to taste bad. 

Scientists are trying to produce potato plants that are resistant to blight but still produce potatoes that taste good. 
SC10P25GCC27QX0502901 

1. Which of the following describes an important difference between a potato plant cell and a human cell? 

a. Plant cells have a cell wall, and animal cells do not. 
b. Animal cells store water inside, and plant cells do not. 

c. Plant cells have a cell nucleus, and animal cells do not. 

d. Animal cells perform respiration, and plant cells do not.  

 

2. The development of a blight-resistant potato breed might be good for the environment because the new potato 

breed will need _____________. 

f. less water 

g. less fertilizer 

h. less fungicide 
j. less field space  

__________________________________________________________________________________________ 

 

 

3. Plants, like all other organisms, are composed of cells. 

A group of students placed spinach leaves in a beaker of water in full sunlight. After several hours, small 

bubbles appeared on the leaves. These bubbles probably consisted of _____________. 

a. H2O 

b. O2 
c. CO2 

d. H2  

 

4. Generally, plants that grow in the shade have larger leaves in comparison to plants that grow in full sun. The 

advantage of having larger leaves in a shaded environment is _____________. 

f. an increase in water supply 

g. an increase in light absorption 
h. a decrease in water loss 

j. a decrease in heat production  
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5. Students are exploring what happens to potatoes when placed in liquid. They cut one potato into slices and 

placed the slices in 3 different solutions, as described in the table below.  

 

 

Which of the following is the independent variable in the students’ experiment? 

a. the amount of time in the solution 

b. the shape of the slices 

c. the mass of the potatoes 

d. the concentration of the solutions  

 

6. Two farmers plant different varieties of corn on neighboring farms. Farmer A plants genetically modified 

corn. Farmer B plants a non-modified variety of corn. What would be farmer B’s primary concern if she plans 

to gather seed for next year’s crop? 

f. loss of genetic variability in the non-modified variety 

g. that mutation rates will increase in the non-modified variety 

h. that insects will only pollinate the genetically modified corn 

j. unintended transfer of modified genes to her crop by cross-pollination  

 

7. What is accomplished by treating a person who has a bacterial infection with antibiotics? 

a. immunity to future infections 

b. weakening of the person’s immune system 

c. reduction in the duration and intensity of the infection 

d. modification of bacterial DNA to make the bacteria harmless  
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8. The figures below show the reaction rate of a specific enzyme at different temperatures and different pHs.  

 
What can be concluded about the enzyme? 

f. The enzyme works best at a pH of 8 and a temperature of 25°C. 

g. The enzyme only works at a pH of 8 and a temperature of 25°C. 

h. The enzyme is used up at a pH of 11 and a temperature of 35°C. 

j. The enzyme works better at a pH of 8 than a temperature of 25°C.  

__________________________________________________________________________________________ 

Laboratory Investigation 
In a laboratory investigation, a student mixes 1 cup of warm water (30°C) with 30 grams of sugar and 5 grams 

of yeast. She pours the mixture into a glass bottle and secures a balloon over the opening. After several minutes, 

she observes that the balloon begins to inflate, as shown in the picture below.  

 
The student performs two additional trials. In trial 2 she uses water at 25°C, and in trial 3 she uses water 

at 20°C. She observes that the colder the water, the longer it takes the balloon to inflate.  

 

9. After reviewing her data, the student decides to perform an additional trial at 35°C. She observes that the 

balloon inflates faster than during the trial in which the 30°C water was used. This additional trial supports 

which of the following hypotheses? 

f. Warmer temperatures are more favorable for yeast fermentation. 

g. Yeast require less sugar when maintained at lower temperatures. 

h. The optimum temperature for yeast fermentation is less than 35°C. 

j. The time required for fermentation increases with increasing temperature.  
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10. The graph below shows changes in a yeast population over the course of several days.  

 
The yeast were placed on a nutrient dish and allowed to grow. On which day was additional nutrient most likely 

added to the yeast culture? 

a. 3 

b. 4 

c. 6 

d. 7  

__________________________________________________________________________________________ 

 

 

11. Students placed a sample of red blood cells (RBC) and a sample of skin cells in 2 test tubes that contained 

the same glucose solution. After 24 hours, the students observed the cells under the microscope and found that 

the cells in both samples increased in size. What conclusion might be drawn from this observation? 

f. The cytoplasm of the red blood cells is more concentrated than that of the skin cells. 

g. Skin cells absorb water faster than the red blood cells. 

h. Both cells absorb water when placed in the glucose solution. 

j. Both cells absorb water when placed in any solution. 

 

12. Depending on its electric charge, shape, and chemical properties, a substance may or may not be allowed to 

pass through a cell membrane. This function of the cell membrane is important because it _____________. 

a. prevents cell division 

b. prevents destruction of the cell wall 

c. allows the cell to maintain homeostasis 

d. allows amino acids to move into and out of the cell 
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__________________________________________________________________________________________ 

Typhoid Mary 
SC10P88XCCXXQX08XXXXX 

Mary Mallon was the first known “healthy carrier” of typhoid fever in the early 1900s. Health officials 

in New York investigated the households in which she worked as a maid and determined that she had 

transmitted the disease to dozens of people. 

Typhoid fever is caused by the bacterium Salmonella typhi. It is generally transmitted by eating food 

and drinking water that has come into contact with contaminated fecal matter. Symptoms of typhoid fever 

include headache, fever, diarrhea, and loss of appetite.  
SC10P88XCC32QX0814423 

13. Typhoid fever is best treated with _____________. 

a. surgery 

b. vaccines 

c. antibiotics  
d. gene therapy 
SC10P88XCC32Q30814441 

14. In 1910, Mary Mallon was banned from ever working in kitchens again. Five years later, health officials 

suspected that Mary had violated the ban. What most likely alerted health officials to the fact that Mary might 

be working in kitchens again? 

f. a new typhoid outbreak in New York  
g. the fact that she changed her name to Mary Brown 

h. identification of other healthy carriers in New York 

j. discovery of the typhoid bacterium on local vegetables 

__________________________________________________________________________________________ 
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Cell Chemistry and Biotechnology – Open Ended Questions 

 

Yeast Experiment (2013) 

A group of students wrote the following procedure for their experiment. 

Procedure: 

 

1.   a) Identify two variables that were held constant in the group’s experiment. 

      b) Explain why it is important for these variables to be held constant. 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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GM Rice Safety (2012) 
A biotech company produces a new genetically modified (GM) variety of rice. It claims the rice is as safe for 

humans to eat as non-GM rice. Due to public concern, the company agrees to have its researchers perform a 

study using rats to test the safety of its product. Researchers planned the following study. 

 Rats in study group 1 will receive GM rice. 

 Rats in study group 2 will receive non-GM rice. 

 Both groups of rats will be of the same species. 

 The trials will last for 6 months. 

 Data on final weight, overall health, and/or death rate will be collected for each group. 
SC10STSXCC35Q5102209O 

1.   a) Identify two additional factors that the researchers need to hold constant in order to ensure that their 

results are valid. 

      b) Explain why these factors need to be held constant. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Antifreeze Gene for Agricultural Crops (2010) 
The DNA of Arctic flounder contains a gene that produces special antifreeze proteins that allow the fish to 

survive in cold Arctic waters. Geneticists have been able to isolate this gene and insert it into the DNA of 

certain agricultural crops. 
SC10STSXCC35Q9071359O 

1. a) Explain how the antifreeze gene could be beneficial in growing agricultural crops, such as tomatoes. 

    b) Describe two concerns a consumer might have regarding the insertion of animal DNA into agricultural 

crops. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Enzyme Investigation (2009) 
A group of students hypothesized that adding an enzyme to applesauce would produce more juice than adding 

an enzyme to mashed pears. The students wrote the following procedure for their investigation. 

 
 

The data collected during the investigation are shown in the table below. 

 
 

The students claimed that their original hypothesis was correct. 
SC10PT1XCC29Q2060864O 

a) Explain why the credibility of the students’ claim should be questioned. 

b) Describe two changes that the students should make to their procedure that would allow their original 

hypothesis to be more accurately tested and/or would ensure the accuracy of their results. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Enzyme Investigation (2008) 

 
Science students conducted an investigation to determine how enzymes affect apple juice production. 

 

 
 
a) What conclusion can be drawn from the students’ experiment and results? 

b) Assess the reliability of the results of this investigation. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Enzyme Investigation (2007) 

 
Science students conducted an investigation to determine how enzymes affect apple juice production. 

 

 
 

a) Identify two variables that were held constant in the group’s experiment. 

b) Explain why it is important for these variables to be held constant. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Yeast Experiment (2007) 

 
A group of students wrote the following procedure for their experiment. 

 

 
 

The table below shows the results of the group’s experiment. 

 

 
 

a) What conclusion can be drawn from the students’ experiment and results? 

b) Describe two ways the students could have improved their experimental design and/or validity of their 

results. 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 



73 

 

Strand 5 – Genetics, Evolution, and Biodiversity 

MITOSIS 

• DNA replication:  copy chromosomes 

• Cell divides into 2 daughter cells that are 

genetically identical.  

 

 

 

 

 

MEIOSIS 

• Making gametes (sex cells: eggs & sperm)  

• Chromosomes cut in half 

• Humans gametes contains 23 single chromosomes 

• Somatic cells (body cells) contain 46 chromosomes 

• Most organisms have two genes for each trait, one on each of the homologous chromosomes in the cell 

nucleus.  

• Crossing over: Chromosomes swap genetic material from one chromosome to another 

• Random process: unique gametes with different combinations of chromosomes are formed   

• Zygote (fertilized egg cell)formation:  sperm and egg cell join to restore the chromosome number 

 

  

 

  

MITOSIS MEIOSIS 

1 division 2 division 

2 identical cells 4 unique cells 

Body cells Sex cells ONLY 

Growth and repair Crossing over to create 

unique traits 
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MENDELIAN GENETICS 

 

• PUNNET SQUARE is a way of showing what different genetic combinations can be formed to predict 

the outcome of a cross.   

 
• ALLELE is an alternative form of a single gene for a particular trait. (e.g. gene for color - green allele 

and yellow allele) 

• GENETIC TRAIT is expressed by two alleles, each represented by a letter where each letter represents 

the allele inherited from each parent.  

o dominant trait (upper case) the trait that will hide the recessive trait (lower case) 

• PHENOTYPE is the observed characteristic that can be produced by various alleles (e.g. color of pea 

pod) 

• GENOTYPE is the complete genetic makeup (e.g. GG or Gg or gg) 

o homozygous-having two identical alleles (e.g. RR or rr) 

o heterozygous-having two different alleles ( e.g. Rr) 

 

• MONOHYBRID CROSS “One Trait Cross” shows the predicted results for the genetic cross of a 

single gene. (e.g. color of fur) 

 
 
    

• DI-HYBRID CROSS “Two Trait Cross” shows the predicted results for a genetic cross of two different 

genes.  (e.g. color and height) 
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PEDIGREE DIAGRAMS  

• trace the inheritance of a trait through several generations  

• is a diagram of family relationships that uses symbols to represent people and lines to represent genetic 

relationships 

• may be used to determine the mode of inheritance (dominant, recessive, etc.) of genetic traits 

 
 

• horizontal lines connecting a male and female represent mating 

• vertical lines extending downward from a couple represent their children 

• subsequent generations are written underneath the parental generations and the oldest individuals are 

found at the top of the pedigree 

 
 

GENETIC DISORDERS  

• are diseases or physical deformities caused by errors in the DNA or by prolonged exposure to radiation 

• they are specific to an individual and can only be passed on to that person’s offspring 

• genetic disorders can be dominant or recessive 

• a person only needs one copy of a dominant disease gene to have the symptoms of the disorder 

• a person with a recessive disorder will not show signs of the disease/deformity if they have the 

heterozygous (Aa) genotype, but can pass the trait onto their offspring 

• a recessive disorder can only be expressed if the genotype is homozygous recessive (aa).  

• genetic diseases cannot be transmitted from person to person by contact 
 

 

 

Infectious diseases are different from genetic disorders: 

• caused by bacteria or viruses and they spread from person to person either by contact or through air 
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Evolution  

 

• An adaptation is a characteristic or trait that helps an organism to better survive in its environment.  

Adaptations in nature can include: size, beak shape, coloring or flower shape, enzyme efficiency, and 

many, many more.  

• Adaptations can occur through genetic mutations that occur randomly over time or in response by 

existing traits to a changing environment.  

• Harmful or fatal mutations do not get passed on to the next generation.  

• Beneficial mutations that allow the organism to better survive and reproduce are the ones that get passed 

on to the next generation.   

 

There are 3 aspects to the Theory of Natural Selection:  

1. Individuals in a population (organisms belonging to the same species) show variation and these 

variations can be inherited.  

2. Organisms have more offspring than can be sustained by the environment.  

3. Any variation that increases the reproductive success of that organism has a greater chance of getting 

passed on to future generations.   

 

 
 

• Fossils are the preserved parts or impressions of parts of ancient organisms. .  

• The placement of these fossils over time is the fossil record. The fossil record shows how species 

changed over time and provides a history of life on earth.   

• The newer fossils are found in the upper layers and the older ones are buried in the deeper layers 
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Evidence of evolutionary relationships between related species can be found by looking at molecular, cellular, 

anatomical similarities, and embryological development.   

 

• Homologous structures  look alike and have the same evolutionary origin (common ancestor) though 

they may have very different uses in the present day organism.  

o same structure, different function 
 

 

 
 

 

• Analogous Structures 
o look similar 

� on the outside 

o same function 

o different structure & development 

� on the inside 

o different origin 

o no evolutionary relationship  
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Populations 

 

• Carrying capacity is the greatest number of 

a species that the ecosystem can support.  

Carrying capacity is limited by the amount 

of energy (including sunlight), water, 

oxygen, and food available.   

• Limiting factors are those factors which 

limit the maximum size of a population in a 

given area. Some of the limiting factors are: 

competition for food and space, an increase 

in predators, climate changes such as drought or temperature changes. Water is a limiting factor for all 

populations.  

• Population density is the number of individuals of the same population living in a specific area (usually 

measured in a square mile). The population size is determined by 4 factors- immigration (increases 

population), emigration (decreases population), birthrate (increases population) and death rate 

(decreases population).   

• The study of human population is called demographics. As of now the human population is growing 

exponentially.   

• Advances in medicine and technology have increased human life expectancy. Clean drinking water and 

better sanitation has increased birth rate and lessened the death rate. Electrification has allowed for 

better food storage and made survival in harsh climates possible. Development of insecticides and 

herbicides have increased the per acre amount of food produced, decreasing the amount of farmed land 

and leading to the development of cities with high population densities.  

 

 

Reading population graphs: 

A population graph compares the number of males and females at various age levels in a population. A 

population that is rapidly growing shows many young individuals compared to older individuals. A population 

that is growing slowly has more young than old, but at a less extreme amount. A population that is not growing 

has about an even number of young and old individuals. A population that is declining will show more older 

individuals than young. 
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Genetics, Evolution, and Biodiversity – Multiple Choice Practice Questions 
__________________________________________________________________________________________ 

The Fossil Record 

The diagram below shows the fossil record of different species.  

 

1. When did a major extinction event most likely occur? 

f. at the end of the Cenozoic 

g. at the end of the Permian 
h. at the beginning of the Silurian 

j. at the beginning of the Cambrian  

 

2. According to the records of fossil species V and W, which statement is most likely true? 

a. Fossil species W appeared before fossil species V, allowing fossil species W to survive longer. 

b. Fossil species W was ancestral to fossil species V because it appeared before fossil species V. 

c. Fossil species W had greater genetic variability than fossil species V, allowing fossil species W to adapt and 

survive longer. 
d. Fossil species W had lower reproductive success than fossil species V, allowing smaller populations to adapt 

and survive.  

__________________________________________________________________________________________ 

 

 

3. The growth rate of a local population is dependent on the birth rate minus the death rate and _____________. 

f. the ratio of males to females in the population 

g. the lifespan of females beyond the reproductive age 

h. the amount of genetic variation that exists in the population 

j. the immigration and emigration of individuals to and from the population 
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4. Vestigial structures, such as hip bones in whales and appendixes in humans, are those that have little or no 

function for the organism. What is the most likely reason for this loss of function over time? 

a. The organism is undergoing speciation. 

b. The organism is experiencing genetic drift. 

c. The structure was over utilized by the organism. 

d. The structure was not highly beneficial to the organism.  

 

__________________________________________________________________________________________ 

Illnesses 
The common cold is caused by a virus that enters the human body and causes mild, flu-like symptoms. Some 

people believe that the common cold can be treated by digesting the herb Echinacea. The following table shows 

results from a study conducted to explore the effects of Echinacea on children with colds.  

 
5. Data in the table show that the use of Echinacea can _____________. 

f. reduce the length of cold infection from 10 to 7 days 

g. increase the incidence of colds in children from 52% to 64% 

h. increase the percent of children with skin rash from 2.7% to 7.1% 
j. reduce the numbers of children having colds from 370 to 337 cases  

 

6. A possible conclusion from the data is that Echinacea _____________. 

a. is a safe remedy for the common cold 

b. is effective only for children 

c. has side effects 
d. reduces the length of colds  

 

7. It is very difficult to develop a vaccine against the common cold. The reason for this is that the common cold 

virus _____________. 

f. hides in the digestive system 

g. changes rapidly due to high mutation rates 
h. includes RNA as its genetic materials 

j. is too small for the immune system to detect  

__________________________________________________________________________________________ 
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__________________________________________________________________________________________ 

Cystic Fibrosis 
Cystic fibrosis (CF) is a condition characterized by difficulty in breathing and digestion. CF is caused by a 

defect in a specific gene. The pedigree diagram below shows the inheritance pattern of cystic fibrosis in two 

generations of a family. 

 
SC10P63XGE37QX0709093 
8. Which couple has a 25% probability of producing offspring who are homozygous for cystic fibrosis? 

f. 3 and 4 

g. 5 and 6 

h. 7 and 8  

j. 9 and 10 

 

9. An individual with CF is not able to transmit the disease by physical contact because _____________. 

a. the gene for the disorder is only carried in the bloodstream 

b. CF is a genetic disorder and can only be passed from parent to offspring  

c. the bacteria that transmit the defective gene must be inherited from a parent 

d. CF is so rare that the probability of coming into contact with an affected individual is low 

__________________________________________________________________________________________ 

 

10. A scientist conducted a study of an organism and found that its body cells contained 40 chromosomes. 

These cells were cultured in the laboratory, and cell division was observed. What difference, if any, would the 

scientist expect to observe between body cell division and sex cell division in the organism? 

a. Body cells divide by mitosis, and sex cells divide by meiosis. 
b. Body cells divide by meiosis, and sex cells divide by mitosis. 

c. There is no difference; body cells and sex cells both divide by mitosis. 

d. There is no difference; body cells and sex cells both divide by meiosis. 
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11. The graphs below show the annual number of AIDS deaths in the United States and in South Africa from 

1999–2003. 

 
What conclusion is best supported by the data in the graphs? 

f. AIDS has been cured in the United States but not in South Africa. 

g. AIDS has caused a greater population decline in South Africa than it has in the United States.  
h. The number of AIDS deaths in each country is solely responsible for the population growth rate in each 

country. 

j. The population in South Africa has increased regardless of AIDS, whereas the United States population has 

decreased as a result of AIDS. 
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Genetics, Evolution, and Biodiversity Open-Ended Questions (2012) 

 

Population Graphs 

The population graphs below show the age structure of populations in France and India for a select year. 

 

1. Compare the two graphs and: 

a) Describe a difference in individuals of reproductive age (15– 45). 

b) Describe a difference in birthrate. 

c) Identify one factor that may contribute to the difference in longevity (life span). 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Population Graphs for Taiwan (2009) 
The graphs below show the population of Taiwan in 2000 and the predicted population of Taiwan in 2050. 

 

 
 

 

 

 
 

 

Use the graphs to: 

a) Draw a conclusion regarding the overall population change in Taiwan from 2000 to 2050. 

b) Describe two factors that may contribute to the predicted population changes from 2000 to 2050. 

 

ANSWER ON THE NEXT PAGE 
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__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Genetically Modified Food (2008) 
Suppose a consumer reads the following news release regarding the safety of a genetically modified (GM) food 

product. 

 

 

GM Grains Pose No Health Risk 

 

Researchers report that genetically modified (GM) grains fed to test mice 

have no negative impact on health. In two trials, the offspring of mice fed GM 

grain for three weeks showed a similar survival rate as the offspring of mice 

that were fed non-GM grain. The trials have been called as a victory for GM 

food producers. A spokesperson for the research group stated that “it is highly 

unlikely for any unintended side effects to occur as a result of human 

consumption of GM grains.” 

 

Provide three reasons a consumer should question the conclusions presented in this news release. 

 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 


