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s wi . Abstract

The themes of science, technology, and society (STS) and their interrelations are the
focus of this study of science teaching in Vietnam. An "environmental approach” was developeq
and investigated in a chemisixy course to further our understanding of the problerﬁs and .chaLlen‘ges
of science curriculum development in Vietnam.

In recent years, the use of the STS curriculum emphasis in teaching has been adopted widely
throughout the world. This study represents an early attempt at doing so in Vietnam. The study
investigates three aspects of STS education in need of further development and clarification in
Vietnam: curriculum, course content, and teaching methods. The environmental approach was
developed as a means of addressing all three aspects, aiming to assist students in developing
knowledge of, and ability to think critically about, chemistry as it is related to environmental
issues, and to develop positive attitudes toward the study of chemistry.

The study focuses on a unit of environmental chemistry that was developed for a class of
fifty-one science students (forty-four ﬁales and seven females) from five different faculties of the
Nhatrang University of Fisheries in Khanh Hoa province. It is a technological University with
five faculties: the Faculty of Sea-processing Product, the Faculty of Sea-Exploitation, the Faculty
of Sea-Economics, the Faculty of Aquaculture, and the Faculty of Ship-mechanical Engineering
The unit was taught over a six-week period in the summer term of 1996.

Data for the stud’y‘ include field notes taken throughout the teaching period, together with
recorded interviews with a colleague acting as "participant-observer.” In addition, students were ‘
surveyed to gain some insight about their attitudes toward chemistry, the environment. A
questionnaire was given to the class at the beginning and another was given at the end of the unit.
Once the unit had been completed, students wrote a final essay telling of their experiences with

| this "new teaching method."
The results indicate that the integration of environmental issues motivated students to learn

chemistry. Students enjoyed the learning activities, they acquired awareness of, and sensitivity
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to, environmental issueg, and mey exhibited fesponsible attitudes toward acting on environmental
issues. Students had opportunities to reinforce and expand their knowledge of global
environmental issues, they thought deeply about concepts and principles in chemistry, and they
had little difficulty in adjusting to a "student-centred” approach 1n teaching.

In general, the study shows that the STS curriculum emphasis in environmental chemistry
seems to facilitate the development of positivé attitudes in learning, the development of skills in

solving ptoblems, and an increase of knowledge about chemistry and environmental issues.
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Chapter.zlv ‘
‘THe Problem o .

- Educational system in Vietném

. After reunification in :1975, control of the Vietnamese educatic\)nal sjzstém changed
fro'm the South to the Nofth. The organimtioﬁ, structure, and curriculum of this system .
were rébuilt. |

" Atthe beginning of the north educational system, there were three separate
mjnistric;s controlling ed'ucalion in Vietnam: the Ministry of Education, which controlled
basic and secondary education; the General Department for Vocational Training, which
administered vqcatiénal and t;ade training; and the Ministry of Higher and Secdndary
technfcal education, which wés in chmge of universities, colleges, and secondary technical
education. In 1987, the General Department for Vocatiogal Training and £he Ministry of
Higher and Secéndary Technical Edu;;ation combined to form the Ministry of Higher
Technicat and Vocational Training. In 1990, the Ministry of Higher Technical and
Vocational Training and the'Minis{ry of Education joined to form one ministry, the Ministry
of Education andd Training. ﬂ

The Vietnamese educational system has undergone structural changes as well. For
éxample, the educational system now includes elementary school, grades l‘ to 5; lower
sec‘ondary school, grades 6 through 9; upper secondar'y school, grades 10 through 12; and
higher educationi covering undergraduate studies. ;

All students must take courses under a standardized grading system. Aflelr students
have completed high school, they must také a’nationalgexamjnation. Students who want to
pursue a higher education must pass this exam to bé admitted to a university.

Curriculum has also been overhauled. In elementary schools, science is in’tegr/atgd

with other subjects. In lower secondary school, concepts fromearth science, biology,

=
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chemistry, and physics are taughi as'a combined science. In upper se€ondary schools, the-
. « &

. .
science curriculum is divided into biology, chemistry, and physics. All students must

| _receive a standardized grade in these courses as a prerequisite for taking the national
;xa}rxination. All students entering the universities must follow thi; procedure.

University curriculum was, also reformed, but these changes did not happen as
quickly as at the high school level. In general, these reforms concentrated on reorganizing
the structure of universities and course curriculum to follow the rational order.

Despite these changes, most Vietnamese educators and parents said the quality of
edu‘cation had declined sharply over the past decade. In 1989 Vietnam began i;pgrading its
cuél;iculum, putting greater emphasis on vocational training and technical and scientific ‘
skills.

’ | In\/l 990, post-secondary scienc‘e education was restructured in Vietnam, with the
formation of a consortium of eleven universities to guarantee science gurriculum
development and teacher education. The main goal of the plan is to establish a "University

Credit System", which includes two training phases for undergraduate science students.

The first phase is a "basic science" component that will prepare students for the second

0

phase of their education in science specialization, such as fisheries, agriculture, computer
- ?
science, and so on.
The purpose bf restructuring science education in Vietnam is to increase access to
basic science education and improve the scientific and technological literacy of the .
Vietnamese citizenry. There are many problems and conditions that have helped to shape
the specific nature of the impending reform. |
‘ In November, 1993, a new system of education reform was introduced, based on
doi moi (renovation). This reform aims to improve'scientiﬁc literacy, train man power, and
support bright and talented individuals, while broadening the scope of education and

improving the overall quality and results.

<a



-

The higher education system is becoming more flexible one, allgwing students, in
terms Qf ability, to move from one component to another, through the ir]&oduction pf three
main factors (MUCIA, p. 3): | - f

l. -Dividing the undergradual:e;education process into two sta‘ées, general higher
education (3-4 semester) leading io the educati)on (2-4 years) leading to the
diploma‘of higher education.

2. Using the credit system and e.stablishing education modules.

3. Diversifying educational environment options and establishing appropriate links
between them, including full time/part time; long term/short term;
formal/informal; ard distance education.

Oné of the major issues at the seminar on "Higher Education in the 21st Century”,
held in Hanoi on July 31 - August 1, 1995, was to debate ,the quality and effectiveness of
educational reform in improving curriculum design and evaluation procedures, and in
preparing new degree programs in higher educétion.

The above projects are oniy the first step of educational development at the
University level. One of the mo;t important recent developrﬁents in education around the
world is to integrate S,cience-Technolégy-Society (STS) in all levels of curriculljm. In
" Vietnam, this has yet to be done. From 1975 to 1995, the University curriculum had not
integrated the social issues-technology component into the curriculum. The upgrading of

Science-Technology-Society Education that has been studied by North American educators

is just being considered now in Vietnam.
Background of the study

For.twenty years, Vietnam has endured economic difficulties and scarcity of
k4

financial and technical resources. Because of this, the higher educational system has faced

serious problems. Among these has been the declining quality of education anélining (Le

Thac Can, 1991). There have been serious shortages of educational equipment and
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facilities. Few scientific materials have been translated into Vietnamese. The quality of

education from elementary school to secondary school has been very poor. "The quality of
students arriviné from secondary school is ve(;y poor. They don't have enough background
to enter University", says Dao Cong Tien, the rector of Ho Chi Minh City's Economic
University (Hiebgrt, 199i, p. 20). Effective methods for teaching science have been
lacking. .

Curriculum for every-school level is sef up and co%rolled by the Ministry of
Education. Text books have also had to conform to these standards. Teachers are
accustbfneg to acc¢pting a written curriculum from the Ministry of Education and therefore
rarely try t? préduce their own teaching materials.

Preserﬁ téaching methods rely heavily on students memorizing coprse material. The
limitations inherent in learning by memoriéation are exacerbated by students’ lack of
pracFical experience related to the principles and concepts of science. Smith and Goode
(1984) critisized this trend in science education by saying: *

If the goal of a science education is to develop problem solving skills of

students, instruction must be devoted to problem solving. Unfortunately,

many science students receive instruction where the only learning strategy is

that of rote memorization and recall (quoted in Pizzini and et al., p. 525).

F(ﬁ;)mfthis point of view, rote memorization of information or rote understandings
which are often forgotten before students leave the classroom, or one or two weeks later,
does not improve the problem solving ability of the students. d

The sciencé education curriculum has not sufficiently addressed the issues and
problems that stuéients encounter in their daily lives. It also has notreflected the growing
- concern regarding pollution and the detrimental effects of industrialization on the
environment. Issues of resource use, pollution, and environméntal degradation have not
been included in lower secondary to higher leducation.

The Vietnamese government is now making an enormous effort to rebuild the

educational system at all levels. A close analysis of the purpose of a science education is
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essential in instituting these reforms. Science curriculum that reflects the true nature of the

scientific enterprise and the inter-relationship among science, technology, and society must

4

be developed.

In harmony with these developments in education across the country, Nhatrang
University of Fisheries, is making efforts to construct and d‘évelop the new training, as well
as studying ways to further improve the university;s curriculum. The goals of the
university are to promote and assist the intellectual, human, social, and vocétional
development of students. In this situation I,asa mgmber of Nhatrang University of
Fisheries, would like to change my teaching strategies.

Nhatrang University of Fisheries is located in the maritime province in a beautiful
coastal town in central Vietnam. The area hasﬁﬁles and miles.ofcrystal-white sand beaches
and turqubise-blue water with abundant natural resources such as lakes, rivers, mountains,
ocean and forest. The area is rich in aquacultural and agricultural industries and the
population is high'Jy concentrated.

Most of the university teachers have never been trained in teaching methods or
philosophy of education. So the teachers teach what‘the‘y studied in the university
themselves, inheriting the liabilities of their former teachers. Whereas the cor;tents for
teaching only "pure” science is followed in the curriculum and is controlled by the Ministry
of Education. The aims, goals, and objectives of the learning activity as well as the qixrality
of instruction have not been given full consideration.

[ was accustomed to teaching by traditional methods. In the processes of teaching [
seldom brought real life into my teaching. Teaching chemistry without co?ncem for social
1ssues was a shortcoming in my teaching. ’

In donsidering the general wbrld trends of development in education and in the spirit

‘
of the conference on "Higher Education” in Hanoi, and in the process of studying in the

Faculty of Education at Simon Fraser University in Canada, I think there is a need to apply

the STS approach in teaching science in general and in teaching chemistry in particular at
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Nhatrang University of Fisheries so that science, and its applications in technology, can
help to impgave the quality of people lives. Science and technology are socially useful
activitjeé with which we should expect students to become familiar. The objectives of
chemistry in STS are to broaden and enrich the )kn'owledge of students. Moreover, it is also
intended that the students realize that chemistry, environmental chcrmstry in pamcular s -
especially c;ucml to understandmg and solving today's environmental problems. |

According to McClaren (1994) the organization and planning of curriculum should
follow an overall pattern of moving from the general to the specific. The general goals or
aims of education are identified. A clear philosophical understanding of what is being
anerqpted, a conception of the purpose of the curriculum, and a theory of education are
e,gsénl;al part of these general aims or goals. Objectives provide a guide to curriculum
*d;,cisions and set expectations of content and behavior. But the newly developed curriculum
has to function within the Vietnamese economic, historical, and culture context.

The upsurge of concern in recent years for environmental problems led to the
development of a considerable number of courses in environmental chemistry in North
America. Environmental education shares a commitment to nurturing both the acquisition of
new knowledge and the development of new ways of thinking. Because of this, I believe
that Vietnamese curriculum needs to be modified to include environmental problems in
science courses that will acquaint the student with basic scientific principles, the processes
of science, and social issues related to shnce.

Topics can be clustered in terms of their national and local connections, vocational
connections, and global connections. Each top‘ic contains issues important to students, their
community, or to the world. Flexibility is built in through the use of different types of
activities. Care activities are intended to ‘e'u:hic specifft learning outcomes. Extension

activities offer interested teachers and students an opportunity to further explore the topic or

1SSues.



Using Nhatrang University of Fisheries as an example of vocational connections,
an engineer of sea-product processing needs to unds,rstand how industrial waste and
chemical treatment relate to the natural environment and human health. An engineer of
marine aquaéulture needs # understand how to protect water resources including rivers,
lakes, ponds, and ocean environments to ensure long term production. An engineer of
exploitation of sea products needs to understand how oil, gasoline and diesel spill from the
ship to cause sea pollution.

Pressing environmental problems are part of the national and local connections. As

®
; . .
in any place, people in Vietnam arg attracted to cities for economie, educational, and health

reasons, as well as for the quality of Jife available there. Most economic growth occurs in
or near cities because of the efficiencies found there. Inglustries are located near cities
because of the better infrastructure, communications and an educated, plentiful work force. '
But industries bring pollution. Vietnamese cities face several environmental problems
because of their highly concentrated productivity, consumption, and population.

The high concentration of population, with the accompanying aquacultural and
agricultural industries, causes several kinds of pollution because of food processing
factories and industrial waste discharges. The industrial portion of waste water is increasing
each year. These waste water systems pollute nearby rivers which arc e main sources of
drinking water. Domestic and industrial wastés have contaminated the shoreline ecosystems
of the coastal cities, affecting the quantity and quality of seafood and reducing tourism
income.

Most Vietnamese cities have serious air pollution problems, much of it caused by
motor vehicles. The number of motor vehicles has increased in recent years. The use of
leaded gasoline and diesel fuel containing sulfur causes pollution. Lead pollution raises the
incidence of hypertension and heart attack.

The importance of controlling environmental pollution and treating industrial wastes

is recognized by the government and environmentalists, but these concerns are not widely

.



known. This consciousness has not reached into the schools at all levels. Educators and
teachers have not brought environmental educatioh into the classroom. This is the main
reason for this tilééis —I'am interested in teaching environmental chemistry.

In regards to the global connection, one example of a global concem is the
introduction of carbon dioxide into the atmc\)spheré through the burning of fossil fuel. Many
. environmental educators are interested in global environmental problems such as world
climate changes causes by greenhouse gases, andk ozone depletion in the atmosphére.

According to Mayer (1990), today's students must understand our interrelationships
with people around the world and how our collective daily activities affect our planet and its
resources. Thus, it is wise to include this concern#f teaching about the applications of
scientific information so that students. will fealize how these applications can benefit or
damage our lives.

STS curriculum should provide balance in efﬁghasizing the following aspects:

1. The nature of science (the epistemology of §ci’egce technology ought to be

treated as problematic).

2. Social issues (.e‘g., pollution and nuclear war but also smaller scale local

controversial issues that schools can engage directly).

3. The content of science discipline. How science influences social life and is itself

influenced by the imperativés of social life (quoted in Hart and Robottom, 1990,
p. 579).

STS education reform should provide the opportunity for students to increase their
understanding of science, especially environmental issues, because science is defined as an
activity of human beings. Science is a continuing process of seeking new knowledge, new
explanations, and deeper understanding. New discoveries tend to generate new questions
which call for further observation and more experimentation. Therefore, science is an

intellectual activity which arises from personal experience and takes place in the minds of

human beings (Golstein & Golstein, 1978).
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The goal of any STS course should include the development of positive attitudes
toward science and technology and the fostering of confidence in using scie;ntiﬁc and
technological' information to mgke judgments about science related issues. Vietnamese
education should enable st‘udeni\s to understand the relationship between science,
technology, and society. Students should be encouraged, to relate their learning to social
problems and to pay attention to the needs of society and individuals in order to cultivate
their understanding and concern for the public interest.

STS is an inter-disciplinary course of study and its contents are intended to serve
society. The content is based on such considerations as le‘aming outcomes, based, in part,
on educational theory, purpose, and philosophy. Students are first p’resentedt with a
knowledge base which appears to contain all the information needed. They are then
encouraged to modify their original insights for additional information.

Looking at the benefits of the STS approach, I believe I need to incorporate
information about STS in my teaching, by designing s;)me topics that are concerned with
eﬂvironmental issues, for the following reasons:

® The STS approach is in agreement with the purpose of educational reform at tﬁe

University

° ‘The use of the STS approach is of international concern.

. & Through studying specific local pollution problems as well as global
environmental issues, I hope the students will develop their scientific thinking
and look for new trends. I hope these cognitive skills will continue to develop

not oniy when they study chemistry but also in other academic disciplines such

~ as physics and biology.
Why teach environmental chemistry?

Daily, there are references in newspaper and magazine articles and radio and

television stories, concerning environmental issues such as global warming, depletion of

L 4



the ozc;ne layer, envﬁonmental pollution and the like. The investigation and analysis of
these problems in terms of environmental and chemical concepts will provide students with
opportunities to}c‘:xperignce and investigate thed relationships linking individuals, societies,
and natural surroundings. -

Environmenté.l problems have not been yet woven into Vietnamese curriculum yet
from primary school to higher education. Maybe we have neglected many bpponunities to
involve students directly in that learning, and missed the chance of offering a environmental
chemistry program that will prepare students to live and operate in the future.

Environmental teaching is developed-with the belief that students should understand
how and why the environment has an impact on their daily lives, and how those daily lives
have impact on the environment. It is hoped that students will come to understand how their
action affects both local and global environments. In this way, it is hoped that students will
begin to realize how they can take personal responsibility in creating a more
environmentally sustainable way of life.

Some topics are selected in environmental chemistry for students who are not
majoring in' science and would‘ like to learn what the science of chemistry offers in
explaining common chemical phenomena. Students are also curious agnd motivated to

understand the relationship between science thinking and every day events. /
(

' The purpose of the study

The study aims at applying the Science-Technology-Society approa;:h to the
traditional curriculum in a way that will expose students to new ways of thinking about
science in general and chemistry in parﬁcular. In that spirit,othe environmental approach is
selected to integrate into teaching in the second year chemistry course at Nhatrang
University of Fisheries. In this study I designed several chemical topics with an appropriate

environmental approach to assist students in learning basic concepts, improving problem

solving skills, and developing positive attitudes towards chemistry and the environment. In

-
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general, I am interested in environmen;al issues that might help students learn second-ye:alj
chemistry. How do students relate their chemistry knowledge to national and global
environmental issues when learning the chemistry course with an environmental agbroach?
Can STS instruction, especially environmental chemistry, improve studénts” attitydes

toward science in general and environmental chemistry in particular?.
Significance of the study

I hope that this studyl will give students and teacherg a real picture of applying the
‘STS approach in chemistry teaching. Simultaneously, through environmental issues that are
integrated into chemistry, the study will help students develop a way of thinking about
science in relationship with environméntal problems that impact Vietnam and the global
cormmunity.

This study represents the first time a chemistry course designed from the STS
approach and taught using a student-centered model has been implemented at Nha;rang
Universit); of Fisheries. It will be a comerstgne; for developing future science education

studies based on STS approaches, and where the learning environment shifts from a

teacher-centered to a s&xdent-centered model.

11
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. . Chapter 2

Review of Related Literature

" In this chapter an over\;iew of the literature related to this study 1s presented. This
literature includes justiﬁéations for the study of science, technoloéy, and society arid |
environmental education. The literature reviev\; also explores various the teaching tools, the
SSCS cycle of Pizzini, and methods of problem solving method and their rationale. Finally,

this chapter reviews some literature relatingto the ep'vironmental context in Vietnam.
. ' \\ N
Review STS approach

f

Rationale for the STS curriculum

STS is the acronym for Science-Technology-Society Education. Some
understanding of science, technology, and society, and how they relate to each other, can
be found in a statement by Hurd (1975):

Science provides knowledge, technology provides the way of using that
knowledge, and our values and concepts guide what we ought to do
with both. (quoted in Kumar and Berlin, 1993, p. 73)

From this quotation there is a basic difference between science and technology.

Technology has é.lways generated devices and procedures, often exhibiting creativity.

~Science is concerned with the search for knowledge and understanding of the physical

world. Therefore, STS means using technology as a connector between science and society
(Bybee, 1985, cited in Kumar and Berlin, 1993).

How science, technology, and society relates to education is stated in a position
statement of the National Science Teachers Association (NSTA) in 1982. The NSTA Board
of Directors proclaimed,

The goal of science education during the 1980’s is to develop

scientifically literate individual who understand how science,
technology, and society influence one another and who are able to use

12
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this knowledge in their every decision making. The scientifically literate
person has a substantial knowledge base of facts, concepts, conceptual
net works and process skills which enable the individual to continue to
learn and to think logically. This individual both appreciates the values
of science and technology in society and understands their limitations.
(quoted in Deboer, 1991, p. 178)

From this perspective, an STS theme has to demonstrate a clear understanding of
the nature of science, show its relationship with technc;logy, and demonstrate its ef%ects on
society and the effects, in turn, which society has on research and the development of new
technologies.

If education is to hélp to produce a scientifically and technologically oriented
citizenry, science and technology must be included in the curriculum because science is
more and more closely related to social life, the social economy, andwdifferent areas of
advanced technology.

. If science education is to provide for the needs and continued-development of -
schools, where students engage in science education and fulfill the requirements and
expcc}ations for developing society, then STS is a logical choice for science education.

One pf the most significant curriculum developments in school science today
pertains to the interface between science, technology, and society. It starts with problem

identification, proceeds to problem resolution, and involves the student in decision making.

Central to the STS approach is a focus on individual learners as a part of a society. Because |
1

the approach focuses on problem identification, it is a multi-disciplinary one. Moreover,
STS focuses on real-world problems. The National Scienée Teacher Association has
offered the definition of STS:

STS is the term applied to the latest effort to provide a real world context
for the study of science and the pursuit of science itself. It is a term that
elevates science education rhetoric to a position beyond curriculum and
the ensuing debate about scope and sequence of basic concepts and
process skills. STS includes the whole spectrum of critical incidents in
the education process, including goals, curriculum, instructional
strategies, evaluation and teacher preparation performance. Once can not
/ “do” STS by adding certain topics and lessoas to the curriculum, course
outline or textbook. Students must be involved with goals setting, with
planning procedures, with locating information and with evaluating

13



them all. Basic to STS efforts is the production of an informed citizenry
capable of making crucial decisions about current problems and taking
personal actions as a results of these decisions. STS means focusing
upon current issues and attempts at their resolution as the best way of
preparing people for current and future citizenship roles. This means
identifying local, regional, national and international problems with.
students; planning for individual @nd group activities which address
them; and moving to action designed to resolve the issues investigated.
Students are involved in the total process; they are not recipients of
whatever a pre-determined curriculum or the teacher dictates. There are
- no concepts and/ or processes unique to STS. Instead STS provides a
setting and a reason for considering base science and technology
concepts and processes. It means determining ways that these basic
ideas and skills can be seen as useful.. STS means focusing on real-
world problems instead of starting with concepts and processes which
- teachers and curriculum developers argue in terms of usefulness to
students. (NSTA in press, quoted in OST and Yager, 1993, p. 282)

Wraga & Hlebowitsh, (1990) state that
The STS approach seeks to develop in students the ability and
inclination to apply knowledge from the sciences and skills from the
social studies toward the resolution of science-and technology-related
social issues. (Heath, 1992) |
STS is science fhat goes beyond the limits of textbooks and into the real world. The
goal of an integration of a STS theme into curriculum is to achieve scientific and
technological literacy for all. By involving learners in experiences and issues directly related
to their lives, we empower them to make informed decisions and take responsible action
(Yager, 1987; Rubba, 1990). |
Therefore Science-Techndlbgy—Society education has been one of the major foci of
current science education reforms in fhe United States. Patrick and Remy (1985) report that
STS issues present idpal cases for analysis, using models that can help studeﬁts acquire
basic concepts relevant to improving their‘Understandir;g of the dynamics of science and
technology in modern society (Remy, 1290). '
The analysis of STS issues can help students develop some rudimentary factual

knowledge about key, enduring issues such as pollution, energy production and

consumption, and the like. Whereas the social studies curriculum is the place where

14



=

students can learn about the social context and consequences of science and technology.

Indeed, a recent study of science educators indicates that the STS issues they identify as
most important are of similar interest to social studies educators. These include world-wide
hunger, depletion of water resources, and so on (cited Yager, 1990).

Yager (1984) defined science educatjorﬁi\ the following way:

Science education is defined as the dis ipline concerned with the study
of the interaction of science and societyi.e. the study of the interaction
of science upon society as well as the impact of society upon science.
There interdependence becomes a reality and interlocking concept for the
discipline. Research in science education centers upon this interface.
(cited in Bybee, 1987)

Yager’s definition above is almost exclusively in regards to the social context of
science education.

The integration of the STS issues into the science curriculum aims to achieve >
scientific and technological literacy in learners for the experiences and issues directly related
to their lives,-.empowering them to make decisions and take responsible actions. Thus, Roy
(1983) proposed that the ideas, concepts, principles, and theories of science should be
presented in a societal framework that has meaning for most students. In 1985 Roy said,

Science and technology are an integral part of our culture, and it is their
connections to society - its economy, values, religions which make
scieneé and technology relevant, important, and worth remembering.
(cited in Heath, 1990) _ - . .

From this perspective, an STS curriculum requires integration of content,

particularly in courses that deal with issues, providing a knowledge base that allows

students to develop the capabilities to act responsibly and effectively as members of local,

‘national, and global communities.

The guidelines for teaching science related social issues include choosing a topic Ln
which learners are encouraged to develop an understandihg of STS as pertaining to
interdependent aspects of society, and society as a resl;onsible agent within the natural
ecosystem. In addition, the National Science Foundation (1990) announced new guidelines

in 1990 that aim to boost scientific literacy and citizen understanding of science related
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issues. At every educational level “scie[;ce instruction” must deal with improving critical
thinking and habits of mind, developing better understanding of the contributions of science
to the lives of individuals and societies, and generating stronger student commitment to
positive value systems and ethical conduct (cjled in Kumar and Berlin, 1993).

In the spirit of the National Science Fquﬁdation éuidelines cited above, gTS means
focusing on the best way of préparing people for current and future citizenship roles. To
achieve this kind of relevance the STS approach starts with the students, with their interest,
and with what is relevant to their lives. It builds on local resources, and in doing»so offers
the teacher the role of “decision maker” with respect to the curriculum structure and the
instructional approaches used. This departs from traditional science teaching, in which all
attention is directed to acquiﬁng information determined to be important by larger

jurisdictions. It is common for béth school curricula and teachers to enhance the imponange

of considering science processes.

The appraisal of STS approacﬁes ’

STS education is dependent on teacher awareness and preparation. This is also
critical to the successful implementation of STS because teaching and learning are social
activities. Student/teacher interaction should develop in the best possible environment all.

The spirit of STS is dynamic teaching and learning. Effective scien_ce classrooms
can not be passive environments where students go over information that will be tested on
examinations. The STS approach depends on the relevancy of the curriculum to the world
of students.

A major gap exists between teachers’ expectations for their students and their actual
teaching practices, This gap makes students appear not to have developed abilities to think

rationally, use and evaluate knowledge, develop curiosity or creativity, or pursue further

knowledge (Kumar, 1993).
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According to Mc Cutheon (1985), the gap between theory and practice is a function
of conventional approaches to educational reform that deny the existence of teacher’s
' theories of action. Moreover, many science teachers are reluctant tq.incorporate STS
/E,.aducation into their practices due to
a) a lack of class time in an already crowded syllabus
b) inadequate knowledge of the facts surrounding debatable issues, and
c) a lack of usable materials in print (quoted in Kumar, Berlin, 1993).
According to a paper “A review of science edu'cation: Past failures, futurc hopes™ by
Ogens (1991), traditional methods of teaching science that focus on textbook instruction
and didactic teaching (telling-listening) have failed. The instructional pattern typically
consists of readiné the text, followed by answering factual questions posed by either the
teacher or the text.
Teachers can not continue teaching scientific courses in exclusively verbal form as
is currently done. The “chalk board classroom” should be abolished as the only means of
- conveying knowledge. It is necessary to teach students to love nature, to use it as it ought
to be used, to enjoy it. Therefore units of study built around student investigations of
c‘u;ern science and technology related topics are a means of achieving this goalﬂ.
'fanner (1990) states that
Because the social problemsy and issues of our lives are so pervasive and
y interconnected with science and technology, they may well serve as
focal points for school science. (cited in Heath 1990)
| STS curricula are interested in outcome learning in terms of the development of
decision-making skills, attitudes toward science in general, and boosting scientific literacy.
Wrage et al. (1989) state that STS education stresses the interaction of personal and social
goals within a problem-focused framework. The curriculum of STS should address a broad

range of environmental, industrial, technological, social and political problems. This brand

of science education aims chiefly at preparing citizens for life in a democratic society.

17



An STS orientation would mean research and development of curriculum and

instruction for the following:

1. Presentation of science knowledge, skills, and understanding in a
personal social context. ' <

2. Inclusion in the curriculum of knowledge, skills, and understanding
relative to technology.

3. Extension of inquiry goal to include decision making.
4. Clarification of the knowledge, skills, @d understandings relative to
the STS theme that are appropriate to different ages and stages of

development.

5. Identification of the most effective means of incorporating STS
issues into existing science programs.

6. Implementation of STS programs into the school systems (Bybee,
1987, p. 679).

According to Rubba and Wiesenmayer (1988), learners are mostly to become active
in the resolution of STS issues if the STS education they receive includes the study of issue
investigation skills and strategies that can be applied toward the resolution of STS issues
along with the opportunity to apply them. -

Environmental education is an .imponant aspect of the STS program. Science is seen
as a vehicle for promoting environmental education, somq}imes as the central activity and
sometimes as a component of the science course. Environmental education may therefore

provide an organizing theme in science courses based on STS approaches and intentions.

Environmental education

Aims and rationale for development of environmental curriculum

A conference hosted by the United Nations at Thilisi, U.S.S.R, developed a

definition of environmental education.
Environmental education is an integral part of the education process. It

should be centered on practical problems and be of an interdisciplinary
character. It should aim at building up a sense of values, contribute to
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public well being and concemn itself with the survival of the human
species. Its force should reside mainly in the initiative of the learners
and their involvement in action and it should be guided by both
i3r;1mediate and future subjects of concern. (UNESCO-UNEP, 1977, p.

The integration of the STS objectives in chemistry curriculum is widely endorsed.
As science and technology have gained greater influence over our daily lives, citizens’
ability to make responsible decisions and to take action have become desirable capacities for
effective citizenship. |

Human action is changing the environment, and has become the major force in the
transport of solid earth matenals. Chemical by-products are changidg the hydrosphere and
the atmosphere, altering earth’s life support systéms so that all living things are threatened
with disaster or extinction. ‘

For human Survival, improvements in social and economic conditions are needed.
Development must continge‘\ to-be prombted in both industrialized and less developed
countries, but people must find a way of creating a balance between the utilization of natural
resources, economic growth and technological progress that brings benefits to many people
while lessening the environméntal consequences.

Science and technology have often been used to foster development which leads to
exhaustion of natural resources and the deterioration of the environment. The main

.ct;aracteristics of environmental education outlined in Unesco’s Tbilisi Conference on

environmental education are:
® a problem-solving approach
® an interdisciplinary educational approach
e the integration of education into the community

® education as a life-long process
-
It is'crucial, from the standpoint of enhanced self-images and a meaningful life for

students, to know basic facts about the environment and their relationship to it. Students
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should have the capability and inclination to act in a positive manner toward environmental
protection.

School must thus equip students with the knowledge and ability necessary for
acting 1n the future. Today many nations in the world, especially less developed countries,
are faced with a new social needs to which education must respond. It is the need to survive
in the face of environmental pollution, problems of personal health and nutrition, and other
science related pressures that will affect their lifestyles.

The topics listed below are perceived to be most importah: from the surveys of

Bybee (1987, p. 680).

Air quality and atmosphere Hazardous substances
World hunger and food resources Land use
War technology growth Nuclear reactors
= Water resources | Extinction of plant and Animals
Energy shortages Mineral resources .

STS programs are being developed and implemented in Canada. Towler (1980)
concluded that environmental education is varied and diverse across the country. In his
belief that environmental education will grow in importance, quality, and popularity across
Canada, he speculated about the preparation of the teacher who will be expected to teach
environmeniz;l education in the years to come.

Environmental education includes such topics as acid rain, deforestation, energy,
nuclear proliferation. toxic waste disposal and solid waste management. These topics have
beenjncreaingly appéaring in Canadian curriculum over the past twenty five years.

Kirk (1980) discussed environmental education in the United Kingdom. The
intggration‘of environmental education in schools in the United Kingdom has occurréd

since 1965, with topics covering both national and international environmental problems.
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Educators contend that environmental education has enriched the éuality of education in
 schools throughout the country. Students enrolled in schools throughout the United |
Kingdom leave with a much better understanding and appreciation of environmental
problems facing their country, and their world.

According to the paper entitled, “Let environmental chemistry enrich your
curriculum” by Parravano (1988), environmental chemistry has been woven into the
general chemistry course at the State University of New York. The weaving of
environmental chemistry into the introductory chemistry course for science majors has
greatly heightened student interest in the course.

| In China tﬂc STS program started in_thc spring of 1992. Yoong (1994) developed a
course in social organic chemistry to replace organic chemistry. He reported that students
found his lectures enlightening and were enthusiastic throughout the learning process.

Yager (1990) stated that STS has flourished as a focus for school science. More
than 1000 teachers, especially in grades 4 -9, have developed and introduced STS modules
into their science classrooms. The STS movement received unprecedented support in the
1980’s.

At Simon Fraser University, the Department of Chemistry devised three
Environmental Chemistry courses, including Analytical Environmental Chemistry of the
Aqueous Environment, and Chemistry of the Atmospheric Environment.

STS in general,ﬁand environmental education in particular, has become a major
chrriculum emphasis in many parts of the world from secondary schools to universities.

- Public awareness is essential for the improvement and maintenance of environmental
quality. However, environmental education has bécn neglected in schools in Victnam. We

missed many opportunities to provide students with knowledge about environment.
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Global Education

Gencrally speaking, educational goals are what the school aims to accomplish for its
students and for society. For students, such goals include an increase in knowledge, basic
skills, social skills, self-concept and vocational competence. These vary a great deal from
country to country, and indeed from school to school. A recent goal for education is to
cultivate in young people a “global perspective” and to develop in them the knowledge and
attitudes to live effectively. Global education has been defined by Hanvey (1976);

Global education involves learning about those problems and issues that
cut across national boundaries, and about the interconnectedness of
systems - ecological, cultural, economic, political and technological.
Global education involves perspective taking-seeing things through the
eyes and minds of others - and it means the realization that while
individuals and groups may view life differently, they also have
common needs and wants. (cited in McClaren, 1995, p. 11)

From this definition global education recognizes the importance of commonalties
among humankind. It is also concerned with the differences among people and nations.
Among the obstacles in achieving an international understanding is the difficulty of
language and culture. *

According to Pinar (1995), global education aspires to provide models of ’
interconnectedness, interdependence, and interrelationship of world culture in an effort to
promote cooperation and progress. Science continued to be recognized as a source of
knowledge that can be used to improve our living standards. However, knowledge can be
used in different ways for the long-term benefits of all, for short-term political gain, and for
destructive purposes. There is a need for dialogue and understanding among people of
differen; languages and cultures; global education, running through science curriculum, is
seen as a means to achieve these ends.

Educational objectives in outlining awareness, knowledge, skills and attitudes are

all necessary to deal effectively with environmental issues. It is hoped that students will
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find science content, especially chemistry, to be more meaningful and relevant with an STS
approach. \

- The next section presents literature related to aspects of STS teaching and STS
development in North America, with a view for developing STS in Vietnam. STS
instruction is a very desirable approach to bring to my teaching. Through t‘his investigation,
I hope not only to help my students gain more knowledge, but also to help other teachers

approach the STS emphasis.

! Problem solving method

A rationale for the problem solving method
3

Chiappetta and Russell (i982) stated that problem solving as a goal of science
education is problematic, that is, there is not a commonly accepted definition of problem
solving. Problem solving has been defined as a method of learning as well as on outcome
of learning (quoted in Pizzini, 1989, p. 523).

From [i’liS view, science has always been a part of a student’s experience in school.
Students must have a hand in identifying problems and' determining their actions concerning
them. Science subjects help’students gain a functional undefstanding of the concepts and
principles linked with real-life situations, acquire science skills, as well as scientific
attitudes and values needed in solving everyday problems pertaining to health and

sanitation, nutrition, food production, and the environment.

What is problem solving ?

According to Mills and Dean (1960) the problem‘ solving method is a “way of
thinking.” They say that thinking occurs only
When there is a need for it , when the situation is baffling or unsatisfied,

or when the situation presents a difficulty that can not be met by other
means. (P. 3)
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For example, it is a paradox that people have been known to suffer from nitrogen
deficiency disease even while breathing air which contains about 78 percent nitrogen. Why \
is this a paradox? What is the problem here? How we can find out the solution? The
answers cc;nnect to the conceptual realm of chemistry as "free" nitrogen is not in the
molecular form needed: amino acids. The nitrogen in the air must be "fixed" in the form of
nitrates and then converted into plant protein. Later the plant protein is consumed by
animals, digested and converted into their proteins which in turn may be consumed by other
animals.

Noyak (1977) indicated that problem solving requires a reorganization of
information stored in memory to reach a special goal, the solved problem, and that if the
problem requires new information, it then requires a search process (cited in Pizzini).

Presseisen (1985) noted that in any problem solving model of instruction the first
order of learning is the recognition of a problem, the determination of information needed to
solve the problem, and where to obtain the information (cited in Pizzini).

According to Mills and Dean (1960), the problem solving method is only one way
of learning and teaching, and must be related to other methods in practice. Lectures, .
discussions, demonstrations and assignments in the classroom remain desirable to develop
students' understandings and skills.

Mills and Dean (1960) said:

Of more importance is the development of a sound approach to critical
thinking, and a knowledge of how to proceed in arriving at conclusions
that are defensible. (p. 10)

The ability to work with problems varies from student to student. Problem solving
processes may be improved with more experience in a variety of problem solving contexts.
STS issues in social studies can help students develop problem solving skills and flexible,

but organized, ways of thinking about social decision making.

»

In the process of teaching about STS issues in environmental chemistry, a teacher
. - /
can use a ‘‘tool” to help structure problem solviné experiences that follow the SSCS
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problem solving cycle of Pizzini (1989). SSCS is the acronym for Search- Solve-Create-
Share. This cycle consists of a four step cyclical model to allow for reentry into the various
st‘ates of the model during the problem solving process.

The “Search™ phase of the SSCS model is taken from the model of problem solving
instruction which includes the recognition of a problem, and the detei*mination of ..
information needed to solve the problem. It is very important where information 19 found.
Resources for problem solving include demonstrations, magazines, newspaper articles,
textbooks, and field trips. These resources facilitate students in identifying researchable
questions.

The “solve” phase focuses on the specific problem refined by the Search which
requires students to generate and implement their analysis for finding a solution.

The “Create” phase requires students to create a product that relates the problem or
solution. It is very necessary for stu;ient to check and compare the data to the problem,
draw generalizations and, if necessary, to modify the data. The “Create” phase also enables
students to evaluate their own thinking processes.

The “Share” phase involves students in communicating their problem solution. It
requires that they interact, share their own ideas, receive and process feedback, reflect on
and e“valuate solutions, and generate potential research questions.

Thg: aim of the teacher is not only to help students develop their problem solving
abilities and skills, but includes their acquisition of knowledge, accurate concept fo-rmation,
and understanding of theories and principles for creating meaningful learning. In solving
any problem, both the conceptual knowledge and information needed for arriving at a
solution (content), and the procedural knowledge of how to execute a problem solution,
and the reasoning that goes toward the solution (process), are important factors (Zoller,
1987).

In general,.the problem solving model of Pizzini is integrated into a teaching

strategy that focuses on environmental issues. Moreover, the teacher should view various
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models of teaching as ways of accomplishing a wide ivariety of purposes. Because no
single teaching strategy can accomplish every purpose, the teacher will master a sufficient
repertoire of strategies to deal with the specific kinds of learning problems he or she faces
(McClaren, 1994). In the process of learning activities, students can be encouraged in a
debate, discussion, and presentation or investigation of learning activities and lab activities.
Discussion is well suited to help stu?ients develop skill in reasoning, problem solving, and |
critic;l thinking, as well as in communication. Discussion also brings students into closer
contact with the instructor. In addition, students will give the instructor usefql feedback on
what students are learning. Students learn to use scientific and technological knowledge to
solve problems which are relevant to their lives.

Problem solving methods provide students with the opportunity to select and pursue

problems of concern and interest to them, and thereby to increase their motivation,

persistence, and determination to learn.
Review the environmental situation in Vietnam

Vietnam is a predominantly tropical country bounded on the North by China and on
the west by Lao and Combodia. Its coastline borders the South China Sea on the east and
the Gulf of Thailand on the south. Vietnam has a population of approximéte}y 70 million
concentrated in the Red River Delta in the North, The Mekong River Delta in the South, and
the central plains. The intensity of popul'ation growth is increasing. Moreovér, Vietnam is
sun;)unded by developed and developing countries that have the potential to influence the
Vietnamese environment. This is a matter of great concern.

The country’s water resources are shoWing signs of heavy pBllution due to
industrial and chemical wastes. Pollution is at hazardous levels in many areas, partly due to
the industrial plants and lack of water-treatment facilities.

Pollution in the work place has led to an alarming rate of increase in occupational

disease among workers. But most environmental pollution comes from the textile, energy,
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chemistry and mining industries. Most wastes from‘ these activi_ties are buried without any
pre-treatment and the effect on under-ground sewers is adding to the industrial pollution,
already at a record high (Thao,‘1995). Moreover, there are more and more motor vehicles
in the cities and exhaust fume has become one of the majorvsources of air pollution in
Vietnam.

Vietnam has been burdened with the problems of environmental pollution since the
Vietnam war (prior to 1975). American planes sprayed herbicides on 10 percent of the
countr}:, destroying 8 percent of the croplands, 14 percent of the forésts, and 50 percent of
the mangroves.

Nietschmann (1990) says that,

The war in Vietnam left in its wake extensive impoverished grasslands
instead of forests, widespread erosion and dust storms, major declines
in freshwater and coastal fisheries, and severe losses of wildlife,
especially from the forest canopy_ wounds from which the land may not
recover for a hundred years. (p. 35)

Quy (1990) concluded from Anthur Westing's work on the ecological effects of the
war in Vietnam that when mangroves are destroyed, because mangrove forest is a transition
zone between land and sea, as happened in South Vietnam. Mangrove invade the new soil
and hold it against the erosive action of wind, wave, current and tide. The coastal shores
are not readily recolonized. He coric‘luded that sustainable recovery can take more than a
century.

During peacetime, mangrove forests of Vietnam are important source of seafood, as
well as tannin for tanning leather and charcoal for cooking fuel. The destruction of the
rﬁangrove forests depleted population of various aquatic animals. One species of mollusk
may be been placed in the extinction by Agent Orange. The residual effect of herbicides

destroyed mangrove ecosystem. The many species of crabs that in or visit these forests may *

be a threat to the final fate of the disturbed mangrove environment.
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Some evidences from society were cited, such as the high ratio of patients with a
particular of cancer, a lot of barren women, and many cases of mental disorder dealing with
" detrimental effect of Agent Orange found in regions contaminated by Agent Orange

For ten years, beginning in 1961, about 20 million gallonsl of chemicals were
sprayed on south Vietnam by a variety of aircraft. More than half these chemicals consisted
of Agent Ormée, an herbicidal mixture of 50 percent 2,4-D and 50 percent 2,4,5-T.
Herbicides are chemicals that either defoliate or kill plants. Although these particular ,
herbicides have been used thr(;ughout the world, the amounts applied in Vietnam were far
greater than those legally permissible in the United States (Pfleiffer, 1990).

I think that environmental issues (Acid rain, greehhouse effect, and depletion of
ozone layer) represent a good subject for an STS approach to science education that trains
decision-making skills and emphasize the social aspects of science and technology. "Ehe
integration of environmental issues represents contemporary issues that can illustrate the

'STS connections because Volk (1984) and Disinger (1986) suggested that environmental
education is, in fact, STS education. They contend that there is a body of literature in
environmental education that has direct implication for STS education. (Rubba and Wiesen
Mayyer, 1988).

Students, as future citizens, should be able to make dedisions about personal and
social issues based on relevant scientific knowledge. I used STS approach by integrating
environmental approach into science teaching because the relation between teaching and
learning is a social activity that implies an interaction between the teacher and students.

Many countries in the world, as introduced ébove, have incorporated environmental
chemistry topics into school curriculum. Mapy educators, in norté' America, reflected that
environmental education has enriched the quality of education and helped students better
understand envirofimental problems facing their country, and their world.

In order to improve the quality of chemistry teaching and modify chemistry

curriculum with more effective interactions between teaching and learning, this study makes
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efforts to combine environmental issues and tools such as the cycle of problem solving of
Pizzini in teaching. The researcher would like to pose questions or. create situations that
emphasize paradoxes, dilemmas, and discrepancies that students attempt to resolve. In
order to enhance the development of thinking skills in solving problems, I attempt to place
emphasis on applying what students have learned to real problems. |

Vietnamese students need to be alert to environmental protection. Many educators,
in the world, have been interested iq environmental issues in schools for many years.
Environment, therefore, is a part of every subject in schotol curricula. Environmental issues
were chosen' for the course as the subject due to séience, technology, and society interaction
invc;lved. Environmental education must develop grater sdphistication by fostering global

=

thinking about environmental issues and personal actions (McClaren, 1995).
'

As introduced in Chapter One, a close analysis of the purpose of a science education
is essential in instituting educational reforms in Vietnam. Appropriate science cu'rriculum .
that reflects the true nature of the scientific enterprise and the inter-relationship among
science, technology, and society must be developed.

Vietnamese educators, therefore, should integrate current issues which would help
fearners to ipcrease the scientific literacy of citizens with global thinking. Moreovér,
literature of STS education offer support for integrating environmental issues into chemistry
curriculum for Vietnamese students.

In summary, environmental pollution is a pressing problem in Vietnam that makes
up to date information in schools necessary. The integration of environmental issues into
the curriculum is compatible with the by:pose of science education reform of the Ministry
of Educatio}rl and Training in Vietnam, and match the benefits of an STS approach.

In this approach students have opportunities to be familiar with a variety of
environmental phenomena in the country and in the \;vorld, to understand the cl‘ose

relationship of science, technology, and society. Moreover, students have opportunities to

develop an awareness of environmental issues and to develop the knowledge, skills,
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attitudes, and motivations required to solve current problems. Students will have the
opportunities to build confidence in their ability to interact with the environment and to

communicate with others about pressing matters.
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Chapter 3
Research Method

The study aims at examining how environmental issues are integrated into a
chemistry course, and how effective they are for developing positive attitudes towards
chemistry and the environment, improving problem solving skills, and for understanding

the basic concepts and principles in the chemistry curriculum.

The context of the study

The setting

Nhatrang University of Fisheries, located in the Khanh Hoa province, has been
introducc‘d in Chapter One as a technological University. Across the country there is (;nly
one university that includes faculties such as the Faculty of Sea Product Processing, the
Faculty of Aquatic Maritime, the Faculty of Sea- Economics, the Faculty ;)f Ship
Mechanical Engineering, and the Faculty of Sea Exploitation. This Univcr'sity provides
human resources for enterprises and factories across the country.

Nhatrang University of Fisheries provides students with different careers paths,
such as engineering of sea product processing, maritime aquaculture, exploitation of sea
products, mechanical ship, and sea- economics. A degree in engineering of sea pfoduct
processing is sought by the factories that deal with food processing and frozen sea
broducts. A degree in engineering of maritime aquaculture is sought by the Maritime
Aquaculture Institute, fish farming or shrimp farming. A degree in engineering of
exploitation of sea products is sought by the boat and ship mechanical factories that deal
with the exploitation of sea products.

1000 to 1100 students enroll every year from all across the country. They study full

time for four and a half y@ars.
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The curriculum, which is similar to other universities, consists of two stages. The
basic stage comprises the first two years of study with courses in mathematics, chemistry,
physics, and some elective courses. The students recieve a general degree after taking four

main semesters and satisfactory completion of at least eighty, to a maximum of ninety-two
credits. The students have to pass a transfer examination before they can enter the second
stage, in which they take more intense courses relate to their future job. At this level
students study five more semesters to complete 125 credits.

Each academic year has three semesters: semester I (September-January), semester
IT (February-June), and an additional semester III (July-August) in which students choose
elective courses. Then the students prepare for the entrance examination to the second
stage.

Chemistry is a vit&jiscipline for students, so they are required to complete the
chemustry curriculum in the first stage before continuing to the next stage, and must pass
the exam. Hence, students in all five faculties Egve to attend two-hundred and fifty hours of

~
lecture with lab in inorganic chemistry, organic chemistry, and analytical chemistry. In
recent curricula of chemistry there are a lot of changés, mixing inorganic chemistry, organic
chemistry, and some environmental problems, that make teachers confused in their

teaching. Most teachers impart knowledge to students through lectures. The curriculum

focuses on reactions, chemical laws, and the principles of pure science.

Participants )

Fifty-one students who attended the study were divided into five self-selected
groups. These students came from five Faculties of the University, in which there are
forty-four males and seven females, their ages ranging from nineteen to twenty-three years.
This class was the first class taught at the university that included environmental issues.
Normally, students had to attend class with other academic discipline thirty-five hours per

week. In addition, most of the students had to prepare for the transfer examination that
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allows them to enter the second stage. The participants .in this study came from all parts of
the country, which includes coastal areas and highland areas. There were three students
who came from Combodia. About one-third of the students were those who haa performed
very well in the national exam while two-thirds of the class had a satisfactory performance

in the national exam.
The overall design of the study for collecting data

The data collection-for the study ipclude’d:
e Observation of the class activities
e A survey on students’ attitudes
e Students’ essays |
e Midterm exam and final exam

o Informal interview with cooperating teacher -

Observation

e (Observation of the class is because of an-interest in how students learned.

e Observation of students’ behavior. .

Observation was conducted by the researche; (the teacher) and the cooperating
teacher from the beginning of the class to the end of the class. This was given in the form
of a hand-out (Appendix C). Observers sat at the end of the classroom to observe what
f]appenea in the class, joining the class activities when the researcher or the cooperating
teacher felt it is nécéssary. The-observers played the role of catalyst persons or initiator

persons to help students solve problems in chemistry as well.as in environmental issues,

without constraining or forcing the students to present their views.
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It is believed that the participation of observers did not influence student activities in

" the class because the researcher and the cooperating teacher always maintained a

harmonious atmosphere. All of members in the clas§ had to respect others' ideas.
Observers liste\ned to students' ideas in the class discussions and presentations. The data
collection is based on the observers' field noteé, exchange of ideas from the observer
participant, and my diary f_loles. Simultaneously, in order to collect a high concentration of

. B
data from observation, the observers focussed on one group of eleven volunteer students.

.A guestionnaire of a survey on students’ attitudes .

The survey, a multidimensional instrument, was used as the very small quantitative
portion of this study. This survey was administered to the class A2 in the final week.
The survey that consisted of 20 items was taken from Gogolin and Swartz (1992)

and Talton and Simpson (1986), Likert-type instrument comprising seven subscales with

different items per scale. Attitudes toward chemistry with environmental issues are

measured in six dimensions and another dimension of knowledge. These subscales are
attitudes toward chemistry, attitudes toward chemistry with environmental issues, attitudes
toward the environment, the perception of the teacher, anxiety of chemistry, physical

- ¢
environment of the classroom, and understanding knowledge. Students were asked to
respond to the forced-choice system ( strongly agree, agree, undecided, dise;gree, strongly
disagree). Items were scored (5, 4, 3, 2, 1 respectively). Higher scores represented more
positive attitudes, except for the anxiety scale. Lower anxiety scores were considered to be
the positive attributes.

£

Mid-term exam
The researcher wanted to find out how students understood what they learned. The
researcher used the format of multi-choice questions for the midterm exam and final exam.

The researcher used the results of the exam to evaluate students’ knowledge. Thus, in this
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study the researcher does not present the specific result of the final exam. Instead a

reflection of the results was generated from the Chairman' ideas and my own.

Essay for the whole class

The purpose of the essay was to determine students’ feelings about what they
thought of the new learning environment, such as the teaching strategy, class activities, and
the new content. In order to avoid bias by the researcher, students were asked to use an

alias. /

Informal interview

The purpose of informal interview was to acquire feedbackfrom the cooperafing

teacher’s classroom observation and his evaluation for the ** experimental teaching course”.

Data analysis procedure

The reflection of open-ended questions is generated to compare partly with
students’ attitudes towards chemistry. The results of the questionnaire survey were
determined by the mean and the percentage of students responses for specific items in every
subscale. These results were analyzed for each item.

The infonnaliipterview included notes, the interviewee read the‘Vietna;nese
summary and commiénted on its accuracy. The conversation between the researcher and
cooperating teacher Was expressed under the descriptive format, including his evaluation.

. T‘ge students’ essays were coded and presented in the different themes.
as'il?:he mid term exam was coded and presented in a percentage; analysis and
interpretation of the data was obtained under the descriptive format.

In this study a questionnaire survey was used as a very small quantitative approach

in the study. Most of the data collections in the study were applied to a qualitative approach;

the study was conducted in a small sample of fifty-one students that led the researcher to
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obtain the insight results, presentation and interpretation of hew students involved in the
k
study viewed environmental issues.
The result of this study may provide a cornerstone for further of the integration of

environmental issues in the curriculum of chemistry. The study may provide students with

an awareness of the environment, and to take personal responsibility in action and realize -

the close relationship between science and life. It also encourages teachers to bring their

own materials to date on information that relates to studying science teaching, and then ®
‘-\-—' / . . . .

teachers can realize that potential of an STS approach, with environmental issues, in the

syllabus.
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Chapter 4
Instructional design and development K
This chapter consists of two sections: (a) The rationale for the development of a 5
curriculum.is prcsentéd, in%ding criterion for choosing topics and designing learning
activities, in which the outlined steps are based on the instructional stages of curriculum
development designed by McClaren (1994), together with objectives of general
environmental education consistent with a STS instructional approach, (b) The

implementation of a designed plan, including learning outcomes and a teaching approach

for every topic is presented.
Rationale

The following statement foreshadows the development of a chemistry curriculum
for the university level in Vietnam:

The environmental problems arise as a result of activities in various fields of

human endeavor, especially in specific and technological fields. Others arise

as a result of natural forces at work. Since these problems are the result of

multi-faceted activities, both man’s and nature’s, their solution must be

based an inter-disciplinary approach. (Rugumayo, 1987, p. 29)

As the above quotation asserts, environmental problems require an inter-disciplinary
approach. Chemistry plays a vital role. Environmental chemistry is concerned with
chemical phenomena that occur in the natural environment, transformation of matter in
" nature, and chemical changes that affect the natural environment.

Environmental chemistry also focuses on the structure and interaction of matter as it
relates to problems and current issues, and with the facts, concepts, laws, theories, and
processes for obtaining this knowledge. Environmental chemistry is developed-within a
social context, and awareness of a global context is helpful for understanding the complex

interrelationships between environmental chemistry, its technological applications, and

society.
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As argued in Cl;apter One, the study of environmental chemistry at the university
level can i]elp to prepare students to be informed decision-makers in an increasingly
technological world. A knowledge of chemistry helps to give students confidence in being
able to understand and control their actions in the natural environment. A core of
fundamental chemical knowledge in environmental chemistry is central to this
understanding.

The following criteria were addressed for designing learning activities in this study:

1. Curricular criterion

An environmental approach should cover basic concepts which could be best taught
in the field of chemistry. The environmental approach relates to current environmental

issues around the world as an integral part of the curriculum in developing society.

v
7

2 .Objectives of criterion

e Awareness: to help students gain an awareness of, and sensitivity to, current
environmental issues.

e Knowledge: to help students acquire a basic understanding of environmental problems,
interconnectedness of humans and nature, basic science concepts, and take responsible
in action in the natural environment.

e Attitudes: to help students acquire strong conscious feelings of concemn for their
environment, as well as an enjoyable attitude towards science.

e Skill: to help students acquire the skills for solving environmental problems.

~

3. Educational criterion

The environmental approach should be a learning experience in reality. In order to

make an environmental approach more educational and as an integral part of curriculum, a
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teacher should develop learning materials that prepare siudents for solving problems and
guiding them through studyirig problems.

In order to meet the three above criteria, and to respond to the purpose of STS
approach, the following instruction for designing is presented as follows: §

a. Choice of environmental issues for learning

Environmental issues should be chosen according to the understanding potential of
students, involving related chemistry concepts, and acquiring the criteria of objectives.
Environmental issues should be as close as possible to their action in daily life, and to their
job in the future.

b. Matching curriculum concepts

Environmental issues contain chemical concepts included in the requested
curriculum. An example of this is using the concept of a redox reaction to explain how
sulfur is oxidized in the atmosphere in the topic of acid rain.

c. Development of teaching/learning aids and teol for solving problem

In order to answer the educational criteria and criteria of objectives the package of
instructional design should include aids such as:

e [Learning aids for students, such as video-tapes and up to dateness of problems in
particular articles from scientists’ pros and cons which directs students develop
thinking.

® Teaching aids, such as transpdrency coloy to help the teacher stimulate students to
explain observations or help the teacher to explain the problem.

® Tool (SSCS cycle of Pizini) for teaching helps students develop communication skills
and deeper thinking, solving problem.

d. Learning activities should be a learning experience in reality.

In order to answer the educational criterion above, learning activities should be a
learning experience in reality. For example, classroom experiments that give students an

understanding of controlling carbon dioxide (CO,) atmospheric levels, or by comparing the
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CO, content of the exhaust of several motor vehicles. Through avery simple activity of
identifying CO, students realize that the presence of CO, in the atmosphere provides a real
experience that encourages immediate scientific problem solving. This lab can provide
students with the opportunity to develop their creative and critical thinking skills, when
activities are based on the geal-life problems. Environmental labs enable students to
understand current science issues and develop positive attitudes about the field of

chemistry.

e. Learning activities should educate students to be aware of high occupational
action

As introduced in chapter one, the study is applied at the Nhatrang University of
Fisheries, that is located in the marigime province. A goal of the University of Fisheries is
to develop human resources for breeding and growing, as well as exploiting, shrimp, fish,
and shellfish in rivers, lakes and the sea. So learning activities should acquaint students
with local or national problems that help students take personal responsibility to a:/oid the
spilling of fossil fuel onto the surface (;f walter to ensure lox;g term production. For
example; the topic of oil pollution is concerned with the harvesting of crustacean and
molluscan shellfishes and fish, because the oil that coats the shorelfnes may persist for a

long time, depending on the characteristics of the hydrocarbons that cause different levels

of oil pollution damage. »

g. Learning activities should provide students with a broader view toward global

environmental issues

Learning activities should aim to educate students to understand our
interrelationships with people around the world because humans are changing the
environment, their chemical by-products are changing the hydrosf)here and the atmosphere.
Learning activities should offer global perspectives on the relation of science and

technology to society. So learning activities should exhibit logical science, technology and
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society problems, for example; topics of acid rain. Through video-tape students can

visualize the effects of acid rain on environment.

e implementation of designed plan

Prior to my decision to integrate environmental issues in my chemistry 'teaching, I
contacted the Chairman of the Department of Chemistry at the Nhatrang University of
Fisheries about my study. I planned to teach environmental chemistry, using acid rain, the
greenhouse effect, and the depletion of ozone layer as topics.

During the time prior to this study in Vietnam the Chairman tried to con‘vince
Nhatrang University of Fisheries to integrate environmental problems into the chemistry-
curriculum, but his suggestion was not implemented. When he heard about my study with
environmental issues, he encouraged me and asked me to collect materials, video-tapes and
textbooks that are concerned with environmental problems for my teaching, and keep them
for the Department of Chemistry.

Two weeks after I returned to Vietnam the Chairman organized a meeting. |
presented the purpose of my study, after which he asked one of the teachers to participate in
teaching and to observe the class with me. He also asked a technician to help me prepare
laboratory experiments. In addition, the Chairman asked me to prepare two more topics
clovering oil pollution and pollution caused by pesticides, herbicides, and agent orange. The
Chairman gave me a course syllabus in which there is one chapter of environmental
chemistry for students who are not chemistry majors. The syllabus was as follows:*

1. The distribution of elements on the earth.

2. Environment and pollution.
e Effects of pollution on the atmosphere (ozone hole and greenhouse effect).

e Effects of pollution on the hydrosphere (water pollution and waste-water treatment).
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e Effects of pollution on the lithosphere.

The Chairman of the Department of Cheinistry introduced the new teaching method,
and new content to the class A2 in advance and then I presented the overall plan of my
study to the students. They were told that the purpose of the program is to improve the
quality of curriculum, as well as new teaching methods, in Chemistry, with the goal of
helping students gain a basic knowledge and awareness of environmental issues. I told
them my hope was that they would éomg to understand that the knowledge of chemistry is
not separate from human life, and that they would be able to take part in solving daily
problems.

The students were told that the class would be centered on group discussions,
student pre'sentations and solving problems. They were encouraged to express and share
their ideas freely in the class.

I provided the students with an introductary letter in which was included the
expectations and aclivitieerequired of each student (Appendix A). They were invitedi o sign
a consent form if they agreed to participate in the program (Appendix B). After that, the
cooperating teacher and myself team teaching the course with me provided an overall
framework of the course, and exi)lained the evalualion‘ criteria for the whole ** Experimental
teachir;g course”, which ir'!cluded thirty hours of lecture and lab experiments.

The researcher gave them an open-ended question to elicit the student's free
response concerning théir attitudes towards envir;)nmental protection, knowledge of relate‘d

,prob[ems that they were in the process of learning, and their general attitude towards

chemistry. The questions follow:
e Do you like to study chemistry?
e Have you ever been interested in environmental protection without pollutiofi?

e Have you ever heard about acid rain, greenhouse effect, and the depletion of ozone

layer? . -
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More than sixty minutes passed in active discussion between teachers and studem‘s '
concerning course instructions and tasks, as well as students forming self-selected groups.

After that students signed the consent form to participate in the program. This was
the first time the class A2 studied in this kind of”learning environment, with the new

content, so students needed some guidance for group discussions. This was given in the

form of a hand-out and researcher explanations (Appendix D).

The plan for teaching

Week Time Learning activities
(hour)
1 5 Acid rain

Video tape: A visible threat

2 S Depletion of ozone layer
,. 5
3 S Greenhouse effect
Video-tape: Greenhouse effect N
4 s Oilpollution
5 4 Lab: Influence of acid on different rocks.
6" 4 Determining the CO, content of different samples

(ambient air, human exhalation, nearly pure

CO,, motor vehicle exhaust).
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Acid rain T

Learning outcomes

Students should be able to
- describe the environmentally important oxidation states of sulfur.
-2 oxidation state in H,S
+4 oxidation state in SO,, H,SO,
+6 oxidation state in SO,, H,SO,
- understand concepfs of chemistry as redox reaction, acids and bases, and the pH scale.
- realize that besides two main components of acid rain as HNO,, H,SO,; HCl is also a
com’ponent of acid rain, snow, drizzle or fog.
- explain the simplified diagram of biogeochemical sulfur cycle.
- understand the environmental impact of acid precipitation of acidic emission on
vegetation, forests, living things in the water.

- realize that natural causes such as volcanic eruptions are the first source that causes

pollution and human’s activities are the second source of pollution.

Teaching approach

P-4 B
Two teachers were teaching together with a class of fifty one students from the five

different Faculties at Nhatrang University of Fisheries in Vietnam. Most of the students had
already studied the concepts of redox reaction, acid ;and base as well as ’the concept of the
pH scale. That is an advantage for teaching enviroﬁmental issues. However, sometimes the
cooperating teacher also repeated basic chemistry for the students involved. The class had
been studying a section of acid rain that was based on “Student resource 1, 2, 3 and 4”
(Appendix L).

Students were asked to move from the classroom to the television room for

watching the video-tape "Student resource #1 with Acid rain: A visible threat”. The teacher -



asked the students to look for specific information or details of what they saw. This helped
break passive viewing habits, and focused students’ attention on requested problems such
as recording their responses while viewing. Students recorded normal rain has pH of 5.6,
ammonia has pH of 11, orange juice has pH of 2.4 and soda has pH of 9, and
distinguished some areas where the pH was smaller than 5.6. Simultaneously, students
also observed the phenomenon of toxic fish with heavy metals of Alumina, and understood
the effect of a pH of 4.9. Aluminum toxicity damages the fish’s gills, and this can result in
their death. Fish egg are unable to survive in the acidic water with a pH of 4.5-5.5,
especially pH < 4.5, all fish are dead, pH of 4.5- 6.0, number and diversity of species
decrease rapidly. Bacterial decomposers at the bottom of the lake die. Plankton starts dying
out. Toxic metals (aluminum, mercury, lead, calcium, tin, beryllium, and nickel) are
released from sediments or leached from nearby soil.

After that the students were asked to explain why normal rain water is slightly
acidic. We had students answer that because of the formation of a weak solution of
carbo;lic acid when rainwater dissolves some of the naturally occurring carbon dioxide in

~ the atmosphere, as in equation below,

Then the students were asked to explain why the surface of buildings and
monuments lost the details on the surface. We had students’ explanation that limestone and
marble are two types of stone used in the construction of buildings and monuments and in
the créﬁtﬂigon carved stone statuary. Both rock types are composed of calcite, the stable
variety of calcium carbonate (CaCO,).

Most of carbonate materials are sensitive to acidic deposition, erosion of marble and
limestone surfaces, and loss of detail on the statuary is caused by a natural acidic

environment.

CaCO, (s) + H,CO, (aq) ------- S Ca™ (aq) ¥ 2HCO," (aq)
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After a ten minute break,’ the teacher had been reading the paper "Student resource
#2" with the title, ““A threat of environmental acidification” from a Vietnamese magazine in
which the author translated an episode concerning the loss of lakes and ponds that are
acidificated in North America and in Europe. There are 20,000 (over 90,000) acidificated
lakes in which there are 4,000 lakes without fish; in Norway 13,000 lakes have “di?d"; in ,
Europe 14 percent of the forest is acidified, in German 52% of the forest is affected with
acid rain etc. China uses 460 millions tons of coal for burning per year and every year
factories put 17 million tons of H,SO, and 23 million tons of smokes and particles in to the
atmosphere. In general, pollution of the atmosphere is caused by areas of high population
and developed industry. : \

In Canada, acid rain has already damaged 14,000 lakes, rendering them almost
fishless, and another 150,000 in peril. Some 20% of Sweden’s lakes are said to have been
damaged by pollution, and much of Norway’s fish population has been exterminated.

After ending the reading of fifteen minutes, sl.udents asked the teacher, "Has acid
rain appeared in our country?” (Vietnam) Actually, at that time, I was vague with my
answers, because I did not know the exact pH level, but I was able to explain that in
Vietnam some monuments, tombs and temples have been damaged by erosion due to an
acidic environment. In actuality, there is no bulletin of this phenomenon on public
communication and this is also not serious problem in Vietnam now. However, the erosion
of carbonate stone is caused by the carbon dioxide in the atmosphere which combines with
moisture, to form a weak solution of carbonic acid. Thus, Vietnam has a slightly acidic |
environment. The teacher hinted that at the moment Vietnam does not has serious acid rain
problem, but the problem will increase as the population increases, everyday. The power
plants are under construction and more and more motorcycles are used in Vietnamese cities.
Aﬁ%\hese are causes of acidic rainwater.

Acid rain a serious problem in China , Vietnam is adjacent to China. This

phenomenon may influence Vietnamese environment in the future because emission of air

46



pollutants‘ from mining industries or power plants are brought far away downwind. It is
" environmental issue that cut across the national boundary.

Before ending the class the teacher provided every student with a copy of the
material "Student resource #3" concerning acid rain, and students were asked read the paper
at home.

The second day of the topic; “acid rain” the teacher asked students in self-selected

v
discussion groups for a discussion with “Student resources #4”. Students moved from the
class to another place around the classroom or outside the classroom. Forty minutes later
the students came back to class and discussed the topic with the whole class. In the process
of debate and discussion we elicited the following conclusions from the students:

- Acid rain causes a leaching of héavy metals from the soil into lakes, ponds and
rivers. Thése toxic metals are assimilated into the tissues or gills of fish that serve as food
for people. Acid in water can also leach copper and lead from pipes, into drinking water.

- Lake acidification is the pollution of a lake from acid rain. Reduced pH levels in a
lake affect the living organisms under water. If the water in a lake has a very high acidity,
no living organisms will survive.

In order to help students un;ierstand more about the relationship between chemistry
and the natural environment and human activities, students were asked to explain a
simplified diagram of the biogeochemical sulfur cycle, with sulfur entering the atmosphere
as H,S, SO,, and sulfate salt from sea pray. Water droplets transport sulfuric acid and
sulfate salts to the Earth’s surface (Figure 3). The teacher asked the students to construct
the sulfur cycle. The students were asked to identify the source of the sulfur which enters
the atmosphere. After ten minutes students prepared and solved this cycle and we put
students’ solution on the diagram at the black board.

A large proportion of sulfur reac~hing the air from natural biological decay goes

through the intermediate compound, hydrogen sulfide.
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e Hydrogen sulfide (H,S) smells like rotten eggs, H,S is oxidized by anaerobic
conditions in soil water to form SO, and H,O from the anaerobic decay of organic

matter in swamps, bogs, tidal flat and active volcanoes.
2H,S +30, ------ > 2H,0 + 2S0,

. ® Sulfur dioxide (SO,) comes from active volcanoes.

e Sulfate salt is like ammonium sulfate from sea spray.

e Sulfur enters the atmosphere from human sources.

g Sulfur dioxide reaches the atmosphere from human activities when sulfur- .
containing coal and oil are burned to produce electric power SO, comes from industrial
processes such as petroleum refining and the smelting of nonferrous metals with sulfur-
containing ores. Sulfur impuries react with oxygen gas in the atmosphere to produce sulfur
dioxide as.

S+0, ------ > SO,

And some of sulfur impuries react to form sulfur trioxide.

S+32 0, ----- > SO,

Within some days most of the sulfur dioxide in the atmosphere reacts with oxygen
gas:

250,+0, ------- > 2S0,

And then sulfur trioxide reacts with the vapor in the air or on the ground to form

droplets of sulfuric acid.

Some of the sulfuric acid droplets can react with ammonia gas (NH,) in the
atmosphere to form solid particles of ammonium sulfate: H,SO, + 2NH, ------ >
(NH,),SO,. These particles fall to the earth as dry deposition or dissolve in rainwater.

Small particles of these sulfates provide plants with an essential nutrient.
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In actuality, the oxidation of SO, in the atmosphere is very complex, because
oxidation can occur by three ways: catalytic oxidation or photooxidation or by oxidation

radicals.

The depletion of the ozone layer

Learning outcomes

Students should be able to
- distinguish between spherical layers of atmosphere characterized by abrupt changes in
temperature due to the difference in the absorption of incoming solar energy.
- understand how ozone is formed and destroyed in the atmosphere.
- understand the nature of substitute mechanism of radical chain reactions.
- know “the rule of 90" for finding the specific formula of Freon and students can write the
formula of CFCs (Freon) when they know the code number of Freon and students also can
write the specific formula of Halons.
- explain how ozone-depleting agents (CFCs) attack the ozone layer.
- realize the role of ozone is bad in the lower atmosphere and good for human when ozone ’ .
is presence in the atmosphere.
- realize the fate of ultraviolet (UV) radiation to reach the earth’s surface to cause cancer,
cataracts.
- understand that besides CFCs there are dther industrial pollutants such as carbon tetra
chloride (CCl,), and methyl bromide (CH,Br), and natural pollutants such as nitrogen

oxides from volcanoes, chlorine ions from sea salt.

Teaching approach

Before coming the class the students were asked to prepare and read the paper in
advance “Student resource # 5™ . As a rule, the cooperating teacher reviewed the concept of

electromagnetic radiation and wavelength that students had already studied in the last
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semester. For more than forty minutes students sat quietly listening to the problems related
to chemistry and then the teacher used the overhead projector and transparency with figure
(4). The teacher asked students as “Explain the significance of the earth's atmospheric
layers as why the temperature of the atmosphere reduces in the troposphere and mesosphere
and increases in the stratosphere and thermosphere, what is the fact?” Then we had students
explained with modifying from the teachers below.

The temperature of the atmosphere is governed by the following factors: absorption
of energy received from the sun; heat production in the interior of the earth; and loss of
energy by emission from the earth acting as a blackbody radiator. While the highest
intensity of incoming solar energy occurs in the visible, the highest by the much cooler
Earth occurs in the infrared. The atmosphere plays a vital role in warming the Earth’
surface.

In the troposphere, the temperature decreases as altitude increases both because
some of the infrared radiation has already been absorbed at a lower altitude by carbon
dioxide and water vapor with the traces of different chemical species, and also because as
the altitude increase, the pressure is decreasing, there is fewer molecules available for
absorption. This decrease continues until the tropopause, beyond which altitude ozone and
oxygen concentrated in the stratosphere, especially the presence of ozone is predominant,
the conversion of solar radiation to heat via the O,/O, system outweighs the cooling trend.

In the stratosphere, almost all the chemical species are molecules. Chemical
processes in the stratosphere involve the conversionﬁo-f the solar radiation in the range

200nm-300nm into heat. The processes of reaction occur below,

0, A< 20nm , 20
0+0, M, O,

0, A<320nm, O,+0O
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As altitude increase the temperature rises from a minimum of about -60°C at the
tropopause to the stratopause with near O°C. This is explicable as follows. As the
concentration of molecules of O, and O, rises in the stratosphere, absorption in the range
200nm-300nm becomes more efficient and so the temperature rises. The maximum at the
stratopause in the temperature reflects a heating process high in the atmosphere due to the
absorption of solar radiation in the near ultraviolet region by a bandy ozone.

Iﬁ the mesosphere, the temperature falls again as altitude increase because the
pressure is decreasing the concentration of molecules is very low, especially near the
mesopause the chemical species are ions. Fewer photons are therefore converted into heat
and the temperature drops until the mesopause is reached.

In the thermosphere, the temperature rises from a minimum of about -60°C at
mesopause to 120°C at the altitude beyond 90km. The temperature rises more due to the
absorption of solar rays in the far U-V region by atmospheric gas, principal oxygen. The
atmospheric air of this layer is very thin, pressure is smaller than 10"**™ . Highly energetic
photons of wavelengths well below éOOnm are absorbed by both'molecules and atoms

(students explained the relationship between wavelength and frequency of light is given by:

A =c/v where A is the wavelength, c is the speed of light and v is the frequency). These

photons have energies sufficient to cleave molecules into atoms, and even to 10nize both
atoms and molecules. The thermosphere is warmed by the conversion of very short
wavelength solar radiation into heat. The thermosphere is the only region of atmosphere in
which the predominant chemical species are atoms and ions rather than molecules.

After a ten minute break, the teacher asked students questions about Freon formula.
Freon 1s known as the trade name of chloroflurocarbon (CFCs). Two CFCs often used are
Freon-11, a propellant now banned in several countries, and Freon- 12, still used ?n

refrigerators, air conditioners and freezers.
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Freon is a type of compound in which some or all of the hydrogen atoms of a
hydrocarbon (alkane) have been replacea by chlorine and fluorine atoms. Then the teacher
asked students to apply the role of 90 for giving the formula in the case of Freon. We had
students an;wer, “by adding 90 to the code number”. If students looked at a Freon-11 or
Freon-12, what are specific formulas? Students were vague about the formulas of Freon,
although students will meet these substances or these terms in their subsequent courses that
relate to their job in the future. Because most of the students who were present are
majoring in the Sea-product Processing, theyywill go to the frozen food factories or
enterprise after obtaining their degree. Even some teachers who teach about Freon do not
know the specific molecules of Freon. Hence, the teacher helps students to know “the rule
of 90”. For example; a correct answer in the case of Freon 11 is:

Use the code number of 11 + 90 = 101. The three digits one, zero, and one are the
numbers of carbon, hydrogen, and fluorine atoms’in the molecule. The rest of the atoms
that fit carbon valency must be chlorine. Hence, the specific formula of Freon-11 is CFCI,.

Another example such as Freon -141 is 141490 = 231, Three digits mean C,H,FCl,.

Next the teacher helped the students to understand what halon is. Halon is obtained

by replacing the hydrogen atoms of a hydrocarbon by bromine along with other halogén
atoms, but a code number of four digits is necessary in order to number the carbon,
fluorine, chlorine and bromine atoms in the molecule. Any atoms not accounted for are
supplied by hydrogen. For example, H1211 means CF,CIBr; H1301 means CF,Br.

After that students had a ten minute break and then the teacher used a color
transparency with the pictures in the figure (4) and asked students to write the formula of
Freon, and write the réaction for ozone destruction in the atmosphere. After that many
students wanted to solve the diagram and we had students answer.

In the picture (1) in figure (5), Freon-11 (Trichloro mono fluromethane) are broken

up by ultraviolet radiation in the stratosphere, breaking off an atom of chlorine.
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'Cl F

F-C-CI - > - Cl—(’f. + ClL

,Cl (lfl

In the picture (2) the free chlorine atom attacks an ozone molecule, breaking off one
of ozone’s three oxygen atoms form one chlorine monoxide molecule and ieaving one
oxygen molecule.

Cl. +0, --—----- >ClO +0,

In the pictures (3) and (4) the chlorine monoxide molecule reacts with a free oxygen
atom, produced during the natural mixing of oxygen and ozone, the oxygen atom breaks up
the chlorine monoxide molecule and combines with the oxygen atom, forming a new
oxygen molecule, and leaving behind a free chlorine atom. The newly free chlorine atom

can continue to destroy ozone molecules for many years.

o [0 JF o Jum— >Cl. +0,

After students had written their answers on the blackboard the teacher gave a hint
that a single molecule of free gas can eliminate many thousands of molecules of ozone
because this kind of reaction is a free radical mechanism. Hence, the overall rate of the
chain reactions depends on the rates of the initiation and termination reactions. This is
because the average numbef of stages of propagation depends on the balance between the
rates at which the chains are initiated. Since most of the initiation reactions are
photochemical, their rates depend on the intensity of sunlight, and thus their rates fall to
zero at night.

Before leaving the classroom students were asked to discuss “Student resource# 6”
and “‘Student resource #7” and after that students compared the ideas between the pros and
cons from articles in order to begin decision making. All of them were ready to believe
what scientists have discovered and then they went on to make the, decision that HCFCs

(Hydro chlorofluorocarbons), and HFCs (Hydrofluoro carbons) are greenhouse gases and
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must be banned by law. However, some students were concerned about the present
situation in Vietnam, where most of(_the air conditioners, refrigerators, or freezers in use are
old fashioned and we reuse second-hand appliances without labels. This makes it difficult
for Vietnamese people to check the composition of chemicals in those appliances.

The detrimental-effect of CFCs on the atmosphere will cohtinue, Vietnamese citizen
haven’t realized the fate of CFCs because environmental issues are not educated in the
school. Students should know that the effect of technological development on society is a
positive or‘negative nature. Some of which may not be apparent for many year. CFCs are
still use in Vietnam. Knowing the properties of chemicals can help us to make a good
choice and control our action in daily life.

In order to avoid emission of greenhousg gases into the atmosphere we should
check regularly for CFC leaks and repair air conditioners and refrigerators when necessary.

After reading thé paper * Student resource # 6 with what you can do to help protect
the ozone layer” students were happy to learn about more chemicals that are toxic to their
health and deplete the ozone layer, and they realized that they should stop using aerosol
spray products which release propellant chemicals into the air, using roll-on and hand-
pump products in their place.

In order to help students to understand more about the depletion of the ozone layer
the teachers asked them to look at the picture of the ozone hole in the upper stratosphere
~ over the Antarctic region (Figure 6). When students saw that the depletion of the ozone
layer decreased more and more from 1979 to 1992 their faces showed their worry about life
on the earth being threatened by the depleting chemicals. After that the teacher asked, “Is
ozone a bad or good thing for us?" Students answered that the role of ozone in the
atmosphere depends on which layer the ozone is present. Ozone is a noxious pollutant near
tl:e ground but in the stratosphere it forms a protective blanket, the ozone layer, which
shields all forms of life on earth from over exposure to lethal ultraviolet radiation from the

sun. Hence, a depleted ozone layer allows more UV radiation to reach the earth's surface

-
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causing animals to suffer serious burns and develop cancer and lethal mutations. Humans
woula be especially vulnerable and plants would suffer as well.

In addition, students were provided other sources that detailed depletion of the

-

ozone layer being caused by supersonic transport (SST) and military jets releasing nitric

-

oxide (NO) because they fly between 20km and 30km above the earth’s surface, where \

r~

concentration of ozone is the highest. The details of supersonic transport are as follows: |

Supersonic

transport =~ ------------------ >NO (
NO+O, - >0, + NO, \
NO,+O - > NO+O,

NO,+0O,  ------- > 0O,+NO,

NO,+hV - > NO+O,

After all, students reached the conclusion that the problems of the depletion of the
ozone layer cannot be solved by cutting back slightly on CFCs, but CFCs had to be banned

altogether.

The greenhouse effect

Learning outcomes

Students should be able to .
- understand what the greenhouse effect is.
- understand the concept of electromagnetic rhdiation, the relationship between frequency
and wavelength.
- discover that human activity is contributing increasing amount; of greenhouse gases into

the atmosphere from different sources.
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- be aware of things needed to sustain their life that have greater or lesser effect on the
atmosphere. Q

- to get a conscious feeling of environmental issues.

- know which aspects of their lifestyle they would be willing to change to support a

sustainable society.

Teaching approach

Before beginning the topic “The greenhouse effect” the teacher investigated
students’ interest in global environmental issues as “what the greenhouse effect is and
whether or not they have ever seen a greenhouse?” At that time nobody had visualized the
greenhouse because in a tropical country greenhouses are not widely seen. So we explained
that the metaphor of a greenhouse is used because a greenhouse uses covered glass to limit
the escape of the warmth from the inside of the structure. The video-tape " Student resource
#8: “The greenhouse effect” was shown. Most of the journalists and environmentalists
who in the video-tape of greenhouse effect discussed the greenhouse gases, focused on
carbon dioxide (CO,). The teacher thought that it may not be necessary for students to view

the video in its entirety. Hence the teacher used stop and pause buttons frequently to

/
i

highlight some segments, such as the view of the greenhouse, and asked students to look

for specific information or details from what they saw on the tape. Students observed the
“lab demonstration from Bob Mc Donald that presented the typical North American

landscape, in order to help students understand the analogy of the heat trapping skj/r; of the

greenhouse with the growing envelope of CO, around the earth. This also helped students

avoid the common misconception that our atmoosphere is heated directly by the sun.

What actually happens is sunlight shines through the atmosphere and is absorbed by
the ground. The ground gets hot and gives off heat in the form of infrared radiation.

Moreover, Bob also presented the picture of factories and houses that use oil heat. All of

them bum fossil fuels and therefore are adding CO, to the atmosphere. At that time students
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i
realized that CO, has a different way of reacting with infrared radiation. Then Bob
e;(plained that there is a balance in the amount of radiation that is coming into the earth's
atmosphere and is raditating out. These two processes should balance each other, with an
equal amount of radiation being absorbed and being released, but human activities are
putting too much CQ, in the atmosphere and disturbing this balance.

CO, absorbs infrared light so that the atmosphere can be heated directly. What
happens when the radiation that is coming out can not escape, the temperature begins to
rise, because it is being trapped. This is the greenhouse effect. At'the same time the teacher
used pause buttons to break passive viewing habits and asked students what happens to the
dome when the temperature goes up? Other questions considered were, a inside the dome
“what did the students see? and what role do the clouds play?”

The students responded that the clouds play a role of an insulating Bzim'er ar.ound
the earth, and contribute to the build up of heat, reflecting light back out into space before it
even gets to the surface. The temperature is rising and reach a new equilibrium. As result,
the earth becomes a little bit warmer.

Next the teacher questioned students about what is the damage to humans when
trees and forests are cut. Many students had ideas because everyday there are references on
the radio, television, and in the magazines dealing with the damages as people cu;,down
trees for fuel a_nd wood. Far more trees are getting cut than are being planted. Hence, every

winter heavy rains cause flooding in low-lying regions that causes damage to people and

property. People die after every flood. After that the teacher tumed the video-tape back on

and students watched pictures of forests being cut down and burned. Forest are continuing

v

to be cut and burned in the third world to provide farmland for crowded populations.

Students watched for fifteen minutes more. Then the teacher presented the question, “Why

-

do we need to keep trees and develop forests more?” and *“Can you explain the

relationship?” Some of the students answered and explained the relationship that trees use

s
/

’
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CO, during photosynthesis asthey breath and take carbon to make the wood, they breath
out oxygen which is very useful for us. 4

Students then had a ten minute break. After the break, the teacher wanted to check
for comprehension and clarify details in the video-tape, such as, “What is the role of the
ocean?” Some students responded to this question by explaining that the tropospheric CO,
gas is taken up by the ocean, where a complex series of equilibrium converts CO, (g) into
CaCoO, (S). )

H,O -H* -H* Ca™

CO, (g) ===2 H,CO, (aq) ==== HCO,(aq) z==== CO,(aq) g==== CaCO,(s)

After break time students were asked to discuss the *“Student resource # 7 In order
to help students understand the teacher asked, “How do these gases affect the balance éf
energy? What role do these pollutants play in the atmosphere?" Then the students came to
explained. As we know that the incoming ultraviolet, visible, and infrared energy has a max
intensity, at the earth’s surface around 483nm, while energy reemitted from the earth is
only in the infrared region with a maximum intensity around 10,000nm (this is explainable
to be based on Wein'’s law, one can calculate the peak wavelength of the rays given off by a
hot body by dividing its absolute temperature into a constant number, 2,900,000. The solar
spectrum peaks at 483nm, giving an estimate of the temperature at the surface of the sun of
abE)ut 6,000°K. The earth, of course, is much cooler than this. If we take the average
temperature to be an estimate of the temperature to be about 290°K a peak wavelength is
expected about 10,000nm). If this energy was lost to the atmosphere the temperature of the
earth’s surface would be around -20°C to -40°C. At this temperature the earth would be
cold, the life or; earth does not exist. However, the atmosphere plays an important role in
warming the earth’s surface, some of the infrared radiation is absorbed by water vapor and

carbon dioxide in the air and reemitted in all directions, some of which returns to produce

an average temperature of around 14°C.



But because we are putting more pollutants into the atmosphere, these pollutants,
CO,, N,0, CFCs, and halons allow some heat to flow back into space, absorbing and
reradiating some of it back toward. the earth’s surface. This is the r:aason more heat is
radiated to the earth and the balance of energy can be upset. These pollutants rise, more heat
1s radiated to the earth, ‘causing the atmosphere to warm.

Then the teacher read the *“Student resource # 9 with students, in which the
capacity of trapping heat of different chemicals were presented, especially the molecules
contain chlorine atoms. They are not only to destroy the formation of ozone in the
stratdsphere but also they trap heat with thousand of times more than carbon dioxide.
Throughout the “student resource #9™ the students realized that a threat of the warming
Earth is caused by not only carbon dioxide gas but it also included CFCs .

Students were asked to discuss questions "Student resource #10” as ** Explain, why
Nitrogen and oxygen that are the major air constituents, do not absorb infrared radiation in
the atmosphere? Before students went to discuss and debate, the cooperating teacher

, )
reviewed the dipole moment concept. After that the teacher used a metaphor about vibration
of the molecules such as in the molecules, the atoms behave much as if they were balls
connected by the springs, the spring being the chemical bonds. The resistance of the bonds
to stretching or bending determines the stiffness of the springs. The stiffer the spriﬁgs, the
greater is the frequency of vibrations. Then, the students continued to explain this
phenomenon with assistance of the teachers and we had the solution shown below.

While absorption of visible and ultraviolet radiation is associated with electronic
transitions in the molecules, absorption in the infrared region is associated with vibrational
transitions. Light may induce molecular vibrations when its frequency matches vibrational
frequency. The absorption of light depends on both the frequency of light and the dipole a
moment of the molecule during the vibration. Nitrogen and oxygen do not absorb infrared
radiation because they are two identical atoms in the molecules, produce no charge

separation, so their dipole moments are equal to zero. If the atoms in the molecule are not

59



'\\

the same as carbon monoxide and nitric-oxide has dipole moment, then the vibrations
absorb infrared light, but there are very small traces of these gases in the atmosphere.
Figure: A schematic drawing illustrating the greenhouse effect. Infrared radiation

“from the earth absorbgci. by CO, molecules is re-emitted in all directions returning some'

back to the earth’s surface.
Air Pollutants
Infrared re-emitted by
I _—" €O, molecules

Solar - ' _—

radigtion = C(=0—"

UV, visible, j

IR.

Infrared re-emitted from the earth
and absorbed by CO,

L

The water and carbon dioxide are polyatomic molecules. For polyatomic molecules,
the dipole moment of a molecule containing three or more atoms depends on both bond
polarity and molecular geometry. To have a dipole mément, a polyatomic molecule must
have polar bonds. However, even if polar bonds are present, the molecule itself might not

have a dipole moment. But CO, is a triatomic molecule and its geometry is either linear or

bent.
(4)—4C4—(;) C
T ‘./// \l\\l
O O
linear molecule ( resultant dipole moment
( no dipole moment) bent molecule

(has a dipole molecule)
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The arrows denote the flow of electron density from the less electronenagative atom
(carbon) to the more electronegative atom (oxygen). In each casei the dipole moment of the
entire molecule is made up of two bond moments, that is, individual dipole moments in the
polar C=0 bonds. The measured dipole moment is equal to the sum of these bond
moments. These dipole moment, like the bond moment, is a vector quantiti, that/is, it has
both magnitude and direction. It is clear that the two bond moments in CO, are equal in
. magnitude. Since they point opposite directions in a linear CO, molecule, the sum of dipole
moment is zero.“bn the other hand, in a bent CO, molecule, the two bond moments
partially reinforce each other, so that the molecule would have to have a dipole moment.
H,O and CO, consist of different atoms in within their molecules and absorb |
infrared radiation, because their vibfa{ions, which stretch the bond between atoms, produce
charge separation. The main infrared absorbers in the atmosphere are water and CO,.
The teacher asked students to read the “Student resource #11”" and think about it
with the teacher’s question of “Do you believe the theory of the greenhouse effect is true? If
B so, what will you do from now?” About two third of the students said that the theory of
' greenhouse effect is not true because when the earth warms up, the evaporation of water
from the lakes and oceans is faster, and condensation is formed to produce more rainfall.
Rain cools the land and subsequently cool the air over tﬁé’Tmaé\While the rest of the class
debated that it is a good way to protect the earth without it warming up as “prevention is
better than cure”. They compared the concentration of CO, in the atmosphere has risen from
about 274 ppm to over 340ppm. While just since 1958, the concentration of CO, have
increased from 315 ppm. With the a increased level of concentration of CO, and then
concentration reach 550 ppm would occur. Certainly, theory of greenhouse effect will
become reality. Subsequently, ice-cap and glacial melting will increase the sea level that
causes convection currents in the atmosphere z;nd fierce storms.
After break ime students were aske?/to consider question three “What can you do

to prevent global warming?" Most of the student gave the same ideas, that they never know

v
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the atmosphere was full of CO,. They just thought simply. Certainly, there is a pollution
increase where there are crowded people and automobiles. They never thought that all
human activities have an effect on the global climate. Students realized that what they could
do towards preventing global warming is to use energy efficiently in appliances in order to
save money and reduce CO, and SO, emissions into atmosphere, plant more trees to reduce
of carbon dioxide from the atmosphere, and reducing the harmful effect of deforestation,
and refrain from buying air conditioners, refrigerators, or freezers that use CFCs as the
cooling fluid.

Before ending the topic of the greenhouse effect the teacher showed the figure (7).
The picture of figure (7) helped students understand the whole concept of the greenhouse

effect more. }

Oil pollution

Learning outcome

Studer;ts should be able to
- distinguish among of hydrocarbon such as saturated hydrocarbons, unsaturated
hydrocarbons, and aromatic hydrocarbons.
- understand the concept of isomers.
- understand commercial damage as well as p}Jblic health risks from oil pollution.

- be aware of the fate of oil to the ecosystems of land and sea.

Teaching approach

In order to cultivate the interest of students with national and local connections, the
teacher provided students with the “Problem of oil pollution” and asked them to find out the

recent oil spills in Vietnam, and where the spills occurred, the cause of the spill, as well as
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the impact of the spill on living things and the shoreline. These requests encourage students
to do research and collect information related to the problem of pollution. Then we had
students do their presentations of oil spills that occurred between 1993 and 1994. In this .
period of time there were three oil spills, such as on the twentieth of September in 1993,
there was a collision between two ship from Singapore, and Vietnam. A total of 40 tones of
oil and go\ods were lost during the incident, and the oil spill spread out on the surface of the
water in Ba Ria, Vung tau. On the morning of 8 May 1994, a Vietnamese Transco-01 ship
was in conflict with Uni Humanity. The collision occurred at Tac Roi, Can Gio, where
over 100 tones of oil spreaded out on the surface of the river water. On the third of
October, 1994, a Singapore Neptune ship was in conflict with the harbor of Saigon petrol
factory damaged over 1, 000 tones of oil spilled into river. The accident has had an impact
on the marine environment and the aquatic river environment. There is evidence that oil
coated the shorelines and spread out to form a thin layer that impeded the exchanges of
gases Wi[f: the water, and reduce the dissolved oxygen in the water that caused plankton
and it poisons 's’urface organism. Shorelines and the bottom of rivers were contaminated
with oil and embedded in marsh to cause to die the bottom biological system. The effects of
oil pollution on plants living close shorelines, canals were died.

After students ended their presentation about oil pollution in some areas in Vietnam,
. the teacher asked students to give a definition of gasoline and an explanation of the
phenomenon of isomerism, as well as distinguish the difference in structure of cyclic,
branched chain, and straight chain hydrocarbons in regaras to boiling points and melting
points.

After a ten minute break, the teacher asked students to read “Studgr{i resource #]2"

with the teacher, and after that students moved on to ““Student resource #133” Before

Y

PN

students had a discussion the teacher provided students with the *“Student resource #14" for
acquire more evidence of the fate of living thing from oil pollutions as well as the methods

used to clean up oil spill.
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After forty minutes for a group discussion, students’ ideas presented in the class. A
representative member of each group presented the solutions. They had the answer for the
question #2 below, .

Oil can affect organisms in the water, clogging the gills of fish, and respiratory
passage ways of other marine organisms. Shellfish can die or become contaminated with
hydrocarbons. Birds are particularly vulnerable to oil spills, and when their inner feathers
are coated with oil, insulation is lost and they may die of exposure.

Oil that coats shorelines may persist for a long time, depending on the
characteristics of the hydrocarbons, especially crude oil and tar residues that may remain
embedded in beach sands or encrusted on rocks for months or even years. However,
contamination of organism and products of commercial fisheries at sea have been
transitory.

After this discussion the teacher gave the hint of the Vietnamese situation. For
example; from the oil spill of the third of October, 1994, the damage of oil pollution caused
1, 787 hectares of rice fields and rice paddies to die. 11,000 ducks were coated with oil and
died immediately aftetfgve Ziays from the oil spill, and fisherman also reflected that the
harvesting of crustaceans, molluscan shellfish and fish has been reduced from the effects of
the oil spill. Throughout the discussion students realize that the oil pollution has influenced
the long term production of crustaceans that concern with their life, especially students of
engineering of sea-exploitation became more aware of the dangers of loading or unloading
of oil from ships. In general, students understood that the oil spill disasters have affected
not only the ecology and economy but also have been aesthetically disturbing.

Finally, students presented and discussed in the active classroom atmosphere the
:question #3 below.

Some methods used to clean up oil spill are skimming devices or absorbent

materials of straw, ash, or plastic shaving, and detergents used to try to emulsify the oil.

Most of the students disagreed with the use detergents for cleaning up because the
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detergents are water soluble and toxic, and they caused the death of marine plants and
animals in the areas of the sp'ill. Moreover, detergents are used with larger massive
quantities, so they can’t afford to spend this on the oil spills. But students also studied and
understood the way of cleaning up oil spills that Vietnamese people often do such asunder
the effects of temperature, evaporation, wind, bio-decomposition, concentration of oil in
the water reduce more and more in consecutive days. However, the process of self-cleaning
will occur over a long time, so people need to apply some suitable techniques for
decreasing the concentration of oil in water as soon as possible such as mechanical

treatments, physical-chemical treatments, and biological methods.

Lab activity #1 Carbon dioxide
To illustrate influence of the greenhouse gases to the global w/arming, the lab

focuses on the carbon dioxide.

Student Objectives

Through a lab's activity, students can detect amount of carbon dioxide in the
different samples by phenolphthalein indicator and measure the amount of carbon dioxide in
the samples. This activity help students identify the presence of CO, in the atmosphere.
This lab make concepts of greenhouse effect to become real and students can measure the

CO, content that encourages immediate scientific problem solving.

Lab activity #2 Acid rain

Student objectives

Lab’s activities give students an opportunity to compare the erosion of limestone

and granite by acid and understand more the pH concept of solution.
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Evaluation

3

Student comments make a valuable contribution for us to make improvements in

both the material and teaching methods, and the evaluation of the study from formal and

informal sides.

Informal evaluation is recognized by its dependence on a casual observation of
st‘udents’ behavior, especially observation of small volunteer group discussions, class
discussions, and presentation. Moreover, evaluation for the processes of learning and
teaching also was reflected by the observer participant.

Formal evaluation is recognized by its dependence on\achieveme.nt tests of learning
outcomes, the effectiveness of the environmental approach through reflection of
students’ essays, and assess the effect of environmental issues on students’
understanding and attitudes change, a questionnaire survey provided feedback the -

result. This evaluation is presented in the next chapter.
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Chapter 5§

The results and analysis

This chapter presents the results of the study and analysis. The present results are
five fivefold: (a) reflection of students’ attitudes toward chemistry and interest in the
environment before the class started, (b) to investigate attitudes toward chemistry with

.environmental issues and absorbed knowledge after learning, (c) presentation of results of
mid-term test, (d) to examine how effective when environmental approach was integrated |
into curriculum chemistry throughout the reflection of students’ essays, and (e) presentation
of reflection and evaluation throughout the informal interview from the cooperating teacher.

Consideration was focused on attitudes toward the course because of their
relationship to students’ behaviors and learning achievement. If a student has a negative
attitude then he or she would probably achieve less and his or her capacity to solve
problems in chemistry with environmental issues may not develop.

Classroom observation, students’ essays, and informal interviews from participant
observer are also implemented for getting more evidence about students’ attitude change

¢ L ]

and understanding level of knowledge change. Attention was also focused on academic
achievement (midterm-exam with multi-choice question) because this would give feedback

on application of environmental approach in teaching. If students achieve good results then

the environmental approach should be paid more attention to in chemistry teaching.

Reflection of students’ attitude and interest in environment at
beginning of the classroom
I have investigated the studernits’ responses before my teaching started as follows:
For chemistry: Some students like to study chemistry because chemistry plays an

important role in the daily life, but most of students gave the same ideas that they do not
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like to study chemistry very much. They explained that they studied chemistry because they
had to study it for completing requested credits and they feel that chemistx); does not
stimulate them in learning because the principles, laws and the series of reactions and facts
have to be memorized in a short time and that chemistry is a pure science.

For interest in environmental protection: and global issues

Two-third of students said that daily, there are reference on the television and radios
as well as newspapers concerning lh:a problems of pollution in the country, but in actuality ~
they have no understanding of where pollution comes from. When answering how they
could reduce the pollution, they responded that the simplest way is to just reduce garbage
on the street;and stop dumpingithe rubbish in the river and sea only.- ‘

Students heard from the radio and television that people have to protect our planet
with clean air and with gr;aen color forever, but they think no longer about it. Studem_gjéaid
that it is difficult to protect the environment because industry and agriculture is deveioping,
motorcycle use continues to increase, and the pbpulation is expanding. These hinder efforts
to protect the environment, while in the schools problems of environmental pollution have
not been taught.

Students did not show an understanding of acid rain, greenhouse effect, and
depletion of ozone layer. Some of students gave ideas of ozone depletion as having heard
the ozone layer is being destroyed and is obtaining holes that in the ozone layer are

occurring over the Arctic and ultraviolet radiation reaches the earth’s surface that causes

cancer for human beings, but they did not understand why ozone is destroyed. .

. To investigate attitudes
Fifty-one students participated with this survey. In questionnaire survey, students
were told that they were allowed to answer with their alias. In order to avoid response bias,

the seven scales were mixed together (Appendix E).
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A questionnaire survey consists of the seven subscales below,
e Attitude towards chemistry.
e Attitude towards chemistry with ¢nvironmental issues.
e Attitude towards environment.
e Attitude towards perception of teacher.
° f"\ttitude towards anxfety of chemistry.
e Physical environment of classroom.

e Understanding knowledge.

The analysis of each specific item for every proportion of subscale (in
percent) (Appendix F)
One way to look at the data is to combine the "strongly agree” and the "agree"”
categories to determine the percentage of students who agreed with a statement, and to
combine the "strongly disagree” and the "disagree" categories to give the percentage of

students who disagreed with a statement.

Attitude towards chemistry

Item # 3: A greatest proportion (96.1%) of students indicated that most of students
realize that chemistry is a worthwhile and necessary subject in the school.

Item # 9: The result shows that students appeared to be more feeling toward
chemistry after learning. Further investigation compared with at the beginning of the class,
students appeared to show changes in attitude toward chemistry. However, there is 19.6

percentage of students who are ambiguous.
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Attitude toward chemistry with environmental issues

Item # 13: The result of this statement shows that students have positive attitudes ,
towards environmental chemistry, and they realize that this course is really necessary for
everybody.

Item # 5: Comparison of the percentage of students exhibited more _variation in the
response patterns of students. This result indiéate that 39.2% of the students do not realize
that thi§ course with environmental issues is not easy to learn. However, there is a smaller
percentage of students that indicate that this issues course is easy.

7

Attitude toward environment

Item #1: The result shows that 96.1% of students have an awareness of
environmental protection and they feel that it is.pressing problems nowadays, however,
only 3.9% of students are undecided in their action towards environment.

Iiem #2: Comparison of this result shows more variation in the response patterns of
the students. When the "undecided" are 50 percent of students, this response feﬂected their
real thinking, and it is difﬁg}(}t to say because students feel scared when life environment is
polluted, but they are ambiguous in their action. It is difficult to stop their style of life
because in Vietnam motor vehicles are popular in transportation. And there W&; 314
percent of the students disagreed the statement.

Item #6: This result may indicate that students are becoming aware of environmental
issues that relate to human life. But 15% of students’ responses exhibited lheif ambiguous
feelings about statement, or, perhaps, they simply have nbt yet formed any opinion about
environmental issues in magazines.

Item # 10: 74.5% of students’ responses agreed with the statement. However, there
1s 19.6 percent of students w‘ho are ambiguous about the statement, perhaps the ambiguous

actions reflect the real situation in Vietnam. Students have no power to close industries that
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cause environmental pollution. But there is still 5.9 percentage of students who strongly

disagree with the statement.

Attitude toward anxiety of chemistry

Item # 12: The result shows that there is variation between the responses given by
studenis. It can be seen that more than 50% of students have a positive response, while
25.5 percent of students are ambiguous in thier decision, and about one-fourth of students’
responses indicated that chemistry course make them feel scared. \

Item # 16: 56.9 percent of students’ responses about chemi;Uy test do not make
them nervous, the result suggeststhat these students felt comfortable and self-confidence in
test exam. However, 37.3% of students were unable to make a choice. They mgy have
ambiguous feelings about the statement, or, perhaps, they simply have not yet reached a
decision, while there is 5.9 percent of students’ response’s which agree “Chemistry tests
make me nervous”.

Item # 20: Examining the percentage of students who chose the "disagree” and the "
strong disagree" response, it can be seen that in the process of learning, students exhibited
deeper thinking about studying problems, while 82.3 percentage of students’ response
disagreed with the statement. But the small proportion of the scores falling in the

"undecided" response may indicate that the students are not sure how their mind is thinking

about the statement of item.

Attitude toward perceptfon of teacher

Item # 4: Only a very small percentage of students (5.9%) reflect feelings of

ambiguity toward the statement and 92.2 percentage of students’ responses agreed with the

“statement “My teacher listens to what I have to say”. The result shows that the teacher

expected that-students wanted to share their ideas, and respects students’ ideas.
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Item # 7: The 86.3 percentage of students suggests‘that most students really pay
anention/when'the teacher provides information. There is still small percentage of students
.( 11.8%) undecideq their behavior in the classroom. This percentage of students may
indicate that they felt that sometimes they neglected to pay attention to what teacher asked
them in the processes of leami»ng or have not yet concentrated on what the t¢acher presented
to them,

[tem # |1 1: The result of 94.2 percent of students’ responses shows that most of
students agree the statement. This indicated that teacher behaved whole heartedly with her
students, while fewer than 6% of students did not agree with the teacher's plan. This
indicates that the teacher has a short coming in specific plan.

Itern #18: The result shows that 100% of the students’ responses agreed their

teacher is waiting until students receive good information. This waiting is proper with

student's ability in the process of learning. %

Physical environment of the classroom

r

Item #15:The resuli of the 90.2% of students’ response indicates that students
agreed that the class atmosphere is attractive to them and they felt comfortable with new
learning environment.

[tem #]7: 95.3% of students agreed that in the classroom there were enough valid
resources for learning, but in facﬁherc is a shortage of equipment for teaching. It is
because this was the first time students have seen the overhead projector and copies of

materials with environmental issues.

Understanding knowledge
o
1tém # 8: The result of 72.6 percent of students shows that students agreed with the

statement, While there are still students who did not agree with their increased knowledge of

" ]
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environmental issues, but this is somewﬁat surprising given the tesult of 19.6% of the
students were undecided about their knowledge increase or decrease. L

Item #f’ 14: Responses to this statement indicate that environmental issues helped
them understand more basic concepts of chemistry. And item’s response also shows that
students are receiving information about environmental issues in their mind.

Item # 19: The result shows that 100% of students agreed that their knowledge
exhibited an increase. Moreover, environmental problems helped them to understand the
impact of chemistry on environment and they realized that chemistry is not separate from

daily life.
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Figure A:

presents the mean for every specific item below.

Item Mean SD
1 331 579
2 2.94 1.02
3 4.51 644
4 - 4.37 ~ 602
5 2.90 1.06
6 3.88 '?ji:f?
7 4.29 75
8 3.88 931
9 3.88 711
10 4.03 894
Il 4.15 703
12 2.66 1.08
13 4.05 0.56
14 4.49 579
5 4.25 627
16 2.37 \ 774
17 3.90 ~ 431
8 4.49 505
19 4.58 497
20 2.00 600
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Attitude toward chemistry

The mean scores of item # 3 tell us that the scores of distribution cluster highly
around the mean of the scale, and that students agreed with the statement “Chemistry is a
worthwhile and necessary subject”. The statement suggests that chemistry plays a role i
society. The ?ngan scores of item # 9 are 3.88, indicating that the mean scores of
distribution are somewhat dissipated around mean. But students still exhibit positive

B

feelings towards chemistry.

Attitude toward chemistry with environmental issues

The distribution of scores of item # 5 do not cluster around the mean score,
indicating that the study of environmental issues is not easy, while the mean score of item #
13 tells us that the distribution of scores clusters around the mean scale, indicating that

students have the highest positive attitude.

Attitude toward environment

These mean scores of item # | and item # 10 tell us that the scores of distribution
cluster around the mean, and that the students had more po‘sitive or "friendly" attitudes
towards awareness of environmental issues, while the mean score of item # 2 of students
exhibits that they are ambiguous in their actions. They may think that it is absurd to stop
driving motor vehicles to move places. The scores of distribution dissipate, while the mean
score of item # 6 has a little higher score, showing that they are less positive in attitude
towards interest in magazine and articles that relate to the environmental issues. It is not a
surprising response. In actuality, there is a shortage of materials that contain valid

environmental issues.
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Attitude toward perception of teacher

The difference in mean scores were not noticeable for “Perception of teacher” scale.
g .
These mean scores are very similar, indicating that students had quite positive feelings

L

about teacher in general. These mean scores clustered around the positive mean.
« ‘

Attitude toward anxiety of chemistry

The mean total scores for the "Anxiety toward chemistry" scale of students in item #
12 and item # 16 are basically the same, showing that the students feel confident in
learning, and item # 20 indicates that students are more positive towards the study of
environmental issues. This reflected that most students are always thinking about

environmental issues. I

Physical environment of classroom

This distribution of mean scores of item # 15 clusters around the mean, indicating
that the students have higher positive attitudes toward chemistry. While the slight
downward mean scores of item # 17 also exhibits the distribution of the mean score cluster

around the mean, indicating that this scores also exhibited high a mean score.

Understanding knowledge

These mean scores are similar, suggesting that, throughout, environmental issues
helped students to understans the concepts of chemistry and understand the relationship
between chemistry and daily life. The students' understanding knowledge increase through
th§: mean scores of item # 14 and item # 19 is basically the same. In addition, the mean
score of item # 8 tells us that the distribution of the scores cluster less around the mean of

scale.



Presentation of result of mid-term tesi

The test is administered as multi-choice questions (Appendix G) in which some
questions were taken from, Aron and et, al (1994),’Leeming, and’et, al, (1995), and the
researcher. The test aimed at increasing evidence that proves that the reflection of students
exhibited an increase after learning. The test consists of fifteen questions. The test was
given after students learned three topics such as acid rain, greenhouse effect, and ozone
hole. The test was a measure of background knowledge :)f learned environmental issues.
Figure B: The mid-term test results in which 49 students participated.

Question Percentage of students that answered

each question correcfly

1 91.83
2 8.16
/3 38.77
b4 100
s 61.22
6 97.96
‘ 7 100
8 77.55
- ¢
9 95.91 )
10 81.63
.
3 100
12 89.79
13 100
14 91.83
15 95.91
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A list of the percentage of responses above indicates correct responses-Test scores ’
generally confirmed that environmental issues went to students’ mind and simultaneously, |
it reflects the existence of problem misconceptions. For example; answers to thg third -
question revealed an interesting case which showed that responses were g:vare' that most
pollution of our water source 1s caused by human and animal wastes and emissions. Yet
only 19 students ;hosen correct answer.

I)_,ookjng at the result, I realize lhaf any question that relates to the studying topics
was cor%ect such as: | -

~ Answers to question #1 showed 91.83 percentage of students chose correctly. Yet

8.17 percentage of the students chosen wrong answers, theses students do not think that
burning COE;J for energy is problem of CO, emission into the atmosphere.

The responses to question #2 showed that a majority of student incorrectly assumed
| that phosphates are harmful in sea water because they cause cancer in fish. Only 8.16
percentage of students chosen the correct answer. .

Question #4 revealed that the oxide responsible for causing acid rain is SO,, 100
percentage of the responses answered correctly. Obviously carbon dioxide is not a main
component of acid rain although rainwater always exists with this oxide (CO,). . |

Question #5 indicated that 30 students answered correctly. Yet there were s?ill 19
students aware of that greatest threat to the Earth’s envir()nn}ent is nuclear power plant.

Questions #6 and #10 exhibited that students that understood most air pollution in
the big cities comes from car and most of the ?ead in our air is caused by cars.

Question #7 revealed that 100 percentage of responses agreed that environmental
problems of pollution are a threat to all living things in the world.

Question #8 revealed that a majority of students responded (77.55%) correctly that

high octane gas do not reduce the pollution by motor.

.
p+]

Answers to question #9 showed that 95.91 percentage of students were aware that

the non renewable resource is petroleum.
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Question #11 deals with the greenhouse effect and revealed that students understood
the concept of the greenhouse effect. 100 percentage of responses answered correctly.

Question #12, 13, and 14 deal with the concept of acid rain. Nearly 100 percentage
of responses answered correctly, indicating that students understood the background in the
topics.

Question #15 deal with “the rule of 90” for CFCs. 100 percenie;ge of the students

answered correctly, indicating that students had noticed the formula of Freon.

To examine how effective environmental approach was when integrated into

chemistry curriculum

AN

The effectiveness is reflected throughout students’ essays which provided evidence
for the study. Students were asked to write a 30 minute essay with the form of the hand-out
(Appendix H) in the class on the last day to express their feelings about the new learning
environment such as teaching method, attitude toward environment, a basic understanding,
etc. Forty-three students attended the study, and eight students were absent. Throughout

the students’ essays the researcher looked for the students’ feelings exhibited below
e Attitude toward environment

e Teaching method

e Attitude toward the teacner

e Knowledge

e Atmosphere of the classroom

e Students’ suggestions

e Resource
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Teaching method

In a traditional classroom environment, the teacher studies the materials, and

organizes what is important in materials or textbooks, makes notes, finds examples and

3

then presents information all on the blackboard. The students’ role is fundamentally
passive. Students’ involvement 1s sometimes unnecessary as they sit more or less still,
more or less paying attention to the teacher's presentation. Students feel constrained, bored

in their attitudes in the traditional classroom. Sometimes students complain about how fast

-~

the teacher writes, and they complain that they don't know whether to try to keep up with
copying what is on the blackboard or just quietly sit back and try to Qnderstand what ttze
teacher presents, while the other students busily copy information into their notes.
That was how I taught before. Over the last term I have changed my pedagogy to a
more student-centered approach, with a much greater emphasis on student activities. After
| teaching we found that most of the students liked to study under a student-centered model.

Students realized that the new method helped them gain greater insight and knowledge not
: BN

only into chemistry, but also into real-life environmental problems. In their own words:

We like these this teaching strategies very much because we discussed and
debated the problems in the middle of the class and commented on some
ideas that related to problems. It is very interesting for me but I regretted
that this course hasn’t been integrated into the required University course
curriculum. I realize that the matenals and textbook are limited.

I hope this course will be rapidly integrated into the curriculum because this
course explains the causes and effects of environmental pollution. Before I
myself haven’t yet understood about global environmental issues but now,
because of the opportunity Mrs. Nhi gave us by teaching these problems of
environment, I have a basic understanding and I am very interested in these
problems because it helps me how to protect environment without pollution.,

Another student reflected that his results werébetter as compared with the old

-—

teaching method that had been used in previous courses:

I realize that these new teaching strategies are imp;)rtant because this
teaching method brought many interesting things into learning. I believe this
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method should be applied throughout the school to promote better
education. “

Some of the students said that they also feel that they were free to exchange ideas
and they also increased their knowledge, but the short duration of the class did not provide
enough time for them to adapt to the new style. They are accustomed to teachers’ notes and

_they suggested the teacher should give a summan;y of the answers to the problems presented

in class that is easy to remember. One student writes:

In the new learning environment I am really out of my element, and I think
that it was the way of learning that made me nervous and worry. But this
was only my first impression and after a few days I became familiar of this
way. We realize that this learning environment was very good.

Classroom discussion is the good way for everybody to participate because
students can be free to give their ideas and debate the problems to come to
solution. I realize that through discussions our ability to perceive and
understand the problems was improved. I think class discussions should be
maintained but in the classroom we also need the teacher to play the role of
arbitrator for discussion and to the sum up discussions’ ideas into a short
summary for the students to get important knowledge of the topics.

We found that most of the students liked to learn with discussion because they
tealized that their ideas became clearer as they discussed them in class. Discussion helped

them develop more confidence and exploit and absorb information from their classmates

more effectively:

Learning through discussion made me gain more knowledge from
classmates and helped me realize the gaps in my own knowledge. On the
first day I was embarrassed, shy and not bold but in the continued days I
presented my ideas in the middle of the class, felt more confident, and I
believed in my presentation more.

Attitude toward environment

At the beginning of the class most of the students did not yet know about global
environmental issues, but after the course students acquired a basic understanding of

environmental issues and understood the impact of chemistry on the environment. The
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students appreciated the materials conceming environmental problems that were available to
the class and expressed the need for these kinds of materials to be available to everyone, so

that we all might understand the causes and effects of pollution. One student reported:

This summer I registered for the chemistry course and I felt highly honored
and very lucky to be taught with the new teaching method employed by
Mrs. Phan thi Nhi. On the first day I felt comfortable when the teacher
explained to us what environmental chemistry is and the new ways of
learning. Before if I wanted to study chemistry course with good results I
had to find my own materials. Textbooks in chemistry are difficult to find
and there is a shortage of textbooks. But when I attendéd this course I had
many learning resources such as written materials, video-tapes, and many
pictures that pertained to the problems I had been studying. With this way
of teaching we can discuss and understand right away in the classroom. In
actually, the environmental chemistry I had been learning did not relate to
the knowledge to prepare for my examination in the second year stage, but
the knowledge concemed with environment was very important because it -
helped me understand more about the environment in which I am living. I
understand the threat of pollution to the environment and I have an
awareness of environmental issues that I did not possess before I took this
course. I am really interested in environment and I enjoyed studymg this
course very much.

. Some of the students studied environmental pollution but they didn’t understand

thoroughly the pollution causes for our li;/ing environment and how pollution is formed.

-

Now they can explain those problems. In addition, students do not like to study alone any

more. As one student reported:

For long time some teachers taught about environmental issues in biological
perspective but I just roughly understood. I hadn’t yet understood how the "
environment is contaminated and the consequences of pollution brings to
humans and the environment. For example, take the problem of acid rain. 1
knew it is oxides combined with water vapor to form in rain and fall down
on the land, but I did not understand that this process of reactions occurs
with every oxide released into the atmosphere! Through the new method
from the teacher I realize that our learning had a good result. I felt
comfortable every time I went to class. I think the most interesting activity
was all of the students who discussed, exchanged ideas together and got to
make scientific conclusions. It is not like before when every student studies
by himself. That made me feel uncomfortable in learning. The discussion
and debate helped us to exchange ideas.

\
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Some students expressed that studying chemistry integrated with environmental
issues helped them understand the relationship between chemistry and their daily life. Their

awareness of the environment changed as a result:

s

After I studied this course I realized that this course was not only to study
the problem of chemistry related to the daily life but also to study the impact
that chemistry has had directly and persistently on human existence. By
studying chemistry with environmental issues I understand more about
environmental protection, and understand that pollution is a visible threat to
life in the present and in the future.

Another student said:

The course in environmental chemistry provided me with necessary

information about the damage and effect of environmental pollution. I and
my friends tried to find out more other related problems and especially we
are interested the causes and effects in order to findthe best way to reduce
the pollution that is one of the pressing problems we now face. ’

Teacher
h The :esearcher and obgerver participant, in their roles as instructors, helped students
understand how to solve pegblems, and helped them develop their own understanding of
the problems in the environmeléxt and in chemistry. Teachers always addressed the problems
that the students were having with topics of environmental issues, by clarifying and
explaining, providing examples, or whatever e,lse the teachers could do to help. In addition,
we thoughtfully considered how to create a cla\ésroom environment with the repertoire of
teaching strategies to stimulate and challenge the students to think and ensure an atmosphere
where students felt free to express their ideas. Because this was the first time a chemistry
course was taught, that was designed to integratf: science-technology-society approach with
environmental issues andvrkew style of teac‘hing strategy, we were very concerned with
establishing a good rappql‘t/between the teacher and students in the classroom. Students félt

free without fear of failﬁ}e. The students also did not feel as much pressure to achieve, and

did not worry about the result of their achieyément. Moreover, the teachers always

\e
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respected the students’ ideas and listened to student ideas. Sometimes the teachers could not
only listen, but also mirror the ideas back to the students for more understanding.

The teachers’ enthusiasm for teaching combined with the researchers’ thirst for
outcomes, as well as the effectiveness of integration of environmental issues in teaching,
was evident in our reflections . The students reflected that they wanted to express thanks to
the teacher for the whole-hearted help they received. As a student said:

This is the first time the environmental issues were applied at Nha trang

University of Fisheries. It was very attractive me, the researcher and

cooperating teacher were enthusiastic and gave whole-hearted help to the

~ students. I still liked the way of discussion, because I obtained more

knowledge from my classmates as well as exchanged ideas with others. But
after the debate the teachers should explain more. )

Another said:

Throughout the period of learning I was very happy. Thanks very much to
the teachers who obtained the course of experimental teaching for us to
attend this class. I would like this teaching method and integrated content to
be used throughout the university system. I am highly honored to thank to
the person who designed ttiis new learning approach.

And some of the students said that they were very lucky to learn about these
problems. Because many different students had not had a chance to learn about these
topics, the students exhibited many thanks to the teacher:

Last time we had a chance to absorb completely new knowledge that is very

helpful for us. I think that there are still many Vietnamese students who

have not had an opportunity to learn and read these articles. We thank you

very much for providing information about the environmental problems
around us and thereby increasing our understanding of these problems.

[

Students’ suggestion

From the whole of the essays we realized that most of the students would like
schools and universities to integrate environmental chemistry into the curricula of chemistry

in order to equip students to live and operate in the future. Moreover, environmental

84



g

3

problems of pollution should be communicated to people who can reduce possible
pollution, and they can stems home waste and from industrial waste from their activities.

As students wrote:

i

The problems of environmental pollution are important and of interest to the
world. I think that we should integrate the program of environmental
chemistry into teaching from high school to universities to educate and
increase our sensitivity to environmental issues.

During the course, the time for teaching and learning activities was short. The
students felt the need for more time for discussion and watching video-tapes that illustrate
the problems. As one student said:

" I think that the new teaching strategy with environment increases the

students’ understanding but I have some ideas for improvement, namely to

make more time for discussion and view more video-tapes. I also think that

everybody needs to be aware of the problems of environmental pollution so

they can reduce their actions that cause pollution. Vietnamese educators

should print many books that are easy to itad, everyone can be aware of
environmental protection.

EClassroom atmosphere

Classroom atmosphere is one of the important elements for stimulating student
learning. As teachers of this course, we expected students to learn by reading the material,
sorting through it, digging out what is important, and ;vorking on problems. After making
notes of their difficulties in solving the problems, the students were expected to participate
in classroom discussions on the questions to create their own dynamic le;rning. Because |
there are different degrees of attention among individual students and different behaviors
toward the class activities, the teacher’ role is also important too in encouraging student
learning. The teacher’s manner toward the students needs to be friendly and inviting,

reducing student nervousness in the new learning environment. Students expressed in their

reflections that the warm and friendly classroom atmosphere made them feel comfortable
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and have self-confidence in front of classmates and the teacher. They commented on the

Iy

lack of a heavy atmosphere that is common in the first days:

In the classroom I felt that the classroom atmosphere was not heavy
between teacher and students as before. I participated in more dynamic
discussions, and all of the members in the class respected each others ideas.
The teacher also participated.in the discussions with us, which supported
the comfortable atmosphere. Although at the beginning of the class the
repertoire of teaching strategy such as discussion, presentation and debate
seemed to me unsightly, it was-only my sensation of the first day. The new
learning environment helped me get mare knowledge, that I understood
better and remembered longer.

o

Another said: ° : v

Before I passively. absgrbed knowledge from my teachers by listening.
Sometimes I would like to say something in class but I was afraid or felt
embarrassed because the teacher ,play important role as the center of the
class. But at this moment I studied in the comfortable learning environment
I saw that we are really the center of the classroom. I can present my own
ideas in front of my clazsmates without shyness. That improves my ability
to commuaication and to further my studies in the future.

el . ,

M

Another student reported:

- Throughout the new learning environment I realized that the classroom
atmosphere was comfortable and s§imulated all of the members in the class
because with this classroom environment the students were not passive,
sitting quietly to receive information from the teacher. It was not a
classroom environment where the teacher provides knowledge and students
absorb 1t without finding anything out for themselves, but the opposite. In
this course the students were active in learning and discussion and gave
their ideas because this class was centered on the students, instead of
teacher-centered. The role of the teacher was to act as a guide or facilitator.

Resources

Most of the students commented that video-tapes and over-head transparencies
illustrated lively pictures of the problems that make them more stimulated to learn. They did
not feel bored with familiar chalk and blackboard as before. Students also reported that
sturients realized that through special equipment students find useful information of the

problems in front of them for easy reference.
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Obviously, a lively picture with colored transparency paper and video-tapes are
necessary. Students reported that video-tapes and proViding photocopies of topics helped
them understand more. As a student said:

Learning with video-tapes and overhead projector with transparency color

paper helped us understand more real problems and perceive what was

inherent in the textbook. Many of pictures in the video-tape and illustrations
were easy for us to remember, and made a greater impression in my mind.

Another student said:

The materials that presented the problems of acid rain, the greenhouse

effect, the depletion of ozone layer, and oil pollution contained new

information that was helpful for us. Before I learned chemistry with a little

bit of edvironment but I did understand the nature and significance of the

problems. These materials and the color transparencies stimulated me to

understand thoroughly the problems in chemistry. Although I learned this

course in a short time, I realize that my knowledge of chemistry in particular

and other problems in society in general have improved very much as

compared to before. And I think that this teaching approach should be

applied more in schools. y

As I introduced in Chapter One, I was accustomed to teaching in a traditional
teaching environment in which students see schools as competitive. Grades are given
comparing which students’ scholarship are best, so ﬁudents must compete with others. |
would like to change this learning atmosphere. Students in the environmental chemistry
course operated well in group discussions and presentations in order to achieve a learning
goal. This result made me reconsider my teaching method all the more because these
participants were the students who came from different faculties at Nhatrang University of
Fisheries.

At first, I wondered if the teacher should always assign students to heterogeneous
groups or should the students be allowed to choose their own groups. And then I decided
to give my ideas to the classroom and we analyzed the advantages and disadvantages when

students learn in different classes. After all, students said that they felt more comfortable

working with those they already know, and this was the first time they operated in this new
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leamir}g environment. They wantedqto be comfortable with the rﬁémbers of group that they
would have to give their present‘;itions to. I realized that the students preferred to work with
their friends, and they may }ave refused to participate in a group that included some one
they'do not like. But the students also understood that they needed to exchange their ideas
with all of the other students in order for us all to understand more. Near the end 6f the
learning activities the students discovered that they can learn with and from many people,
even those who seem very different from themselves, and the students also agreed that they
have more knowledge or success in learning from other groups expenence As one student
said:

The discussion and presentation of every group was restricted but when the

class concentrated on five discussion groups I liked this atmosphere very

much because some problems that I and some my friends in my group had

not found and had not understood other groups had already showed and
modified.

Understanding knowledge

Learning activities-consisted of reading articles and materials, discussion groups,
class discussion, class presentation, and solving problems that were aimed at helping the
students use their chemistry knowledge to solve related problems that closely connected
with the student’s life, along with helping students’ understand more basic science
zconcepts.:Through the new approach the students developed communication skills, and
were able to solve scientific pro%lems as well as débate on the pros and cons related to a
particular article. We hoped that through learning with di’ffergnt activities students would
reinforce a positive attitude towards science in general and towards chemistry in particular.
I was also hoped that integrating environmental knowledge would increase their ability to
apply scientific principles to real life situations and increase their understanding of the basic
concepts and principles of chemistry overall. Most students expressed in their reflections

that their knowledge had increased about the environment and chemistry:
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Before attending this class I did not know environmental concegls such as

the causes and effects of acid rain, the warming of the earth, and the

depletion of ozone layer. There was some body who asked me, why does

the temperature of the earth seem to increase? At that time I did not know

how I could explain it to themn but now I can answer that question. ‘

Depending on the environmental issues, I have got a basic understanding of

that question as well as of global environmental issues.

Another student said that this knowledge is very valuable for students and they hope
that this knowledge can be used in the future: .
Although when I began this course I had a little bit of knowledge about
environment when I studied these topics that helped me accumulate lots of
knowledge about environmental pollution, depletion of ozone layer,
greenhouse effect, and acid rain.
Everybody is interested in these problems because they are a visible threat to
human life. For me this is valuable knowledge that I need to know and I
need to consider in my life. I see that in the process of learning and living |
will use this knowledge with a useful and effective result.

Participant observer's reflections and evaluation
After finishing the course on environmental teaching, the researcher and cooperating
teacher had an informal interview. These questions wer_e' given in the form of hand-out
(Appendix I), but in actuality, the researcher wanted to know how an environmental _
approach is evalued by the observer p'articipant, as well as his feelings on this approach and
/

his ideas on how to improve the course.

The conversation we had was relaxed and comfortable. I asked if he was excited
about teaching these topics and he said that he was interested in the greenhouse effect
very much because he had already read in Vietnamese magazines about this problem, but he
still did not fully comprehend it. He could not visualize the word "greenhouse” and why

scientists used this word. As he had never seen a greenhouse, he did not understand the

concept.

89



Throughout the video-tape he saw a greenhouse and then understood why they used
that analogy. Every topic covered in the course has different features because these topics -
concern global environmental issues and reflect phenomenon that occurs around .
us. He said that we should integrate enyironmental issues into universities and schools
because environméntal protection is not only environmentalists. responsibility but also
teachers' too. We do not have up-to date information because there is a shortage of
magazines, newspapers, and textbooks for up-to-ddte teaching. For example "the rule'of
90" is very interesting and ar‘easy rule to apply for CFCsl,\l?Pt there were his c?)l!lé:agﬁes
who asked him about the formula of Freon-12, and at that time he did not knowinoa;v,he
could expldin the chemical. He thought that in the process of teaching, it is good if we
integrate the curriculum with problems that relate to real life.

The researcher also, wanted to know how the observer felt when he participated in
the class and taught basicichemjstry with en-vironmental issues. He said that during the first

. .
few days of the class he felt that students and himself were not familiar with the classroom
climate and procedures, although the researcher presented the designed mode] of learning
and teaching. But students and even the researcher were initially perplexed with class
activities. As the course progmsged students became familiar with this atmc:s'phere and the
researcher was able to be a good facilitator and students exhibited enthusiasm, and were
actively engaged in class\discussions. |

He sé}id we had an(!ldvantage in teaching this particulﬁr"class because these students
had a basic E‘\nowledge of (}hemjstry that enabled them to understand more, and students
were able to a\ i /owledge of chemistry to Understanding aspects of environmental
issues. During the course, the researcher empowered students and the class became more
student-centered model, and the students were more able to complete their learning
activities.

Certainly, he realized that students exhibited an awareness of environmental issues,

understood the concepts of chemistry and principles in chemistry and especially, they knew
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how to use their knowledge of chemistry to explain the impact of chemistry on the natural

i N

_ environment.

In addition, students exhibited an increase in their ability to study ind?:pendentlyt

M,

After every break time students said to him thatﬂ throdghout this course they received a lot of
valid information and understood the nature of th; phenomenon of acid rain, the depletion
of the ozone layer, and the greenhouse effegt./S/tqdents also reflected that if most teachers
used the different teaching strategies, incorporatinw:g real life information with teaching, the
students would be excited to learn and there would be more active learners as well.

However, students were still somewhat dependent on the old teaching methods of a
teacher-centered classroom. For example, students wanted the assistance of the teacher in
;summjng‘-up the ideas after the discussion or the presentation. Also, there were still some
~ students also did not respect others' ideas when their classmates debated.

And then, I wanted to know whelher’gr not he would include envir;)nmental issues
in his teaching, and would include real-life problems in his course curriculum. He said ;hat
this approach could be a comnerstone of his teaching. He felt therg?éré\many teaching
strategies that would ge relevant for him in his teaching. He also said that although this was
the first time the environmental approach was used in an “experimental teaching course” we
- had been considering integrating environment;ﬂ issues into the curriculum already because it
is one of-the pressing problems facin?: Vietnam today. Everyday radio, televifion, and
newspapers cover environmental issues.

He thought that this presents a good opportunity to teach environmental issues in
schools and universities. This integration coinc;des with the spiﬁt of educational reform in
the chemistry curriculum. He would like to recommend this course to everyone who studies

-

chemistry. However; in order to institute a cougse in environmental chemistry he would like .
to suggest some more topics, such as treatment of discharged water from the sea-product
processing factories and enterprises. He was especially concerned with the waste water

treatment for rivers, lakes, and pools so fish and shrimp will not be adversely affected by
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bolluﬁon. These concemns relate to students jobs in the future. However, he mentionéd that
lack of time is one of the obstacles of implementing environmental issues into the university
curriculum. , X

In addition, the researcher wanted to know whether or not this répenoire of teaching
strategies had influenced the observer's teaching strategies and also wanted to hear his
comments on the teaching method used in this course. He said he applauded the teaching
strategies [ used, and believed I was successful because the learning environment was
shifted from a passive one to an active one. He observed that students were really able to
cooperate with each other and a friendly rapport was established between the teachers and
students. Throughout the learning activities he realized that students liked the discussion
groups as well as class discussions, and the debate resulted in an increased problém solving
ability of the students solving problems. According to him, the strategy of discussion
enhanced the basic knowledge that students acquired in the chemistry course, and helped
students to avoid misconceptions. Simultaneously, students thinking skills and problém
solving ability were dev&eloped, as well as their ability to work as a teamwork. Thrgughout
this observation he was moved to change in his pedagogical ?pproach and believed that this
would improve the chemistry curriculum. He went on to observe that the students exhibited
an increase everyiaay in‘ their communication skills and deeper thinking.

The researcher then wanted to know how valid he believed the resources were that
were taught to students. Was it enough informay)n, did it need to be updated and
expanded? After that }{e said that these global environmental issues were completely new
information in curriculum and a new area in education, but that I exploited useful and
wonderful problems of environmental pollution that were up to date at that moment in
Vietnam. Simultaneously, I knew to link learning and teaching science with real life.
HoWever the model of discussion or presentation of the whole class would be conv'enient

-

for a class of ﬁfty students or less, but in a class over ﬁfty it would be difficult to ogamze

S

the class activities and be difficult to manage learning with a good result. In the process of

Fl
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cooperative teaching we realized that students understood a knowledge of chemistry in
issijes much better now than stude;nts did before. Students thought patterns about the
science of chemistry were changed through the real-life problem sol;/ing aspect of the class,
and students left with a sense of being educated with the rel‘evant purpose of studying
environmental issues. C .«

The researcher enabled stu(dents in ihis course. My teaching strategies and
educational matenals, such as the overhead projecti;)ns with lively color pictﬁres, were
stimulating and made students want to learn chemistry more, the observer reflected.

In order to draw experience for teaching, [-wanted to get more ideas for cgmpléting
a separate course in the future for my teaching as well as for my colleagues, and
suggestions of more topics that woulv‘d be necessary and relevant. He said that he would like
to suggest that we should collect and integrate mé're problems, such as hazardous
household wastes and indoor air pollution into the topics presented and include field trips.
Field trips stimulate student learning and are recognized as a teaching tool in education, and
field tnps can help students to fill in the gap which exists between lectures and real life. We

should be familiar with the outdoors as a learning environment for understanding

environmental issues more. -

The summary of findings from the reflection and evaluation above

One of the da{ta collections in conducting this study was a observer participant’s
reflection and his evaluation across the “‘experimental teaching course” with environmental
issues.

Throughout the informal interview above, the different patterns of §trength and

. ]

weakness shown by the cooperating teacher correspond to the general evaluation and

conclusions about the knowledge absorbed by students and pedagogical skills of the

L}

teacher.
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Using the ehvironmeﬁtal app)roéch helped to increase students' knowledge and

awareness of chemistry of environmental issues as well as incrzasing students enjoyment of
‘learning seientific concepts, and descriptive propérties of chemical rgeactioﬁs. <

When integrating the teaching dg_ chemistry with the environmental-approach, th;e '
teacher's behavior and pedagogicai skill is the key to successful instruction. The teacher
transferred knowledge and managed learning activities as a model by not only stimulating
the thought processes of students but also by changing students' attitude towards the

.
science of chemistry and towards environmental issues.

In general, the attitude and motivation of teachers and students are crucial. The
attitude of the teacher was central to the success of interactions with students. Our
motivation in the process of teaching was reflected in whit we designed and taught.

Throughout his reflection, the pedagogical skills of the teacher were sufficiently
well developed to enable the teacher to plan successful classroom activities, although
planing was a very time cc:nsumjng task. The problem of time is also one of the barriers to
this approach. Findings from this reflection and evaluation exhibited the effectiveness of the
environmental approach, the cooperating teacher confused the term greenhouse effect. He
was surprised why scientist use this term. His curiosity was right because according to
Miller (1982), the term éf greenhouse effect is nﬂsleadfng, a greenhouse, or a closed car on
a sunny day, not on/I’; trap heat energy, but also keep the warmed air from blowing away
and carrying with it the added the warmth. Even though technically inexact, the use of this
term is widespread. .

e Students perceived the impact of chemistry on the natural environment and understood

human's responsibility to the environment.

e Students understood the basic concepts in chemistry and the mechanism of chemical

reactions that occur in the natural environment.
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e Students improve‘d their atﬁiude toward environmental pollution and toward the science
‘of chemistry. v

¢ Students exhibited the\dynamic learning activities and exchanged ideas tqgether and'
erased the compétitive atmosphere in leéming, ar;d exhibited a friendly-atmosphere with

tedachers and classmates.

e The environmental approach provided a good opportunity for leaming and teaching. It

seemed to improve the quality of education. -

¢

e The articles, materials, and video-tapes selected from Canada were evaluated highly and
were up to date, but there was still a lack of Vietnamese situations of environmental

. ¢
1SSues.

e The field trip for outdoor leaming is‘ a good teaching strategies and in the future is
necessary to combine and develop as an integral part of the science curriculum.

In general, students,A as well as the participant observer, welcomed the global
environmental issues and the ne\‘av teaching style very much, although there were |
restrictions in the teaching activities, as discussecjﬁ above.

.
Teachers’ role

In c;rder to help the students not only achieve leﬁmff;gouicomes, but also develop
problem solving skills as well as communication sblls the role of the teacher is very
important. The teacher can be a model which stu%gents imitate when they do the work or
solve the problems. Hence, the teacher's role differs with every class activity, but the

A
teacher is responsible for creating a proper learning environment for students.

The teacher had to have unique strategies to develop classroom activities with

problem solving overtones that would promote the léaming outcomes. Some of the students

" reflected that group discussion was more effective than whole class discussion in

promoting learning, while most of students realized that they liked to participate in the class
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discussion because their classmates could present explanations or solutions that are
embedded in the problems. But one of the more important roles the teacher provides is to
stjmulate;,students, %eeping them active in problem solving and in developing the dynamics
of the class activities. These are the reasons that made the teacher to be very careful to pose
questions of the right difficulty, 50 studenis would no‘t\be too discouraged or confused and
give up, yet sﬁ‘ﬂ be stimulated to‘develop their problem solving abilities and actively
pénicipate in the class a}cti\’}ities."

In "f_act students came into the class with various levels of knowledge. This made the -
teacher consider thji? problem in teaching. Although this decision was difficult, the teacher
did not separate the scientifically gifted from the less interested students in the class. But
fortunately, most of the stuZients who participated in this study were volunteer students, so

t

the students already had the ability to study independently. About a haft of the students took
the environmental chemistry course tﬁ) complete their credits. -

The reflections from students showed that the classroom atmosphere was attractive
and comfortable for them. In their feedback, students especially wanted the teacher tosum -
up the main ideas of the class discussions, as well students suggested that the teacher tell
students the right or wrong, and the pros and cons, from the particular articles.

However, understanding of the students was not the same, not all students
participated or were engaged in learning activities, and there were also students who did not
focus on leaming’activities or seemed to not be comfortable with the new learning
style. Some students kept quiet and did not share their ideas. The teacher responded by
patiently encouraging students more, and gradually students became aware of their roles as
learners. But the teacher seemed to be aware that most of students who were used to being
assisted by teachers did not learn from books or materials without the assistance of the
teacher. -

Moreover, this was the first time environmental issues were integrated fot students

who were not chemistry majors. The teacher presented a plan that followed a format that
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provided in the process teachir;g objectives, lesson outlines with the procedures, a list of
resources, and sections for student evaluations of the class, and self-evaluation as well. The
teacher guided studenés in determining which problems must or should be dealt with first,
and in learning which methods could.give the best solutions. ’

The teacher and cooperating teacher alwa;s encouraged students to ask questions
and to éxp(ess their ideas. Most students reflected through their essays that their
communication has increased and their knowledge increased. However, some of the
stude;ns felt less confident when they communi;:ated'in the middle of the class, but their
feelings appeared on the first days only. In actualf;};, some females were still shy and felt a
lack of confidence when they were involved the discussion.

Some of the students said that this was the first time they had studied in a learning
" environment with an overhead projector with many colored pictures which that helped them |
understand more and stimulated them in learning. I think that this reflection is true because
most teachers rarely use that equipment for teaching.

I received feedback from the students that this course helped them to acquire an
awareness of environmental protection and they believed would help them in their future
jobs, such as an engineer of sea exploitation, to be more aware of how pollution is toxic to
living things under water, harming the fish and shrfmp resources; students intending to

2
become engineers of sea product processing acquired an awareness of environmental
pollution that is caused by waste discharges from food processing factories. Students
especially developéd an awareness of using coolants such as CFCs in freezers and
refrigerator, and students studying to become engineers of marine a;]ua culture acquired
awareness of water poilution that influences sources of fish, shellfish and shrimp.

In addition, the observer participant (cooperating teacher) commented that ““student
resources” were-valid for teaching but he thought that there were not enough for the ?ourse

and if I collected more resources concerning environmental issues and video-tapes that use

Vietnam as a setting that would stimulate the students more. He was also said that as these
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~ were the ﬁrst students involved in a student-centered class, students exhibited the dynamics
of leiarlning and were excited to learn, although there were still some the students who had
not yet changed. ’ |

In addition, students complained that the time given for learning activities was not
enough. In an average week the students had to learn thirty hours without lab work aﬁd
they had to prepare for the entrance exam at the second stage. They said ihat in a period of
short time they had to digest much information, but fortunately, with the new learning
environment they understood the curriculum more readily in class, rather than just reading
articles and preparing at home. And students said that if the teacher gave assignments or

-
exercises in chemistry to them, they may not be able to finish this work for the teacher
beéause there was no extra time for learning and preparing.

In summary, throughout the results of the data analysis students exhibited positive
attitudes tov{ard science after learning chemistry with environmental issues, and an
enjoglment in learning as they were very active in discussion groups, and class discussion.
Throughout the activities, students had the opportunity to relate their knowledge of
chemistry to explain or to solve real life problems. Students felt that they were playing an
important role in a student-centered model. The “experimental teaching course™ provided
students with the opportunity tp";elect and pursue problems of concern and interest to them,

increasing their motivation and persistence to learn. As the Jearning environment shifts from

a teacher-centered to a student-centered classroom, the role of the teacher changes as well.
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Chapter 6

Conclusion, discussion, and implications

This study started from the purpose of rebuilding the educational system in Vietnam—

with high quality and effective educational innovations in curriculum. The Ministry of

Vietnamese Education aims to improve the scientific and technological literacy of the

Vietnamese citlzenry The researcher was interested in integrz;ting er;vironmental issues in
teaching chemistry beca:Jse at the momﬁt environmental issues are pressing problems in
Vietnam. The researcher realized that science educhtion today is being urged to produce a
citizenry informed and alert to the problems of environmental science. Although teachers in
the Department of the Chemistry reflected upon integrating environmental issues in
chemistry courses, they would prefer a separate course of environmental issues. Objectives
include transmitting essential characteristics of particular discipline, connecting the subject
matter to environmental issues, and providing a foundation for further study in the field.of
chemistry.

STS education is occurring in schools in the north America. It aims to help learners
develop the capacities needed to participate as capable citizens to resolve STS issues that we
face as individuals and as members of society. As indicated in literature review learners are
most likely active in the resolution of STS issues.

The educational goal is what the school aims to accomplish for students and society,
but today’s students need to understand the interrelationship between people and that of
daily activities that affect our planet and its resource. Knowing knowledge and its
application can extend our capacity to alter what nature has created and also directly the way
we live.

However, the global issues have not been recognized by Vietnamese educators in,

schools yet such as greenhouse effect, acid rain, and ozone depletion. Citizens feel difficult

when facing issues arising from the interactions of science, technology, and human

’4
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activities every day of their lives, in areas such as environmental quaJ'ity, waste
management, energy consumption, AIDS, overpopulation. As a member of Vietnamese

»

society, I realize that the infegration'of STS educftion, especially environmental education
in Vietnamese schools at this moment is “better late than never.”

The integration of environmental education in schools was examined as parts in the
world were releyant to integrate into Vietnamese currictilum. I feel that the efforts has been
éuccessful through the result that will be discussed later. -

I hope that this “experimentai] teaching course” can serve as a catalyst for instruct@rs
to initiate curriculum restructuring. Because the chemistry course for non-major science
students imﬁ)lves a lot of information that is difficult forhstudents to memorize in a short
time. Students feel chemistry is difficult and they do not enjoy chemistry or see its value in
their lives. With an environmental approach, however,‘studer’lts can better understand the
concepts and principles of chemistry in the context of environmental issues that occur
around them. In this study students were active and dynamic in a variety of learning
activities, such as group discussion, class discussion, presentation, debate and problem
solviﬁ g.

Students were pro~vided four topics of environmental chemistry and two lab
sessions that concerned environmental issues in daily life. The goal of this appr)oach is to
develop students’ critical thinking and problem solving skills raise their level of confidence

1n what they canlaccomplish, enabling them to take a broad view of environmentaisissues.

[ attributed the results of learning activities incgluded in this study to several éhinges’

LY

in st;déhgs active learning” of environmental issues.

First, the level of in-class participation increased from twenty students on the fist
day to fifty-one students on the third dayfg This course became a selected course for students
who wanted to complete their credits and for students who were eager to learn about

environmental issues.

~
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Second, although students perceived this approach to learning as a demanding
course, they thought it was beneficial to combine relevant applications il the curriculum.

Third, students, faced 'witli:;ii:problem, tried to tackle imr;lediately the task of |
constructing a solution. They spent little time beforehand developing a description of the
problem or planning a solution. Furthermore, they spent little or no time afterwards to
assess whether the solution they found was correct. Nor did they try to extract from a
solution knowledge that might help them to deal with problems. Students still tended to
place a great emphasis on remembering and using various facts without trying to think more

,{eeply about the problems. Accordingly, students may be able to answer questions with

éssistance of teachers. But throughout the processes of learning activities students gradually
became accustomed to using related knowledge to plan a solution or check whether a
solution made any sense. ‘ ; 3

In trying to solve problems, students paid much more attention to thé solution than
to the process. Thhs, students were mostly interested in the answers to problems. After all,
students gradually understand that the most important aspect of problem solving is the
decision processes which leads to good solutions. Moreover, students were not accustomed
to asking the teachers when they had difficulties or confusing problems and'ﬁ\ey revealed
that small group discussion and class discussion motivated them more.

Finally, students’ acquired knowledge improved through discussion and debate,
although it was clear that students’ problem solving skills were rather primitive. Studeats
reported repeatedly that they preferred this teaching approach. Their improvement may have
resulted from several factors, such as teaching strdtegies used by the teacher, new
information of global environmental issues, video-tape and valid resources, classroom
atmosphere, énd the teachers” manner. Certainly, they were getting more help and practice

~ 1n solving problems. Not surprisingly, students became more willing and able to tackle

tough problerﬁs.
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knov(f/ledge possessed by the students but alsg

S

In general, this study reveals that problem solving ability is an important but

difficult aspect of the chemistry learning process. Its acquisition depended not 'only on the

-
e

other relevant intellectual abilities.
Problem-solving depends on both the kno’ dge fequired to solve the problems and
problem—‘s%olving; strategies. «, - . .

y The objeetivities of the tehchin g approach were for students to acqui,ré a basic
fur[dérstanding of environmental problems, intefconnectedness of human and nature, basic

£

Sen%nce con:ceptg in chemistry, and to take responsible action in the natural environment.
ﬁ]e résrjfllt\ﬁi the’ suryey,revealed_ that 96 percent of the students indicated that envi;onmental
issues,;ﬂi‘?ggped them to understand basic concepts of chemistry and the nature of problems in
chemisiry: and that environmental problems helped them to better understand the
relationsh}i‘p between chemistry and daily life. Students undel;stood the concept of redox-
reaction, the rule of 90 for CFCs, the concept of the greenhouse effect, and how ozone
depleting agenfs‘attack the ozone layer. Moreover, in the traditional teaching 'method,‘/\"/}
carbon dioxide is detect»edvin the ‘satufated calcium hydroxide as a precipitate of calcium
carbonéte from burning orga‘:];ic chemicals. The enviroqmental approac\h’ helped,students
recognize the importance ofca;bbn dibxide to life as we know it, as a small component of
Yhe atmosphere, but how in greater amounts it is threatening to life. EOZ is also one of

greenhouse gases. From the lab activity for determinirig the amount of CO, in air, students

couldidentify a variety of environmental problems rclated to atmospheric CO,. Throughout

the lab activity, knowledge of chemistry helped them understand the relationship between \)/,

the human and natural environment, and between theory in the discipline of chemistry and
environmental issues.

Students’ essays reveals that they were enjoying the class more and that their
interest and enthusiasrr; for tHe subject had increased.

To asses the impact of the environmental approach on students’ abilities to master

concepts and develop critical thinking skills, mid-term and final examination results were

£
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examined. The multi-choice questions revealed that students peformed well on the mid-term
test, with little evidence of student misconceptions. The final examination was formed by
the Chairman of the Department of Chemistry and myself. We concluded that students
‘explained the questions with deeper thinking and were able to,focus on spefific problems

to generate and implement their conclusions. The learners constructed their understanding,
linking new ideas to what they already knew. In the vgritten paper of the final examination,
students showed that they could express their reasoning logically and carefully in
developing solutions and drawing their own conclusions. The same was observed during
class sessions, when debates were enthusiastic, and students were deeply involved.

It is important to know whether the environmental approach has a broad influence
on student’s attitudes toward environmental protection, or whether its influence is limited to
the material covered class the findings for this objective were base;d on students’ essays and
the percentage of responses on the questionnaire survey. The resul’t indicated that 96%.of
students agreed that they are interested in environmental protection. This is not surprising,
because during the data collection period, there were daily references on radio, television,
and in the newspaper concerning environmental pollution.

Simultaneously, from the essay students reflected that the environr?lmtal approach

helped them realize causes and fate of pollution to the living environment, and that this
approach has influenced their view of responsibility in action. About 75% of studgnts
expressed an interest in reading newspaper and magazine article related to environmental
issues. It was surprising, however, that undet one-third of the students indicated they
would ride a bicycle to do their part in reducing atmospheric pollution. Indeed, most of the
students felt it was wrong to ask someone to do this. B
Students’ essays revealed thdt topics such as “global warming” and the challenge of

reducing the greenhouse effect were useful in educating students about responsible action

and in developing awareness and sensitivity to current environmental issues. In general,
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attitudes toward environmental issues were positive, and then the integration of
environmental issues improved students’ awareness of environmental protection.

At the beginning of this study, students declared thatghey studied chemistry because
they had to learn for completing credits; chemistry did not motivate them becaﬁse in the

short time they had to remember many facts, principles and reactions. But through a period

sl

of one and a half months with the environmental issues approach and lab work, students
changed in their attitude toward science. This conclusion was based on the results and the
students’ essays, which indicated that they were enjoying the class more, that their interest
and enthusiasm for chemistry had increased, th:at%?hey did not think of chemistry as a dry,
boring course any more but realized that, with its real-life applications, was to motivate
them i learning their studies were particularly exciting when they had debates and
discussion. These reflections indicate that the role of students had changed. In this
environment students were not passively to absorb knowledge, or rote learning with
principles or laws. Instead, students were really dynamic and active in their role, such as
reading articles, and identifying the researchable questians in solving problem:s.

The students’ essays, the questionnaire survey, and the interview with the
participant observer all indicated that the environmental approach had positive influences on
students’ attitudes toward science. Moreover, students also reflected in their essay that they
were very lucky to learn about environmental issues and they would like to recommend this
course to many science students because the environmental protection is not only
environmentalists’ responsibility but also every ones.

This study aJ-s’o investigated whether or not teaching strategies'such as discussion
and problem solving influenced students’ abilities, and understandings in science.
Observations of class sessions and student’s essays revealed that students explored

different approaches to solving problems and made their own decisions about the best way

to approach the problems and environmental issues that relevant to their own lives.

-
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Students became familiar with the discussion format in accordance with the problefn :

solving metho'd of Pizzini, as throughout every topic, students generated various questions
and tried to find the evidence to convince and argue as well as defend their ov;fn ideas.

Althougim students still needed some assistance from the teacher, the finding show
that new teaching method with discussion and debate appeared to be successful for learning ’
about and discussing evironmental decision making. It also gave students an opportunity to
p.ractice ‘scientiﬁc analysis of relatibnships and causes in a situation. Over 90% of the
students indicated that they thought this teaching approach was very good, and they
expressed their gratitude to me for designing the activities.

Finally, this thesis raised the question of whether or not the topics of global and
local environmental issues have motivated students in learning and are valid resources in the
current curriculum. The findings from the informal interview with the participant observer
and students’ essay revealed that these topics were evaluated highly in term of their
educational characteristics. The resources used, such as video-tapes, were seen to be useful

_and valuable tools for teaching.
The chosen topics were in accordance with curriculum of chemistry. Only recently

curriculum deliberation in Vietnam has included concern for environmental issues, and this

study represents an “early attempt” to weave environmental issues into a university course

" e

in chemistry. These topics are aimed at educating today’s students to understanci our
interrelationships with issues around the world and how our daily activities affect our planet
and its resources. Over 95% of the students agreed that there were enough valid resources
for learning about environmental issues in the Vietnamese context. Moreover, the
cooperating teacher and other colleagues in the Department of Chemistry suggested that

i
there could even be a separate course on Vietnamese environmental education.
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Limitations

The researc‘hér was the instructor of chemistry course in which this study took ;;lace
and main observer. This may have affected students’ behaviors in the processes of
w?éaming, and resulted in a bias in students’ responses to their essays and a questionnaire
survey (although in the questionnaire survey students were as‘(ed to use their alias for
avoiding bias from the teacher). Most of questions in questionr{aire survey were taken from
Talton and Simpson (1986) and Gogolin and Swartz (1989). Oﬂy three questions of
understanding k;10wledge scale were constructed by the researcher but these items were not
pilot tested.

It would be interesting to examine the pretest survey of attitudes on a large scale to
test its reliability, but this study has not collected sufficient data for this purpose.

It is very difficult to find appropriate resources in Vietnam for the study of
environmental issues, even in the university andr pyublic libraries. Video-tape and other
resources used in this study translated from English into Vietnamese for showing and
reading. This is considered to be a minor limitation of the study.

In this study the student’s attendance varied, only forty-four students agreed to sign
their name in the conse;nt forms for attending the class. However, in the questionnaire
survey the number of the students was fifty-one, the number of students in mid-term and"
final examination was forty-nine, and only forty-three students wrote the essays to express
* their ideas in the classroom. This inconsistency in students’participation m'ay have had a
limited effect on the result of the study.

Finally, the study was conducted in a very shon period of time. With more time,
further information could be collected about particular environmental problems facing

Vietnam.
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Implications

Throughout this study students exhibited interest in and thirst for learning
environmental issues.

It is desirable to integrate the study of environmental issues into the curriculum of
chemustry, and to help teachers find out new approaches required for successful
environmental education.

It is important to help students acquire awareness of environmental issues, to

nurture as well as develop students’ attitude toward chemistry, and to provide students with

" challenging learning experiences. In order to protect the sources of sea from pollution, and

to avoid the risk of waste discharge from industry, I would suggest that a course on
environmental issues be developed as an integral part of the chemistry curriculum. An
environmental chemistry course should include other topics such as sewage treatment,
indoor air pollution, hazardous industrial wastes, and hazardous household wastes.
Perhaps such as a course‘would help students understand the relationship between
chemistry and societal issues, as well as to further their understanding of concepts in
chemistry, such as chemical quantities, the states of matter, and such practical activities as
analyzing the presence of heavy metal in water or detecting cation concentration in the sea

water.
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Appendix A

Instructional letter from researcher
Fellow students, k\
I am doing my Master's degree at Simon Fraser University in Canada on Sciehce ‘
Education. I am interested in improving the quality of curriculum and new style of teaching
and learning in a traditional teaching.

You will take some topics of environmental issues that consist of thirty hours of
lecture including lab experiments. 1 will provide related materials concerning environmental
issues.

The ;(opics as acid rain, depletion of the ozone layer, greenhouse effect and oil
pollution in which human activities are contributing to environmental pollution.

Through these topics science concepts, principles, and laws of chemistry will be
presented and you will need to understand them in order to solve the related environmental
1ssues.

Learning activities consist of reading articles and materials, discussion group, ;:lass
discussion, and class presentation. The purpose of teaching and learping activities is to help
you use your chemistry knowledge in order to solve related problems that closely connect
with your daily life, and also for you to learn the basic science concepts. In addition,
through n&v approaches in learning activities, you will develop communication skills, be
able to solve scientific problems and debate the pros and con in the particular articles.
Moreover, you are also expected to debate and to clarify your ideas and defend them.

These issues will help you to better understand human activities and their impact on

atmospheric pollution.

112



2

In the belief that you can make good decisions when you use scientific knowledge
to solve daily difﬁcultiesjbur think of science will change after you have finished this
course.

Whether my study that is successful or not depends on your contribution and your
effort. [ would like you to participate with me in this study.

I am looking forward to receiving your feedback from the questionnaire,
expressions of your opinion, participation in active discussion which are designed in
appendix. .

Data will be obtained from your contribution and the effort you make in learning
will reflect the effectiveness of the curriculum, and simultaneously, will effect the teaching
strategies for science students learning. . >

Thank you very much for your contribution. I hope that you will be fruitful in your

learning.

Nha Trang September, 1996.
Phan thi Nhi
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Appendix B

I. Consent form for attending the study from students
I am pleased to participate in the study with the title “A study of chemistry. teaching
with environmental issues at Nhatrang University of Fisheries is conducted by Ms. Phan
, thi Nhi.

I understand that the purpose of study is to apply and evaluate a new teaching and
learning model in higher education in term of its effect on students. The researcher
presented to the participant as:

The participant will remain anonymous and ihe identification of the research data

will remain confidential.

e The participant can request a copy of the study results from Dr. Allan Mackinnon at

SFU (604-291-3432).

e If I have any concerns or complain can be forwarded to Dean Robin Barrow, Faculty of

Education (604-291-3395).

¢ And Ms Nhi presented that in the study participation is voluntary and that the participant
can with draw at any time during the study without consequence.
I am pleased to participate class activities as teachg'ioutlines consist of group,
class discussion, presentation and debate in the classroom and [ am ready to participate
what I can do fo*her research.

I check blank below in my position.

* [ agree to let my teacher takes the class activity’s picture. D

* I agree to let teacher take the group discussion pictures . D
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o : : : : 4
* I am ready to answer the questionnaire survey in the instructional outline. D

I also understand that this study is to make an atmosphere in which the rapport is
established between teaching and learning and between teacher and students. I understand
that I can contact with teacher if I do not understand. If I have any question wi}hout makihg
sense I are encouraged to ask questions or suggest related learning problerﬁs tb the study.
Moreover, I understand the data that obtained relates to exact information. I also understand

that If I do not want to participate any more I can withdraw from the study.

Signature of the attended student Date

Signature of the teacher Date

115



3

Appendix C

A,
B

Classroom guideline of observation.

A framework for a class observation in following questions:

Classroom atmosphere:

1.

How does the teacher make some the rapport to be established between the
teacher and the students when the teacher conducted learning activities and lab
work? |

How does the teacher organize the class into group discussions with
comfortable teaching and learning activities that are suitable with SSCS tool of -
problem solving method?

Is it informal classroom? Do students feel free and comfortable when they attend

the class? Is it friendly atmospheric classroom?

Role of teacher

1.
2.

How does the teacher guide the classroom activities?

How does the teacher help students when students are still too shy or are not

v

~ bold enough to give their ideas? How does the teacher give the overtone and

encouragement?

How is the teacher's attitude when students have suggestion or ask questions?
Does the teacher listen and respect students' ideas when they §peak?
After-students finished their class discussion, the teacher sumnarizes and

analyzes what they debated and clarifies for helping students understand more?
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Attitudes and Behaviors of students in learning

1. How does student listen his or her teacher and his/her classmate?

2. Students help to each other when his/her friends without immediately understand the
issues? Is it right under ’lhe team work? And how do their attitude present their ideas in
term of self-confidence, communication skill?

3. What is related information that students present their point of view? Do students

aJv(/ays use the materials for inference of the problem,'

" ?
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Appendix D

Guideline for discussion

You are always reminded that issues that are debated in the processes of discussion
concermed with studying topics and you are always encouraged to give the wrong" or right
answers on séientists’ articles with pros and cons.

You are really encouraged to give your ideas to the class. You are always filled with a,
enthusiasm to investigate studying environme;nal issues in yours local or your infgrested
issues to outline. Moreover,.you are encouraged to discuss under class activities with team
work for solving problems in lectures and lab by SSCS cycle. Simultaneously, you should
investigate opinions that may be concerned with the trend: social science and issues concern
national boundaries as the basic information that sustain to make decision, or choose the
best solution for issues in your point of view.

Procedures in solving problems to go mdking-decision.

1. Recognition of issues.

2. Assemble facts and determine the needed information for making-decision.

3. Identify where can obtain the information (newspaper, magazine, and from the media).

4. Analyze and evaluate received information with different perspective in order to make
decision.

5. You will be involved in group, class activities, and lab activities with discussion. You

are encouraged to express your own ideas and exchange your ideas freely in the class.
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Appendix E

A questionnaire survey

Items of a questionnaire survey for students’ Attitudes toward environimental

protection, science, class, and teacher, physical environment of classroom, anxiety toward

chemistry and understéinding knowledge after learning with environmental issues.

Please, read each question and decide to what extent your agree with it by giving

score each jtem.
5. If you strongly agree.
4. If you agree.
3. If you undecided.
2. If you disagree.

1. If you strongly disagree.

I hope that your responses will help me to understand the way you are thinking

about environment and related things as well as absorbed knowledge.

SA A U DASDA

1. T am interested in environmental protection because environmental D D D D D

pollution is one of pressing problems in our country now.

= 2. 1 would be willing to ride bicycle, to move places in order to
reduce air pollution.

3. Chemistry with environmental issues is a worth while and
necessary subject.

4. My teacher listens to what I have to say.

5. Students consider this course with environmental issues easy.

6. I often read articles and magazines about egironment.
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7. Most students in this class really pay attention what the teacher D D D D D
1s saying.

8. My knowledge has increased about global environmental issues. D D D D D

9. I have good feeling toward chemistry. D D D D D

10. Industries that produce air or water pollution'is affecting the healtr of humans or
animals should be immediately closed and should remain closed until a way is found to stop -

the pollution. D D D D D

11. My chemistry teacher makes good plan for us. D D D D D
12. It scares me to have to take a chemistry course. D D D D D
13. Everyone should learn about environmental chemistry. D D D D D

14. Environmental issues help me to understand more basic conceptsD D D D D
of chemistry and nature of problems in the chemistry.

15. I consider our chemistry classroom attractive and comfortable. Q QQad
16. Chenﬁstry test makes me nervous. ’ ’

17. Our environmental chemistry classroom contains a lot of D D D D D
interesting equipment and valid resources.

18. My teacher expects me to get good information of environmental D D D D D
issues. _

19. Environmental problems I am studying make me to understand D D D D D
more the relationship between chemistry and daily life.

20. My mind goes blank when I am learning environmental course. D D D D D
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Appendix F

Proportion (in percent) of the class A2. Choosing each response option of

the survey.

Variables

Attitude toward chem#gy '

3. Chemistry isa worthwhile and necessary

subject.

9. I have good feeling and enjoyment toward

chemistry .

Attitude toward chemistry with environmental

1ssues.

5. Students consider this course easy.

13. Every one should learn about

~
environmental issues.

Attitude toward environment

1. I am interested in environmental protection
because environmental pollution is pressing
problem in our country now.

2. I would be willing to ride bicycle, to move
places in order to reduce air pollution.

6. I often read articles and magazines about
environment.

10. It upsets me when peopie dump garbage |

in the rivers or ocean.

121

SA

56.9

13.7

9.8

59

54.9

25.5

35.3

39.2

64.7

15.7

94.1

41.2

7.8

49.0

- 392

2.0

19.6

353

39

49.0

15.7

19.6

DA

2.0

333

25.5

7.8

5.9

SDA

2.0

5.9

59

2.0



Attitude toward anxiety of chemistry

12 It scares me to have to take a chemistry
course/

l§. Chemistry test make me nervous.

20. My mind goes blank when I am learning
environmental issues.

Attitude toward perception of teacher

4. My teacher listens to what I have to say.
7. Most students in this class really pay
attention what the teacher is saying.

11. My teacher makes good plan for us.
18. My teacher expects me to get good
information of environmental issues.

Physical environment of the classroom

15. I consider our chemistry classroom
attractive and comfortable. -

17. Our environmental chemistry classroom
contains a lot of interesting, valid resources

and enough equipment.

Understanding knowledge

8. My knowledge has increased about global
environmental issues.

14. Environmental issues help me understand
more basic concept of chemistry and nature of

problems in chemuistry.
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5.9

47.1
45.1

275

49.0

353

3.9

25.5

52.9

176 25.5 39.2

5.9 37.3 45.1

/47.6 64.7

45.1 5.9 2.0

41.2 11.8 2.0
66.7 5.9
51.0

549 938

82.4 13.7

47.1 19.6 5.9
43.1 3.9

11.8

11.8
17.6

2.0



19. Environmental problems I am studying 58.8  41.2
make me to understand more the relationship '

between chemistry and daily life.
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Appendix G

Knowledge for the mid-term examination
Students are asked to answer the multiple choice questions by circling the right
question.
1. Burning coal for energy ig a problem because it:
a* releases carbon dioxide and other pollutants into the air.
b. decreases needed acid rain.
¢. reduces the amount of ozone in the stratosphere.
d. is too expensive.
-e. pollutes the water in aquifers.
2. Phosphates are harmful in sea water because they:
a. cause cancer in fish. )
b. stop reproduction in fish.
c. make the water cloudy.
d* suffocate fish by increasing algae.
e. make fish nervous.
3. The most pollution of our water sources is caused by:
a. dams on rivers.
b* chemical runoff from farms.
c. methane gas.
d. emissions from in the sewers.
e. human and animal wastes.

4. Which is most responsible for creating acid rain?

a* sulfur dioxide.
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b. carbon dioxide.
c. ozone.
d. nitrogen.
e. ultraviolet radiation.
5. Which of the following is the most dangerous to the Earth's environment?
a. damming rivers. |
b* overpopulation.
c. household activities.
d. nuclear power plant.
6. Most of the lead in our air is caused by:
a* cars.
b. industrial plants.
c. airplanes.
d. incomplete burning.
€. cigarettes.
7. Environmental problems are a threat to:
a. mostly people in small countries.
b. only people who live in cities.
c. only wild animals and endangered species.
d. mostly tropical plants and animals.
~ e* all living things in the world.
8. Wl:iich of the following does not do much to reduce the pollution by automobiles:
a. properly tuned engine.
b* high octane gas.
c. low lead gas.

d. smog control devices.

125



€. propane engines.
9. An example of nonrenewable resource is:

a* petroleum.

b. trees.

Cc. ocean water.

d. sunlight.

e. animals raised for food.
10. Most air pollution in our big cities comes from:

a* cars.

b. jet planes.

c. factories.

d. big cars and m_lcks. S

e.. landfills.
11. On a sun day when your car's door and window are closed. It is often hotter inside
your car than outside mainly because:

a. the sunlight gets in while the outgoing ener’gy can not pass back through the
glass.

b* the sunlight gets in and warms the inside of your car while the cooler outside air
can not mix with the warmer inside air.
12. At what pH do certain fish stop breeding

apH <56, e o

b. pH < 6.

c* pH < 4.5.

d.pH <4.
13. Rainwater is called acid rain when it has pH

a. pH < 4.6.
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b* pH < 5.6
c.pH < 6.
d. pH <7
14. The content of Al in acid rain is enough to cause fish die
a. 05 pi)m.
b. 1.0 ppm.
c* 2.0 ppm.
d. 1.5 ppm.
15. The specific formula of CFC-131 is

a. C,H,Cl,
b. C,H,F,Cl,
c. C,HF,Cl,
d* C,H,FCl,
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Appendix H

‘Guideline for writing essay

This essay can be used to express your feelings about what you learned in the new
learning environmental chemistry such as teaching strategies, class activities, and content
as well as teacher’s behavior, and your suggestion. In order to help you write the essay
without bias from lhe‘[eacher, you can use an alias for expressing your true opinions and

feelings.



Appendix I .

Framework as guideline for observers
(This framework is used for informal interview)

Feedback on observation of the class and the lab activity:

-

1. Which topics are you the most interested in or less interestéd in? Why?

2. Could you please appraise your class observation:
® (lassroom atmosphere.
® (lassroom management. .

e Students' attitude when they participate in the class.

3. How useful do you think the ways of students' learning?

4. How do you evaluate this learning model? Can this kind of learning activities
continue and develap in another discipline?

S. Have you had any suggesti'on in learning activities?

6. How do you evaluate this new teaching method?
e content for lab and lecture.
® Teaching Suategies
e Video-tape, transparency papers, and articles.

e Students-centered model.
7. Through your observation on environmental issues, do you intend to integrate

these problems in your teaching?
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Appendix K

Lab activity

Lab activity #1 Carbon dioxide

The design of lab activity

Students collect four samples of gases in balloons as sources: ambient air, exhaled
air, automobile exhaust, and nezirly pure CO, from a vinegar and baking soda reaction.

Theses gases have been forced through cold dilute sodium hydroxide solution with -
phenolphthaiein indicator solutions and watch for changing from pink to clear color that
indic;ates thte presence of carbon dioxide.

Students are asked to compare the amount of COZ in four differdt sources of CoO,

gas by observ’ing the changes of color indicator.

Collecting samples

a) Sample A (ambient air): Use a bicycle pump to inflate a balloon to the required
diameter. Twist the rubber neck of the balloon and fasten it shut with a twist tie
Record the color of the balloon used for this sample.

b) Sample B (human exhalation): One team member should blow up a balloon to
the required diameter (the continue step is similar above).

¢) Sample C (nearly pure CO,): Put l(]é)nﬂ of vinegar in the barrow-necked bottle.
Using a funnel put Sml of baking sodg into the bottle. Let the mixture bubble for

3 seconds to drive the air out, then sli;;fhe balloon over the neck of the bottle.
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Inflate the balloon to the propetr diameter. Twist, tie, apd record the balloon
color. :

d) Sample D (m‘or): To fill a balloon with motor vehjc1§ exhaust; place the
balloon over the narrow end of a metal funnel and place the wide end of the
funnel over the exhaust pipe of a running car. Students shohld wear thick
gloves at vall"times because exhaust pipes can be het engggh to give severed
bumn. When inflate the balloon should be about 8cm in c;iameter the balloon
color. |

Apparatus
This apparatus is based on Keller's design (1994), p.20.

ST

rubber tubing
rubber tubing
ak sample Fiske

two-hole rubber sloppers

pinch

cock
- -
fo coflecting

comtamer

Eb STITE
3 R
=k -
| 4
. 3 \ o k\"\ alr sione
= 2
= siphon
._.; tude ciiute NaDH solution o sample
L_E . - ; 4 bag

cakdraied
stphon |st
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This apparatus consist of

A 100ml test tube in an ice water bath to ensure that the dilute NaOH solution is

cold

A two-hole stopper is placed on the test tube

A tube extending to the bottom of the test tube is placed through one hole of the
stopper |

An aquarium air stone is attached to the tube (the air is used so’tb)t small
bubbles of air will aid the dissolving of the carbon dioxide into the solution

A short tube is place through the second hole of the stopper

A gallon jar with two-hole stopper can be used as the calibrated siphon jar. The
jar is calibrated by adding 100ml of water at a time and marking the leve] of the

water on the side.
A siphon tube extending to the bottom of the jar is placed through one hole of
the two-hole stopper. A rubber tube is extended from the siphon tube to the

bucket.

A pinch cock is placed on the rubber tube to control the siphon flow.

A short glass tube is place in the second hole of a two-hole stopper.

1

A rubber tube is attached from this tube to the short glass tube in the test tube.

. . ot -
Supplies of requirements for each team of four students /

Four balloons of different ‘cyors
Four twist ties
A narrow-necked bottle

100m} vinegar
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e 5ml baking soda
e NaOH 0.0! N
e Distilled water

e Phenolphatalein

The techniques is implemented for measuring COZ content in air

The calibrated siphon jar is filled with tap water. The siphon is initiated and allowed
to function until the level of water in the siphon jar is at the top reading of the caiibration.
Two ml. of 0.0]1 normal NaOH and phenolphtalein are added to cold distilled water to make
approximately 10 ml of solution (this solution is used for four samples of human
exhalation, ambient air, pure CO,, and motor vehicle). The test tube is placed in the ice
water bath. The rubber tube is placed in the balloon containing the samples.

The process is initiated by opening the pinch cock on the siphon tube. The water
removed from the siphon jar is replaced by an equal volume of air that has been forced
through the lager test tube containinvg the NaOH solution. The air sample is permitted to
bubble through the air stone into the NaOH solution. The process continues until sufficient
CO, has been dissolved in the solution to neutralize the NaOH and turn the phenolphtalein
clear. When this occurs the pinch cock on the siphon jar marked and the volume of water

éziﬁioged 1s calculated. This should equal the volume of air that bubbled through the

B
apparatus.

. Footnotes references ‘%
a) The greenhouse effect in a vial by Richard Golden and Cary Sneider Science teacher, vol. (56), p.57-59, May 1989

) b) Investigating carbon dioxide by J David Keller Science teacher, vol (61), p.18-21, November 1994.
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Lab activity #2 Acid Rain

~ Influence of Acid on Different Rocks

Materials: 3 beakers either 400 ml or larger

crushed limestone
crushed granite
acid solution

pH paper )

Procedures:

1.
2.

Label the beakers 1, 2, and 3.

Put 300 ml! of acid solution (teacher providés) in beaker 1. Test the pH of the
acid solution, record the pH.

Put 300 ml of acid solution and 100 g of crushed limestone in beaker 2. Test
and record its pH. '

Put 300 ml of acid solution and 100g of crushed granite in beaker 3. Test and
record its pH.

Predict what the pH will be in each beaker for consecutive days. Daily, test and

record the pH for each beaker.

Footnotes references
1 Teacher's Resource Guide on Acidic Precipitation with laboratory activities by Barrow, L. H. (1983

2. Combining gases in classes by John C. Hugo (1993). Science teacher. vol 60. 26-29

134



'

Experiment
Report sheet

Determining the CO, content of different samples
-
Name

®
Date
Group

Data and observation

Sample Time for | Volume of | Volume’ of | Moles of | Moles of | Concentration
changing gas NaOH NaOH CO, of CO,
color analyzed

Ambient ‘

air

Human

exhalation

Nearly

pure CO,

Motor

exhaust

Questions for report

*

a) Analyze the color change of phenolphtalein indicator in the samples.
b) Compare and explain the amount of CO, gas in different samples.
c) Write all of the reactions and calculate concentration of percentage of CO, in all of the

samples.
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Experiment
Report sheet

Influence of acid on different rocks

Name:
Date
Group

Beaker . Test the pH of solulion:

1 300m! of acid solution

2 300ml of acid solution and 100g of

crushed limestone

3 . 300ml of acid solution and 100g

crushed granite

Interpretations

a) Which beaker was the most acidic? Least acidic?
b) Assume that each beaker was a lake basin: Which lake basin"was the least affected by

acid rain? Why?
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Back ground.chemistry for lab activity # 1

Reaction of yinegar with baking soda occur below,

CH,COOH + NaHCO, -------- > CH,COONa + CO, + H,0

For anal¥sis of four different samples such as ambient air, human exhalation,
automobile exhaust, and nearly pure CO,.

These samples are draw through a known concentration of cold sodium hydroxide
(NaOH). Phenolphthalein is a acid base indicator that is pink when solution is base and
changes to cléar when solution neutral or acidic. Carbon dioxide (CO,) in sample combines
with water in cold dilute sodium hydroxide solution making the followiné reaction

CO, + H,0 —-->H,CO, (1) ’

H,CO, reacts with NaOH below,

H,CO, + 2NaOH ----- > Na,CO, + H,0 (2)

When solution containing phenolphtalein indicator changes from pink to clear color.
This proved that NaOH is consumed. By measuring the volume of the specific sample draw
through water, the percentage of CO, can be calculated.

As equation (2) above, one molecule of H,CO, reacts with two molecules of
NaOH.

At standard temperature and pressure (O°C and 760mmHg) one mole of gas
occupies a volume of 22 4 liters. The concentration of CO, in every sample is calculated
through the moles of NaOH used. Moles of CO, reacting with the known quantity of
NaOH can be calculated equation below, |

Moles of NaOH = volume of NaOH is multiplied by its normality.

Moles of CO, = Moles of NaOH

2

The concentration of the CO, in every sample can be calculated below,
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CO, = Moles CO, x 22.4 liters

Volume of gas analyzed
After that the concentration of CO, is multiplied by 100 to give percentage CO, in

the sample.

Back ground chemistry for lab activities # 2

Influence of acid on different rocks

Assume that each beaker was a lake basin. Which lake basin was the least affected
by acid? Why?

If the lake basin has a limestone bottom, ve/r"}y little damage occurs because calcium,
magnesium carbonates that make up limestone neutralize the acid. The equation occur

below,

CO + H 0
While the lake basiné that co&n granite or clay ishonlimestone substrates. Granite
and clay do not contain carbonates d do not have the capacity to neutralize acid. If the
lake basin has low pH (< 5) that cause aluminium-based clay and granite compounds to
break down and release aluminium ions. Both the free ions and aluminum hydroxide are

harmful to living thing in the water.
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Appendix L
Student resource 1
Video-tape: Acid rain
(Length: 28 min., produced year 1984)
Notes: Look at the impact of acid rain precipitation forest, water and wildlife graphs, map
and scientific experiments serve to examine what acid rain is, where it originates and how
its insidious advance threatens not only the natural life around us but the man-made

environmental as well.

i
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A threat to life environment :

Student resource 2 Vietnamese article

From Thiem, N. (1990), Number 22, p.
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Student resource 3
Issues in chemical technology: Acid rain
I. what is acid rain?
Acid rain is precipitation that contains sulfuric acid (H,SO,) and (HNO,). In a few
: areas, hydrochloric acid (HCI) is also a component of rain, snow, drizzle, or fog. All of
these compounds are strong acids.

Sources of acid rain

Air pollution caused by burning coal had been recognized long time ago but today
acid rain is still associated with heavy industry. Acid rain is formed when sulfur dioxide
(S0O,), various oxides of nitrogen, and chlorine are emitted into the air. In areas where
vehicle emissions are a main component of pollution, nitrogen oxides are most common,
where electric-generating plants burn fossil fuels, sulfur dioxide predominates (Figure 1).

Acidic precipitation is defined as having pH lower than 5.0; pH 4 to 4.5 is not
uncommon, the average pH of 2,4 or lower than 2 have been recorded in some where in the
north America, whereas the acidity of vinegar and lemon juice have pH 3.0 and 2.2
respectively. The pH scale used to measure acidity (Figure 2).

Sulfur dioxide and nitrogen oxides can remain suspended in the air for as long as
four days. During this time, they react with other chemicals in the presence of sunlight,
producing sulfate (3042") and nitrate (NO,") ions. With water or water vapor, these acids
form solution of sulfuric and nitric acid. Any chlorine gas that is present reacts with water
vapor in the air to form a mixture of hypochlQrous and hydrochloric acids. These acids may

remain in the air or soil by rain, snow, or fog.
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Figure 1 Sources of acid rain

From Miller, T. (1995), p.215

sies _JOS pue ‘ON ison

SNVd - ‘0 ‘O%H

'OS°H  “ONH
‘os

.L.s,:_._om Asepuoses

-

- T

sojaped
papuadsns 1sow

SU0QIB20IPAY 1SOW

"ON ON ‘0S
‘00 02

,. - sjuenjjod Asewyd

142



Figure 2 The pH scale used to measure acidity of water solutions.

From Miller, T. (1995), p.219

pH Exampl:s\k

H* Concentration Value Solutions
10° hydrochloric acid (H
battery acid
(7 1071
1072 stomach acid (1.0-¢
lemon juice (2.3)
102 vinegar, wine, soft di
orange juice, some ¢
10~ tomatoes, grapes
banana (4.6)
108 black coffee, most s!
bread
normal rainwates~
10+ — -6 urine (5-7)
milk (6.6)
saliva (6.2-7.4)
107 H neutral 7
(H= pure water -
OH) blood (7.3-7.5)
10 —8 egg white (80)
seawater (7.8-8.3)
10-° — —9 baking soda
phosphate detergen!
3 Clorox, Tums
1074 8 | ~ [710 s0ap solutions
T hd . .
5 i milk of magnesia
10"+ 2 ;‘E 11 household ammonia
3 nonphosphate detert
<
1072 o 5 — 12 washing soda (Na,C
s hair remover
107% %] - 13
332 B
Z‘;kg;i z oven cleaner
10-4 E22¥ 1 44 sodwim hydroxide (N
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Sulfur dioxide and nitrogen are transported as much as 1,000 kiloliter (600 miles) by
prevailing winds, they form secondary pollutions such as nitric acid vapor, droplets of
sulfuric acid, and particles of sulfate and nitrate salts. These chemicals descend to the

- earth's surface in two forms: wet, as acidic rain, snow, fog, and cloud vapor; and dry, as
acidic particles. |

The main causes of acid rain are sulfur oxides and nitrogen oxides in the

atmosphere. Acid rain become a problem only when they occur in higher than normal
amounts as result of human activities. Acid rain result when these gases are oxidized in the
atmosphere and return to the ground dissolved in raindrops. SO, fall as H,SO, and H,SO,,

while NO, falls as HNO,.

{1}  SO,+H,0 ------ > H,S0,
(2} SO, oxidize, SO, H,0, H,SO,

b

{3} NO,+H,0 ------ > 1/2 HNO, + 1/2 HNO,

{4} NO,+0O, ------- >NO, ------ >

A minor source of SO, in the atmosphere is thougﬁihe oxidation of hydrogen
sulfide, which forms by microbial decay of; organic matter and which is also released
during the processing of "sour” natural gas. The oxidation of H,S in the atmosphere is

believe to occur as follows.

{5} OH+H,S ---—--> H,0 +SH

{6} SH+0O, ---—---- > SO + OH
{7}  SH+OH ------- > H,O + S ( atomic sulfur)
{8 S +0, ------->S0+0

{9} SO+0, ------ >S80,+0

In reaction {3}, direct scavenging of NO, by atmosphere wate} 1s negligibly

important, on account of the low solubility of NO, in water.
< 2
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In reaction {4} a night time route to HNO, is hydrogen abstraction from some
suitable donor X-H by the nitrate free radical NO,.
The OH. radicals come from photolysis of water as H,O + hv ------ > H. + OH.
N
Notice that the rééétion S + O, ----> SO, does nottakeplace directly. The oxidation of
atomic sulfur to SO, require two steps because removal of an oxygen atom from O, };a’s a
lower activation energy than insertion of the sulfur atom into the O-O multipled-bond.

II. Chemistry of acid rain.

As above introduce, unpollut/ed rainwater has pH close to 5.6 as a result of
equilibration of raindrops with the iSO ppmv CO, in the troposphere. Thjs yields the weak
acid H,CO, for which K, = 4.2 x 107 mol/lit at 25°C.

NO, and SO, are ultimately precipitated in rain as HNO,, H,SO, and H,SO,.

H,SO, and HNO, are strong acids, while H,SO, has K, =1.7 x10* mol/lit at 25°C.

HNO,, SO,, and SO, are all more solut;le in water than CO,, low concentrations of
these acidic gases have a higher effect on the pH of rainwater than much greater
concentrations of CO,. Carbon dioxide, a component of the at atmosphere, does not
contribute to the acid rain problem. Its solubility is limited, and H,CO, is a weak acid. The
pH of rain in equilibrium with atmosphere CO, is about 5.6, the value that considered is

normal.
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Figure 3: A simplified diagram of the biogeochemical sulfur cycle: Sulfur enter
atmosphere as H,S, SO,, and sulfur salts from sea spray. Water droplets transport sulfuric
acid and sulfate salts to the Earth’s surface. .

From Steams, C. (1988), P.232
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This is shown below.

For CO,:
CO,(g) + H,0(l) === H,CO,(aq) K,, = 3.4x10”* mol/lit atm
H,CO,(aq) ===2 H"+ HCO/, (aq) K,=4.2x10” mol/lit

CO,(g) + H,0 (I) === H*(aq) + HCO, (aq) Kc = 1.4x10® mol’L* atm”'
For SQ;:
SO,(g) + H,0O(l) &== H,S0,(aq) K, = 1.2 mol/lit atm

H,S0,(aq) === H*(aq)+ HSO, (aq) K, =1.7x10 mol/lit

SO,(g) + H,0(l) ==== H*(aq) +HSO, (aq) K= 2.1x10” mol’L"* atm’

Summary: The equilibrium constant for the overall reaction is large in the case of SO, than
of CO, because H,SO, is a stronger acid than H,CO,. Consequently, a small concentration
of SO,(g) has a greater influence on the pH of rain than a much large concentration of
CO,(g). For example, 0.12ppmv of SO, (g) in equilibrium with rainwater will produce a
pH of 4.30 in the water, compared with the pH 5.6 produced 350ppmv of CO, (g).

The chemistry rof rain acidified by sulfur oxides is complicated because the sulfur
may be deposited in different forms. It may eithe/r precipitate as H,SO, (aq) as shown
above, or it may first be oxidized to SO, (g) and precipitate as H,SO, (aq). Deposition may
occur either in aqueous from (wet deposition) or in association with particulate mater (dry
deposition) in which case much of the sulfur will deposit in the form of sulfide or sulfate

ions rather than the free acids.
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IIl. Effects of acidic emissions

1. Effects on vegetation

The effects on plants which must be considered are those of the gaseous pollutants
themselves, and that of lowed pH. Sulfur dioxide is very strongly phytoxic (toxic to
plants). Plants growth is inhibited at concentrations of SO, well below 0.1ppmv.
Concentrations between 0.1 and 1ppmv cause observable injury to plants and trees after
only a few hour's exposure. ,

Under condition where coal is burned at the same time that the weather conditions ‘
favour photochemical smog, the atmosphere may simultaneously be polluted with sulfur
dioxide, a reducing agent, and ozone, an oxidant,/and thus further complicating the
- chemistry. Althgugh nitrogen dioxide also appears to be phytoxic, its effects on plants are
not clear-cut as those of SO,, because the nitrate ion which is ultimately deposited is a plant
nutrient. Indeed, in the unpolluted environment, nitrogen fixation as a result of lightning is
a significant source of_ the nitrate available to plants.

Extensive acidity is also harmful to plants. Leaves may be damaged below pH 3.5;
soil chemistry will altered well above this pH, and the problem will be most serious for
poorly buffered soils, many of which tend to be naturally which are specifically alkaline, or
alternatively, acidic. Few plants tolerate acidic soils however, and among other effects, the
germination of seeds and the growth of seedlings may be inhibited.

The forests

Unpolluted rain contain carbonic acid. This form when carbon dioxide in the air
dissolves in water vapor. This "pure" rain, with a pH of 5.6, is over 10 times more acidic
than distiled water, with a pH of 7. Moderately acidic rain has a pH of 4.6 over 10 times

more acidic than "pure" rain, and over 100 times more acidic than distiled water. Acid rain
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may cause mature trees to become more susceptible to disease and insect damage. It also
effects transpiration and photosynthetic précesses.

2. Effect on fish and other freshwater species

The forest and fish has occurred in parts of North American, northern and western
Europe, the U.S.S.R., and China. The peoples' Republic of China now faces the same
predicament as it, too, struggles to industrialize using high-sulfur coal as the energy source
for its heavy industries.

In norther Canada and the United States, ihe spring thaw is also the time when fish
breed in river and lakes. As the snow melts,‘hflcids incorporates in the water crystals are
release into the waterways. The acidity of this melted snow is close to that of vinegar. The
sudden, intense addition o% acid to lakes and rivers is referenced to as acid shock.

The trout and Atlantic Salmon are extremely sensitive. The trout and Atlantic salmon
are extremely sensitive to acid shock. The fish may not be able to reproduce or their
offspring may be deformed. The young of frogs and salamanders that breed in pools of
melted snow may be deformed or die soon after hatching. A decline in the number of fish
and amphibians in turn affects the populations of other living things. Aquatic insects on
which the fish and amphibian feed increase while the birds and mammal that use feed and
amphibians frog food may decrease in number. In addition, the increasing acidity affects
the type and growth of all plant and animal life in a lake and river.

When acid rain falls on the soil surrounding a body of water, the rain trickles
through the ground and into the water, carrying with it many metals from the soil,
Aluminium leached from the soil damages the gill of fish, killing them. Toxic metal such as
mercury, cadmium, and lead can become incorporated into the tissués of the fish, posing a
health threat to consumers. The presence of the heavy metals in the water may also cause

chemical imbalances in the lakes or stream which threaten other organism
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3. Effects on health

Sulfur dioxide and nitrogen dioxide are ‘lﬁh irritar}t to respiratory tract.
Atmospheric levels of no more than 1 to 2 ppmv SO, are absorbed high in the respiratory
tract, and do not reach the far more sensitive alveoli. Penetration to the alveoli occurs when
the concentration reaches ~ 25ppmv, which may be encountered in industries such as
smelting, tanning, paper-making, and sulfuric acid manufacture. However, actual injury is
rare because of the irritant effects of SO, at these concentrations (wheezing, coughing,
tearing).

The effects of SO, exposure on the long-term health of workers are uncertain: some

studies show long-term respiratory effects, but others do not."There appears to be a definite

synergism between SO, and arsenic in the predisposition of arsenic smelter workers
towards respiratory cancer. Experimental studies in animals also implicate SO, as a promote
of carcinogenesis.

Since acidic emissions are accompanied by particulate mater, especially when coal is
burned, it is difficult to separate their effects.

Both sulfur dioxide and nitrogen oxide have been linked to the increased occurrence
of heart disease, lung cancer, asthma, pneumonia, and bronchitis, primarily among children
and the elderly. Acid rain is thought to contribute to at least 100,000 deaths a year in the
U.S.A.

4. Effects on structures

s Limestone (CaCO,) has been a commonly used building material for millennia.
Even under conditions of very clean air it is subject to show attack by the same chemical
processeé which carve out caves and gorges.

\ CaCO,(s) + H,CO,(aq) ------ > Ca™aq) + HCO, (ag).
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This process has small equilibrium constant and occurs exceedingly slowly. Acidic
precipitation greatly increases both the equilibrium constant and the rate of dissolution.

CaCO,(s) + H'(aq) -----> Ca® (aq) +HCO;, (aq)

The damage of influence of acidic precipitation loss the detail of outer layers. Fine
~ stone carving is particularly at risk, as the outer layers of the store flake off. This process,
called “ sulfation”, involves the replacement of CaCO, by CaSO,, which is both more water
soluble and has less structural strength.

CaSO, (S) + SO, (g) + 1120, (g) ------ > CaSO, (s) + CO, (g).

Iron and steel structures are highly susceptible to corrosion, the chemistry of
corrosion under atmospheric conditions is extremely complex.

IV. What can be done?

In the United States, legislation calls for reductions in the levels of SO, emissions
from plants that burn fossil fuels. These reductions can be achieved in several ways
“Scrubbers” can be installed in smokestacks to remove sulfur from gas emissions. New
combustion methods can be used that burn fuel more completely and produce fewer
pollutants. Also, fuels low in sulfur can be used in place of high sulfur fuels.

In order to keep air in local communities ciean enough to meet air quality standards,
industries and power plants have built ever-taller smokestacks that discharée sulfur dioxide
and pollutants in.

The clean Air Act.regulates emission level of nitrogen oxides from cars, trucks,
buses, and motorcycles. At present, the act provides for a steady reduction in the nitrogen
oxide emissions over the next decade. This action will help to reduce nitric acid
precipitation.

Another method to help reduce acid levels in lakes involves the buffering action of

lime. Many problems exist with this method, however, first, it is nearly impossible that
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may be affected by acid rain. Second, adding lime can not counteract spring acid shock.,

nor can it undo the damage already done to a lake. Third, it can not rid a lake of heavy

metal.

Footnote references

1. Chemistry issues in chemical Technology by. S.A ,Staley. D.D.. Jimpson, C.D., and Mara, M.S.Addison Wesley publishing
company, New York.

2. You can make a difference help protect the earth by Judith Geus. Copy night 1991 by Wm, C. Brown Publishers, US.A.

3 Environmental chemistry by Niget Bunce. Copy nght 1994 by Wu#tz publishing LTD. Winipeg, Canada. 4

4 Environmental science working with the earth by Miller, T (1995). Wadsworth Publishing company Belmont, California. A

division of Wadsworth, Inc
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Student resource 4

1. How can acid rain threaten our food supply and drinking water?

2. Is the problems of acid rain to be long any country which polluted with it? Do you think
that this problem occur between national boundaries? Have you ever though Vietnam in
the near year future has this phenomenon? |

3. What is meant by lake acidification? How could lake acidification cause a lake to * die”?
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Student resource 5

\
I
Environmental issues about the depletion of ozone layer

i
Ozone pla)}é a important role in the atmosphere as the principal absorber of
ultraviolet (UV) radiation in the range 240-320nm. Unit focuss on the series of reactions
which ozone is formed and destroyed in the atmosphere. The possible depletion of ozone

layer through atmospheric pollution is a matter of great current concern.

I. The atmosphere

1. The troposphere

We are living in the atmosphere of the troposphere layer. This thin envelope of life-
sustaining gases surrounding the earth is divided into several spherical layers characterized
by abrupt changes in temaperature due to differences in the absorption of incoming solar
energy (Figure 4).

About 75% of the mass of Earth's air is found in the atmosphere's innermost layer,
the troposphere, which extends only about 17km (11 miles) above sea level at the eqﬁator
and about 8km (5 miles) over the poles. If the earth were an apple, this lower layer,
containing the air we breathe, would be not thicker than the apple's skin. This thin and
turbulent layer of rising and falling air currents and winds 1s the planet's weather breeder.

The composition of the atmosphere has varied considerably throughout Earth's long
history. Today about 99% of the volume of clean, dry air in the troposphere consists of two
gases: nitrogen (78%) and oxygen (21%). The remainder has slightly less than 1%
argon(ar), 0.036%.carbon dioxide (CO,), and trace amounts of neon (Ne), helium (He),
methane (CH,), Krypton (Kr), hydrogen' (H,), Xenon (Xe), and chlorofluorocarbons
(CFCs, put there by human activities). Air in the troposphere also holds water vapor in

amounts varying from 0.01% by volume at the frigid poles to 5% in the humid tropics.
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Figure 4: Earth’s present atmosphere consists of several layers. Most ultraviolet

radiation from the sun is absorbed by ozone (O,) in the stratosphere, most of which is

found in the so-called ozone layer, between 17 and 26 kilomet;%rs (Al 1-16 miles ) above sea
level.

From Miller, T. (1995), p.213
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2. The stratosphere: Earth's global sunscreen

The stratosphere is the atmosphere's second layer, which exiends from about 17-
48kms (11-30miles) above Earth's surface. Although the stratosphere contains less matter
than the troposphere, its composition is similar, with two notable exceptions: Its volume of
water vapor is about 1,000 times less, and its volume of ozone is about 1,000 times
greater.

Ozone is found in both troposphere and stratosphere; the concentration of ozone is
at a maximum in the stratosphere, although the actual value depends on both the latit\ude and
the season. =

Stratosphere ozone is produced when some of the oxygen molecules there interact
with lightning and solar radiation. Ozone is continually being formed and destroyed, but as
long as the rates of these two reversible processes are equal, the average concentration of
ozone in the stratosphere remains constant (although the-concentration varies at different
altitudes and at different places). The presence of ozone in the stratosphere keeps about
99% of the sun's harmful U-V radiation (especially ultraviolet -B) given off by the sun
from reaching the earth's surface. This filtering action helps protect the human

II. Ozone chemistry .

1. Formation and destruction of ozone

Under the influence of sunlight, oxygen is continually being changed into ozone
and ozone is likewise converted back to ordinary oxygen. Each day 350,000 tones
(3.5x10°%kg) of ozone are made- and destroyed- in the atmosphere.

The ultraviolet photons of the sun have enough energy to split oxygen molecules

into oxygen atoms high in the atmosphere.

An oxygen atom combining with another oxygen molecule to form the triatomic molecule,
ozone. Because the oxygen atom is very energetic, a third molecule labeled M must be

4
156



presents at the encounter in order to carry away some of the excess energy. M can be any
molecule that happens to be present. In the atmosphere it is most likely to be nitrogen or

another molecule of oxygen.

(M is a third body, e.g. N,, O,).
Reactions {3}and {4} are ozone destruction reactions. As we have seen, ozone can
absorb solar rays in the ultraviolet region. When this happens, there irs a high probability

that the excited ozone molecule will dissociate into an oxygen molecule and an oxygen

atom.

0, hv(230-320nm), O + O, {3)

Also, an oxygen atom can combine with an ozone molecule to form two oxygen
molecule as.

O+ 0, - >20, {4}

Oxygen atoms are very reactive, and have a short life in the stratosphere; this means
that all four of these reactions come to a halt at sunset, and so the concentration of ozone at
night is essentially the same as at the end of the day. ’

Sunlight drives both ozone formation and removal, but different waQelength ranges
are involved. These absorption and the consequent reactions are responsible for shielding
the Eax;h's surface from two, different parts of the spectrum. Both of them highly energetic.

Ordinary oxygen is precisely due to its ability to absorb radiation of these wavelengths,

which simultaneously converts it back to O,.

.
2

2. Complex chemistry LA,

The complexity of the chemical processes in the atmosphere 1s great. The

consideration of the mechanism's Chapman (1960) was though to be a complete description
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of chemistry of the O,/O, system in the stratosphere. These additional mechanisms are
catalytic processes, each which is the propagation cycle of a free radical chain reaction.
At the altitude 30km, the relative rates of the possible reaction for decomposing
ozone are as follows NO/NO, cycle > uncatalyzed reactions ~ CI/CIO cycle > OH/OH,
cycle >> H/OH cycle.
They are shown in generalized format is reaction [A] and [B] with "X" as the
catalyst. | |

[A] X + 0O, - > X0 +0,

Therefore the sequence A, B is another way of carrying out reaction [4], and
increase the rate of destruction of ozene.

For separate catalytic cycles have been d'iscovered, all with the catalyst X and odd-
electron species. X can be a chlorine atom (Cl), NO, OH, and H. -

For example : Consider some of the mechanisms involved to explain ozone
deple[idn by halogens.

Cl+0, -=-> ClO+ O,

OH+0, --—> HO, +0,

ClO +HO, ---->HOCI +0,

HOCI +hv, OH +Cl

Adding together above gives equation
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3. Additional reaction in stratospheric chemistry

These following reaction is used to account for chemistry the stratosphere

a. Interaction between cycles

The four separate catalytic cycles represented by reactions [A} and [B}, all involve a
pair of catalyst X and XO. In principle, X from one cycle can react with XO from another
cycle. For example: Following reaction affects the concentrations of reactants in both the
NO/NO, and the OH/HO, cycle.

NO + HO, ----> NO, + OH {10}

b. Initi&ion and termination reactions

The overall rates of the chain reactions depeﬁd on the rates'of initiation and
termination reactions. This is because the average number of catalytic cycles propagated
depends on the balance between the rates at which chains are initiated. Since most initiation
reactions are photochemical, their rates depend on the intensity of sunlight, and fall to zero

at night.
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Figure S Chloroflurocarbons ( CFCs) attacks to ozone in the atmosphere
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Examples are given by Equations {a}-{g]}
HNO, ------- > NO, + OH {a}
NO, - >NO+O (b}

ar
0, - > 0,+0 {c}
CH,Cl ------- >CH, +Cl {d}
O + H,0 ------ > 20H {e}
N20+O‘ ------ > 2NO {g}

Termination reactions remove radicals from the system. Generally, such reactions
involve the combination of two radical (i.e. odd electron) species. .

Example: 2CIO ------- > CIO0CI

NO, + Cl - >NO,CI

II1. Environmental concemn of the chemicals in the atmosphere

1. CECs:

There are two reasons: First, CFCs increase the sink strength for stratospheric
ozone with no possibility of compensation by increasing the source strength, which is fixed
by the intensity of sunlight. This lowers the state concentration of ozone, which is
governed by the balance between sources and sinks. Second, CFCs are extremely long-
lived pollutants; their decomposition is very low, even in the stratosphere, because O, and
O, absorb radiation having ~ < 250nm much more efficiently than CFCs, whose lifetimes
are estimated to range up to and beyond 100 years. Therefore environmental damage caused
by CFCs i1s a problem that could persist for many generations.

2. Brominated CFCs analogs

Brominated analogs of CFCs are in commercial use as fire extinguishers, under the
name Halons. These compounds are very valuable in fighting electrical fires, for example at

computer installations. Their mode of action, besides smothering the fire with heavy vapor,

-
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involves cleavage by heat of the weak C-Br bond. The bromide atoms thus formed act as
terminators for the radical chain reactions which take place in flames.

Halons immigrate to the stratosphere like CFCs, and are cleaved more easily by
light than the corresponding chlorides, because of the lower bond strength C-Br by
comparison with C-Cl. The bromine atoms released through photolysis can initiate radical
chains for the composition of ozone, analogous to Cl + O, ----> CIO + O, and ClIO + O --->
Ci+ 0O, H1211 and H1301 have greater ozon:—depletion potential than CFC-11 and

CFC-12. ‘

A possible substitute for Halons would be CF,I, whose fire fighting properties
resemble those of Halons. The C-1 bond is even weaker than C-B, and is susceptible to
photolytic C-I bond cleavage in the troposphere. As a result of troposphere photoreactivity.

Methyl bromide has moderate ozone depleting potential even though most of it is
oxidized in the troposphere. Methyl bromide 1s principally used as a soil fumigant, though
it also enters the atmosphere as a result of biological action in the oceans and during forest
fires.

3. Nitrogen oxides as ozone depleters

N0
Nitrous oxidizes formed by biological denitrification, and is inert in the
troposphere, and its concentration is now increasing, most likely due to large increase in the
use of nitrogenous fertilizers, except as a greenhouse gas. Nitrous migrates to the
stratosphere. In the stratosphere it undergoes photochemical cleavage, and is potentially a
source of ozone depletion. N,O has also been shown to be produced anlhropogeniczilly asa
combustion of by-product, along with NO_. Typical NO,: N,O ratios in combustion

products are about 5:1 and migrates to the stratosphere where it is degraded photochemical.

\ ¢
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While this reaction has impact on stratospheric ozone depletion, another sink for
stratospheric N,O is reaction with excited oxygen atoms (which come from photolysis of

either O;as O, h, 325nm7 O,* + O*. This leads either to N, + O, or to nitric oxide by

way of reaction as O* + N,O ---> 2NO.
Nitrogen oxides in the stratosphere decompose ozone catalytically.
NO + O, ----> NO, + O,
NO,+ 0O ---->NO + O,

CEC replacement compounds

The environmental problems to be overcome in finding a CFC replacement are:
First CFCs are so stable chemically that they do not break down in the troposphere and
hence over time can migrate to the stratosphere; second, they contain chlorine, which
catalyzes the destruction of ozone if it is rel;:ased in the stratosphere. The ideal CFC
replacement molecule should therefore be somewhat reactive in the lower atmosphere so
that it will be oxidized before it had time to reach the stratosphere, and should also contain
few, or ideally no, chlorine atoms. Totally fluorinated compounds (i.e:. 'fluorocarbons) are
unsuitable because they are even more inert than CFCs; this would make them highly
persi'stem‘greenhouse gases.

The CFC replacement are partly fluorinated hydrocarbons with minimal or zero
chlorine content. The presence of hydrogen in the molecule confers reactivity in the

troposphere, because it allows the attack of OH upon the molecule. Example, with HFC-

134a:

CF,CH,F + OH ------- > H,0 + CF,CHF (*)

The radical CF,CHF formed in above reacts with O, and is oxidized to CO,, HF,
and H,O.

Foams
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Replacement of CFC-11 in the soft foams used in upholstery requires a substitute of
low flammability, since the industry is under pressure to improve the fire resistance of its
products. HCFC-22 (CHF,Cl) was being used in this application in the early 1990s, but

most foams being made with the use of HCFC-141b.

. Chloroflurocarbons (CFCQ) used as the operating fluid refrigerator, displacing the
highly toxic and odorous SO, and NH,. A refrigerant fluid must be gaseous at room
temperature, but easily compressible to a liquid requirement met by substances having

normal ( latm) boiling points a little below O°C (e.g., CFC-12, -30°C; SO,, -10°C; NH,, -

-33°C). CFCs in addition are non-toxic and non-flammable, making the refrigerator safe

enough to be operated as a domestic appliance in every home, where previously it had been
restricted to industrial use.

CFCs 1s used as propellants for aerosol sprays (chiefly CFCs -11, CFC-13), and as
cleaning solvents for microelectronic companents (CFCs-113, CF,CICFCl,); CFC-11 and
CFC-12 are rﬁanufactured cheaply from carbon tetrachloride

CCl, + 2HF catalyst CF,Cl, + 2HCI

In the late 1980s the annual worldwide production of CFCs peaked at over 1.2
million tones, almost all of most of which reached the atmosphere because of the "open"
nature of most of theses uses.

CFCs were first discovered in the atmosphere in the early 1970s. The troposphere
concentrations of CFC-11 at ground level were 50 parts per trillion by volume (pptv); | part
in 10'%) in 1971, and had risen to ca.150pptv by 1979 and to 270 pptv in 1993.

CFC-11 and CFC-12 are completely unreactive in the troposphere (they are
important troposphere greenhouse gases). They migrate upwards to the stratosphere with
half-life for migration 3-10 years; they are susceptible to gradual photolysis,

CF,Cl, ------- > CF,Cl +Cl
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The chlorine atom thus released can participate in the catalytic mechanism for
destroying ozone in the example [1].

Cleaning solvents for electronic components

This application requires a solvent of low surface tension and low viscosity which
permit the solvent to penetrate tiny crevices, a task for which CFC-113 was formed used. .
Blends such as HCFC-22 and methanol have been used for this application, therc;by {
reducing the ozone depleting potential by more than 95% compared with CFC-113. \
However, water-based, CFC- free solvent formulation are now available.

Aerosols

Aerosols that replaced for CFC-11 is hydrocarbons such as isobutane can
successfully substitute for CFC-11 and CFC-12, with methylene chloride added as a flame

suppressing a gent. Dimethy! ether is also available as a propellant; it can be mixed with up

to 50% by weight of water, to lower its flammability.

165



Figure 6: Seasonal thinning or loss of ozone (shown by shades of pink), called
an ozone hole, in the upper stratosphere over the Antarctic region, as measured by the

Nimbus-7 satellite on September 23 of 1979, 1991, and 1992.

From Miller, T. (1995), p. 249

Footnote references
]1. Environmental Science working with the Eanth Miller Tyvler (1995) Wadworth Pubhishing Company Belmont, Califorma

2. Environmental Chemistry. Nigel J Bunce(1994) Wuetz Publishing Ltd Winnipeg. Canada
3. Environmental science working with the Earth Miller Tyvler. G JR (1995). Wadword. Inc . Belmont. California
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Student resource 6

thmgs vou can do:

What you can do to protect the ozone layer

]

From Miller, T. (1995), p. 254.

-

If you believe, &s do most scien-
tists, that there is a serious threat
to the czone leyver, here are some

Don't buy products cerizining CFCs, carbon telra-
chloride, or methyl chlc-cfcrm (1,1,1-trickloroethane
on most ingredient labe's). Read labels and seek
out substitutes for these products.

Don’t buy CFC-containing polystyrene foam insu-
lation. Types of insulation that don't contain
CFCs are extended pelystyrene (commonly
called EPS or beadboz:d), fiberglass, rock
wool, cellulcse, and perite.

Don't buy kalom fire extivguisners for home use. In-
stead, buy those that use dry chemicals (CO,
extinguishers release this greenhouse gas into
the t'opo<p‘-ere) If youalready have a hzlon
extmvusher, store it untl s helen- Aecla.:'x.:‘cv
progra= is developed.

"Stop using acresol sprav rroducis, excent in core
. ! r

necessary meaical spravs. Eventhese that con't

5
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use CFCs and HCFCs (such as Drymel) emit hy-
drocarbons or other propellant chemicals into
the air. Use roll-on and hand-pump products
instead.
Pressure legisiztors to ban all CFCs, halons, methyl
bromide, carbom tetrachloride, and methyl chloro"orm
by 1996 (w ith ro loopholes)—and HCFCs by 2005
instead of &y 2050. _
Pressure legislators not to exempt military and space
programs from any phaseout of ozene-depleting
chemicals.
Buy new refrigerators and freezers that use vacuum
insulation (as in Thermos bottles) instead of rigid-
foam insulation and that use helium as a coolant.
(Such refrigerators are available from Cryody-
namics, 1101 Bristol Road, Mountainside, NJ
07092). China has purchased 9 million of them.
If you junk a car, a refrigerator, a freezer, or an air
conditioner, make sure the coolant is removed and
kept safely for reuse or destruction.
Huave car and home air conditioners checked regﬂ!'zr-
ly for CFC leaks—and repair them if necessary.
If you buy a car with an air conditioner, look for cne
that doesn't use CFCs. These should be available
on most new models by 1995.




The pros and cons on CFC substitutes

From Miller, T. (1995), P. 255.

Types

Pros

Cons

HCFCs
(hydrochlorcfluorocarbons)

HFCs
(hydrofluorocarbons)

Hydrocarbons
(such as propeane
and butene)

Ammonla

Water and Steam

Terpenes
(from the rinCs of lemons
~and other citrus fruits)

Hellum

Ereek down fesier (2-20 veers).
Fese ebot 90% iess cenzer
ic czons zyer.

Cen be vsed in eercsol sprays,
re. raoe"'lfﬂ gif congiior ,..1;
fcem, end cleaning egen's.

Erezk cown fesier (2-20 yeers).
Do not ccrtgin czone-Zesireying
chiorine.

Cenbe Leedinzercsol spravs
relrigeretion, e conciioning,

eng
Chezperdreecily evelebie.
Centevsedinzerceol sprays
refricereion, lcem, end cleaning
egenis

Simpie e’is"‘"'ve for refriceraiors:
wilely Leed belore CFCs.

Et'ective ‘of soTe Cieening
Crerelive a’v‘ Tor eterilizing

mecicel msiruments.

n «

Efective "or clezning
€ieCiron. fEns.

Evecihe coclentier relrigereio's.
fregzers. z~d air ccnonione’s.

Are greenhouse ceses.

Will stilf Cepiete czone, especially if Lsed in 'zrge quantites.
Kezlih elfects largely unknown.

HCFC-123 causes benign tumors in the pancrees end tes'es
of mele re's and mey be tanned for use in zercsol sprays,
fcem, end cleening egents.

W.ay lower energy eticiency of eppliences.

Are greenhouse geses.

Sefety questions ebout flammebility end iexicity still
unresolved.

Ney lower ener cy eviciency of eppliences.

Froduciion of KrFC-134a, & relrigere lsws:‘w . yields en

ecual emount of memyl chloroform, 2 serious czore cepleter.

Cenbellemmeble erd poisonous.
Some increzse ground-level pollution.

Texic if inheled.
Must be hencied cerefully.

Creetes polluted weter thal must be rezied.
Wesies weter uniess the veed weieris cieened up
and revsed.

None.

This rzre £es mey become scerce if Lse is wicespread,
bat very ile coolentis rneeced per epplience.
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Student resource 7 Vietnamese article

Summit for the Earth

From Tu, N. C. (1992), Number 489, p.14
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Student resource 7

1. What consumption patterns and other features of your lifestyle is putting chemicals that
deplete ozone layer directly or indirectly to the atmosphere? What things you are ready
to stop using or don’t use in order to slow the loss of ozone layer?

2. Allof glses CFCs, hallons, other-depleting chemicals be banned production and
consurﬁption in the world :)r not? Explain. It is air conditioner (especially in car and
may be in families it must be banned. Do you agree this ban? Do people have the right
to use the atmosphere as a dumping of the ground for pollutants? Explain? If not, how
w:)uld you restrict activities?

3. How do CFCs attack the ozone layer?

4. Do people have the right to use the atmosphere as a dumping of the ground for

pollutants? Explain? If not, how would you restrict activities?

170



Student resource 8 The video-tape: Greenhouse effect

(Length: 28 min, produced year: 1984)
Notes: The greenhouse effect is the world’s gravest environmental concermn and one with
which the international seientific community is just beginning to come to terms. This
program details its causes and inescapable consequences, and explores the inevitability that

looming temperature increases will change the allocation of natural resources forever.
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Student resource 9

Greenhouse effect

In the troposphere collection of gases of small amount of carbon dioxde, water
vapor and trace amounts and other gases is so-called greenhouse gases. By analogy .the
glass of a greenhouse limits the dissipation of the warmth from inside the greenhouse, the
greenhouse gases act somewhat like the glass panes of a greenhouse or of a car parked in
the sun with its window rolled up. These gases let in incoming light, infrared radiation, and
some ultraviolet radiation from the sun to pass through the tropnsphere. The earth's surface
absorbs much of this solar energy and retard its reradiation longer, infrared radiation- that
1S, heat- which then rises into the troposphere. Some of this heat escape into space, some is
absorbed by molecules of greenhouse gases, warming the air; and some radiates back
toward the earth's surface. This trapping of heat in the troposphere is called the greenhouse
effect (Figure 7).

Increased levels greenhouse gases

Greenhouse gases are those which can absorb infrared radiation. Atmosphere
nitrogen, oxygen, and argon do not absorb infrared radiation, but some kinds of following

substances do.

Carbon dioxide ( see ' student resource #117)
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7 The greenhouse effect.
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Water (H,0)

Global warming, a predicted consequence of an “‘enhanced” greenhouse effect,
would increase the average amount of water in the atmosphere through evaporation from
the oceans because the equilibrium vapor pressure of water rises with temperature. This
situation would present positive feedback, i.e., increased temperature leading to a raise in
p(H,0), causing in turn a further increase in the efficiency of trapping infrared radiation.

Trace gases

These include methane, nitrous oxide, ozone, and chloroflurocarbons, all of \)hich
have atmospheric concentrations which are hundreds or more times less than those of CO, -
and water vapor. This might lead one to suspect that their infrared absorbing potential
would be insignificant compared with water and CO,. Such is not the case, because each
greenhouse gas absorbs radiation in its own characteristic region of the infrared; some of
these gases absorb radiation in regions of the spectrum in which CO, and H,O are
transparent, and from which the radiation would otherwise escape into space. In addition,
most of them are more effective infrared absorbers than CO, on a molecule-for-molecule
basis. Their concentrations are increasing faster, on a percentage basic, than that of CO,.

Chloroflyrocarbons (CFCs)

They are believed to be responsible for 24% of the human contribution of
greenhouse gas. They also deplete ozone in the stratosphere. Like N,O, they have no
tropospheric sinks, but are infrared absorbers. CFCs take 10-20 years to reach the
stratosphere and even halons. These greenhouse gases is present in small amounts, some of
them trap heat thousands of times more effectively than CO, does. Example: Fluorocarbon
has 20,000 times the capacity of CO, to trap heat, and Fluéro—carbon 11 has 17.5000

times.
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Methane (CH,)

The concentration of tropospheric methane is currently about 1.7 ppmv but is rising
at 1-2% annually. Methane is believed to be responsible for 18% of the increase in
greenhouse gases. Methane is produced when anaerobic bacteria break down dead organic
matter in most places that lack oxygen. These areas consist of natural wetlands; rice
paddies. As its common name *“‘marsh ga\g implies, wetlands are an important natural
source of this gas. Human agricultural agtivity adds greatly to the nat:ral background.
Methane stays in thé troposphere for 7-10 years. Each methane molecules traps about 25
times much heat as a CO, molecule. ’

Nitrous oxide (N,0O)

Nitrous oxiaa structure N=N=0O, has a dipole moment and absorbs infrared
radiation effectively. Its present tropospheric concentration of 300 ppbv is increasing at the
rate of about 0,2% per year.

It account for 6% of human input of greenhouse gases, it also depletes ozone in the
troposphere. It is released from nylon production; from burning of biomass and nitrogen-
rich fuels, from the break down of nitrogen fertilizer in soil, livestocks, wastes and nitrate-
contaiminated groundwater. It stay in the troposphere is 140-190 years, and it traps heat
about 230 times as much heat per molecule as CO,.

" Ozone and carbon monoxide
These substances share the characteristics of very low concentration in the

unpolluted troposphere, but much larger concentrations when the atmo'sphere is polluted.

Ozone is one of the more active greenhouse gases.

Footnotereferences

1. Environmental chemistry by Nigel Bunce. Copy right 1994 by Wuers publishing LTD. Winipeg, Canada.
2. Environmental Science working with the Earth. Wadword. Inc., Belmont, California.
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Student resource 10

L W

1. Why human activities can affect global pattern?
2. What you can do to reduce the global warming?
3. Explain why nitrogen and oxygen that are the major air constituents do not absorb

infrared radiation in the atmosphere?
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Student resource 11°

Challenge: The greenhouse effect

From Getis, J. (1991), p.60

5

¥ CHALLENGE: THE GREENHOUSé EFFECT

b3
R

NN

/) Unless you're a virtual hermit, you have undoubtedly heard

about the greenhousc cffect. But unless you're a science major or follow
~thc news closcly, you are probably uncertain as to what .all the fuss is
about. So hcre, to resolve that unccrtainty, we present “Everything you
cver wanted to know about thc grcenhouse cffdct but were afraid to

ask.”

Q:
A:

ZRQ

What is the ﬁcnhouse effect?

The theory of the greenhouse effect is that certain gases con-
centrate in the atmosphere, where they function as an insulating
barricr, absorbing infrarcd radiation that would othcrwisc bc
reflected back into the upper atmosphcre. In other words, like glass
in a greenhousc, the gascs let in incoming solar radiation but
retard its reradiation back into space. The grecnhouse effect could
causc a gradual warming of the carth’s surface and thc lower
atmosphere. Higher tempcratures would have significant impacts on
the carth’s ecosystems.

What gascs are we talking about?

Carbon dioxide (CO,), created mostly by burning fossil fucls, is the
most plentiful of the gases and is thought to be responsible for
about half of the warming. Each year, wc send about 5.6 billion
tons of CO, into the atmosphere, only half of which is absorbed by
the oceans and forests. Burning the tropical rain forests not only
adds to the emissions but also means losing trees that naturally
absorb CO,.

Equally important, taken together, is the accumulation of
three other types of gases: (1) methane, from natural gas and coal
mining, agriculture and livestock, swamps and larfdfills; (2) pitrous
oxides, from motor vehicles, industry and chcmical fertilizers; and
(3) chlorofiuorocarbons (CFCs) and halons, widely used industrial
chemicals. Although thesc gases may b prescnt in small amounts,
somc of them trap hcat thousands of times more cffectively than
“does CO,. Fluorocarbon 12, for example, has 20,000 times the
capacity of CO, to trap heat, and fluorocarbon 11 has 17,500 times
the capacity of CO,. Even mcthane is thirty times more potent
than CO. in trapping hcat closc to the carth.
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What cvidence is there that these gascs are accumulating in the
atmosphere?

We know that during the last 250 ycars the concentration of CO,
in the atmosphere has risen from about 274 parts per million (ppm)
to over 340 ppm. (Just since 1958, concentrations of CO, have
increascd ffom 315 ppm. This increase is one of the effects of the
Industrial Revoluion. fhe methane concentration in. the lowcr
atmosphere has already more than doubled from its preindustrial
level (from 650 parts per billion to 1,700) and is currently
increasing by just over 1% per year. The carbon monoxide
concentration also scems to be increasing at a rate of slightly over
1% per ycar. -

Is the world really warming up? If not, why do they say it will? -

I's too early to tell if the carth is warming up. .When CO,
concentrations rcach about 550 ppm (double pre-Industrial Revo-
lution levels), average annual global temperatures are expected to
risc by 4° to 9°F (2° to 5°C). Predictions of when this doubling
will occur vary. The ycar 2050 is commonly cited, but because gascs
other than CO, are contributing to the grcenhouse cffect, the
warming may occur as early as 2030.

Proponents of the greenhousc-cffect lhcory believe that buman
activity has already put enough of the various gases into the
atmosphere to causc a significant risc in temperature in the next
century. They contend that some warming is incvitable even if all
emissions were to stop today, because the grccnhousc gascs arc
alrcady in the atmosphere.

What diffcrcncc does it make if temperatures risc by a few
degrees?

Rescarchers have developed various mathematical models to simulate
the effect of grcenhouse gases on the carth. The warming will not
be uniform. It will be greater at higher latitudes than in cquatorial
rcgions, and it will produce significant F;hangcs in sea level,
prccipitation, and vegetation. The sca level is ¢xpected to rise 1 to
4 feet (0.3 to 1.2 m) as a result of ice-cap and glacial melting and
thermal expansion of the water (watcr expands as its tcmperature
incrcascs). Most cozstal marshes and swamps would be inundated by
salt water; coastal crosion would incrcase. Water quality would

_decline as aq;\crs became polluted by salt. Such low-lying regions

as the Nerth Americen Gulf Coast, the Netherlands, the Nile Delta,

Bangladech, znd much of Scutheast Asia could Josc substantial”
gmounts ol lonl Menv meler ports might be Noodéd.
Warming o lzais end occans would speed cvaporation, causing

morc active conveciion currents in rhe atmosphere and thus fiercer
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storms. Important rcgional changes in precipitation would occur,
with some arcas receiving more precipitation, others less. Polar and
equatorial regions might get hcavier rainfall, and the mid-latitudes
become drier. {

Changes in temperature and precipitation would affect soils
and vegctation. The composition of forcsts would change as some
areas became less favorable for certain species of plants and more
hospitable to others. Hotter, dricr weather would reduce crop yiclds
in some arcas, such as thc corn and wheat belts of the Midwest.
Convcrsely, more northerly agricultural regions, such as parts of
Capada and the USSR, might become more productive.

Don’t some scicntists disputc the greenhousce cffect?

Yes. Somc argue that global temperaturcs might stabilize or even
dcercasc as the concentration of grecnhouse gascs increases. A
hotter atmosphere, they say, would increase evaporation, sending up
more water vapor that could condense into clouds. The increased
cloud cover might reflecg so much sunlight that it would slow the
ratc at which the carth would be hcated. Others contend that the
incrcascd evaporation would produce more rainfall. As it fcll, the
rain would cool the land and subscquently cool the air over the
land. \ °
Finally, some rescarchers belicve the ‘geological record shows
that large fluctuations in global temperature have always occurred
independently of human activity, never as a rcsult of it. These®
fluctuations are caused by such unpredictable cvents as variations
in solar radiation, shifts in the earth’s orbit and in ocean currents,
metcoric activity, and volcanic cruptions.

Why don’t we just wait twenty or thirty ycars until we see what's
going to happen?

If those who believe in global warming and its consequences prove
to be correct, the longer we wait, the worsc the situation will
become. If we continue to spew billions of pounds of CO, and
other greenhouse gascs into the atmosphere each ycar, we hclp
guarantcce that the theory will become reality.

Furthermorc, reducing gascous emissions makes scnse
regardlcss of conccrn about the greenhouse cffect. Decrcasing the
amount of coal, oil, and natural gas wc burn saves moncy, saves
rcsourccs, and will extend the lifc of precious fossil fucl reserves.
It will rcduce smog and acid rain. Controlling CFC cmissions will
help retard depletion of the ozone layer. Growing concern over CO,
cmissions will help prevent the destruction of the tropical rain
forests and spur the cffort to devclop nonpolluting, rencwable
cnergy sources like solar and wind power.
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Student resource 12

Oil pollution
Oil pollution of the sea attracts great public‘ attention because it is visible and most
people encounter it, either at first hand on bathing beaches, or from picturc;s on television
and in the press whenever there is a spectacular oil spill.

Pé;troleum hydrocarbons reach the sea by many routes, however, and tanker
accidents are by no means the only source of oil pollution.

I._what is oil?

Crude oil is a complex mixture of hydrocarbons with C,-C,, or more carbo}a atoms
in the molecyles. Arrangements include straight chains, branched chains, or cyclic chains
including aromatic compounds (with benzene rings). Some polyclinic arom:uic
hydrocarbons (PAH) are known to be potent carcinogen..‘Sulfur and Vanadium compounds
are also included in crude oil and non-hydrocarbons may represent up to 25% of the oil.
The exact composition of crude oil varies from one oil fuel to another.

Crude oil must be refined before it can be used. Refinding is essentially a distillation
process with different fractio;ls or cuts taken at different boiling ranges.

Refinery cuts of crude oil

Crude oil Boiling range Molecular size
(°C) (Numbers of carbon atoms)
Petroleum 30 3-4 |
Light gasoline Benzene 30- 1210 ‘ 4-6
Naphtha . 125-175 7-10
Kerosene « 165-200 7-15
Gas oil (diesel) 175-365 15-20
Fuel oil and residues 350 20
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Light gasoline is the basis for petro.l used in moter vehicles; naphtha provides
feedstocks for petrochemical industry, thé residue is used as bunker fuel in ships and
power stations and the higher fractions are used as tars, and so on. Many of commercial
products are fu,rther refined, malde into particul;;.r formulations, and receive additives of
other materials to suit them for their various purposes.

All components of crude oil are degra“dable by bacteria, though at varying rates, and
variety of yeasts, and fungi can also metabolize petroleum hydrocarbons. Small, straight
and branched chain compounds degrade most rapidly, cyclic compounds degrade the
slowest. High molecular weight compounds, the tars degrade extremely slowly.

I1. Sources of oil spill

An oil spill is the leakage of petroleum (usu;illy crude oil) onto the surface of a large
body of water. About half of all spilled oil seeps naturally from offshore geological
formations. Another 20% is released due to accidents. These involve offshore or coastal
drilling operations, the loading and unloading of oil from ships, and collisions or damage to
tankers transporting oil. A third source of spilled oil is used organic solvents and lubricants
that are dﬁmped in coastal regions and on inland waterways. The amouht of oil entering the

worlds’ ocean from all these sources is estimated at approximately 1,000.000 metric tons
per year.

I1I. Fate of oil

When a spill occurs, the oil spread out on the surface of the water to form a slick.
This thin layer impedes the exchange of gases with the water and it poisons surface
organisms. If the seas are stormy, a froth is created as the oil is broken up into droplets by
wave action. Wind and current may also move the slick from one area to another. In some

cases the oil becomes stranded at the shoreline where it damages beaches and estuaries.
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Some components of crude oil are volatile. Thus over a three month period about
25% of the oil evaporates. Over the folloWing months, bacteria digest and degrade some of
the nonvolatile but lighter components of the oil. Eventually the heavier components clump
into tar balls. This 15% of the original oil spill settles to the ocean floor.

IV. Effects of the oil 7

When oil slicks reach th&horeline, they coat every thing with a sticky, slimy film

that can have devesting effects. Water solutes components of crude oils and refined

»

products include a variety of compounds that are toxic to wide spectrum of marine plants
and animals. Aromatic comgunds are mdre toxic than al'iphatics, and midle-molecular
_ weight constituents are more toxic than high- molecular-weight tars. Low molecular-weight
compounds are generally unimportant because they are vole.ltile and rapidly lost to the
atmosphere. A spillage of diesel fuel, with a high aromatic content, is therefore much more
 damaging than bunker fuel and weathered oil, which have a low aromatic content. A
spillage of petrol or may present a serious fire hazard, but has little impact on marine
organonism in the water. Marine organisms close to shore die as the oil clogs their gills or
other respiratéry passageways. Large numbers of shell fish such as oyster, scallops,
mussels, and clams die.
» 1. Plankton
Plankton might be supposed to be particularly at risk because it is exposed to the
highest concentration of water- soluble constituents leaching from floating oil.
2. Fixed vegetation
«  Salt marshes, and, in the tropics, mangrove swamps are low energy areas likely to
trap oil, and the plants which form the basis for these ecosystems suffer accordingly. Both
are important ecosystems at the boundary between land and sea. They control coastal
erosion, are a source of organic production which is transferred to the sea, and they provide

shelter for the young stages of marine organonisms, some of commercial value.
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The effects of oil pollution on annual plants living in a salt marsh depend on the
season. If the plants are in bud, flowering is inhibited, if the flowers are oiled they rarely
produce seeds, and if the seeds are oiled, germination is impaired.

3. Public health risk from oil pollution

Some petroleum hydrocarbons are toxic to hu’ﬁ@gs@d there are a few cases’on
recofd of children being made seriously ill or dying after inadvértently swallowing kerosene
(paraffin). But humans have an extremely low taste threshbld for petroleum hydrocarbon
and the taste is particularly repulsivé. There is therefore little‘ risk of humans unknowingly
receiving measurable does of these toxins from contaminated food or drinking water.

Oil includes polyclinic aromatic hydrocarbons, some of which are known
carcinogens. These compounds might concentrate in the tissues of marine organism with
the concentrations increasing up the food chain to reach the highest levels in carnivorous
fish. Human consumers of theSes fish might therefore be exposed to relatively large
amounts of these carcinogens even in the absence of over oil pollution.

4. Commercial damage from oil pollution

Fisheries

Fixed installation where fish or shellfish held in intensive maritime culture are
particularly vulnerable to damage from accidental -oil pollution because the animals can not
- escape. A slick of oil-drifting through such an installation may inflict commercial damage
quite incommensurate with the size of the spillage. |

Fish eggs and larvae are more sensitive to toxins and are commonly in surface
waters whefe they are likely to encounter high concentrations of petroleum hydrocarbens,
they are expected to be particularly vulnerable to damage by oil pollution.

V. Methods of cleaning the spill

Skimming devices can be used to clean up an oil spill. These devices separate the oil

’

from the water and collect the oil in tanks. The effectiveness of these devices depends on
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the viscosity (thickness) of the oil, the area of spill, and the weather conditions. Because

y
the oil it was carrying was particularly thick, vacuuming and skimming procedures did not
work. Therefore, the spill was allowed to reach shore and then removed by bulldozers and

shovels.

Another approach to clean up has been the use of absorbent materials such as straw,

volcanic ash, or plastic shavings. These materials are spread on the oil on the surface of the

water and then removed, taking the oil with them. However, as yet no satisfactory method
for disposing of the oil soaked absorbent has been devised.

Detergents have also been used to try to emulsify the oil and thus to minimize its

o

9

effects. Examples: In 1967 the tanker Torrey Canyon rah aground off the coast of England,

spilling more than 117,000 metric tons of oil. More than 20.000 tons of detergents were
deposited on the spill to help disperse it before it coulci reach the shoreline. The dhc:terge'nt
were water soluble and toxic, however. they caused the death of marine plants and animals
in the areas of the spill. Unfortunately the detergent treatment did not prevent the oil frqin

reaching the shore. In the end, the detergent caused more problems than oil alone.

Footnote references:

Ctemistry issues in chemical Technology by, S. A, Staley, D. D., Jimpson, C. D., and Matta, M. S. AYidition Wesley publishing
company, New York . .
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Student resource 13 Vietnamese article
g How does effect of oil pollution damage on living thing?
From Tuan, H. (1991), p.8O. (He translated French into Vietnamese from

xA

Evenement du Jeudi 326/1991)

O NHIEM DAU
TREN BIEN
TAC HAI DBEN
SINH VAT
NHU" THE NAO ?

o] dau lan "e'\ bién giét sinh vat qua hai théi ky. Trong nhirng \
gid diu én, chét hydrocarbue nhe, nhu benzen, tan lo&ng vong

) nuéc 0dy d:-. ¢ho cac dbng vét &én 30m chidu sAu. Céc I6p gigp
xég, lo E nhuyén ®é va cic loai ¢4 nhd it hoat d6ng s& chét rong chép
mat Chi ¢ nhing lo&j ¢4 I6n du muc cb thg song soét vi bei kip dugc
sang vung nuéc ianh nhd cai, Gap cla nhing vay I¢n. Luden aubner
gidm dbe Vién Khal théc o bién cia Phép nhé fai : "Sau tai nan cla
chibc tdu chd ciy Amoco- Cadiz ngdy 16-3-1978, nguédi ta tim ducc

: 240.000 :én th, vét chét dua bun:: len tr&i. Nhong con chach chét trong

- hang, chi ¢ c>5 3 ¢& mé van cét nan®. Trong thoi ky thu hai, chéat

s hydrocarbure nzng lan véo nudec. Trong ‘vong 48 gi¥, nd tao thanh mot
u_ép 1éu mau chooolar rit 6dc. Lép védng nau den nay noi hang’ tuan

n mat biep. Chim chée ¢ép pHa; 1ng enung b:funh chét 8bc nay. DAu
an mdn ch&l m5, 15ng chim mét tinh khéng thdm nuéc. Nubc ngdm

" vdo Gubi & 16p rém Khl gil thang bang cho con v&t B dinh diu dén

, con VAt chét vi 64i va lanh.

. Lé véng ‘vyuoarbye ty phén chia va bién mat, bi téy héa dcén
din bcl cdc Vi Rhudn (cBu 14 chat hoai sinh). Nhyng nii ro néu mét lan
gid cat thdi gua, i"p véng dau lai bién thanh hac ?n chim xué ng cay
bién, 1&m ¢hét p.:t &t ca C«:C G6n2 vat va thuc vat

Phai c&n 850 7 nam &2 khéi phug lai cac 66ng vat va thuc vat b sat

. hai dq taji nan Su Amoco- Cadiz. Chiéc tau déu ndy di Iam chay 220.000
14n dau vao bién va vung cuyén h:l Trong vong 4 thang, 15.000 ngudi
tinh nguyén c‘m»ﬂ €&y ¢;0ng jai €4m triéu Gen trén bién. Céc phuong
phap lam sach €21 nay vén hhéng Uén bd hon bao nhiéu.

Lop san hQ ':a'n cla vu'\g \"H 14 ch3 i an cac 8ong vit va thio

2 ting Rhéc nhau, ™ot s6 thude loai 8¢ nhét tén thé

gidi. Cé nh.mg 2 i-g chéc chdn 2ip nguy ncép Gai hai &u, hai yé'\
mA trang. Nhirg coa vat vd ronizy €4 chon vung &éy néng néy coa qua
¢at lam noi t' ;784 80 8nh, e réng s& qua nhing ngdy thang an

7

lanh. Néu 6 rké Fé_ 2, ©hdng €3 ~guy oo bién mét vinh vién. Neay ca
gidng hac tang coz Riém cla Sité-e va hing ngén con chim di tnd cing
bi &2 doa

HCAI TUAN
{Thes Evénement ¢y Jeudi 325751)

£
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Student resource 14

1. Do research on a recent oil spill. Answer the following questions about the spill. Where
did the spill occur? What was the cause of the spill? what measures were taken to clean
up the spill? What impact did the spill have on living things and the shoreline?

2. Why is an oil spill a threat to the environment?

3. What can be done to clean up oil spill?

>
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