CHAPTER 3
Biogeochemical Cycles
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Biogeochemical Cycles: The Carbon Cycle

The movement of carbon
throughout the carbon cycle
depends largely on photosynthesis,
respiration, & decomposition.
Photosynthesis: Removes carbon

dioxide from the atmosphere.
6 CO, + 6 H,0 + Energy > C,H,,0,+ 6 O,

Cellular respiration: Emits carbon

dioxide to the atmosphere.
CgH,,0¢ +6 0,2 6 CO, + 6 H,0 + Energy

Decomposition: Breaking down of
organic material (dead plants and
animals). Aerobic respiration
releases carbon dioxide and
anaerobic respiration releases
methane to the atmosphere.
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Biogeochemical Cycles: The Carbon Cycle
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Biogeochemical Cycles: The Carbon Cycle

Photosynthetic phytoplankton large amounts of store carbon. When
they die and sink to the bottom, carbon accumulates in the deep
ocean. This phytoplankton when buried and subjected to time, heat,

and pressure will form petroleum (oil and natural gas).

THE BIOLOGICAL PUMP

Phytoplankton drive a biological pump that uses the Sun’s energy to move carbon from the
atmosphere to the ocean interior, bringing down the atmospheric levels of carbon dioxide.
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Biogeochemical Cycles: The Carbon Cycle

Organic carbon in dead biomass

that was rapidly buried beneath
layers of sediments as a result of a
combination of time, heat, and
pressure become coal, oil, and
natural gas; i.e. fossil fuels.
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Biogeochemical Cycles: The Carbon Cycle

Carbon locked in organic molecules (hydrocarbons) in fossil fuels is converted to atmospheric
carbon in carbon dioxide by combustion (burning to produce energy to power cars and

produce electricity).
Removal of fossil fuels from the Earth and burning them (combustion) releases carbon, in the

form of carbon dioxide, to the atmosphere.
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How are we disrupting the carbon cycle?

Human Interventions in the Carbon Cycle:

* Large Scale Deforestation
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Carbon Sinks and Reservoirs

* The largest reservoir of carbon is
sedimentary rock such as limestone.

* QOceans are the second largest reservoir of
carbon on Earth. Carbon is stored in the
oceans in three ways: 1) dissolved carbon

dioxide in ocean water; 2) in living things in pt ) Naribers i parentheses
g refer to stored carbon
ocean such as shells, skeletons, and coral ' - . pools. Red indicates

reef; and 3) in photosynthetic phytoplankton.
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Carbon Sinks and Reservoirs

Trees of old growth forest that live for
thousands of years are a major terrestrial
carbon sink.

Soil: Carbon is incorporated into soil by
many natural processes including
volcanism and decomposition of organic
material. Therefore, soil is major terrestrial
carbon sink that can store carbon for
thousands of years.

Wetlands and bogs are major terrestrial
carbon sinks that can store carbon in
plants, soil, and water for thousands of
years.
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Biogeochemical Cycles: The Nitrogen Cycle

Nitrogen Cycle Processes (That you must know!)
Plants and animals cannot use free nitrogen gas in the atmosphere. They must have nitrogen in "fixed" form.
* Nitrogen is fixed by lightning, bacteria in soil in terrestrial ecosystems and cyanobacteria in aquatic systems.
o Nitrogen Fixation: N:-> NHi/NH4*
= Free N: in atmosphere is "fixed" by nitrogen-fixing bacteria to NH: (ammonia):
N:+ 3H:=> 2NH;
= Nitrogen fixing bacteria (rhizobium) live in nodules on the roots of leguminous plants (soybeans,
peas, clover, and alfalfa.)
= Gaseous nitrogen reacts with hydrogen to produce ammonia (NH:) and ammonium ions (NH:")

o Nitrification: NH: = NHs™ 2 NO:/NOx-
=  Water in the soil reacts with ammonia (NH3) to form NHs* (ammonium ion)
= Another specialized species of bacteria performs nitrification once ammonium has formed:
NH:" = NO: (nitrite; toxic) NOs- (nitrate; plant nutrient)

o Assimilation: NH: or NH:* or NO> or NOs = organic compounds (proteins)
= Producers (plants) take up nitrogen in the form of ammonia, ammonium, nitrite, or most
readily nitrate for use to make nucleic acids and proteins; the building blocks of plant tissue.
= Consumers then get fixed nitrogen by eating plants, insects, or other animals.

o Ammonification (a.k.a. Mineralization): organic compounds = NH:
= Eventually all organisms die and their tissue decompose.
= Fungal and bacterial decomposers break down organic material found in dead bodies and
waste products and convert organic compounds back into inorganic compounds; Such as
inorganic forms of nitrogen like ammonia or ammonium ions (NH3/NH4").

o Denitrification: NH; or NHs~ = NO; and/or NO3~ = N (nitrogen gas) and N2O (nitrous oxide)
= The final step that completes nitrogen cycle.
= In a series of steps, another group of bacteria convert ammonia or ammonium ions into nitrate
then to atmospheric nitrogen compounds: the gases nitrous oxide (N:0) and nitrogen gas (N2).
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Biogeochemical Cycles: The Nitrogen Cycle

Important Organic Nitrogen Containing Molecules
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Biogeochemical Cycles: The Phosphorus Cycle
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@ Weathering of uplifted rocks
contributes phosphates to the
land. Some phosphates make
their way back to the ocean.
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@ Phosphate fertilizer 3

applied to fields can
run off directly into
streams, become part
of a soil pool, or be
absorbed by plants.

@ Geologic forces
o can slowly lift up
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from the ocean
floor to form
mountains.
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Biogeochemical Cycles: The Phosphorus Cycle




Biogeochemical Cycles: The Phosphorus Cycle
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Biogeochemical Cycles: The Phosphorus Cycle




Biogeochemical Cycles: The Phosphorus Cycle
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Biogeochemical Cycles: The Sulfur Cycle
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Biogeochemical Cycles: The Sulfur Cycle
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Biogeochemical Cycles: The Sulfur Cycle
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Biogeochemical Cycles: The Sulfur Cycle
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Biogeochemical Cycles: The Sulfur Cycle
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Biogeochemical Cycles: The Sulfur Cycle

NO, + H,0 “=™ NITRIC ACID (HNO,)
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Biogeochemical Cycles: The Sulfur Cycle
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Biogeochemical Cycles: The Sulfur Cycle

Acid Mine Drainage

Here's a look at what AMD is and how it affects
the surrounding environment.

@ During mining, pyrite is exposed @ Water drains out of the mine.

to oxygen.
_ _ @ Dissolved metals react with oxygen and
@ Ground water seeps into the mine. fall out of solution into the stream water,
turning a bright color.
® Oxygen, water and pyrite react to
form sulfuric acid and in tumn @ Aquatic animals and plants

dissolve metals from the rocks. are killed by the drainage.

Source: Western Pennsytvania Conservancy




