The Phosphorus Cycle

Phosphorus 1s an essential nutrient for living processes. It 1s a major component of nucleic
acids and phospholipids, and, as calcium phosphate. 1t makes up the supportive components of
our bones. Phosphorus is often the limiting nutrient (necessary for growth) in aquatic,

particularly freshwater, ecosystems.

Phosphorus occurs in nature as the phosphate ion (PO4"). In addition to phosphate runoff as a
result of human activity. natural surtace runoff occurs when 1t 1s leached from phosphate-
containing rock by weathering. thus sending phosphates into rivers. lakes. and the ocean. This
rock has its origins in the ocean. Phosphate-containing ocean sediments form primarily from
the bodies of ocean organisms and from their excretions. However, volcanic ash. aerosols. and
mineral dust may also be significant phosphate sources. This sediment then 18 moved to land

over geologic time by the uplifting of Earth’s surface. (Figure below)

Phosphorus 1s also reciprocally exchanged between phosphate dissolved in the ocean and
marine organisms. The movement of phosphate from the ocean to the land and through the soil
1s extremely slow. with the average phosphate 10n having an oceanic residence time between

20,000 and 100.000 years.
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Excess phosphorus and nitrogen that enter these ecosvstems from fertilizer runoff and from
sewage cause excessive growth of algae. The subsequent death and decay of these organisms
depletes dissolved oxvgen, which leads to the death of aquatic organisms such as shellfish and
fish. This process 1s responsible for dead zones in lakes and at the mouths of many major rivers

and for massive fish kills, which often occur during the summer months (see Figure 6 below).
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Figure 6. Dead zones occur when phosphorus an gen from fertilizers cause excessive growth of
microorganisms, which depletes oxygen and kilis Worldwide, large dead zones are found in
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A dead zone 15 an area in lakes and oceans near the mouths of rivers where large areas are
periodically depleted of their normal flora and fauna. These zones are caused by eutrophication
coupled with other factors including o1l spills, dumping toxic chemaicals, and other human
activities. The number of dead zones has increased for several years, and more than 400 of
these zones were present as of 2008. One of the worst dead zones 1s off the coast of the United
States 1n the Gulf of Mexico: fertilizer runoff from the Mississippt River basin created a dead
zone of over § 463 square miles. Phosphate and nitrate runoff from fertilizers also negatively

affect several lake and bav ecosvstems including the Chesapeake Bay in the eastern United

States. o
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F igure 3. In nature, phosphorus exisis as the phosphate ion (PO43-). Weathering of rocks and velcanic
activity releases phosphate into the soil, water, and air. where it becomes available to terrestrial food
webs. Phosphate enters the oceans in surface runaff, groundwater flow, and river flow Phosphate
dissolved in ocean water cycles into marine food ome phosphate from the marine food webs falls

to the ocean floor, where it forms sediment. (credi ification of work by John M Evans and Howard
Beriman TIS(25)




The Sulfur Cycle

Sulfur 1s an essential element for the molecules of living things. As part of the amino acid
cvsteine, 1t 1s involved in the formation of proteins. As shown in Figure 7 below, sulfur cycles
between the oceans, land, and atmosphere. Atmospheric sulfur 1s found in the form of sulfur
dioxide (50,), which enters the atmosphere in three ways: first. from the decomposition of
organic molecules; second, from volcanic activity and geothermal vents; and, third, from the
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burning of fossil fuels by humans.



On land, sulfur 1s deposited in four major ways: precipitation, direct fallout from the
atmosphere, rock weathering, and geothermal vents. Atmospheric sulfur 15 found in the form of
sulfur dioxide (507), and as rain falls through the atmosphere, sulfur 1s dissolved in the form of
weak sulfuric acid (H>504). Sulfur can also fall directly from the atmosphere 1n a process
called fallout. Also, as sulfur-containing rocks weather, sulfur i1s released into the soi1l. These
rocks originate from ocean sediments that are moved to land by the geologic uplifting of ocean
sediments. Terrestrial ecosystems can then make use of these soil sulfates (5[)_11'1 which enter
the food web by being taken up by plant roots. When these plants decompose and die, sulfur 1s

released back into the atmosphere as hydrogen sulfide (H>5) gas.

Sulfur enters the ocean in runoff from land, from atmospheric fallout, and from underwater
geothermal vents. Some ecosystems relv on chemoautotrophs using sulfur as a biological

energy source. This sulfur then supports marine ecosvstems in the form of sulfates.



Human activities have played a major role in altering the balance of the global sulfur cycle.
The burning of large quantities of fossil fuels, especially from coal. releases larger amounts of
hvdrogen sulfide gas into the atmosphere. As rain falls through this gas_ it creates the
phenomenon known as acid rain, which damages the natural environment by lowerning the pH
of lakes, thus killing manyv of the resident plants and animals. Acid rain 1s corrosive rain
caused by rainwater falling to the ground through sulfur dioxide gas, turning it into weak
sulfuric acid, which causes damage to aquatic ecosvstems. Acid rain also affects the man-made
environment through the chemical degradation of buildings. For example, many marble
monuments, such as the Lincoln Memorial in Washington, DC, have suffered significant
damage from acid rain over the vears. These examples show the wide-ranging effects of human

activities on our environment and the challenges that remain for our future.
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Fzgure 7. Sugﬁ;r dioxide from the aﬁnﬂsphere E:ecﬂmes mazfaﬁfe m rerre.fma.f .::Lh'r.r:::r marine ec&.s;psfgm
when it is dissolved in precipitation as weak sulfuric acid or when it falls directly fo Earth as fallout.
Weathering of rocks also makes sulfates available to terrestrial ecosystems. Decompeosition of living
organisms returns sulfates to the ocean, soil, and heve. (credit: modification of work by John M
Evans and Howard Periman, USGS)




