Ghanaian Environmental Science Seminar and Cross-Cultural Studies

Project Summary

Sixteen New Mexico teachers enrolled in the Master of Science Teaching (MST) program at New Mexico Institute of Mining and Technology (NMIMT) participated in an intensive environmental science and engineering seminar in Ghana this past summer.  The seminar was conducted at Korforidua Secondary Technical school in Korforidua, Ghana under the supervision of Dr. Clint Richardson, Associate Professor of Environmental Engineering at NMIMT.  Each seminar participant received 2 graduate credits towards completion of their degree program.  The objectives of the seminar were twofold: 1. To examine first hand various environmental science and engineering issues facing a developing country through lectures and field trips and 2. To conduct student research on a significant environmental problem of elevated arsenic concentrations in groundwater in rural Ghana.  The latter objective comprised the major portion of the seminar and focused on engineering studies to develop a low-technology treatment system for removal of arsenic from groundwater.  The sixteen teachers were split into two groups for a period of study of ten days each.  Half the group examined the hydrogeology of arsenic occurrence in groundwater and conducted groundwater sampling throughout western Ghana under the supervision of Dr. David Norman, Professor of Geology at NMIMT.   After ten days, the groups were rotated.  Groundwater sampling activities were based at the University of Science and Technology School of Mines (USTSM) located in Tarkwa, Ghana.

Through the various integrated field trips and local immersion into Ghanaian community life, students observed many environmental problems within Ghana.  These problems range from deforestation of tropical rain forest, open dumps for solid waste disposal, open sewers for wastewater and stormwater control, air pollution from unregulated automobile exhaust, litter, inadequate potable water supplies, improper hazardous waste disposal, and general poor sanitation.  Formal lectures were not provided in these specific areas, although informal discussions were frequently held between students and faculty on environmental issues related to Ghana.  An afternoon tour of the Korforidua water treatment plant was arranged for the first group of eight students through the Ghana Water and Sewer District in Forforidua.  An appropriate lecture was given to these students afterwards covering the details of this conventional coagulation-flocculation water treatment plant.  

The focus of the seminar was on the second objective.  As such, the majority of classroom contact hours consisted of lecture materials related to the arsenic contamination in groundwater:

1. Health effects of arsenic ingestion through drinking water

2. Establishing drinking water standards for contaminants in drinking water

3. Arsenic chemistry and arsenic speciation in aqueous solutions

4. Water treatment techniques for arsenic removal from water supplies

5. Adsorption technology for arsenic removal from water supplies

6. Iron mineralogy related to adsorption of arsenic from water

7. Adsorption kinetics and equilibrium and the Langmuir isotherm

8. Analytical detection of arsenic in water supplies using the Gutzeit method

In each area, peer-reviewed journal articles were distributed as additional reading assignments to supplement lecture materials.

Engineering studies were conducted using a locally available material (laterite) ubiquitously found in Ghana and tested side-by-side with a commercially available media (activated alumina) for feasibility as an adsorbent for arsenic removal in groundwater.  The conduct of the study was based on recent findings in India that lateritic minerals have an efficiency to adsorb arsenic depending upon natural variability of laterite and local groundwater chemistry (Larsson and Leiss, 1997).  Students conducted a series of batch adsorption isotherms using arsenic V spiked water at 50 and 100 (g/L concentration to determine sorption kinetics and equilibrium sorption capacity.  Other experimental variables included pH, distilled versus tap water, equilbrium time, and adsorbent mass.  Data were fit to a linearized Langmuir isotherm to estimate the maximum adsorption per unit of adsorbent.   Excel spreadsheets were utilized in the classroom to aid in the discussion and interpretation of adsorption.  Copies of the spreadsheets were distributed to each student.

In addition, a continuous-flow column study was performed using both laterite and activated alumina.  To facilitate delivery of the flow through each column at a constant rate, a Marroitt bottle had to be fabricated by the students from local materials.  Data collected from the column study allowed the students to plot a classic breakthrough curve again using an Excel spreadsheet.  This allowed an estimate of filtering time to be made when the adsorbent failed to remove the 100 (g/L influent arsenic concentration down to below the World Health Organization (WHO) drinking water standard of 10 (g/L.  Arsenic analyzes were conducted by the students using the Arsenator (Kosmos, 1998) based on the Gutzeit method of detection after a brief introductory training session.  Ancillary analyzes, such as pH, hardness, alkalinity, conductivity, and total iron, were performed periodically.  Brief lecture material was presented to the students on these measurements and their significance to the project.

The goals of this student research was to establish proof of concept of using lateritic minerals to remove arsenic from Ghanaian groundwater and to ascertain treatment efficiency and sorptive capacity of laterite under a limited experimental protocol.  The expected deliverable is a final report detailing the efficacy of laterite treatment and feasibility of implementing a borehole filter technology at the village level in Ghana.  The companion work conducted by Dr. Dave Norman identified several wells wherein arsenic levels are elevated above the WHO standard.  Groups of four students each were assigned the task of writing the collective report based on seminar findings.  Guidance was provided on the specific format of the engineering report via a wrap-up lecture.  Additional insight was sent to the students after their return from Ghana in the form of a diskette.  This report will provide each seminar participant one additional graduate credit towards their MST degree.

Additional research is warranted.  Samples of lateritic minerals were collected and brought back to the NMIMT campus for further sorption studies under more controlled conditions.  The ultimate goal of this future research is to develop an implementable technology for arsenic removal at the village borehole level.  The seminar laid the appropriate groundwork for future research and provided valuable insight into the arsenic problem in Ghana.  In addition, combining environmental science with culture in an international format will provide the sixteen teachers who participated in the program invaluable classroom information in which to disseminate to their students for years to come.  It is envisioned that such international programs will become an integral part of the MST program at NMIMT as the world moves towards a global society in the 21st century.  

