1. [bookmark: _GoBack]Eutrophication is also known as hypertrophication. It is when a water body becomes excessively enriched with minerals and nutrients which induce excessive growth of algae. It may result to depletion of oxygen in the water body
(a) It is a natural process that a lake goes through over a hundred to thousands of years and can also be referred to as lake aging.
(b) Cultural eutrophication is the process where natural eutrophication is sped up by humans by adding excess nutrients and sediments quickly, where the lake will change trophic states in a matter of decades. This is done through land practices such as agriculture, animal feedlots, factories and urban areas infiltrate to the water bodies.
(c) Oligotrophic lakes contain very little or no aquatic vegetation and are relatively clear. This is due to low nutrient values, which limits the lake’s ability to support animal life. The water also remains clear. Eutrophic lakes contain large quantities of organisms, including algal blooms. This is due to high nutrient values which allows microorganisms and algae to grow in large numbers, which then allows animals that feed on algae to also be supported.
2. The Law of the Minimum states that the growth of an organism is limited by the substance or other factor which is available to it in the least quantity relative to its needs for growth or reproduction. It relates to eutrophication where it is one of it’s control programs whereby nutrient limitation is done of a certain nutrient essential to a certain organism to reduce eutrophication.
(a) The element that tend to be limiting is phosphate. The availability of phosphate promotes excessive plant growth and decay, favoring simple algae and plankton over other more complicated plants, and causes a severe reduction in water quality.
(b) A nutrient is limiting if it is subject to a small change, causes a noticing change in an output or other measure of a type of system, for example, a nutrient like phosphate causes a high and severe reduction in water quality if a slight change in its amount is made 
3. Eutrophication contributes to fish kills, loss of riparian habitat, death of beneficial aquatic insects, and taste and odor problems due to depletion of oxygen and poor water quality. It also decreases water transparency due to the growth of phytoplankton which decreases penetration of light into the lower depths of the water column. Eutrophication leads to changes in the availability of light and certain nutrient to an ecosystem which causes shifts in the species composition so that only the more tolerant species survive and new competitive species invade. 
(a) The algal bloom is harmful as it contains organisms that can severely lower oxygen levels in natural waters, killing marine life. The bloom can last a few days and after the bloom dies, the microbes decompose the dead algae and use up even more of the oxygen which create fish die-offs.
(b) Blue-green algae causes harmful human effects, death of livestock, domestic animals and wildlife, bad odors, fish kills, closure of water storages for drinking or recreational use and higher water treatment costs.
(c) Blue-green algae blooms tend to occur in warm, calm, sunny weather and high-water temperatures 
4. The phosphorous cycle is the process by which phosphorous moves through the lithosphere, hydrosphere, and biosphere. It involves few key steps the first one is weathering. Since the main source of phosphorous is rocks, the first step of the cycle involves the extraction of phosphorus from the rocks by weathering, by rain and other sources of erosion, and results in phosphorus being washed into the soil. The second step is absorption by plant and animals. Once in the soil, plants, fungi, and microorganisms are able to absorb phosphorus and grow, and animals obtain it from drinking water and eating plants. The third step is return to the environment via decomposition. When plants and animals die, decomposition results in the return of phosphorus back to the environment via water or soil. Plants and animals in these environments can use this phosphorus, and step 2 of the cycle is repeated.
(a) There are several anthropogenic sources of phosphorus, municipal wastewater treatment plants contribute approximately 5% of the environmental phosphorus. Septic tanks are primarily a physical process with precipitation reactions contributing.
(b) There is evidence that P is the frequently the limiting factor because it is an essential element for all life forms. The diatom Cyclotella nana, grown in P-limited chemostats, could only reach biomass atomic ratios of C: P of 480 and N:P of 35. This diatom had reached its limits of growth with the available P.
5. The Nitrogen Cycle
Nitrogen makes up most of Earth’s atmosphere, plants cannot use this nitrogen gas to make organic compounds for themselves and other organisms. The nitrogen must be changed to a form called nitrates, which can be absorbed through their roots and this process is called nitrogen-fixation and nitrogen fixing is carried out by nitrogen-fixing bacteria. The bacteria live in soil and roots of legumes. When plants and other organisms die, decomposers break down their remains and, in the process, they release nitrogen in the form of ammonium ions, this process is called ammonification. Nitrifying bacteria change the ammonium ions int nitrites and nitrate. Some nitrates are used by plants and the process of converting ammonium ions to nitrites or nitrates is called nitrification. Other bacteria called denitrifying bacteria, convert some nitrates in soil back into nitrogen gas in a process called denitrification, which is the opposite of nitrogen fixation. Denitrification returns nitrogen gas back to the atmosphere.
(a) Biota refers to a grouping od animals, plants, fungi, and other organisms that all share the same geographical region on Earth. The soil biota consists of micro organisms such as bacteria, fungi, archaea and algae, soil animals such as protozoa, nematodes and earthworms and plants.
(b) The atmospheric nitrogen normally becomes nitrate through nitrogen-fixation which is the process of changing nitrogen gas of nitrates and it is carried out by nitrogen-fixing bacteria. The bacteria live in soil and roots of legumes.
(c) The main anthropogenic sources of nitrogen is road transport and public electricity and heat sector. These takes place due to combustion of fuels where nitrogen is produced.
(i) Humans cannot fix nitrogen from the atmosphere; this can only be done by a nitrogen-fixing bacteria.
(d) Although nitrogen is very abundant in the atmosphere as nitrogen gas, it is largely inaccessible in this form to most organisms, making nitrogen a scarce resource and often limiting primary productivity in many ecosystems.
6. The Redfield ratio is the consistent atomic ratio of carbon, nitrogen and phosphorus found in marine phytoplankton and throughout the deep oceans. The optimal N/P ratio for phytoplankton growth is 16:1, based on molecular concentrations. We can use this ratio to find the limiting factors. In marine water, nitrogen compared to phosphates take longer time for its recycling hence P is the limiting factor in phytoplankton production.
7. Dissolved oxygen (DO) is measure of how much oxygen is dissolved in the water, the amount of oxygen in a stream or lake can tell us a lot about its water quality. The oxygen enters a stream mainly from the atmosphere or as a plant byproduct. It also enters into the water through photosynthesis whereby some water plants can have photosynthesis under the water surface and oxygen is produced. 
(a) DO varies during the day due to changes in temperature, the solubility of oxygen decreases as temperature increases. Hence as temperature varies during the day, then the DO also varies.
(b) Increase in depth decreases the amount of dissolved oxygen. This is because gas saturation decreases by 10% per meter increase in depth due to hydrostatic pressure.
(c) Under eutrophic conditions, dissolved oxygen greatly increases during the day, but it is greatly reduced after dark by the respiring algae and microorganisms that feed on dead algae.
(d) The thermal stratification refers to change in temperature at different depths in the lake and is due to the change in water density with temperature. Both mixing and stratification  affect the distribution of nutrients, particulates, and biota within the water within the water column of lakes.
(e) Biochemical Oxygen Demand is the amount of dissolved oxygen needed by aerobic biological organisms to break down organic material present in a given water sample at certain temperature a specific time period. It directly affects the amount of dissolved oxygen in rivers and streams, this means less oxygen is available to higher forms of aquatic life. The consequences of high BOD are the same as those for low dissolved oxygen hence organisms become stressed suffocate, and die.
8. The Gulf of Mexico Dead Zone is an area of hypoxic waters at the mouth of the Mississippi River. The dead zone is caused by nutrient enrichment from the Mississippi River, particularly nitrogen and phosphorus. Most nitrogen input comes from major farming states in the Mississippi River Valley. Nitrogen and phosphorus enter the river through upstream runoff of fertilizers, soil erosion, animal wastes, and sewage. With anthropogenically increased nitrogen and phosphorus input makes algae not limited. Algal blooms develop, the food chain is altered, and dissolved oxygen in the area is depleted. The size of the dead zone fluctuates seasonally due to farming practices and also affected by weather events such as flooding.
(a) The factor leading to the Gulf of Mexico Dead Zone are heavy rains and melting snows which washed massive nitrogen and phosphorus from farming states, and these nutrients trigger algae blooms that choke oxygen in water.
(b) The bottom sediments are hypoxic because of growth of algae blooms that choke oxygen in water hence there is no oxygen present in the bottom sediments.
9. Sewage treatment is the process of removing contaminants from wastewater and is also referred to as wastewater treatment. It involves three stages, called primary, secondary, and tertiary treatment. Primary treatment consists of temporarily holding the sewage in a quiescent basin where the heavy solids can settle at the bottom while oil, grease and lighter solids float to the surface. Secondary treatment removes dissolved and suspended biological matter. It is performed by indigenous water-borne micro-organisms in a managed habitat. Tertiary treatment is where the treated water is sometimes disinfected chemically or physically prior to discharge into the stream.
10. Dams change the way rivers function. They can trap sediments, burying rock riverbeds where fish spawn. They also divert water for power and other uses also to remove water needed for healthy in-stream ecosystems. Peaking power operations can cause dramatic changes in reservoir water levels.
(a) Factors that have contributed to the loss of diverse wild salmon populations include destruction of stream, habitats, water diversions for agriculture, and the construction of more than 400 dams across the Columbia River Basin and its main tributary, the Snake River.
11. The factors that threaten life in the Arkansas River Shiner is the habitat destruction and modification from the stream dewatering or depletion due to diversion of surface water and groundwater pumping, construction of impoundments, water quality degradation.
12. The legacy of change challenges the view that vegetation changes are due to climatic change. Also due to human disturbances such as cattle grazing, fuelwood cutting, wildfire suppression, agriculture, and road construction also leads to vegetation distraction.

