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Concepts addressed: 
Issues and Applications 
 
 
Nuclear power, fission, nuclear waste disposal, heavy metals, fire management, water quality 
assessment, forests and timber harvesting. 
 
BIOL 180 discusses nuclear power and nuclear waste disposal. Nuclear power, once considered a 
viable alternative energy source, contributes no carbon, sulfates, or nitrates to the atmosphere. 
Although nuclear power is dependent on uranium, a finite but abundant natural resource, 
comparatively small amounts are used to produce electricity. For example, 2.2 pounds of U-235 can 
yield as much energy as 2,200 tons of coal. The problems of nuclear power lie primarily with the cost 
of building nuclear power plants, the difficulty of disposing of highly radioactive wastes, and the 
public fear regarding safety. Because of these problems, nuclear power is minimally used and 
contributes only about 6% of the world's energy.  
 
Today's nuclear power plants rely on fission (splitting) reactions to produce energy. This energy is 
produced when neutrons having a particular level of energy strike the nuclei of uranium isotopes (U-
235). These reactions produce neutrons capable of splitting more uranium nuclei, so chain reactions 
result. These reactions produce a tremendous amount of energy, which is released as heat. In light-
water reactors (the most prevalent type in the U.S.), the energy heats water surrounding the reactor 
core where the U-235 fuel rods are located. The chain reactions in the reactor core are carefully 
controlled to regulate the heat produced and prevent a meltdown, such as happened when the No.4 
reactor at the Chernobyl plant in the Ukraine exploded on April 26,1986. The containment structure 
was unable to withstand the heat and radioactivity entered the environment. Thirty-one people were 
killed and at least 500 others were hospitalized - long-term effects are still being studied.  
Fission reactors also produce nuclear waste, which must be buried or contained so that its 
radioactivity does not contaminate the environment or harm humans. The waste is a hard ceramic 
pellet that is non-explosive, nonflammable, and recyclable. Federal legislation mandates the U.S. 
Department of Energy to construct a centralized underground repository for used nuclear fuel, and in 
2002, President George Bush approved the DOE's recommendation of Yucca Mountain, Nevada, as 
the site. The presidential decision followed DOE's determination that the site is scientifically suitable 
for geologic disposal. Congress endorsed the President's approval over Nevada's objections, one of 
which is that Yucca Mountain is on an Indian reservation.  
 
BIOL 180 also discusses the issue on heavy metals and the effects on groundwater. This issue is 
closely connected to the acid rain issue. Acid rain is precipitation having a low pH (usually between 
3.5 and 5.5) produced when sulfur dioxide and nitrogen dioxide pollutants, primarily emitted by coal-
fired power plants, combine with water in the atmosphere - precipitation that harms both living and 
non-living things. The cycling of any chemical element in an ecosystem depends on the web of 
feeding relationships among plants, animals, and microbes. Acid rain mixes with surface waters, 
killing fish and other aquatic life. It seeps into groundwater, causing heavy metals to leach out of the 
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soil. The result is that these heavy metals enter the groundwater and surface water, posing health 
problems for humans as well as fish.  
 
The effect on plant life is serious - not only have many of the minerals which are toxic (such as 
aluminum) been liberated from the soil, but acid rain has also leached many of the minerals essential 
to plant growth. Recent research suggests that acid rain also kills or damages microorganisms living 
in symbiotic associations with forest trees, helping them extract water and needed minerals from the 
soil. Without these organisms, the trees die: for example, many of the balsam trees in the North 
Carolina forests.  
The solution to this problem is not easy or inexpensive. One technique to reduce S02 is to put 
scrubbers on coal-burning plants, and this technology can remove up to 95io of the emissions. Sadly, 
the US lags behind most sulfur-emitting countries - perhaps because of cost. How far should the 
federal government go in legislating compliance with scrubbers?  
 
BIOL 348 discusses fire management how humans have altered natural fire regimens in a detrimental 
manner. In many communities, fire (set by lightening or storms) is sufficiently frequent to determine 
the nature of the climax vegetation. In the U.S., such communities include the chaparral, temperate 
grassland, and many southern and western pine forests. Seedlings and saplings of deciduous trees are 
especially susceptible to fire, whereas many pines are relatively resistant and so survive in regions 
where fire occurs often. In fact, many species are adapted to exploit fire. Some pines have seeds that 
will not germinate unless exposed to temperatures of several hundred degrees during a fire (e.g. 
Jackpine), which will kill their competitors and give them room to grow. Grasses also regenerate 
readily after fires that kill trees. In some places, recurrent fired prevent grassland or savanna from 
turning into woodland. Areas of the Midwest were prevented from reverting to climax forest by 
Native Americans, who set fires after they found that herds of bison could be hunted more efficiently 
than the white-tailed deer of the young forest.  
 
When people start to manage forests, they usually do two things: they put out any fires that start, and 
they remove older trees for timber. These actions may seem harmless, but they in fact alter the 
ecosystem drastically. For example, the southeastern coast of the U.S. where the community is a 
mixture of stands of loblolly and slash pine, interspersed with areas of hardwoods such as oaks, 
southern magnolias, tulip trees, sweet gums, red ample, and hickory.  
The distribution of these stands depends on fire, which is not very frequent. When humans suppress 
fire in a forest of this type because they threaten civilization, the pines eventually die and do not 
grow again, thus changing the vegetation of an area. This disturbance will have long-term effects, such 
as destroying the soil or eliminating patches of native plants and animals.  
 
BIOL 350 uses the Big Sioux River, Lake Alvin, and Lake Okoboji as field models for making a 
water quality assessment and an application of scientific knowledge to societal issues. Water for 
domestic supply must be free of constituents harmful to health such as insecticides, pesticides, 
pathogens, and heavy metal concentrations; it should taste and smell good; it should not damage 
plumbing and household appliances. The quality of water required for industrial purposes varies 
widely depending on the process involved. Many different processes and materials may pollute 
surface water or groundwater. Most of the sources result from runoff and leaks or seepage of 
pollutants into surface water or groundwater. Pollutants are also transported by air and deposited in 
water bodies. Wastewater treatment at conventional treatment plants includes primary, secondary, 
and perhaps advanced (tertiary) treatment. In some locations natural ecosystems, such as wetlands 
and soils, are being used as part of the treatment process. Attention should be focused on preventing 
pollutants from entering our waters, which is the purpose of recent water-quality legislation.  
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BIOL 352 discusses forests and logging and the implications on plant ecology. We seem to be in the 
process of harvesting forests faster than they can re-grow, and we have been doing so for a long time. 
For example, in the U.S. between 1840 and 1920, 19 million acres of white pine forests were logged 
in the state of Michigan alone. The first loggers believed that by the time the last acre had been cut, 
the first acre would have re-grown, but they underestimated the power of technology. Only 49 acres 
of uncut white pine timber remain in Michigan, and only a small fraction of the original white pine 
forests have regenerated to anything like their original size and abundance. To make matters worse, 
over much of the area unused limbs, branches, twigs, and leaves were left on the ground and 
provided fuel for fires that were often started accidentally by sawmills. The complete clearing of the 
land removed seed trees, and the fires destroyed the organic matter in the soil. As a result of these 
practices, stump barrens (areas where large trees have never re-grown) are common in northern 
Michigan. Certain levels of harvesting forest production can be sustained, but once these levels are 
exceeded, forests will decline and may not recover. If they do recover, the recovery may take an 
exceedingly long time - in the meantime climax communities are changed and local native plant 
ecology is completely disrupted. There is an increasing need to understand limits to the growth and 
harvesting of timber as it relates to all biological production.  


