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runoff

percolation

infiltration precipitation

condensation

Transpiration

evaporation

Water
Cycle

Processes
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Importance of elemental carbon:Importance of elemental carbon:
�� Building atom of lifeBuilding atom of life
�� ““Currency for energy exchangeCurrency for energy exchange””
�� Component of greenhouse gassesComponent of greenhouse gasses

MethaneMethane
Carbon dioxide Carbon dioxide 

Run carbon cycle animationRun carbon cycle animation

Based on carbon dioxideBased on carbon dioxide
Two main processes:Two main processes:
�� Photosynthesis Photosynthesis –– removes removes 

from atmospherefrom atmosphere
�� Respiration Respiration –– returns to returns to 

atmosphereatmosphere

Carbon in biomass Carbon in biomass 
((““locked uplocked up””) cycles ) cycles 
slowlyslowly
�� Requires death & Requires death & 

decomposition to unlockdecomposition to unlock
�� Fire can speed upFire can speed up

Dissolved CODissolved CO22
��Some staysSome stays
��Some used/removed by Some used/removed by 
producersproducers
��Reacts with water to Reacts with water to 
make carbonate & make carbonate & 
bicarbonate ionsbicarbonate ions
��As water warms, more As water warms, more 
gas released into gas released into 
atmosphereatmosphere

Limestone corals =          Limestone corals =          
CaCOCaCO33

��Acid dissolves, releasing Acid dissolves, releasing 
COCO22

Geologically uplifted Geologically uplifted 
deposits exposed to deposits exposed to 
weatheringweathering

22ndnd Largest:Largest:
Ocean watersOcean waters

Largest reservoir:Largest reservoir:
Rock (esp. limestone) Rock (esp. limestone) 
deposits deposits 
(in ocean sediment & continental)(in ocean sediment & continental)
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Bogs & WetlandsBogs & Wetlands
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Human InfluencesHuman Influences

Adding COAdding CO22
�� Deforestation/clearingDeforestation/clearing

How is that How is that ““addingadding”” carbon dioxide?carbon dioxide?

�� Burning fossil fuelsBurning fossil fuels

Increasing greenhouse effectIncreasing greenhouse effect
�� Altering climateAltering climate
�� Disrupting food webs Disrupting food webs –– food production food production 

Run carbon cycle interactive



4

5.4 Nitrogen Cycle5.4 Nitrogen Cycle

�� Vital to life for:Vital to life for:
�� Amino acidsAmino acids
�� ProteinsProteins
�� Nucleic acidsNucleic acids

�� Limiting nutrient for plant productionLimiting nutrient for plant production
�� Most nitrogen is not directly usable by plantsMost nitrogen is not directly usable by plants

�� 78% atmosphere is N78% atmosphere is N22

�� Plants can use NHPlants can use NH33 or NHor NH44
++

�� Prefer NOPrefer NO33
--22 [generated by nitrification][generated by nitrification]

Major ProcessesMajor Processes

�� Nitrogen fixationNitrogen fixation
�� NitrificationNitrification
�� AssimilationAssimilation
�� AmmonificationAmmonification
�� DenitrificationDenitrification

Run interactive nitrogen cycle

�� Nitrogen fixationNitrogen fixation
�� NN22 + 3H+ 3H22 �� 2NH2NH33 (ammonia)(ammonia)

�� CyanobacteriaCyanobacteria & & RhizobiumRhizobium in legume root nodulesin legume root nodules

�� NitrificationNitrification
�� NHNH33 �� NONO22

--
(nitrite, toxic to plants)(nitrite, toxic to plants) �� NONO33

--22
(nitrate)(nitrate)

�� AmmonificationAmmonification
�� Plants die Plants die �� decompose decompose �� converted to NHconverted to NH33 & NH& NH44

++

�� DenitrificationDenitrification
�� NHNH33 & NH& NH44

++ �� NONO22
-- & NO& NO33

--22 �� NN22 & N& N22O O [gasses][gasses]

�� AssimilationAssimilation
�� NHNH33, NH, NH44

++, NO, NO33
--22 used in plant productionused in plant production

Human Influences Human Influences -- 11

�� Make ammonia salts for fertilizers (Make ammonia salts for fertilizers (HaberHaber Process)Process)
�� Add NOAdd NO(g)(g) to atmosphereto atmosphere

�� Burning fuelsBurning fuels
�� NO + ONO + O22 �� NONO22 + H+ H22OO(g)(g) �� HNOHNO33 [acid deposition][acid deposition]

�� Emit NEmit N22OO
�� Global warming heat trapping gasGlobal warming heat trapping gas
�� Depletes ozone layerDepletes ozone layer
�� From animal wastes, commercial fertilizers, & bacteriaFrom animal wastes, commercial fertilizers, & bacteria

Human Influences Human Influences --22
�� Remove N from crustRemove N from crust

�� Mine for fertilizerMine for fertilizer
�� Harvest N rich crops Harvest N rich crops –– removes N from topsoilremoves N from topsoil
�� Irrigation Irrigation –– leaches N from topsoilleaches N from topsoil
�� Burning & clearingBurning & clearing

�� Add excess N to waterAdd excess N to water
�� Agricultural runoffAgricultural runoff
�� Sewage wastesSewage wastes

�� Atmospheric deposition Atmospheric deposition (solid particles)(solid particles)

�� N N compcomp’’dsds drop from drop from atmosatmos onto plants/landonto plants/land

Algal Bloom
Depletes D.O.

����������������	�	������������������	�	������������������	�	������������������	�	������������������	�	������������������	�	������������������	�	������������������	�	��

Mainly POMainly PO44
--33 and HPOand HPO44

--22

Important for lifeImportant for life
�� DNADNA
�� ATPATP
�� PhosphlipidsPhosphlipids
�� Essential limiting nutrient for plantsEssential limiting nutrient for plants

No gaseous formNo gaseous form
Cycle is slow Cycle is slow –– most P runs from land into the most P runs from land into the 
deep oceandeep ocean
Typical form Typical form –– phosphate salt with POphosphate salt with PO44

--33 ionsions
�� Found in ocean sediment/rock formationsFound in ocean sediment/rock formations

Run P-cycle 
animation
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Run interactive phosphorous cycle 
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�� Mining P rock deposits Mining P rock deposits �� fertilizers & fertilizers & 
detergentsdetergents

�� Deforestation Deforestation �� removes growth removes growth 
containing Pcontaining P

�� Agricultural runoffAgricultural runoff
�� Livestock wastesLivestock wastes
�� fertilizersfertilizers

Algal Bloom
Depletes D.O.
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55..7 ROCK CYCLE7 ROCK CYCLE
Three types of rock

– Igneous rock
• Magma cools & solidifies
• Bulk of crust

– Sedimentary rock
• Sediments “cement” under pressure
• Chemical weathering
• Mechanical weathering – speeds up chemical

– Frost wedging

– Metamorphic
• Preexisting rock transformed – heat & pressure


