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Environmental Science Exam I Study Guide

Topic One - Introduction to Environmental Science
The Levels of Organization of LIFE ON EARTH

It starts with one. One person, one lion, one flower. One footprint, one connection with the sand, one breeze,
one sunset. One life, one world, one energy, one vibration. We are many, yet we are ONE.

ORGANISM

We begin with an ORGANISM. An organism is refers to only one single living individual. This can refer to me,
to you, to an elephant, a scorpion or the tiny single-celled amoeba. Organisms are extraordinarily diverse.
With all our science and all our knowledge, mankind continues to uncover an astonishing 15,000 to 18,000
new species every year. 

POPULATION

A POPULATION, therefore, is a group consisting of more than one organism of the SAME SPECIES. The old
phrase "safety in numbers" often rings true in nature. We see this evidenced in the herds of antelope
consisting of countless watchful eyes ready to send a signal of panic throughout the heard at the first sign of
danger. We also see this interdependence beautifully displayed among the valiant Emperor Penguins of the
South Pole. They combat the extremely frigged arctic by huddling together in tight groups, taking turns on
which members line the life-threatening freezing outer edge.

 COMMUNITY

Populations struggle to survive and thrive. Much of their lives are spent seeking out the basic necessities of
life; food, water, shelter and a means of procreation. For this reason, we see many populations of different
species coming together in a particular geographic area to form a COMMUNITY. We observe that such
communities in nature are clustered within a convenient distance from food and water sources. 

ECOSYSTEM

In communities, there are a multitude of interactions between different species and among the same species.
Some may be direct interactions of competition or predation, while others may be more subtle. As intricate
and complex as many of these interactions are, they do not give us the whole picture. Living organisms also
interact with the non-living (or abiotic) components of the environmental. Therefore, we look at the bigger
picture of the ECOSYSTEM. An ecosystem consists of all of the living organsisms in a given area, their inter-
specific and intra-specific species interactions AND the the interactions between these organisms and the
abiotic (non-living) factors of the ecosystem. This includes factors such as rainfall, atmospheric conditions,
temperature, amount of sunlight, elevation, soil composition and water sources, that play important roles in
species' survival.
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BIOSPHERE

We observe ecosystems of all shapes and sizes throughout our precious planet. When we consider it all, the
whole world, the living creatures and the non-living, life-giving oceans, the delicate atmosphere and the solid
ground beneath our feet, we come to the level of the BIOSPHERE.  Along with this consideration is the hope
that our planet will be home for our children and for generations to come. 

What is Environmental Science 

Environmental Science is a Multidisciplinary Field that includes many scientific fields as well as field
in the humanities, economics and political science. Some examples of different fields of study that
can be used together to analyze our impact on the environment and the repercussions of
modernization as well as how to make eco-friendly choices more accessible for all individuals and all
nations regardless of  socio-economic status or cultural differences. As you might imagine, this is, of
course, is a monumental task.

 Environmental Science seeks to understand the complex problems that face our fragile ecosystems,
while preserving or improving the way-of-life for humans as well as all organisms that we share this
great planet with.

 Critical thinking skills must play a critical role in Environmental Science as these scientists strive to
maintain objectivity and contemplate the issues at hand with respect and reverence to each facet that
is involved. 

  Where Does Chemistry Come Into the Picture?
   A. We Breathe Air
   B. 21% Oxygen
   C. Our Air's Chemical Composition is Vital for Survival of All Living Things!
   D.  Animals Need Oxygen
   E.  Ozone is the most abundant pollutant in our air.
   F. Ozone is a lung irritant and a danger to human health.
   G. We use Chemistry to test the air, water and soil for pollutants  consequences of this pollution.
   H. Knowing biology helps us predict the biological effects of the chemical changes caused by pollution.

Where Did the Ozone Come From?
Ozone is created from a chemical reaction between smog and sunlight.
        1. It starts with a bunch of cars
        2. Vehicles burn fossil fuels
        3. This releases hydrocarbons into the air
        4. The hydrocarbons react with sunlight
        5. Ozone (O3) is one of several reactions, but is well-known for its detrimental effects on the environment and
organisms 

Where Does Geography Come Into the Picture?
   A. Knowledge of Geography Predicts How...
        1.  People can be poisoned by contaminated Earth
        2.  Soil will be effected
        3.  Plants won't grow or will become toxic
       
How does pollution affect the soil?
    Once in the atmosphere, these oxides can mix with other chemicals to form more harmful pollutants that either
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settle as ‘dry
             deposition’ or are washed out by rain and fall as ‘wet deposition’.
        1. Pollutants from air enter the soil
        2. Contaminated leaves fall on ground and decompose 
        3. Rainwater transfers pollutants from air to soil
        4. Decomposing contaminated animals can transfer pollutants to soil
        5. This leads to Acidification of the soil and plant don't grow
        6. Acidification leads to desertification.
        7.  Herbivores experience lack of food and population dwindle
        8. Consumers now have limited food source as a result

HOW ENVIRONMENTAL SCIENCE IS HELPING....

Healing Has Already Begun.

Environmental Science is Changing Our PlanetGeology preservation
Raising Awareness through Education
New eco-freindly legislation - The U.S. Congress has enacted federal statutes intended to address pollution
control and remediation.
For example, the Clean Air Act, the Clean Water Act, and the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA, or Superfund)
New chemical  testing
Biofilters
Desalination techniques are providing more clean water
Clean, Renewable Energy Resources
Recycling

Reduce - Reuse - Recycle

Topic Two- BIOMES
BIOSPHERE - 

The biosphere includes all of the living organisms that call planet Earth their home. The biosphere
includes life on land and in the oceans. The biosphere contains many large regions known as biomes.

BIOME - 

A biome is defined as a major regional ecological community of plants and animals. These biomes are
characterized according to the plant and animal species they support. There are many biomes on Earth. They
are made up of different types of organisms and climates. Temperature, soil, light, access to water and rainfall
are all major factors in defining a biome. 

 A biome consists of a larger area that an ecosystem and usually consists of many ecosystems. An
ecosystem is more narrowly defined and is the interaction of living and nonliving things in a given
environment. Biomes are not fixed in space. As the climate changes, so the biomes. 

 
More Definitions

Forest - a forest is described as an area with trees that create a closed canopy.

Savanna - an area dominated by a mixture of grasses and small trees or shrubs.
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Desert - an area lacking in plant growth

FACTORS THAT AFFECT THE CLIMATE

   When ecologist, Robert Whittaker, first analyzed the locations of different biomes in terms of annual rainfall and
mean temperature, a climate pattern emerged. Whittaker discovered that

The amount of yearly rainfall is highest around the equator. 

The yearly precipitation gradually decreases as you get further from the equator. 

The mean annual temperatures are the warmest at the equator.

The mean annual temperature decreases as you get further from the equator. 

There are more seasonal variations (hours of sunlight in a given day) as you move further from the equator. 

As you increase in elevation, the temperature decreases about 10 degrees Celsius for every 1,000 meters
gained in elevation. Cool air holds less water than warm air, so these areas of high elevation are commonly
dry.

Plant Life
Each biome has a unique distribution and abundance of plant life.  
   Plant life is separated into three broad categories.

1. trees

2. shrubs

3. grasses

     We find different plant life in different climates. For example, grasses do not require as much carbon to grow and
thrive as more complex woody trees and shrubs do. Trees and shrubs require more carbon and nitrogen to use as
building materials. This is more expensive, biologically speaking, but the payoff is that trees and shrubs are taller
and gain more access to light than grasses. Shrubs and trees have developed adaptations to survive different
environmental conditions, such as drought.

There are two strategies used by trees and shrubs to tolerate occasional drought. 

1. Strategy 1) Drought Tolerance 

2. Strategy 2) Drought Avoidance 

   Drought tolerant trees include the evergreens. The evergreens are a phylum of trees that retain their leaves
throughout the year. The leaves of evergreens are thick and often waxy which assists them in retaining
water. 

   Ecosystems that are warm with plenty of rainfall and no real seasonal changes will have evergreen trees
with broad leaves. These are the tropical and subtropical forests. In dryer, cooler, temperate climates with
moderate rainfall, the plant life switches to drought-deciduous trees that loose their leaves in times of scarce
rainfall. These are the seasonal tropical forests. Areas with even less rainfall and cooler temperatures will
have woodland shrubs that are short and sparsely scattered through the area among many species of
grasses. This would be characterized as a savanna or woodland biome. In areas of very low yearly
precipitation, trees do not grow. Instead, in these arid regions, sparse populations of cactus, wildflowers and
desert plants may be found. These areas would be representative of a desert biome.  
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   Tropical forests are located near the Earth's equator, where the weather is warm, the hours of daylight are
consistent and the rainfall is plenty. The largest rain forest in the world in the Amazon Rain Forest in South
America. Southeast Asia and West Africa contain the second and third largest rain forests, respectively. 

    The Earth's atmosphere mostly contains the following gases:

Nitrogen Gas (N2) 78%

Oxygen Gas (O2) 21%

Argon (Ar) 0.9%

Carbon dioxide (CO2) 0.040%

Water (H20) 0.4%

 

 These atmospheric gases are critical to life on our planet. Carbon, Oxygen, Hydrogen, and Nitrogen are
needed to build biologically relevant molecules such as amino acids, proteins, and nucleotides needed for
RNA and, DNA. 

Nitrogen  

 Nitrogen gas in the atmosphere is not readily available for organisms to use. Specialized bacteria function in
the ecosystem to break down nitrogen (N2) from the atmosphere. Some bacteria are able to perform a vital
function called notrogen fixation. Nitrogen fixation converts nitrogen (N2) into ammonia (NH3) which can be
used by other organisms to form biologically relevant biomolecules. 
 
   Nitrogen-fixing bacteria include cyanobacteria which are among the oldest life-forms to develop on Earth.
Fossils of cyanobacteria that have been dated to be more than 3.8 billion years old! Bacteria are a
fundamental part of Earth's ecosystems. Different kinds of bacteria live closely together and work together in
a mutually-beneficial way. 

    Plants are the foundation of the food chain and these plants demand a lot of nitrogen for synthesizing the
molecules they need to grow and thrive. Plants depend on the nitrogenous compounds they obtain from the
soil. Nitrogen-fixing bacteria replenish the usable nitrogen content in the soil.

Carbon

    Have you ever heard that all life on Earth are "carbon-based lifeforms"?  Carbon has unique properties
that no other element has.  Carbon is the most versatile element, since it is able to form 4 strong bonds.
This allows for a vast array of carbon-based molecules (called organic molecules) to form. Carbon is able to
form large complex molecules. Organic molecules tend to carry a number of hydrogen atoms as well. 

BIOMES

Desert Biome

Climate: very hot and dry - the hottest driest places on Earth
Soil: Sandy, dry. Little nutrients
 

Tundra Biome
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Coldest Places on Earth
Climate: Freezing Cold and limited sunlight
Temperature: Average temperature is below freezing.
Soil: Ground covered with little snow. Below the surface soil is permanently frozen ( permafrost). Decomposition is
very slow because of the extreme cold.

Rainforest Biome

THE TROPICAL RAINFORESTS

Tropical Rainforests are the wettest places on Earth 

Climate: hot and wet and unchanging. year-round growing season. The seasons do not change and it has
been hot and wet for millions of years. The average temperature ranges from 70-85 degrees. It rains about
100-400 inches per year. High biodiversity and biomass both hot and moist;  ideal for bacteria and other
microorganisms; they quickly decompose matter on the forest floor allowing nutrients to be recycled.   

Soil:Lacks minerals and contains little remains of dead plants and animals. Decomposition is rapid on warm
wet soil. <1 cm of topsoil; not very fertile Sunlight is a major limiting factor Tropical rainforest is the richest
source of plants life on earth.  

Grasslands

Large variety of organisms

Most humans live here

Has 4 seasons

Conclusion
Biomes as "the world's major communities”, are classified according to the predominant vegetation and
characterized by adaptations of organisms to that particular environment". The importance of biomes cannot be
overestimated. Thus, conservation and preservation of biomes should be a major concern to all. Because we share
the world with many other species of plants and animals, we must consider the consequences of our actions. It is
important to preserve all types of biomes as each houses many unique forms of life.

TOPIC 3 - FLOW OF ENERGY
 All living things need energy to power the processes of life.

For example, it takes energy to grow.

It also takes energy to produce offspring.

In fact, it takes energy just to stay alive.

Remember that energy can’t be created or destroyed, it can only change form.

Energy changes form as it moves through ecosystems.

The Flow of Energy

Most ecosystems get their energy from the Sun.

Only producers can use sunlight to make usable energy.
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Producers convert the sunlight into chemical energy or food.

For example: Plants create chemical energy from abiotic factors that include solar energy.

The food energy created by producers is passed through the food chain.

 

Producers – Make their own energy (food)

Consumers – Must consume other organisms to gain energy

In this way, energy flows from one living thing to another.

Food Chains

A food chain is a simple diagram that shows how energy flows through an ecosystem.

 Producers form the base of all food chains.

The consumers that eat producers are called primary consumers.

The consumers that eat primary consumers are secondary consumers.

The consumers that eat secondary consumers are tertiary consumers.

 

At each level of a food chain, a lot of energy is lost. (90% of the energy is lost)

Only about ten percent of the energy passes to the next level.

Where does that energy go?

Some energy is given off as heat.

Some energy goes into animal wastes.

Energy also goes into growing things that another consumer can't eat, like fur.

It's because so much energy is lost that most food chains have just a few levels. There’s not enough energy
left for higher levels.

Food Webs

Food chains are too simple to represent the real world.

They don’t show all the ways that energy flows through an ecosystem.

A more complex diagram is needed called a food web.

A food web consists of many overlapping food chains.

What is the source of energy for all (essentially) ecosystems?

   The Sun supports most of Earth's ecosystems.

     Plants create chemical energy from abiotic factors that include solar energy.

     The food energy created by producers is passed on to consumers through the food chain.
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Energy Flow

Energy enters the biological system as light energy, or photons.

Light energy is transformed into chemical energy by organisms through cellular processes including
photosynthesis 

Some of this energy is converted to heat energy and can no longer be recycled in the system

Without the continued input of solar energy, biological systems would quickly shut down. Thus the earth is
an open system with respect to energy.

So the energy flows from photoms to producers to primary consumers to secondary consumers to tertiary
consumers and so on. 

    
The Biosphere includes …

The atmosphere = gaseous envelope surrounding Earth

The hydrosphere = Earth’s supply of water (liquid and frozen, fresh and salty, groundwater and surface
water.)

The lithosphere = the soil and rock of Earth’s crust.

Photosynthesis

6 CO2 + 12 H2O + photons → C6 H12 O6 + 6 H2O + 6 O2
 
English translation =

6 Carbon-Dioxide molecules + 12 Water molecules
are used (react) in photosynthesis to produce
1 Glucose molecule, 6 Water molecules and 6 Oxygen molecules

Aerobic Cellular Respiration

C6 H12 O6 + 6 H2O + 6 O2 à 6 CO2 + 12H2O + energy
 
English translation =
 
1 Glucose molecule, 6 Water molecules and 6 Oxygen molecules are used (react) in aerobic cellular
respiration to produce 6 Carbon-Dioxide molecules + 12 Water molecules + energy

Photosynthesis VS. Aerobic Cellular Respiration

PHOTOSYNTHESIS REACTION:
6 CO2 + 12 H2O + radiant energy → C6 H12 O6 + 6 H2O + 6 O2
 
AEROBIC CELLULAR RESPIRATION REACTION:
C6 H12 O6 + 6 H2O + 6 O2 à 6 CO2 + 12H2O + energy
 
Do you see any similarities?
 Photosynthesis is almost the same chemical equation reversed!
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 What are CALORIES?
The scientific definition of a calorie is = A  calorie is the amount of energy (joules) required to raise the
temperature of 1 mL of water by 1 degree Celsius.

What we call calories is actually kilocalories.

Biologists generally express energy in units of work ( kilojoules, kJ) or units of heat (kilocalories, kcal).

    1 mL of water = 1 GRAM in weight

 
Closed Systems 

Elements such as carbon, nitrogen, or phosphorus enter living organisms in a variety of ways.

Plants obtain elements from the surrounding atmosphere, water, or soils.

Animals may also obtain elements directly from the physical environment, but usually they obtain these
mainly as a consequence of consuming other organisms.

These materials are transformed biochemically within the bodies of organisms, but sooner or later, due to
excretion or decomposition, they are returned to an inorganic state.

Often bacteria complete this process, through the process called decomposition or mineralization.

    During decomposition these materials are not destroyed or lost, so the earth is a closed system with
respect to elements (with the exception of a meteorite entering the system now and then). The elements are
cycled endlessly between their biotic and abiotic states within ecosystems. Those elements whose supply
tends to limit biological activity are callednutrients. 

    Transformation of Energy in an Ecosystem

    The transformations of energy in an ecosystem begin first with the input of energy from the sun.

    Energy from the sun is captured by the process of photosynthesis.

    Carbon dioxide is combined with hydrogen (derived from the splitting of water molecules) to produce
carbohydrates (CHO).

    Energy is stored in the high energy bonds of adenosine triphosphate, or ATP.

    Transformation of Energy in an Ecosystem

    ATP = Adenosine Triphosphate

    Carbohydrates (sugars)

    Carbohydrates store energy in their H-C (hydrocarbon) bonds.

    Breaking thee bonds releases energy

Topic 4 - Food Chains

A food chain is a simple diagram that shows how energy flows through an ecosystem.

 Producers form the base of all food chains.

The consumers that eat producers are called primary consumers.

The consumers that eat primary consumers are secondary consumers.

The consumers that eat secondary consumers are tertiary consumers.

Topic 5 - BIOGEOCHEMICAL RECYCLING
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 What is the world is BIOGEOCHEMICAL RECYCLING?

This simply means - The Cycling of Materials within Ecosystems

 
We will be concentrating on the most important process of biogeochemical recycling, the carbon cycle. 

There are five cycles particularly important to organisms because these materials make up the chemical
compounds of cells.  

1. Carbon

2. Nitrogen

3. Phosphorus

4. Sulfur

5. Hydrologic – This is the Water Cycle

 

The CARBON CYCLE
Carbon Dioxide is released by…

1. Respiration

2. Combustion

3. Decomposition

 
Carbon Dioxide is used by…

1. Photosynthesis

THE CARBON CYCLE  is the global circulation of carbon from the environment to living organisms and from living
organisms back to the environment. 

STEPS OF THE CARBON CYCLE

1. The Carbon Cycle Step 1 - Carbon enters the atmosphere as carbon dioxide from respiration (breathing)
 and combustion (burning). 

2. The Carbon Cycle Step 2 - Carbon dioxide is absorbed by producers (life forms that make their own food e.g.
plants) to make carbohydrates in photosynthesis . These producers then put off oxygen.

3. The Carbon Cycle Step 3 - Animals feed on the plants. Thus passing the carbon compounds along the food
chain. Most of the carbon these animals consume however is exhaled as carbon dioxide.  This is through
the process of respiration. The animals and plants then eventually die.

4. The Carbon Cycle Step 4 - The dead organisms (dead animals and plants) are eaten by decomposers in
the ground. The carbon that was in their bodies is then returned to the atmosphere as carbon dioxide. In
some circumstances the process of decomposition is prevented. The decomposed plants and animals may
then be available as fossil fuel in the future for combustion. 

Living Organisms must have a consistent supply of carbon. 
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Were is carbon?

Carbon is found in the atmosphere as a gas, carbon dioxide (CO2 ). 

Carbon can be present in water (dissolved) as carbonate (CO3 2−) and bicarbonate (HCO3 −) and dissolved
organic carbon from decaying biotic material. 

Carbon is also present in sedimentary rocks such as limestone, which consists primarily of calcium
carbonate, CaCO3

 
 The Affects of too much CARBON DIOXIDE...

in our atmosphere 

GREEN-HOUSE GASES - CO2 is the most important gas for controlling Earth’s temperature. Carbon dioxide, along
with a few other chemicals like methane, and halocarbons such as hydroflourocarbons which have been banned or
limited in the United States. These are considered to be "greenhouse gases". They are called green house gasses
because they absorb infrared energy (heat) emitted by the Earth—and then send that heat back out. This excess
heat then bounces off the atmosphere back onto the Earth surface where it gets trapped in the lower atmosphere,
affecting crops, melting ice caps, and rising the sea level. The Earth does need some amount of greenhouse gases
to ensure we do not freeze to death, but when there is too much greenhouse gases in the atmosphere, Earth could
potentially become  way to hot to support life! According to NASA, the average global temperature has risen 1.4
degrees Fahrenheit since 1880. "Update, March 12, 2016: Data released from NASA confirm that February 2016
was not only the most unusually warm month ever measured globally, at 1.35 degrees Celsius above the long-term
average—it was more than 0.2 degrees Celsius warmer than the previously most unusually warm month ever
measured: January 2016."

in our ocean

Our ocean readily absorbs about 30% of the atmospheric C02. The affect of too much CO2 in the ocean is that, as
more CO2 is added to the currents, CO2 will react with the hydrogen in the water molecules and create bicarbonate
and carbonic acid. Carbonic acid is very toxic to all marine life. Since 1750, the pH of the ocean’s surface has
dropped by 0.1, a 30 percent change in acidity. this is called "acidification". Another side effect of ocean acidification
is that marine animals that create their own shells, will have a harder time finding the needed carbonate ions
required to build their shells. The result here is that these creatures have weaker shells that leave them more
vulnerable to their environment, including predators. Doesn't soft shell crab sound good right now? The ocean will
 eventually absorb essentially all of the excess carbon dioxide increasing its acidity even moreso.  The acidic water
creaks down rocks more quickly and this will release additional carbonate ions into the ocean further exacerbating
the issue. Also, the global warming has its detrimental affects on the ocean. The warming can lead to a decrease in
phytoplankton populations, which are a key food source for numerous marine animals.

in our land (terrestrial) plants 

Plants soak up about 25% of the excess CO2 in the atmosphere.  The long-term affects of this additional CO2 on
land plants, is that initially, plants grow more and seem to benefit from the excess CO2. Recall that plants use CO2
in photosythensis to create sugar and oxygen. This phenomenon is referred to as "carbon fertilization".  However,
the global warming caused by the excess CO2 will negatively affect the plants as hot dry conditions change the
landscape. Warmer temperatures add to stress and add the need for additional water.  Insects and fires are
prevalent in hot and dry conditions as well. 

in our soil
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Global warming can dry the soil, causing carbon to leak out of it. We see examples of this in the permafrost of the far
north, where frozen soil is thawing. The carbon-rich deposits in the permafrost are released in the form of methane
and carbon dioxide. "Current research estimates that permafrost in the Northern Hemisphere holds 1,672 billion
tons (Petagrams) of organic carbon. If just 10 percent of this permafrost were to thaw, it could release enough extra
carbon dioxide to the atmosphere to raise temperatures an additional 0.7 degrees Celsius (1.3 degrees Fahrenheit)
by 2100."

Human-Induced Changes to the Carbon Cycle

Human activities are increasingly disturbing the balance of biogeochemical cycles, including the carbon
cycle. Since the end of the 18th century, the advent of the Industrial Revolution, industrial society has used a
lot of energy, most of which we have obtained by burning increasing amounts of fossil fuels—coal, oil, and
natural gas. This trend, along with a greater combustion of wood as a fuel and the burning of large sections of
tropical forests, has shifted carbon from underground deposits to the atmosphere. In the 1700s, CO2 made
up 0.029% of the atmosphere; it now makes up 0.04%, and some scientists project it will be up to 0.06%
(double the preindustrial level) by the end of this century.  Numerous studies indicate that the increase of
CO2 in the atmosphere is causing human-induced global climate change.

Global climate changes include

 Increasing Temperatures

A Rise In Sea Level

Altered Precipitation Patterns

Increased Wildfires

Flooding

Drought

Heat Waves (global warming)

Extinctions Of Organisms

Agricultural Disruption
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