CURRICULUM EMBEDDED PERFORMANCE TASK STS MATRIX—NINTH GRADE HIGH SCHOOL SCIENCE (CAPT)
	PARAMETER
	GRADE 9
STRAND III:  GLOBAL INTERDEPENDENCE

	EMBEDDED TASK TITLE
	CONNECTICUT BROWNFIELD SITES

	YOUR TASK
	Your task is to formulate a question about a Connecticut Brownfield site
contaminated with methyl tertiary butyl ether (MTBE) near your school that may 
be answered through a scientific investigation and to design the investigation.

	DISCUSSION #1
	Conduct an overview of MTBE that includes its chemical 

and physical properties, its toxicity, and any associated health problems.

	DISCUSSION #2
	Describe what is meant by a Brownfield site.

	DISCUSSION #3
	Discuss some of the advantages and disadvantages of 
reclaiming an abandoned gas station with MTBE contamination.

	DISCUSSION #4
	Discuss the construct of environmental remediation, please include phytoremediation in your discussion.


DISCUSSIONS:

1. Conduct an overview of MTBE that includes its chemical and physical properties, its toxicity, and any associated health problems.

Methel Teritary-Butyl Ether, also known as MTBE, is a chemical compound with the molecular formula of C5H12O. This compound started to be put into gasoline in 1979 to help it burn smoother. Then, starting in 1992, companies started to use it as an oxygenate in gasoline to improve combustion and decrease harmful levels of carbon monoxide (CO) that were emitted into the air from motor vehicles. This change in use was mainly to improve the quality of the air and to reduce ozone (O3) loss. MTBE can is an additive that is made partly of natural gas. However, in Connecticut, MTBE was replaced by ethanol in the gasoline becasue of its dangerous health effects. 

MTBE has various physical and chemical properties. It behaves much differently in soil, air, and water than other petroleum constituents do. This makes its properties very unique. One chemical property of MTBE is that it is relatively soluble in water. This means that it is dissolved into water easily. It is also soluble in organic solvents such as alcohol. Another chemical property MTBE is that it is relatively volatile. 

The volatility of this oxygenate can be shown by the fact that, when moving from the liquid phase to the vapor phase, MTBE is three times more volatile then benzene (another contaminant of gasoline). Also, when moving from the dissolved phase to the vapor phase, MTBE is about ten times less volatile than benzene. One physical property of MTBE is that it is a colorless liquid that travels at about the same rate as water. Also it has a strong smell, much like that of turpentine. Another physical property of MTBE is that it has a low absorption rate in soil.

It was soon realized that this unique compound was harmful to humans and could reach them as underground gasoline storage tanks leaked and released this harmful substance into soil and groundwater. When MTBE gets into groundwater, it is possible that it will be present in the drinking or tap water of people in the area of the underground leak. 

The most common forms of exposure to humans are inhalation of MTBE-contaminated air, and contact with the skin through tap water, etc. When MTBE enters the body, it does not accumulate, but is broken down and removed. When humans were exposed to MTBE-contaminated fuels, there were reports of dizziness, lightheadedness, headaches, nausea, vomiting, diarrhea, fever, sleepiness, and eye, nose, and throat irritation. The effects of short-term exposures to large amounts of MTBE and long-term exposures to smaller amounts of MTBE are not known. 

However, when lab animals were constantly exposed, kidney damage, negative effects on fetal development, and some cancers were shown. Animal studies have also shown effects on the nervous system such as hyperactivity, incoordination, convulsions, and unconsciousness. At first, it was thought that MTBE was relatively non-toxic, but as studies were conducted, it was viewed as a possible carcinogen, meaning it could be a cancer-causing agent. At present, the full toxicity of MTBE is not known.

2. Describe what is meant by a Brownfield site.
Brownfields are abandoned, idled, or under-used industrial and commercial facilities where expansion or redevelopment is complicated by real or perceived environmental contaminations. 

In city planning, brownfield land, or simply a brownfield, is land previously used for industrial purposes, or certain commercial uses, and that may be contaminated by low concentrations of hazardous waste or pollution and has the potential to be reused once it is cleaned up. Land that is more severely contaminated and has high concentrations of hazardous waste or pollution, such as Superfund or hazardous waste sites, does not fall under the brownfield classification (Wikipedia).

3. Discuss some of the advantages and disadvantages of reclaiming an abandoned gas station with MTBE contamination.

There are various advantages and disadvantages of reclaiming an abandoned Brownfield site. One disadvantage is that the remediation process can require a lot of time, money and resources. Another disadvantage is that developing Brownfield sites can result in an urban sprawl and a decrease in natural resources of the area. Developed Brownfield sites can also reduce air and water quality.

One advantage of reclaiming a Brownfield site is that it can provide jobs for people of the community surrounding it. Another advantage is that it can lower the health problems of the community that occurred from the area contaminated by MTBE or other pollutants.

4. Discuss the construct of environmental remediation.
Because of MTBE's potentially harmful characteristics and toxicities, it often has to be removed from the soil or groundwater in which it is present. This can be done by means of environmental remediation. 
There are many types of environmental remediation. The ways in which a contaminated area can be remediated are divided into two categories. The first category is soil remediation. This is used when there is a contamination in the soil of an area. The two types of soil remediation are soil vapor extraction and low temperature thermal desorption. 
The second category is groundwater remediation. This is used when there is a contamination in the groundwater. The four types of groundwater remediation are pump and treat, air sparging, bioremediation, and point-of-use treatment.

If a contaminated abandoned gas station had soil that was contaminated with MTBE, soil vapor extraction or SVE would solve the problem. SVE is an in situ remediation process that removes contaminants from soil in the unsaturated zone above groundwater by means of taking out the contaminant vapors. 
This is done by using a vapor extraction well and vacuum pumps. The vapor extraction wells extend from the surface down to where the soil is contaminated. The vacuum pumps, which are also called blowers, are placed down the wells and then draw air and vapors out of the soil and then to the surface. By means of this, MTBE can be extracted from the soil so that the land can be made into something useful and clean.

If gas station had groundwater that was contaminated with MTBE, air sparging would solve the problem. This method of remediation is done by injecting air directly into the contaminated groundwater to volatize the contaminants. This injected air helps to move the contaminants into the unsaturated zone where a vapor extraction system is set up to remove the contaminants which would then be in the vapor stage. 
Air sparging usually takes up to a few years to complete the full remediation of a substance such as MTBE. Air sparging should only be used in homogeneous sands because of the fact that heterogeneous sediments may cause the contaminants to disperse and channel the air flow. Air sparging is not the most effective method of groundwater remediation because a considerable amount of air is needed to volatize the MTBE.

Phytoremediation describes the treatment of environmental problems (bioremediation) through the use of plants.
A range of processes mediated by plants are useful in treating environmental problems:

Phytoextraction - uptake and concentration of substances from the environment into the plant biomass.

Phytostabilization - reducing the mobility of substances in the environment, for example by limiting the leaching of substances from the soil.

Phytotransformation - chemical modification of environmental substances as a direct result of plant metabolism, often resulting in their inactivation, degradation (phytodegradation) or immobilization (phytostabilization).

Phytostimulation - enhancement of soil microbial activity for the degradation of contaminants, typically by organisms that associate with roots. This process is also known as rhizosphere degradation.

Phytovolatilization - removal of substances from soil or water with release into the air, sometimes as a result of phytotransformation to more volatile and / or less polluting substances.

Rhizofiltration - filtering water through a mass of roots to remove toxic substances or excess nutrients. The pollutants remain absorbed in or adsorbed to the roots (Wikipedia).
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