Project # 1:
“Availability of Safe Drinking Water” (Water Project)
RET Participants:
Ms. Melissa Stoltz, R A Jones Middle School, Florence, Kentucky and Mr. Kurt Whitford, Glen Este High School, Ohio.
Faculty Mentor:
Dr. George Sorial, Professor, Department of Civil and Environmental Engineering, University of Cincinnati.
Graduate Student Mentor:
Mr. Hafiz Salih, Ph.D. student in Environmental Engineering, Department of Civil and Environmental Engineering, University of Cincinnati.
Goals and Objectives
For Research:  The “Availability of Safe Drinking Water” project was designed to investigate the impact of zero-valent iron on the adsorption of trichloroethylene (TCE) by powdered activated carbon (PAC) in the presence and absence of natural organic matter (NOM). The consequent objectives were to prepare and analyze samples containing a constant initial TCE concentration and varying amounts of PAC, nanoparticulate Fe2O3 and humic acid, a NOM.  Results from each condition would be compared in order to identify differences.  These differences would then form the basis for further investigation. 

For Education:  The project also sought to provide participants with a real research experience, which could then be translated into student classroom experiences.  This goal would be accomplished by preparation of lesson plans that challenge students to distinguish between sound and flawed scientific methodology and aid them in developing their own research projects.

Equipment, Methods and Experimental Procedures
Stock Solution Preparation:  25000 mg/L TCE and 60 mg/L PCE stock solutions were prepared by mixing reagent grade chemicals in methanol.  The solutions were capped with Teflon septa lids and stored in a refrigerator. 
Calibration Curve Preparation:  An eight-point calibration curve was prepared by diluting TCE stock solution with autoclaved nano-pure water, which had been buffered with 0.001 M KH2PO4 and adjusted to pH 7 with 10N NaOH.  PCE was also added as an internal standard.  Samples were analyzed using an Archon 5100 Purge & Trap Autosampler connection to a Tekmar 3000 Purge & Trap Concentrator.  The purge and trap unit was interfaced to a Hewlett Packard 6890 gas chromatograph (GC) equipped with a flame ionization detector (FID).  An Agilent DB-WAX column (J&W 123-7063) (60 m X 320 micrometers inside diameter with 0.50 micrometer film thickness was used.)  The flow rate of the helium carrier gas was set at 2.5 milliliters per minute (mL/min).  The detector makeup gas flow rate was set at 30.0 mL/min.  The flow rates of hydrogen and air flame gases were set at 35.0 mL/min and 400.0 mL/min, respectively.  The retention times for TCE and PCE were 10.4 min and 11.2 min, respectively.  Results were plotted using Microsoft Excel.  For the line of best fit the R2 value was 0.99.

Carbon Preparation:  Prior to the beginning of the RET project, PAC was prepared by rinsing granular activated carbon several times with nano-pure water to remove the fines, drying in an oven at 105o C for two days to remove any moisture, crushing in a carbon mill and sieving using a 120 mesh sieve.  This size fraction was then stored in a desiccator until use.
Isotherm Preparation:  Samples designed to show the effects of zero-valent iron nanoparticles and humic acid on the adsorption of TCE onto PAC were prepared using the combinations shown in Table 1.  For each combination, four liters of autoclaved nano-pure water, which had been buffered with 0.01M KH2PO4, and the pH adjusted to 7.0 with  10N NaOH was prepared.  For Sets “Baseline 2”, “Set C” and “Set D” humic acid was added to make a concentration of 1.1 mg/L.  For “Set A” through “Set D” nanoparticles size Fe2O3 was added to achieve the concentrations listed in Table 1.  The augmented water was stirred, using a magnetic stirrer, for 30 minutes.

For each combination, 300 µL of TCE stock solution were introduced to the 4-liter glass dispensing jar, nitrogen gas was introduced into the headspace to prevent volatilization of TCE and the solution was mixed for 30 minutes.  Accurately weighed (± 0.2 mg) masses of PAC were placed in 250-mL glass amber bottles (see Table 2)  The bottles were then completely filled with solution sealed with Teflon-lined caps and covered with Parafilm.  Each set of bottles was accompanied by a minimum of two blanks to check for any TCE volatilization, adsorption onto the walls of the bottles, or biodegradation.  The bottles were then allowed to equilibrate in a rotary tumbler for a period of 14 days.
Table 1.  Isotherm Sample Combinations
	
	TCE
	PAC
	HA
	Fe2O3

	Baseline1
	· 
	· 
	
	

	Baseline2
	· 
	· 
	· 
	

	Set A
	· 
	· 
	
	1.0 mg/L

	Set B
	· 
	· 
	
	0.5 mg/L

	Set C
	· 
	· 
	· 
	1.0 mg/L

	Set D
	· 
	· 
	· 
	0.5 mg/L


Table 2.  Mass of PAC Added to Each Bottle
	Bottle Number
	Mass of PAC in mg (± 0.2 mg)

	1
	1.7

	2
	2.7

	3
	3.9

	4
	5.2

	5
	6.9

	6
	9.7

	7
	12.5

	8
	19.0


Sample Analysis:  
After fourteen days, sample bottles were removed from the tumbler.  An aliquot of each bottle was filtered using pre-rinsed 0.45 nanometer filter paper.  The samples were diluted (to yield results in the range of the calibration curve) in 50 ml volumetric flasks and an internal standard of 25 µL of PCE was added to each vial.  The vials were sealed with Teflon septum caps and covered with Parafilm.  The samples were analyzed for TCE and PCE concentrations using the instrumentation described above.  Data were plotted using Excel and Sigma Plot software programs.

Highlights of the Research Findings
Figure 1 shows the relationship between the sample conditions and the amount of TCE removed from solution.  The “Baseline 1” condition should approximate the average µg of TCE adsorbed onto each gram of PAC.  The increased removal of TCE from solutions in “Set A” and “Set B” is consistent with the expectation that nanoparticulate Fe2O3 would act as a TCE adsorption site, which would complement/compete with PAC for TCE removal.  The results indicate that TCE-laden nanoparticles were captured by the 0.45 µm filter, resulting in an overall higher removal of TCE.  What is not known is whether the amount adsorbed to the nanoparticles is comprised of only the amount beyond where the PAC becomes saturated (considered to be complementary to PAC removal), or the presence of nanoparticles prevented some PAC adsorption of TCE, which was masked by adsorption of TCE onto the particles (i.e., competition with PAC removal).  Investigation of this question was beyond the scope of this research, but the large difference in surface area between PAC and Fe2O3 nanoparticles suggests complementary TCE removal.  The implications of the first scenario for water treatment are that using sufficient amounts of activated carbon to remove TCE to levels below regulatory limits would render the presence of nanoparticulate iron oxide a non-issue.  If the second scenario is correct, then some amount of TCE will pass through drinking water treatment systems, regardless of the amount of activated carbon and contact time used.  Only nanofiltration, or possibly the use of magnetism to remove TCE-laden Fe2O3, would lower “soluble” TCE concentrations.
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Figure 1.  Amounts of TCE Removed for Each Condition
The causal mechanism for the increased TCE removal in the “Baseline 2” and “Set 4” samples is unclear.  It is thought that the presence of low molecular weight NOM, such as humic acid, lowers the adsorption of TCE onto activated carbon either by competing for PAC adsorption sites or blocking access to the carbon.  “Set 3” results seem to substantiate this position.  The adsorption of TCE by humic acid has not been reported in the literature reviewed for this project, which means TCE removal should decrease in the presence of humic acid (as seen in Set 3).  The increase in TCE adsorption between Set 3 and Set 4 mirrors the trend between Set 1 and Set 2, suggesting that even in the presence of competing humic acid, nanoparticulate Fe2O3 continues to adsorb TCE.
Plans for Classroom Implementation

A unit of study was created to bridge the research experience to classroom application.  Instruction was driven by two specific curriculum documents, one from the Kentucky Program of Studies, 6th grade, and one from the Ohio Department of Education State Standards, 10th grade.  Both standards call for students to recognize and understand that science uses a systematic method for solving problems and investigating observations.  The unit goals focus on students distinguishing between sound and flawed scientific research and designing/conducting their own sound research.  To accomplish this, the students will be introduced to the key components of science research, with examples from the research experience provided this summer.  They will then critique a given research scenario and justify whether the investigation is considered sound scientific work.  Finally, students will design their own research project to investigate a given problem, demonstrating their ability to appropriately utilize methods of science.  This unit is designed for use with students in grades 6-12, including modifications to be made depending on the level of experience with research procedures. 
The 5E instructional method was used to develop the plans for each lesson of the unit, with a deliberate focus on five components of instruction: Engage, Explore, Explain, Elaborate, and Evaluate.  In order to initially engage students, a 1-minute video clip of “Beaker & Bunsen” from the Muppet Show will be viewed.  This clip will get students thinking and discussing their preconceived ideas about science and the scientists who “do” research.  A word splash activity will then require students to brainstorm as a class.  The prompt, “Make a class list of one-word descriptions of how scientists do research” will be written on the board and key words will be generated verbally and posted.  Students will work collaboratively in groups of 4 to create a working definition for a key word that their group is assigned.  For instance, one group will define “hypothesis,” one will define “variable,” etc.  In addition to a definition, the group will produce an example for the word, as well as an example that does not show the word or is the opposite of the word. 
To further explore the topic, student groups will then be jigsawed so that new groups will be formed with different students and different definitions.  The students will share their work with the others in their group.  When all students have an understanding of the key components of research, they will work together in their new groups to create a rubric (or a simple checklist for middle schoolers) that could be used to determine the soundness of a research project.  They will determine what a quality scientific study should include and use this as the criteria for their rubric/checklist. 
Students will then spend some time comparing their decisions when creating their rubrics or checklists.  They will post their designs on the walls using chart paper and conduct a gallery walk around the room to view other groups’ rubrics.  A standard rubric for evaluating research will also be posted so that students can compare and revise their own designs.

Another engaging activity will then be utilized to shift the attention of the students.  Each group will be given a glass of water on their tables.  A brief discussion of the treatment of “yucky” water will be introduced, which will segue into the research that was conducted by the RET program this summer. 
Using a PowerPoint presentation, the summer research will be displayed and discussed.  Students will be tasked with evaluating the soundness of this presentation by identifying the key elements they included on their rubrics.  This individual checklist will be formatively assessed.  In their groups, the students will discuss their decisions and create one final completed rubric on chart paper to be presented to the rest of the class. 
Students will explain their evaluation of the summer research project as they present to each other.  Any further misconceptions or erroneous thinking will be formatively assessed and addressed at this time. 
As an elaboration, two classic experiments will be presented to the students.  The students will write an open response to evaluate the soundness of the second investigation.  They will justify their ideas using criteria from the rubric they generated.  Once completed, students will share their open responses with a partner and provide peer review about their writing.  This open response with the corrections will serve as a summative assessment of understanding.

Following this stage of the unit, the students will then be tasked with applying these methods of science to a problem.  They will design and perform a controlled experiment.  The students will be formatively assessed throughout their investigations to ensure that they are following their own rubrics for sound research.  They will work in partners to write laboratory reports to formally present their findings.  The lab reports will be summatively assessed for understanding and application of the scientific method.

Finally, each student will be required to write a one-page individual reflection relating their growth in understanding the nature of science and how they can use scientific methods to solve problems.  This document will summatively assess their progress from start to finish through the unit.

