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      OCB 2003L – Intro to Marine Biology Lab


Lab #2:  Seawater Chemistry

Water and You
All living organisms require water to survive.  In fact, water comprises 70-90% of all living organisms by mass.  Within an organism, water may function as either a reactant, participating in a chemical reaction, or it may provide an important environmental component/metabolic processes to take place.  The average human adult requires 2.5 liters of water per day for proper physiologic functioning. With an ever-increasing world population, there is a growing concern about the availability of fresh, quality water sources for human consumption.  As one might suspect, an increase in population size results in an increase in pollution and reduced air and water quality through increased introduction of contaminants into these natural resources.

Approximately 97% of the Earth’s water supply is present in the form of salt water located in the planet’s oceans.  Due to its saline nature, ocean water is unfit for human consumption. Only approximately 3% of the Earth’s water supply exists as fresh water.  However, all of this fresh water is not available for human consumption and/or usage.  Of the Earth’s fresh water supply, approximately 2.2% is frozen in primarily continental glaciers and secondarily in valley glaciers. Most freshwater sources available to life on Earth are confined to the remaining 0.8% that exist predominantly as groundwater; rivers, lakes, and streams; and atmospheric moisture.

Many factors can and do affect the quality of surface and groundwater.  Before a water supply may be considered potable – that is, safe for human consumption – this supply is evaluated for concentrations of pollutants and disease-causing microorganisms.  Pollutants may be introduced into water supplies either naturally or though the actions of humans.  Minerals, such as calcium or magnesium, may dissolve naturally into water as it passes over rocks containing the compounds.  Humans also affect the amount of pollutants in our water through improper industrial waste disposal or treatment, agricultural run-off, and urban run-off.
Another class of pollutants examined when evaluating the quality of a water source is the presence of disease-causing microorganisms.  These microorganisms may be present if the water has been contaminated by untreated sewage and wastes.  Disease causing microorganisms (bacteria and viruses) found in the intestines of warm blooded animals will be introduced to the water supply if the waste is left untreated.  
(modified from www.wardsci.com)
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Water Chemistry
pH- A measurement of pH refers to the concentration of H+ (hydrogen) ions and is given a number from 0 to 14.  A solution with a pH of 7 is considered neutral (e.g. pure water) while substances less than 7 are acidic (e.g. orange juice, soda, sulfuric acid) and substances greater than 7 are basic (e.g. seawater, ammonia, sodium hydroxide). The pH in the ocean (typically 7.5 to 8.4) tends to remain constant because the chemical components in seawater resist large changes to pH.  As humans increase the amount of CO2 present in the earth’s atmosphere by burning fossil fuels, more CO2 is dissolving into the ocean.  When CO2 is dissolved in water, it forms carbonic acid.  This is slowly lowering the pH of the seawater in a process referred to as ocean acidification.  It will affect the ocean in many negative ways, including reducing the ability of corals, shellfish and other calcareous animals to grow skeletons and shells.  
Salinity- Salinity is the measurement of solute dissolved in solution, typically measured in units of parts per thousand (ppt).  On average, seawater in the world's oceans has a salinity of about 3.5% (35 g/L). This means that every kilogram (roughly one liter by volume) of seawater has approximately 35 grams of dissolved salts (mostly sodium (Na+) and chlorine (Cl−) ions).  Salinity is influenced by evaporation (reduction of the amount of water increases salinity) and precipitation (addition of water decreases salinity).  In can also be influenced by run-off and melting ice.
Density- Average density at the surface is 1.025 g/ml. Seawater is denser than both fresh water found in lakes and rivers and pure water (density 1.0 g/ml @ 4 °C) because the dissolved salts add mass without contributing significantly to the volume.  Thermohaline circulation is called the global ocean conveyor and moves water between the deep and surface ocean worldwide.  Water moves mainly because of differences in relative density as water that is denser sinks below water that is less dense.  Two things affect the density of seawater: temperature and salinity.  Cold water is denser than warm water and water gets colder when it looses heat to the atmosphere, especially at high latitudes.  Water gets warmer when it is headed by incoming solar energy, especially at low latitudes.  Saltier (high salinity) water is denser than less salty water and water gets saltier if rate of evaporation is high.  Water gets less salty if there is an influx of freshwater either from melting ice, precipitation and/or runoff from land.  
O2- Oxygen dissolved in water is essential to aquatic organisms. While the atmosphere is an important source of dissolved oxygen (DO), phytoplankton, macroscopic algae and higher marine plants also increase the amount of DO in the water. Oxygen is generally not a limiting factor in the ocean; seawater normally contains between 5 and 14 parts per million (ppm = mg/L) DO.  The survival of many organisms is threatened when the concentration decreases below that range. Oxygen content can be depleted in a variety of ways. For example, increased temperature increases the metabolism of most aquatic animals, causing them to consume more oxygen per unit of time than at a lower temperature. Higher temperature also decreases the solubility of oxygen in water, and thus reduces its availability to aquatic organisms.  Bacterial decomposition consumes enormous quantities of oxygen and can cause a system to rapidly become anoxic (no oxygen).

The amount of oxygen that can dissolve in water depends primarily on temperature and salinity (see figure below). 
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