Water Quality

When we discuss water quality in today’s world, the term “quality” is relative.  First, let us define water quality as the chemical, physical, and biological properties of water that are influenced by geology, climate, local environment, and people.  Quality is relative because the water quality is related to the water’s intended use. 

The Chemistry of Water

The chemistry of water is important to keep in mind when learning about water quality.  Water exists in all three states- liquid, solid, and gas- at normal temperatures (0ºC to 100 ºC).  It is the only common, pure substance on Earth with this property, and it all starts with water chemistry. 

Water is what chemists call a polar or dipole molecules, meaning that it has two poles, one slightly negative and the other slightly positive.  (The oxygen electronegativity is stronger than hydrogen’s positive charge, creating polarity.)  The positively charged pole of one water molecule is attracted to the negatively charged pole on another water molecule.  The bonds formed are hydrogen bonds.  They are not as strong as the bonds holding the oxygen and hydrogen together, and are easily formed, broken, and reformed.  Hydrogen bonding causes water molecules to act as units of several molecules rather than as independent small molecules.  Therefore, water “acts” bigger than it is.  This accounts for many of water’s physical properties, including its liquid nature over a wide temperature range (0ºC to 100 ºC).  

Physical-chemical properties of water

Water is called the universal solvent because so many substances, from salts to powdered milk, dissolve in it.  Of course, many substances do not dissolve in water, and thankfully, that list includes many metals and organic compounds.  Water is seldom pure in nature.  Even rainwater contains dissolved materials, dust particles, and other items it collects from the air, or from soil and geologic materials.  Water’s solvent property is also due to its polar nature.  Water molecules isolate and surround individual ions in solution by drawing them to either the negative or positive poles.  It’s as if the ions wear a “water coat” that keeps them apart.

pH

One of the most important properties of a solution is its pH (potential of hydrogen).  The pH is a measure of the acidic (pH < 7.0) or basic (pH > 7.0) nature of a substance. Pure water is neutral, neither acid or base, with a pH of 7.0.  However, we know that water in a nature is not pure, but contains dissolved substances.  Rain contains both carbon dioxide and sulfur dioxide, which make it an acid with a pH reading of about 5.6.  This is not to be confused with serious acid precipitation, with pH 4.1-4.4, caused by emissions of sulfur oxides and nitrogen oxides from industrial, power generation, and combustion engines (planes, trains, automobiles, buses, motorcycles, etc.).  These oxides form sulfuric or nitric acid.  The more acidic the precipitation, the more harm it can do to everything from lakes and trees to buildings and monuments.  

Dissolved Oxygen

Oxygen that diffuses from the air and into water is called dissolved oxygen (DO).  It is essential to living organisms such as fish, zooplankton, many macroinvertebrates, and microorganisms.  Dissolved oxygen concentrations in natural waters vary with water temperature, time of day, salinity, and seasons.  Theoretically, dissolved oxygen can be between zero and 18 milligrams per liter (mg/L).

Most aquatic systems require minimum DO in the 5-6 mg/L range to support living organisms. Dissolved oxygen levels vary with the type of waterbody, while DO requirements vary with the types of organisms present.  Organic materials from natural vegetative decay or waste-water disposal inputs are consumed by microbes.  These microbes use the dissolved oxygen to break down organic matter into simpler compounds for energy (food).  The concentration of biodegradable organic materials in water is measured indirectly as biological oxygen demand (BOD).  This is the amount of dissolved oxygen needed by aerobic microbes to degrade organic matter, and is used as an indicator of pollution.  Pristine rivers may have a BOD of 1mg/L, but even well treated tertiary treatment (wastewater) can be at 20mg/L.  Poorly treated waste water can be as high as 200-600mg/L.  Biological oxygen demand is routinely used to test for organic enrichment from waste water sources.  

Chemical oxygen demand (COD) measures organic materials indirectly. Potassium dichromate, in acid conditions, oxidizes organic matter and is itself reduced in the process.  The amount of reduction is an estimate of organic materials.  

Temperature

Water temperature varies much the same way as atmospheric temperature.  Water temperatures have diurnal (daily) changes that are colder at night and warmer during the day.  Temperatures also show seasonal variations.  As you would expect, most living organisms have temperature ranges in which they thrive.  Wide variations can be harmful, if not deadly, partially due to the interaction of temperature and dissolved oxygen.  Water temperature strongly influences its ability to hold oxygen.  

Cold water holds more dissolved oxygen than warm water because colder water molecules are less active. 

Turbidity
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Turbidity is a measure of the degree to which the water loses its transparency due to the presence of suspended particulates. The more total suspended solids in the water, the murkier it seems and the higher the turbidity. Turbidity can be caused by phytoplankton or by sediments suspended in water.  Plants are a very important part of the ecology of a waterbody, and they need sunlight for photosynthesis.  Light-limited waters with high sediment induced turbidity seldom have an active phytoplankton population.  Generally, water that is cloudy brown is high in sediment, while green, turbid water contains phytoplankton and other growths of aquatic life.  In lakes the turbidity is measured with a secchi disk (in the picture). This is a black and white disk that is dropped in the water attached to a rope. The depth that the disk reaches before it disappears from sight is recorded. This provides an estimate of the turbidity level in the lake.

Water Quality Failure

When water is no longer suitable for its designated use, there is a water quality failure.  The failure can be natural (landslides, floods, erosion, and volcanoes) or anthropogenic (caused or produced by humans) and is often a combination of both- a synergistic destruction. Pollution can be direct with obvious consequences: trash thrown out a car window or toxic chemicals dumped from a factory causing fish kill.  Sometimes the effects are not an obvious cause and effect relationship.  When this happens, it is called a pollution-induced failure.  For instance, low DO levels result from the decay of an overgrowth of vegetation (the result of fertilizers entering a waterbody from agriculture, yards, or golf courses).  Pollution occurred with the fertilizers, but the effect –low DO- was not noticed until after the plants died and decayed.

Pollutants

Pollutants are usually classified by type: nutrients, sediments, chemical toxic substances, microbiological pathogens, oxygen-depleting organics, and heat.  A nutrient is either an element or compound that is consumed by an organism to grow, repair itself, and create energy.  Humans primarily consume the nutrients of carbon, hydrogen, nitrogen, oxygen, phosphorous, and sulfur.  Nitrogen and phosphorous are the primary nutrients of plants, although they require 16 essential elements.  Excess nitrogen and phosphorous cause accelerated eutrophication by stimulating the plant growth and death cycle.  High levels of nitrogen can become a water quality problem because nitrogen enhances plant and algae growth.  Plant growth and decay both require dissolved oxygen, which reduces the amount of DO remaining for plants and fish.  Phosphorous levels in wastewater have decreased due to reduced phosphates in laundry detergents.  Point sources such as wastewater treatment plants are major nutrient contributors to waterways in heavily populated areas.  

Sediment is considered a physical pollutant because it can “physically” block light penetration into water, and prevents phytoplankton and submerged vegetation from becoming established.  Since sediment blocks light, it eliminates DO that would be produced by phytoplankton and submerged plants, and reduces the amount of nutrients that would normally be used by these organisms.  If high sediment levels are present, visibility is difficult for predator fish.  Sediment can also smother fish eggs, reducing the number of new fish. 

Pesticides used on farms and suburban lawns can wash into waterways as non-point source pollution.  Another chemical toxic substance is the highly toxic “dioxin” generally defined as “phenols” with chloride groups.  These are byproducts of combustion, manufacturing processes of chlorophenol chemicals, and paper and pulp processes that use chlorine bleach.  The range of toxicity and other human health and environmental effects are also very broad.  Some chemical toxic substances are rapidly fixed by soil particles, clays, and organic materials and do not easily dissolve in the water.  Other toxic substances are not bound and move easily with water through the soil and into groundwater.  

The term “heavy metal” refers to any metallic chemical that has a relatively high density, and is toxic or poisonous at low concentrations.  Examples of heavy metals include mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cr), thallium (Tl), and lead (Pb).  These metals are naturally found in the Earth’s crust and cannot be degraded or destroyed.  High doses can occur from inhalation of air near emission sources from drinking water (e.g. lead pipes) and intake from the food chain.  Heavy metals are dangerous because they tend to bioaccumulate (build up) in biological organisms over time.  

Pathogens are microbes capable of causing disease.  They can be protozoa, viruses, or bacteria.  In freshwater, the most common sources of microbial pathogens are fecal matter from improperly or incompletely treated wastewater, animal feedlots, wildlife, livestock, and leaky septic tanks.  Water-borne pathogenic organisms of particular significance to humans include viruses (hepatitis A, poliomyelitis), bacteria (cholera, typhoid, coliform), protozoa (amoeba, giardia), and worms.  These are usually introduced into the environment by fecal contamination from animals and humans. 

Oxygen-depleting organics are organic materials from natural vegetative decay or from wastewater treatment plant discharge.  Vegetation is often washed into waterbodies after crop harvesting.  Rain will wash these pulverized plant residues, along with sediment, into lakes and streams.  On the other hand, if crop residues like corn stalks or wheat straw are left on the ground after harvest less plant residue will wash off fields.  This land management strategy protects the ground from erosion by lessening the impact of raindrops and by slowing surface water runoff. 

Thermal pollution from power generation is a type of physical pollution.  We have discussed the fact that hot water does not hold as much oxygen as cold water.  Low dissolved oxygen levels are a stressor for most aquatic life, since aquatic animals evolve in water at temperatures characteristic of their location.  Their enzyme systems, hormones, and other systems were developed to work optimally at those ambient temperatures.  

Point Source and Non-Point Source Pollution

Where do pollutants originate?  We divide them into point and non-point sources.  Point sources of pollution are anything that can be identified as coming from a specific site- usually a pipe, or an accident scene (which may have released a harmful substance, such as in an oil tanker spill or from an overturned 18-wheeler along a highway).

Non-point sources of pollution originate over larger geographic areas, such as fields, urban areas, or entire watersheds.  Rain and snowmelt carry these diffuse (widespread) pollutants over and through the soil and into waterbodies.  Atmospheric deposition can also be considered non-point source pollution because it is difficult to pinpoint where a specific airborne constituent originated.  

Point source and non-point source pollutants were defined by governments so that pollution sources could be identified and regulated.  Point source locations, and therefore responsibility, are relatively simple to identify.  Non-point sources of pollution, on the other hand, are much more difficult to attribute to a single source.  Non-point source pollutants exist over a broad area, can include several types of contaminants, and usually occur only after precipitation events.  Specific identification and pollution control methods have been developed to cover both point and non-point sources of pollution.  

Water samples from a point source can be analyzed, and the impacts of contaminants can be attributed to an owner.  The U.S. Environmental Protection Agency (USEPA) issues National Pollutant Discharge Elimination System (NPDES) permits to individuals and companies that add point source pollutants to waters of the US.  The Clean Water Act authorized these permits in 1972 to help improve the nation’s water quality.  Improvements have been enormous, with many waterways recovering from years of neglect.  

For example, the summer of 2003 was a crisis time in Rhode Island’s Narragansett Bay.  Fish and shellfish died by the millions because excess nitrogen, from wastewater treatment plants, caused a phytoplankton bloom that depleted dissolved oxygen in the bas as it decomposed.  Remember the example of a pollution-induced response?  The Narrangansett Bay bloom was the direct effect of excess nitrogen.  Dissolved oxygen levels declined as an indirect effect of vegetation decomposition caused by microorganisms.  Wind also contributed to the problem by rapidly mixing deoxygenated water with incoming surface water.  This trapped the fish and increased the total kill- a destructive synergy of wind and point source pollutants.  

Citizen action and legislation ultimately reduced wastewater treatment plant pollutants (a point source) into the bay.  The Rhode Island Legislature passed a law calling for a 50 percent decrease in nitrogen inputs, from wastewater treatment facilities, by December 2008.  The citizens of Rhode Island approved a US $10.5 million Clean Water and Open Space bond to help improve the efficiency of wastewater treatment facilities to comply with the new law.

Note that two significant actions were taken to solve this problem: a law was passed and funding was approved to achieve the law’s goal.  It is not enough simply to say that a practice is wrong and now it is also illegal; the means to achieve the goal must also be present.  The people of Rhode Island put both legislation and money into action to solve a major water quality problem in their state.  

Some pollution solutions can be as straightforward as the Narrangansett Bay situation, but there are still problems.  People continue to break the law and dump waste into lakes and rivers.  Fines may be issued when culprits are identified, but these are not always effective deterrents.  Worse yet, money cannot always fix what has been damaged.  Stronger laws and larger penalties may help, but without enforcement, the effects are limited.  

