Brazilian Area Studies in Air Quality and Ecology: An Intercultural Perspective of Urban Airsheds, Sensitive Ecosystems, and Remote Region Atmosphere/Biosphere Exchange

Project Summary

Twelve 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 on air quality and ecology throughout Brazil this past summer.  The seminar was conducted principally in the States of São Paulo, Pernambuco, Amazonas, and Mato Grosso do Sul under the supervision of Dr. Clint Richardson, Associate Professor of Environmental Engineering at NMIMT in collaboration with Dr. Augusto Jose Fereiro Filho at the Universidade de São Paulo (USP).  The seminar consisted of two separate, but complementing MST graduate classes: Introduction to Air Quality and Air Quality Management, and Introduction to Natural Ecosystems and Ecological Concepts.  Each seminar participant received four graduate credit hours towards completion of their degree program.  The objective of the seminar was to provide a unique setting for an investigation of air quality and air quality management issues in large urban areas, as well as for field observation of several sensitive ecosystems within Brazil from both local and global perspectives.  Discussions of air quality and ecology were augmented by examination of the remote region atmosphere/biosphere exchange of the Amazonian Rainforest.  Each class provided an intensive, hands-on learning environment and consisted of 30 contact hours of classroom lecture and fieldwork components.

Introduction to Natural Ecosystems and Ecological Concepts

This course provided an overview of natural ecosystems: what they are; how they work; and how they evolve and adapt to change.  Ecosystem structure and function, as well as ecosystem development and dynamic equilibrium were integrated into a central theme of sustainability from a local and global perspective.  Particular emphasis was given to the ecologies of the tropical rain forest of Amazonas, Brazil, the semi-arid Caatinga of Pernambuco, Brazil, and the Pantanal grasslands and wetlands of Mato Grosso do Sul, Brazil, as well as the deserts and arid shrub lands biomes of Southwestern United States and New Mexico.  Biosphere, lithosphere, atmosphere interactions and exchanges within the Amazonian Rainforest were examined as related to issues of local and global air quality.  The syllabus for the lecture portion of the class was as follows: 

1. Introduction to the Scientific Method

Observation and Facts

Hypothesis Testing

Controlled Experimentation

Theories, Principles, and Laws

2. An Overview of Ecology

Nature and Scope of Ecology

Ecological Hierarchy and Organization

Examples of Major Aquatic and Terrestrial Ecosystems

3. Structure of Ecosystems

Abiotic Components

Biotic Components

Abiotic and Biotic Regulation

4. Ecosystem Function

Energy Flow and Productivity

Food Chains, Food Webs, and Trophic Levels

Trophic Structure and Ecological Pyramids

Materials Flow and Biogeochemical Cycling

5. Population and Communities

Growth of Populations

Population Growth Patterns

Concept of Habitat and Niche

Community Level, Population Level, and Individual Level Concepts

6. Ecosystem Development and Dynamic Equilibrium

Ecological Succession

Feedback and Species Interaction

Nonhuman Population Dynamics

Species Diversity

7. Ecology of Tropical Rain Forests

Overview of Tropical Rain Forest Environment

Ecosystem Structure and Function

Ecological Development and Dynamics

Biosphere, Lithosphere, and Atmosphere Interactions and Exchanges

8.
Ecology of Deserts and Arid Shrub Lands 

Overview of Desert and Arid Shrub Land Environment

Ecosystem Structure and Function

Ecological Development and Dynamics

Biosphere, Lithosphere, and Atmosphere Interactions and Exchanges

9. Ecosystem Damage, Disruption, and Destruction

Bio-concentration and Bio-magnification of Anthropogenic Pollutants

Salinization and Desertification

Deforestation and Soil Erosion

Global Warming

10. Ecosystems as Resources



Biomes in a Global Perspective



Ecosystem Conservation, Preservation, and Restoration


Ecodevelopment and Ethics

Various refereed journal articles from Nature, Science, Ecology, Atmospheric Chemistry, and Journal of Climate were distributed to the MST student as additional reading assignments to supplement lecture materials.  These articles were gleaned from the literature to highlight research primarily being conducted within Brazil.  Guest lectures were provided to augment the discussion of ecosystems and ecological concepts.  Dra. Regina Arujo de Almeida, Departmento de Geografia, USP, provided a geographical prospective of the various ecosytems within Brazil.  Dra. Lúcia Helena P. Kill, Embrapa Semi-Árido, Petrolina, presented an informative lecture on the biodiversity of the Caatinga ecosystem.  Dr. Meinrat O. Andreae, Instituto Nacional de Pesquisas da Amazónia (INPA), Manaus, and the Max Institute for Chemistry, Mainz, Germany, gave an in-depth lecture on global atmospheric chemistry and deforestation and biomass burning activities within Amazonas, Brazil.  Dr. Mario Dantas, Embrapa Pantanal, Corumbá, provided an instructive overview of the distinctive regions within the Pantanal ecosystem and of current government research and management activities related to use and preservation of the area.  Several guided field trips were provided.  These included a tour of Horto Florestal within the Atlantic Coastal Rainforest by Dr. Amauri Olivieras, Instituto de Astronomia e Geofisica (IGA) of USP; a day excursion through the Caatinga region of Pernambuco coordinated by Dr. Edurado Assis Menezes, Embrapa Semi-Árido; and two professionally guided tours of the Amazonian rainforest near Manaus and the Pantanal savanna and wetlands near Corumbá by Mr. Max Maia and Mr. Jose Francisco Filho, respectively.  In all, 30 contact hours of instruction were provided using this format.

Introduction to Air Pollution and Air Quality Management

Basic concepts related to sources, behaviors, and fates of regulated and non-regulated air pollutants were discussed.  Laboratory and field methods used to monitor ambient air quality were presented.  A discussion of air quality modeling within an urban airshed was provided.  Typical pollutant control techniques and air quality management strategies were presented, with discussions focusing on applications to large and small urban areas.  Regional and global issues of air quality were examined.  In addition, field sampling was conducted in the large metropolitan areas of São Paulo, Rio de Janeiro, and Manaus using portable equipment and personal monitors.  The syllabus for the lecture portion of the class was as follows: 

1.  
Introduction

Air Quality History

Definitions

Units of Measurement

Legislation

Criteria and Other Regulated Pollutants

Pollution Standard Indices

2. Atmospheric Photochemistry

VOC/NOx/O3 Cycle

Other Photooxidants

NOx and SOx Acidic Chemistry

3. Air Pollution Meterology



Local and Global Atmospheric Dynamics



Local Atmospheric Stability

4. Air Pollution Dispersion Modeling



Basic Model Types



Atmospheric Diffusion Equation



Gaussian Plume Model



EPA AERMOD Model

5. Control Strategies



Gaseous Control from Stationary Sources



Particulate Control from Stationary Sources



Mobile Source Control

6. Field Sampling of Ambient Air


Gases (O3, NOx, SOx, CO, and HOCO)


Total Suspended Particulates (TSP)


Particulate Matter (PM10 and PM2.5)


Personal Monitors (Passive Badges)

7. Regional- and Global- Scale Issues


Acid Rain


Stratospheric Ozone Depletion


Atmosphere/Biosphere Exchange


Global Climate Change

Various refereed journal articles from Science, Atmospheric Chemistry, Journal of Climate, Journal of Air and Waste Management, and Mutation Research were distributed to the MST student as additional reading assignments to supplement lecture materials.  These articles were gleaned from the literature to highlight air quality research being conducted within large urban areas with emphasis on Brazilian cities.  In addition, several articles were keyed to global atmospheric chemistry related to the Amazonian rainforest.  Guest lectures were provided to augment the discussion of urban air quality and atmosphere/biosphere interchange.   Dra. Fátima Andrade, IGA, USP, presented on-going research on monitoring and modeling air quality within the São Paulo metropolitan region.  Dr. Amauri Olivieras, IGA, USP, provided an overview of the meteorology of the State of São Paulo as it impacts regional air quality.  Mr. Claudío Alonzo, Companhia de Tecnologia de Saneamento Ambiental (CETESB), State of São Paulo, discussed ambient air monitoring activities within the São Paulo metropolitan region and Cubatão, as well as other activities within the environmental protection agency.  Dr. Meinrat O. Andreae, (INPA), Manaus, presented current research on global atmospheric chemistry and impacts of anthropogenic activities within the Amazonas region of Brazil.  A tour of CETESB laboratory facilities was coordinated by Mr. Claudío Alonzo, and included an inspection of a fixed air quality monitoring station and a mobile source testing laboratory.  

In addition to the lecture materials, field sampling was conducted at several locations throughout Brazil.  Particulate matter PM10 was collected using a portable mini-Vol sampler; CO and CO2 were analyzed using a hand-held monitor; O3, NOx, SOx, CO, and HOCO were sampled using personal monitors (passive badges); and ultraviolet intensity was evaluated using a hand-held radiometer.  These activities provided a hands-on learning experience in ambient air quality monitoring.  In all, 30 contact hours of instruction were provided using this format.

Through the various integrated field trips and local immersion into Brazilian community life, students also observed other environmental problems typically related to industrialization and urbanization.  Formal lectures were not provided in these specific areas, although informal discussions were frequently held between students and the instructor on such issues related to both the United States and Brazil, as well as from a global perspective.

Integrating a discussion of urban air quality and ecosystems with culture in an international format afforded the twelve teachers who participated in the Brazilian Area Studies an opportunity to disseminate invaluable classroom information to their students for years to come.  As part of a follow-up graduate directed study, teacher-participants will develop specific classroom curriculum incorporating aspects of air quality and ecology into their respective classes.   Each will receive an additional two credits of graduate work towards their MST degree upon submission of formal documentation.  In summary, this seminar was well received by the twelve participants.  Feedback has been overwhelmingly positive.  Considerable exposure of the study abroad experience has been provided for by the respective news media within the various hometowns of the teachers.  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.    

