GLY 102 – Global Environmental Science part 2

Handout for Lecture 16

Water Contaminants 

•Soluble Contaminants - dissolve in water

•Particulates/Colloids - carried by the water column

•Insoluble Contaminants - very low solubility in water 
–NAPLs

Sewage Treatment  (read about this in the textbook)

Artificial Wetlands 

Non-Aqueous Phase Liquid (NAPL) Contamination

DNAPL  - denser than water

LNAPL  - lighter than water

Groundwater Remediation 

· Surface Water is easily accessible for treatment 

· Groundwater is inaccessible

· removal by pumping  

· in situ treatment (i.e. in place) 

Dissolved Phase Plume – a plume of dissolved NAPL which contaminated the water and is carried by the groundwater

Pump and Treat (PAT) 

· Pump water to surface

· Treat water 

· Reintroduce treated water

Air Stripping 

· Air stripping is the process of forcing air through polluted groundwater or surface water to remove harmful chemicals. The air causes the chemicals to change from a liquid to a gas (evaporate).  The gas is then collected and cleaned. Air stripping is commonly used to treat ground-water as part of a pump and treat remedy.

Activated Carbon Treatment 

· Activated carbon is a material used to filter harmful chemicals from polluted air and water. It looks like tiny granules of black sand. As polluted water or air flows through an activated carbon filter, chemicals sorb or stick to the surface and within the pores of the granules.

· Most tap water filters and fish tank filters at home contain activated carbon and work the same way. Activated carbon filters are often used as part of a pump and treat system to clean up polluted groundwater

In Situ Treatments

· Treatments that are preformed “in place” - instead of pumping out the groundwater, chemicals, air etc. are put into the groundwater or the path of the groundwater. 

Bioremediation

· Bioremediation allows natural processes to clean up harmful chemicals in the environment.

· Microscopic “bugs” or microbes that live in soil and groundwater like to eat certain harmful chemicals, such as those found in gasoline and oil spills. When microbes completely digest these chemicals, they change them into water and harmless gases such as carbon dioxide.

· In order for microbes to clean up harmful chemicals, the right temperature, nutrients (fertilizers), and amount of oxygen must be present in the soil and groundwater. These conditions allow the microbes to grow and multiply—and eat more chemicals. When conditions are not right, microbes grow too slowly or die. Or they can create more harmful chemicals. If conditions are not right at a site, EPA works to improve them. One way they improve conditions is to pump air, nutrients, or other substances (such as molasses) underground.

· Sometimes microbes are added if enough aren’t already there. The right conditions for bioremediation cannot always be achieved underground. At some sites, the weather is too cold or the soil is too dense. At such sites, EPA might dig up the soil to clean it above ground where heaters and soil mixing help improve conditions. After the soil is dug up, the proper nutrients are added. Oxygen also may be added by stirring the mixture or by forcing air through it. However, some microbes work better without oxygen. With the right temperature and amount of oxygen and nutrients, microbes can do their work to “bioremediate” the harmful chemicals.

Permeable Reactive Barriers 

· A permeable reactive barrier or PRB is a wall built below ground to clean up polluted groundwater. The wall is permeable, which means it has tiny holes that allow groundwater to flow through it. Reactive materials in the wall trap harmful chemicals or change the chemicals into harmless ones. Clean groundwater flows out the other side of the wall.

· Different materials clean up pollution through different methods by:

· Trapping or sorbing chemicals on their surface. For example, carbon has a surface that chemicals sorb to as groundwater passes through.

• Precipitating chemicals that are dissolved in water. This means the chemicals settle out of the groundwater as solid materials, which get trapped in the wall. For example, limestone can cause dissolved metals to precipitate.

• Changing the chemicals into harmless ones. For example, iron can change some types of solvents into harmless chemicals.

• Encouraging tiny bugs or microbes in the soil to eat the chemicals. For example, nutrients and oxygen in a PRB help the microbes grow. 

SVE and Air Sparging

· The water table is the level of groundwater below the ground surface.  Soil vapor extraction or SVE removes harmful chemicals, in the form of vapors, from the soil above the water table. Vapors are the gases that form when chemicals evaporate. The vapors are extracted (removed) from the ground by applying a vacuum to pull the vapors out.

· Air sparging uses air to help remove harmful vapors from polluted soil and groundwater below the water table. When air is pumped underground, the chemicals evaporate faster, which makes them easier to remove. Like SVE, a vacuum then extracts the vapors. Certain chemicals—like solvents and fuel—evaporate easily. SVE and air sparging work best on these types of chemicals. SVE and air sparging are often used at the same time to clean up both soil and groundwater.

Combination  Methods which use both in situ  and pump and treat cleaning methods 


In Situ “Flushing” 

· In situ flushing is a way to clean up harmful chemicals in polluted soil and groundwater by pumping water or chemicals into the ground. This helps flush the harmful chemicals from the ground by moving them toward wells that pump the chemicals out of the ground. The process works in situ, which means the polluted soil is cleaned up in place and does not need to be dug up.

· When harmful chemicals don’t dissolve in the groundwater, they can’t easily be pumped out of the ground. Some chemicals like solvents and heating oil exist as liquids but do not dissolve easily in water. They are called non-aqueous phase liquids or NAPLs. NAPLs can remain in the soil for many years and slowly dissolve into the groundwater. As a result, they can be a source of groundwater pollution for a long time.

· In situ flushing using chemicals like surfactants and cosolvents can help dissolve NAPLs. Surfactants are commonly found in detergents and some food products. Cosolvents are alcohols, like ethanol or methanol. When used for in situ flushing, a surfactant or cosolvent is mixed with water. The mixture is pumped down a well, or several wells, drilled in the polluted area where it helps dissolve the NAPLs. The mixture also can help move the NAPLs toward the wells.

· At some sites, the surfactant mixture may stick or sorb to the soil. This may increase the amount of surfactant required to remove the NAPL. If this happens, a cosolvent can be added to the surfactants mixture to prevent the surfactant from sorbing to the soil.

· In situ flushing works best in soil that is very permeable. In other words, groundwater can flow through it easily. In situ flushing also works best if the soil underneath the polluted area is not very permeable, like clay. The clay prevents the surfactant or cosolvent from moving below the polluted area. 

Natural Attenuation 

· Natural attenuation relies on natural processes to clean up or attenuate pollution in soil and groundwater. Natural attenuation occurs at most polluted sites. However, the right conditions must exist underground to clean sites properly. If not, cleanup will not be quick enough or complete enough. Scientists monitor or test these conditions to make sure natural attenuation is working. This is called monitored natural attenuation or MNA.
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