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CYCLING OF MATTER

Think about the astronauts living aboard the 
International Space Station. Like us, they 
need to breathe, eat, sleep, and use the 
bathroom. Yet, they are confi ned to a small 
spacecraft miles above Earth’s surface. How 
do they maintain adequate supplies of the 
oxygen, water, and food they need to live? 
What do they do with their waste? 

These astronauts rely on connections to Earth. 
Space vehicles launched from Earth’s surface 
carry cargo to the station. The vehicles also 
take away any materials no longer needed by 
the astronauts. The station’s success depends 
on materials being cycled between the station 
and Earth. 

What can we learn about the cycling of matter from the International Space Station? How 
does this compare to the cycling of matter on Earth?

Matter cycles between many different forms in a closed system.
The International Space Station cannot produce its own resources such as food, water, or 
oxygen. Instead, astronauts must bring the resources they need to survive from Earth to 
the space station. As a result, matter moves in and out of the International Space Station. 
In other words, the amount of matter it contains changes over time.

Contrast the International Space Station with Earth. On Earth, the same matter exists 
now that existed millions of years ago. This matter has undergone many changes in that 
time, but the total amount of matter has not changed. It simply cycles between different 
forms. In this companion, we will study three of the most important ways that matter cycles 
between different forms on Earth.

Water undergoes changes as it moves through its cycle on Earth. 
The fi rst of these important cycles involves water. The diagram on the next page shows the 
main ways water changes as it goes through cycles on planet Earth. Notice the cycle has a 
repeating pattern of evaporation, condensation, and precipitation.

refl ect

The International Space Station has 
been continuously occupied since 
November, 2000. 
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On Earth, water continuously cycles via the processes of 
evaporation, condensation, and precipitation.  

A cycle is continuous—it has no beginning or end. Consider water stored in the liquid state 
in oceans and other bodies of water. This liquid water evaporates to form water vapor 
(a gas) in the atmosphere. This water vapor then undergoes condensation, returning to the 
liquid state, as clouds form. This liquid water precipitates as rain or snow as it falls back 
to Earth. Liquid water moves along Earth’s surface (as runoff) and through underground 
passages (as ground water). Eventually, the water returns to oceans and other bodies of 
water, and the cycle happens again.

This diagram shows another process that 
contributes to the water cycle. Transpiration 
involves the movement of water through 
living plants. During transpiration, plants 
take up water from the soil through their 
roots. Water then moves up into the stems, 
branches, and leaves of the plants. In the 
leaves, water moves out of pores called 
stomata where it evaporates into the 
atmosphere. Evapotranspiration is the term 
used to describe the overall movement, via 
plants, of liquid water from the ground into 
the atmosphere as water vapor. As you can 
see, the cycling of water on Earth involves 
water molecules passing through both living 
and nonliving systems.
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Carbon moves through a cyclic path known as the carbon cycle. 
As we noted earlier, the total amount of matter on Earth does not change. Elements such as 
carbon are present in fi xed amounts on our planet. Carbon changes and takes on many different 
forms. Just like changes to water, changes to 
carbon tend to follow a cyclic pattern.

Let’s look at the changes in carbon that 
make up the carbon cycle. Plants take 
up carbon from the carbon dioxide (CO2) 
present in the atmosphere. Through 
photosynthesis, plants convert carbon 
dioxide (CO2) into more complex organic 
molecules such as glucose (C6H12O6), a 
type of sugar. These compounds provide 
the raw materials used by plants to build 
stems, branches, roots, leaves, fl owers, 
and fruits. Later, animals eat the plants, 
taking in these carbon-containing organic 
molecules as a source of both energy 
and raw materials for building the bones, 
muscles, and other structures that make 
up their own bodies. 

In the next part of the cycle, carbon dioxide is produced in three main ways: 

• Respiration: Most plants and animals carry out cellular respiration. This biochemical 
process allows organisms to get the energy they need for life-sustaining processes 
from food. Carbon dioxide is a product of cellular respiration and is released to the 
atmosphere.

• Decomposition: All plants and animals eventually die. After death, their bodies undergo 
decomposition. During decomposition, the large molecules making up the bodies 
of plants and animals are broken down. The smallest carbon-containing molecule 
produced by this process is carbon dioxide (CO2), which is released to the atmosphere.  

• Fossil Fuel Burning: In certain circumstances, dead plants and animals can become 
buried under tons of geological sediments. Over long periods of time and under 
such extreme pressures, the organic compounds making up the dead organisms are 
transformed into fossil fuels. Oil, natural gas, and coal are the three main fossil fuels. 
We remove these fuels from Earth and burn them to produce energy for electricity and 
transportation purposes. Burning fossil fuels releases carbon dioxide (CO2) into the 
atmosphere as a product. 

A central component of the carbon cycle 
is carbon dioxide (CO2). 

Organic 
Compounds
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Photosynthesis and respiration are complementary processes that involve changes in 
carbon. During photosynthesis, plants take carbon from the atmosphere, and plants and 
other organisms release carbon back into the atmosphere during respiration. However, 
do not think that photosynthesis and respiration alone make up the carbon cycle. As the 
diagram on the previous page shows, the carbon cycle consists of more processes than 
photosynthesis and respiration.

Discover Science: How do scientists 
study the carbon cycle?
Scientists use isotopes as markers to 
follow the movement of carbon atoms 
through the carbon cycle. Isotopes are 
atoms of the same element that differ 
in mass. Isotopes of the same element 
have the same number of protons 
but different numbers of neutrons. It 
is this difference in neutron numbers 
that causes isotopes to have different 
masses. Carbon has three isotopes. 
Carbon-12 has 6 neutrons and is the 
lightest isotope. Carbon-13 has 7 
neutrons. Carbon-14 has 8 neutrons 
and is the heaviest of the three. 
Scientists can trace these isotopes 
because they are higher in mass than 
carbon-12.

Scientists measure ratios of these isotopes in specifi c molecules they wish to follow. Then, 
they continue to measure the ratios as the carbon isotopes move from one molecule to 
the next in a particular region. Using this method, they can trace the path of carbon from 
carbon dioxide in the air to plants and eventually to the soil when the plant dies. Such 
studies help produce more accurate models of the movement of carbon. 

Don’t confuse isotopes with ions. Isotopes are atoms of the same element that have 
different numbers of neutrons. An ion is an atom that has acquired an electric charge by 
gaining or losing electrons.

look out!

look out!

All carbon isotopes have 6 protons, but 
different isotopes have different numbers 
of neutrons. This diagram shows an 
isotope of carbon-12.
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Nitrogen moves through a cyclic path known 
as the nitrogen cycle.
Nitrogen is another element essential to life. This 
element is found in proteins that make up the 
structures of all cells. Nitrogen is also present 
as a gas in the atmosphere. Each molecule of 
nitrogen gas (N2) contains two atoms of nitrogen.

Nitrogen moves back and forth between the 
atmosphere and living things in a complex 
process known as the nitrogen cycle. Bacteria 
play critical roles in cycling nitrogen between the 
atmosphere and living things. Certain species 
of bacteria are able to take in N2, a gas, from 
the atmosphere and convert it to ammonia, 
NH3. This process is known as nitrogen fi xation. 
Nitrogen fi xation is required to convert nitrogen 
from the air (N2) into a biologically usable form 
(NH3). Only bacteria are able to carry out this 
very important process.

Nitrogen-fi xing bacteria live in 
nodules, or raised bumps, on the 
roots of some plants. Under the 
soil, these bacteria live alongside 
plant root cells. These bacteria 
take N2, convert it to ammonia 
(NH3), and pass it along to the 
plant cells. Plant cells take up the 
ammonia (NH3) and incorporate 
it into proteins. Plant proteins 
then supply nitrogen to the 
animals that eat them. In turn, 
these animals provide nitrogen 
to the animals that feed on them 
and so on through the food web.

Nitrogen is cycled to and from 
the atmosphere by the action of 
bacteria in soil.  

Some plants have nodules on their roots. The nodules 
contain bacteria that carry out nitrogen fi xation. 
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After plants and animals die, their proteins break down into smaller molecules. Bacteria in 
the soil convert the nitrogen in these molecules into nitrate, NO3, another form of nitrogen. 
More bacteria then work on the nitrate (NO3) to convert it back into nitrogen gas (N2). This 
form of nitrogen then enters the atmosphere where the cycle can begin all over again. 

Living organisms assist in the 
cycling of some matter.
Taken together, the water, carbon, and 
nitrogen cycles all contribute to the 
cycling of matter on Earth. As you have 
seen, living organisms are involved 
as well. Matter tends to move from 
producers to consumers. When these 
organisms die, their bodies are broken 
down by decomposers. Bacteria and 
fungi in soil are especially important 
decomposers for the cycling of matter. 
These organisms are essential to the 
decay process that allows complex 
forms of matter to return to simpler 
forms such as carbon dioxide (CO2), 
nitrogen gas (N2), and water (H2O). 
Decomposers release matter back into 
the soil and where producers use it to 
grow and produce food.

You can observe decomposers in action by making a compost pile. Compost is a mixture 
of soil and decaying organic matter you can use as fertilizer in a garden. Decomposers, 
such as earthworms, are important parts of any compost pile. They break down the matter, 
releasing its carbon, nitrogen, and other nutrients.

Predict the outcome of the following experiment. A student collects leftover food scraps 
from one day’s worth of her family’s meals. Then she divides the scraps in two equal 
portions. She places one portion in a tightly sealed, black trash bag. She covers the other 
portion with soil. If the student leaves both sets of scraps side by side for a week, what do 
you predict will happen? How will each set of scraps look? Will they be the same? 

what do you think?

Matter cycles through both living and 
nonliving things.

6



© 2013-2014 Accelerate Learning - All Rights Reserved

CYCLING OF MATTER

What do you know?
Use clues from each image to name the matter being cycled (water, carbon, or nitrogen). 
Then, write a short description of the process represented in each image. The fi rst row has 
been completed for you.

Image Name of  Cycle(s)
Description of  process

represented

 

water cycle The transpiration of water from 
soil happens through plant roots. 
This water evaporates back into 
the atmosphere when it exits 
through pores in the leaves.
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 Make Compost
Have your child research methods for composting kitchen and yard waste. If you do not 
already use a composting method in your home, consider working with your child to begin 
one. If you already have a method, have your child analyze its effectiveness and make 
suggestions about ways to improve it. 

Here are some questions to discuss with your child:

• What everyday waste materials can be composted at home? What materials should not 
go into a compost pile?

• What are the different methods people use for composting their kitchen and yard waste? 
What method would work best for our home?

• Why is it a good idea to compost kitchen and yard waste rather than to throw it in the 
trash? 

connecting with your child

Image Name of  Cycle(s)
Description of  process

represented

8



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (RGB/Downsampled PDF for web use. \(Monochrome images must be downsampled to 300PPI\))
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [100 100]
  /PageSize [612.000 792.000]
>> setpagedevice


