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LiIFE As WE
KN@W T

Carbon is one of the most important chemical elements.
Chemical elements are the building blocks for all matter.
They are basic substances that cannot be broken down
into simpler substances. Scientists use symbols to stand
for the chemical elements. The symbol for carbon is C.
On its own, carbon makes up only a small part of
Earth’s crust. But it combines with other elements
very easily to form substances called
compounds. Carbon compounds
make up 18 percent of all the
matter in living things.

Graphite is one of the
forms of pure carbon that 4
can be found in nature. It &
is used to make the leads
of pencils.




VOGCABULARY,

Living things are all around cycle

us. You are a living thing. So
are animals and plants. Living
things move, grow, and take in Y
chemicals and nutrients.
Carbon is constantly being used and replaced in
nature through what is known as the carbon cycle.
Carbon passes through living things, as well as through
Earth’s rocks, water, and air. Sometimes it moves very
quickly, while other times it can stay in one place for
many years.

including people |§

I and other

animals, are part
of the carbon

i




CAHBON

Earth has many carbon reservoirs,
or places where carbon exists

in large amounts. Carbon is

found in Earth’s hydrosphere
(waters), atmosphere (the

layer of gases surrounding the
planet), lithosphere (rocky outer
layer), and biosphere (where life
happens).

Without carbon, life as we
know it would not exist. All
plants and animals are made of
tissues. These tissues are built of
elements grouped around chains

This northern flicker’s tissues contain
carbon. So do the tissues of the saguaro
cactus in which the bird lives.
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Humans and plants
exchange carbon dioxide.
People breathe it out,

while plants absorb it.,

or rings made

of carbon atoms.
Living
things produce COMPARE AND CONTRAST
carbon dioxide.
People and other
animals breathe
out the carbon
dioxide they make. Plants take in more carbon dioxide
than they produce. They use it in photosynthesis,
the process in which they make their own food.
Photosynthesis requires sunlight, chlorophyll (a
substance in plants and certain algae), water, and carbon
dioxide. It produces oxygen and carbon compounds
called sugars, which plants use and store as food. People
and other animals breathe in oxygen and depend on the
sugars plants make for food.

How are animals and plants
similar? How are they different?




Earth’s
atmosphere
consists of several
gases. It has

five layers. Near
Earth’s surface,
the atmosphere

is about three-fourths nitrogen = Carbon dioxide is present
and one-fifth oxygen. At higher in each of the different

elevations, the atmosphere is lb?}’er; of the mmUSIFPerEs
. ut there 1S more of 1t
mostly hydrogen and helium. near Earth’s surface.

The atmosphere does not
contain pure carbon, but it does
have carbon dioxide and methane. Methane is another
compound that contains carbon. Carbon dioxide and
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methane enter the atmosphere by things people do and
by natural processes.

Carbon dioxide and methane are both greenhouse
gases. They are called this because they keep heat in
a certain area, like a greenhouse does. Land, oceans,
and plants absorb, or soak up, energy from sunlight.
They release some of this energy as heat. Greenhouse
gases absorb the heat and then send it back toward
Earth. This is called the greenhouse effect. Without
greenhouse gases, this heat would escape back into space,
and Earth would be too cold

for life to exist.

THINK ABOUT IT

atmosphere
What is the original source
of the heat that greenhouse
gases trap?

Heat is trapped and
sent back to Earth
by greenhouse

gjl gases, like carbon




THE OcEAN
BLUE

The oceans and other
bodies of water on
Earth make up the
hydrosphere. The oceans
are important carbon
reservoirs. They keep
much more carbon than
they give out. In the
carbon cycle, carbon has
a long stay in the oceans.
Carbon is found
in several forms in an
ocean. Carbon dioxide
from the atmosphere
dissolves into the surface

waters. Tiny ocean The ocean’s surface waters
T hold less carbon dioxide than

its deeper waters.
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organisms called phytoplankton use the carbon dioxide
in the water for photosynthesis. Other sea creatures eat
phytoplankton. Their bodies combine carbon from the
phytoplankton with calcium to make calcium carbonate.
This white, powdery compound makes up the shells and
skeletons of many ocean animals.
Most of the carbon in the ocean — FNASXVN:3 8 N3

is found in deep water. When a sea are
creature dies, its body sinks to the living things.
bottom. The body decays, or breaks |8 =00V EVES
down, and carbon from the fungi, and algae are

body tissue is released. The _ ™% 4 4 all organisms.,
bits of carbon, with ~ N
other materials, form
layers that become
rock over a long
period of time.

The skeletons Sen
of stony corals 77
are almost pure
calcium carbonate.




In the lithosphere, carbon is found in rocks and
minerals. Rocks do not use the carbon like living things
do. Carbon is stored in the rock. The two main forms
of pure carbon in rocks are the minerals diamond and
graphite. However, most of the carbon in rocks is in the
form of carbon compounds.

Fossil fuels, which are buried in the lithosphere, are
another carbon reservoir. Fossil fuels are the remains

Hié‘r}f;.,,'-_ ' _—

These hikers are

| climbing over huge
£+ deposits of carbon
in rock. About 99.9
percent of all near-
surface carbon is
stored in Earth’s




COMPARE AND CONTRAST

Coal is both a rock and a fossil fuel. How i1s it
like other fossil fuels? How is it different?

of organisms that lived long ago. When plants and
animals die, their remains slowly decay. Eventually; they
become buried under layers of soil. Over millions of
years, they change to form different kinds of fossil fuels.
Coal comes from
plants. Petroleum
and natural gas
come mainly
from microscopic
organisms such

as algae.

Diamonds are crystals
of pure carbon. They are
formed deep within Earth
under great amounts of
- pressure and heat.

S0P F B Gl 53 0 The B -




THE SLow
CapBoN CyCLE

Carbon cycle
The carbon that is stored in rock

is part of the geological carbon
cycle. This is also called the slow
carbon cycle, because it can take
hundreds of millions of years for
carbon to complete the cycle.

In the atmosphere, carbon
combines with water vapor to
form a kind of acid. The acid
talls to Earth in rain. On the

assimilation
into soil

: rCarbOn continues to move in
@ its different forms through the
atmosphere, oceans, and soil;

through living things; and through

_.f!_——ﬁr
|tﬁt| .usauffusall fuels

CORYRGHT E 0 Th y . s o 2014 Encyclopaadia Britannica, Inc.

. -'*-cz:;mbustinn

fossil fuel formation and use. mm L




~ Calcium carbonate
dripped and hardened into

ground, the acid
dissolves rock
very slowly. This
process, called
chemical weathering,
releases elements, like
calcium, from the rock.
These elements are carried to
the ocean by running water.
The bodies of some sea animals VOCABULARY.
combine the calcium in the ocean with
the carbon they get from eating plants.
That forms calcium carbonate that
forms their shells. When the animals I aent
die, their bodies sink to the bottom. are pressed
As they layer and decay, a type of rock together to make |
called sedimentary rock is formed. i
The carbon is trapped in it.

is produced
when tiny bits,




% The Pancake Rocks, in

4 New Zealand, are made
of limestone —a type of
rock that forms from
the calcium carbonate
¢ of shells and corals on
| the ocean floor.

Scientists
think that the

floor of the
ocean spreads over time, pushing rock at the bottom of
the ocean toward dry land. This process takes millions of
years.

The crust of Earth is not one solid layer. It is broken
up into many pieces, called plates. Plates meet in many
different locations on Earth, on land and in the ocean.
Because the plates are constantly moving, rock is pushed
under other layers of rock all the time.

Pressure builds when plates move this way, and the
result is a volcanic eruption. A volcano releases lava,




THINK ABoUuT IT

How are the plates of Earth’s crust related to
volcanic eruptions?

or hot liquid rock, that cools and hardens on Earth’s
surface. It also releases millions of tons of carbon
dioxide back into the atmosphere. From there, the cycle
begins again.

Carbon dioxide
and ash rise from
Mount Pinatubo,
avolcanoin the
Philippines, in
I1991.




3 THE FAST
CapBoN CycLE

Carbon moves around the biosphere much more quickly
than it moves through the geological carbon cycle. This
is why the biological carbon cycle is also called the tast
carbon cycle.

Living things get the energy they need from a
process called respiration. This process happens in the
cells, so it is also called cellular respiration. Most living
things —including plants and animals —need oxygen for
respiration. They also
need a simple sugar,

Every time you breathe in
or out, you are taking part in
5 the fast carbon cycle.




Photosynthesis happens
mainly in the green
leaves of plants.

called glucose. Plants |
(and some kinds of

algae) make oxygen
and glucose during CoOMPARE AND CONTRAST
photosynthesis. How are the geological carbon

Animals breathe in cycle and the biological carbon
oxygen from the air cycle similar? How are they
different?

and get glucose from
the foods they eat.
Cellular respiration takes place when cells take in oxygen
and sugar and release water and carbon dioxide. During
this process, energy is also released.

Animals breathe out the carbon dioxide that was
released from their cells. Plants take in carbon dioxide
from the air to use in photosynthesis. The process of
photosynthesis produces glucose, which is used by
animals. And the biological carbon cycle continues.




CHANGING THE
ATMOSPHERE

Human beings are part of the carbon cycle when they
breathe out carbon dioxide. They also affect the cycle
through other actions.

When people burn fossil fuels, the process releases
carbon that had been stored deep inside Earth. Cutting
down trees (for wood or to make room for homes and
businesses) means there are fewer trees to take in carbon
dioxide. This leads to
more carbon dioxide
in the atmosphere.

When there are fewer
plants to absorb carbon

dioxide, more of the gas will
stay in the atmosphere.

-------



More carbon dioxide in the
atmosphere means that more heat
gets trapped near Earth. Without
human activity, Earth does a
good job of balancing the amount
of carbon that moves through
the cycle. Since humans started
adding carbon dioxide to the

THINK ABOoUuTIT

Do you think
farms or forests
would absorb
more carbon
dioxide? Why?

atmosphere,
Earth’s surface gy man.induced Carbon Dioxide Emissions
temperatures
have begun wﬁﬁgy
to slowly rise. ~ generlion
This affects all
living things on
our planet.
. 8%
As this graph ather
shows, there are
many human- Source: International Energy Agency

made sources of
carbon dioxide. E




LAND

As the planet’s surface
gets warmer, plants adjust
how they grow. Warmer
temperatures mean a
longer growing season.
That means that more
food can be produced for

Scientists have discovered
that plants are actually
absorbing more carbon
dioxide than they have
in the past. This is called
carbon fertilization.

It sounds like more
plant growth is a good

humans and other animals.

EFFECTStDN

These scientists are testing
plants to see the effects of
carbon fertilization.
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THINK ABoUuT IT

Why does more carbon dioxide in the
atmosphere only cause a temporary increase in
plant growth?

thing, but there are some problems. Plants don’t just
use carbon dioxide to grow: They also need water and
nutrients like nitrogen from the soil. When a plant
uses more carbon dioxide, it also
uses more water and nutrients.
This can dry out the soil in
which the plant grows.
Dry soil with few
nutrients does not
lead to more plants
growing in the
future.

Dried-out soil makes
it hard for plants to
grow. So does depleted
soil, or soil that has few
nutrients left in it.
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EFFECTS
OceEAaNS

The hydrosphere is home to
many organisms. They are
affected by any changes in the
water. The extra heat trapped
near Earth by extra carbon
dioxide in the atmosphere makes
for warmer waters, too. Warmer
oceans increase the growth of
some organisms and make it
harder for others to survive.
Extra carbon dioxide
dissolved in the water makes the
ocean more acidic. One effect of
this is that animals have a harder
time making their shells. Shells

T

i
Coral bleaching occurs

when oceans warm. The
corals’ main food, algae,
leaves. Weak from little

TR

_food, the corals turn white.

"



TaHINK ABOUT IT

Hotter temperatures also make Earth’s oceans
saltier. What effects could that have?

are a type of protection for these animals, so they are
more likely to die if they have weak shells.

A rise in air and water temperatures also causes
glaciers and sea ice to melt, which makes the water level
of the ocean rise. As the water level rises, more land
on the shores is covered with water. This could mean
that people who live on islands and coasts would lose
their homes.

These images
show North
America today
(left) and what it
might look like
if ocean levels

rise (r2ght).

Projected changes in coastline, caused by rising sea




STUDY OF
GIL__IlMATE CHANGE

Scientists study how extra carbon dioxide in the
atmosphere affects our planet. The gradual warming
of Earth’s air and waters is called climate change. To
understand how our planet’s climate has changed, the
scientists must first search for clues about what the
climate was like in the past.

They can look at layers of rock for clues. The oldest
layers are deep inside Earth. Scientists can also study
gas bubbles in glaciers and the rings found in older
trees. They also look for patterns by studying weather

This scientist is using a
device to measure levels
of carbon dioxide near

the ground. F—h S




The Keeling Curve
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that has been

gathered over

time. THiINK ABOUT IT
Scientists W hat are some of the effects of
have found that, warmer temperatures on Earth?

throughout Earth’s
past, temperatures
have gone up and down at different times. Some people
think that this proves that human activity does not have
much of an effect on climate. However, scientists say
that the climate is changing much more quickly than it
did in the past. This is likely to continue in the future.




FIEDuclNG
Our IMPACT

People use coal, oil, and natural
gas to run power plants,
machines in factories, and cars.
Fossil fuels make some things
in our lives easier. However,
burning fossil fuels can also
be harmful to Earth. This can
make our lives more ditficult,
Reducing our use of fossil
fuels is a good idea for several
reasons. When less fossil fuels
are burned, less carbon dioxide

is released into the air. Also,
began forming about 300

million years ago.

T 2501 B T Fiomery Pubs i mhin g G s, | . s Encycion A B mn ks, I ne.

Coal is a fossil fuel. The coal
people mine and use today




. - VOCABULARY,
removing fossil fuels from the ground

causes pollution and can be dangerous.

Finally; the tossil fuels buried in Earth is energy from

are nonrenewable, which means that the sun.

they can be used up.
Using renewable sources of energy (or energy that

does not run out) can help reduce the amount of carbon

we take from the ground and release into the air. Solar

energy and wind power are two types of renewable

power sources.

Windmills

capture moving
energy from
wind and




acidic Having a chemical that can break
down substances.

algae Plantlike organisms, such as
seaweed, that grow in water.

atmosphere The layer of gases that
surrounds Earth or another planet.

atom One of the tiny particles that are
the building blocks of all matter.

biosphere Earth's living organisms and
the environments in which they live.

chemical A basic substance that reacts
with other substances in a predictable
way:

compound Something made up of two
or more elements.

decay To rot, decompose, or break
down.

dissolve To eve nl}r mix with one or more
other substances.

element A natural substance that cannot
be broken down into other substances.

glacier Alarge body of ice on land.

greenhouse A building used for growing
plants and featuring a glass roof.

hydrosphere All of the water at or near

Earth's surface.

S0 B Gl T 53 [ The
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lithosphere The hard, rocky outside of
Earth.

microscopic Too small to be seen
without a microscope.

mineral A chemical element or
compound that results from natural,
nonliving processes. Rocks are made of
minerals.

nutrient Asubstance that helps living
things grow.

oxygen Agas found in air that is needed
for life.

photosynthesis The process by which
green plants use sunlight to make their
own food.

phytoplankton Tiny organisms that live
in water and can make their own food
using photosynthesis. Phytoplankton
are mostly algae.

reservoir A place where something is
stored or exists in large amounts.

respiration The process that takes
place in the cells of all living things that
creates the energy needed to live.

tissue A group of cells that work
together to perform a function.
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This book explores the carbon cycle, including what carbon is,
the places where it is found, and how it is exchanged. It
shares insight into how human activity affects the carbon
cycle in nature.

.gr,itannica'

igitol Learmnang

atmosphere,
16 | 1:8-8 | 1:18 | 1:20=-11

biological (fast) carbon cycle,
1:18-19

biosphere,
16| 118

c

calcium carbonate,
1:11 | 1:15

carbon, chemical symbol for,
14

carbon compounds,



14 | 112

carbon cycle,
1:5 | 110 | 114 | 1:18-19 | 1:20

carbon dioxide,
1.7 | 1:8-8 | 1:140=-11 | 119 | 1:20=21 | 1:22-23 |1:24 | 1:28

carbon fertilization,
1:22

carbon reservoirs,
16 | 110 | 1142

chlorophyll,

1:7

climate change, study of,
1:26=27

F

fossil fuels,
1:12=13 | 1:20 | 1:28

reducing use of,
1:28-28

G

geological (slow) carbon cycle,
1:14-17

greenhouse gases,
14

H

hydrosphere,
16 | 1:10=-11 | 1:24=-25

L

lithosphere,
16 | 1:12-13

M

methane,
1:8-9

o

oceans,
1:10=11 | 1:16 | 1:24=25

oxygen,
1:7 | 1:8 | 118

P



photosynthesis,
17 | 1141 | 119

phyto plankton,
1:11

plates,
116

R

renewable energy,
1:29

respiration,
1:18-19

rocks,
111 [1:12 | 1:14-15 | 1:16-17

S

sedimentary rock,
1:15

T

tissues,
167

v

volcanoes,
1:16=17

w

warming of Earth’s surface
effects on oceans,

1:24-25

effects on plants,
1.22-23

weathering,
1:14-15



