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ABSTRACT

A survey of environmental chemistry laboratory experiments in the Journal of Chemical
Education (ACS) and Education in Chemistry (RCS) has been carried out from 1969 to
the present. The experiments have been categorized as being related to the areas of
either air, water or soil. Over the same period of time, a similar survey has been carried
out for commonly used environmental chemistry textbooks, whereby the relative
number of pages have been assessed which are devoted to the same areas. The data
obtained from both of these analyses indicate that the area of soil is seriously under-
represented 1n the environmental chemistry curriculum. Further analysis of this material
also highlights the failure of many experiments to reflect “real world” laboratory
processes such as sample preparation, data analysis and quality control/assurance. To
help alleviate these deficiencies, a strategy was designed to develop several soil-related
laboratory experiments which would not only reflect real world practices in a developed
country such as Australia, but which would also be appropriate for educational
programs in a developing country such as Vietnam. In order to gain the necessary skills
and experience, the author undertook a five month work experience program at the
Australian Government Analytical Laboratories (AGAL). The program focussed on the
routine analysis of hydrocarbons in soil samples. A programmed schedule allowed the
author to experience all aspects of the procedure, from sampling through to reporting.
Following the work experience program, the author undertook a visit to her home
country of Vietnam in order to conduct a modified Dephi survey of leading Vietnamese
educators, considered expert in the area of environmental chemistry education. The
survey was constructed to assess the requirements for the design and implementation of
undergraduate environmental chemistry experiments in the Vietnamese context. The
Delphi study successfully converged after two rounds. Both the AGAL experience and
the results of the Delphi survey have been used to formulate environmental chemistry
laboratory experiments which help address the deficiency of soil-related experiments in
the current curriculum, reflect the professional skills of real world environmental
scientists, and which are well-suited for implementation in developing countries such as
Vietnam. Attention has also been paid to international requirements for environmental
education and to the advantages of the integrated approach with respect to the different

areas of chemistry.
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ABBRIVIATIONS

EE Environmental Education

AAS Atomic Absorption Spectroscopy

AGAL Australian Government Analytical Laboratories

ASEAN Association of South East Asia Nations

DCM Dichloro Methane
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IR Infrared Spectroscopy

IUCN International Union for the Conservation of Nature and Natural
Resources

LFB Laboratory-Fortified Blank

LFM Laboratory-Fortified Matrix

MOSTE Ministry of Science, Technology and Environment

MS Mass Spectroscopy

NH soil Non-Homogenized soil

PH Petroleum Hydrocarbons

QA/QC Quality Assurance/Quality Control

RPD Relative Percentage Difference of Duplicates

Stdev Standard deviation

TLC Thin Layer Chromatography

TPH Total Petroleum Hydrocarbons

UK United Kingdom

UNEP United Nations for Environmental Program

USA United State of America

UV-VIS Ultraviolet-Visible spectroscopy
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Introduction 1

INTRODUCTION

The implications and consequences of environmental problems have been widely
recognised. Thus, a new strategy “to defend and improve the environment for present
and future generations has become an imperative goal for mankind” (1). Together with
innovation in science and technology, education, as identified by the world’s first
International Conference on Environmental Education (EE), has a vital role to play in

helping the public to become aware of and to better understand environmental

problems (1).

Regarding EE at university level, the creation of integrated courses on environmental
issues for all students, regardless of their specific fields, has been stated to be in high
demand (2). Science educators in general and chemical educators, in particular, have
worked toward the development of appropriate curriculum with regard to
environmental issues (3). A significant number of environmental chemistry (EC)
textbooks are now available worldwide accompanied by the development of
appropriate EC experiments suitable for undergraduate EC courses. Commonly, these
books and experiments have been developed in the context of the resources and

educational/ scientific background of developed Western countries.

EE has now become an important part of the curriculum in the Vietnamese Education
and Training system, particularly at university level (4). Thus, the development of
environmental programs in Vietnamese universities is now a high priority. As part of
the undergraduate EC curriculum development, accessible experimental programs need
to be designed. Three problems, however, confront the development of the EC

curriculum in Vietnam.
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1. Current international EC programs. EC programs, and experimental EC programs

in particular, ténd to be designed and more applicable for developed countries.
Thus, developing countries, such as Vietnam find it difficult to transpose the
strategies and resources/equipment from such existing programs. Any introduction
of new environmental-focused content, therefore, will require innovation in course
design, availability of resources/equipment, and the acceptance of national goals for

EC experimental programs in Vietnam as a whole.

2. The “gap” in the existing EC program. The soil issue is seriously under-represented
in both coursework and experimental programs. Soil quality is an important factor
for the economic development of a developing country such as Vietnam. Moreover,
the current international laboratory programs in EC courses have serious drawbacks
in terms of inefficiency and failure to provide students with opportunities to
practice vital procedures in the environmental science. Thus, it is essential for an

EC program in Vietnam to address this issue.

3. The cost of the development of new courses. The introduction of EE will need to be

cost effective in a developing country such as Vietnam. Particularly, experiments in
EC will need to be developed which are within the means of the science faculties in

Vietnamese universities.

This project is aimed at developing a set of criteria for effective experiments for EC
courses in Vietnamese universities. Specific attention will be paid to the design of
innovative EC experiments in soil analysis, an aspect relatively under-represented in

existing courses. These experiments will also take into account the limitations of the
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current international EC curriculum. The adaptation of such experiments 1s intended tc
be a preparatory step in the development of a desirable experimental program for EC
suitable for the laboratory conditions existing in developing countries in general and in

Vietnam in particular.



1.1

Aims of the Study and Methodology

CHAPTER 1 AIMS OF THE STUDY AND METHODOLOGY

The Aims of the Study

The aims of this study are as follows:

(1)
(ii)

(iif)

(iv)

(V)

To identify the appropriate approach for the teaching of EE worldwide.

4

To critically survey the international educational literature and textbooks, in

order to identify factors that are considered to be essential for the success of EC

teaching- EC education (ECE) laboratory experiments. Also, the literature

review will identify areas that need to be addressed in the development of ECE

laboratory experiments, which, though important in the practice of

environmental science worldwide, may be underrepresented in the educational

curricula.

Having identified such areas, to undertake a five-month work experience

program with a relevant employer in order to gain up-to-date, “real-world”

professional experience for translation of EC experiments into material for the

educational curriculum.

from the international perspective, to construct and conduct a survey of

Using the elements that are considered to be essential in the ECE laboratory

Vietnamese higher education staff in order to determine the requirements for

laboratory teaching experiments in EC in the Vietnamese context.

Using the above information, to design a number of EC laboratory teaching

experiments, which will address any curriculum deficiency and be relevant to

the requirements of developing countries.
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1.2 Design and Methods

Towards achieving aim (i), a thorough survey of the literature on EE has been
undertaken. The main objectives and guiding principles from the international
perspective have been clarified. Guiding principles and limitations for EE at the higher
education level, in particular, have also been identified. These are discussed in more

detail in Chapter 2.

In order to achieve aims (i1) and (iii) a thorough survey of available environmental
chemistry textbooks and international educational literature review has been carried
out. For the design and implementation of sound ECE laboratory experiments, it is
imperative to combine the conventional wisdom on EE programs with the requirements
of the chemical education curriculum. These led to the “theory” criteria, which suggest
issues are in need of coverage in a good ECE laboratory experiment. Based on such
criteria, the S5-month-work experience program in the real world environmental
laboratory will provide a framework for the strengthening of the critical review of the

literature on ECE laboratory experiments.

Aims (iv) and (v) of this study intend to develop actual environmental chemistry-based
experiments which are feasible in Vietnamese universities. The experiments themselves
must be developed in a laboratory with suitable equipment and which is staffed by
teachers with professional expertise in environmental chemistry (EC). Such conditions
are not available in Vietnamese universities. Thus, the researcher is undertaking the
investigation in Australia, which has organisations relatively well-endowed with both

the necessary equipment and professional expertise. In this regard, a five-month work
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experience program was carried out in order to gain real-world professional experience

and to access materials and facilities for the study.

However, there is another aspect of the problem facing the researcher. To evaluate with
certainty the suitability of experiments designed in Australia for inclusion in chemistry
courses in Vietnam would normally require extensive trialing. Unfortunately, the time
required in undertaking such an evaluation is well beyond the scope of a Master of
Education thesis. It is understandable that to help develop a good experiment it is vital
for the developer to understand factors that make the experiment work best in the
specific situation, which in this study, is Vietnamese universities. Unfortunately, the
lack of availability of appropriate guidelines for EC experimental development is
anothef obstacle facing the researcher. There is no such material in Vietnam at the time
of conducting this study. The researcher has had to start from the beginning. Therefore,
in order to achieve aim (v), aim (iv) must be achieved in order to find out what are the
criteria for an undergraduate EC experimental program in the Vietnamese situation. In
order to have a valid and valued answer to this question, there may be no source other
than Vietnamese EC experts. Therefore, the Delphi survey method, which is a tool for
research using experts’ opinions, was chosen and modified to use as the most
appropriate methodology in this study. The Delphi method is discussed in Chapter 4.
The details of the application of the Delphi survey method in this specific study are
covered in Chapter 5, and the finding of this survey is reported and discussed in
Chapter 6. Chapter 7 presents the two proposed experiments, which are the fruits of

the research.
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CHAPTER 2 ENVIRONMENTAL EDUCATION

2.1 International Perspectives

Environmental Education (EE) has been a term in common usage for several decades.
It was first used in the meeting of the International Union for the Conservation of
Nature and Natural Resources (IUCN) in Paris in 1948 (5). Further attention has been
paid to EE in subsequent international meetings, including IUCN in 1965 and the
Biosphere Conference (held by UNESCO) in 1968. However, it was not until 1970 that
the term “Environmental Education” was officially clarified by IUCN/UNESCO, who
officially named a new aspect of EE in the International Working Meeting on
Environmental Education School Curriculum. The so-called “classic definition” of EE

was understood as:

“The process of recognizing values and clarifying concepts in order to develop skills and
attitudes necessary to understand and appreciate the inter-relatedness among man, his culture,
and his biophysical surroundings. Environmental education also entails practice in decision-

making and self-formulation of a code of behavior about issues concerning environmental
quality”.

(Palmer, J. A. 1998) (6)

Indeed, it has been argued that EE has always accompanied the interaction of human
beings with the environment (5, 7). The implicit reason behind the study of the
environment, however, has changed over time according to the state of humans’
attitude towards the environment. The purposes of EE in each period of time, therefore,
have been marked by significant differences. In the past, it was to understand and to
explore the surrounding world in order to live in harmony with the environment. In this

regard, it may latter be classified as “education in the environment” and/or “education



Environmental Education 8

about the environment”. That rationale has been changed, however, when humans
worldwide have faced many negative, unforeseen natural disasters and extremes in
weather. EE thus has come to mean work for the improvement and protection of the
environment (7). The concept now refers to “education for the environment”, as well as

“education in the environment” and “education about the environment”.

2.1.1 The Goals, Objectives and Guiding Principles of EE Programs

The first international meeting on the environment, The United Nations Conference on
the Human Environment, was held in 1972 (Stockholm). It emphasized the rapid
increase in awareness of environmental issues worldwide and the need for the practice
of EE. As a result, three years later, in 1975, an international program, the so-called
IEEP (International Environmental Education Program), was launched through the
cooperation between UNESCO and UNEP (United Nation Environmental Program)
(5). The guidelines for this new field of education were subsequently formulated in the
International Environmental Education Workshop, held in 1975 in Belgrade. The
outcome of this workshop was the Belgrade Charter, which has been reported as the
historic basis of EE (8). It created a draft framework of principles and guidelines for
worldwide EE programs, which were redrafted at the next workshop. Indeed, the new
framework, two years later, was endorsed in the world’s first Intergovernmental
Conference on Environmental Education, held in 1977 at Tbilisi, Georgia (USSR) (1).
The result of the above meeting was the Tbilisi Declaration, in which the goals,
objectives and guiding principles for EE were specified. Though published decades
ago, the Thilisi Declaration still plays a dominant role in guiding the development of
worldwide EE programs (5, 9). It has been considered as a primary standard for

everyone who seeks to undertake EE at all levels: local, national, regional,
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international, and for all age groups in-both formal and informal education (9-12). Ten
years latter, in 1987, the UNESCO/UNEP International Environmental Education
Program Conference or “Tbilisi Plus Ten” held in Moscow, formally endorsed the
principles of EE which were launched in the Tbilisi Declaration (5). Given the
recognition internationally as the guidelines for the development of environmental
education program, the Tbilisi Declaration will be, therefore, used as the key criteria
for the evaluation of the validity of an EE program, in this study. The researcher will
also use these worldwide guidelines in developing specific applications of EE in

chemistry: that is in environmental chemistry.

Three goals of EE that have been specified in the Tbilisi Declaration are as follow (1):

(1) To foster clear awareness of, and concern about, economic, social,
political and ecological interdependence in urban and rural areas.

(i)  To provide every person with opportunities to acquire the knowledge,
values, attitudes, commitment and skills needed to protect and improve
the environment.

(iii)  To create new patterns of behaviour of individuals, groups and society

as a whole towards the environment.

The five interrelated categories of objectives of EE include (1):
e Awareness: to help social groups and individuals acquire an awareness of and
sensitivity to the total environment and its allied problems.
e Knowledge: for social groups and individuals to gain a variety of experiences
in and acquire basic understanding of the environment and its associated

problems.
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Attitude: to help social groups and individuals acquire a set of values and
feelings of concern for the environment and the motivation for actively
participating in its improvement and protection.

Skills: to help social groups and individuals acquire the skills for identifying
and solving environmental problems.

Participation: to provide social groups and individuals with an opportunity to
be actively involved at all levels in working toward resolution of environmental

problems.

Twelve principles for the development of the EE program have been advocated (1):

1.

Environmental education should consider the environment in its totality-natural
and built, technological and social (economic, political, cultural-historical,
moral, ethical).

Environmental education should be a continuous life-long process, beginning at
the pre-school level and continuing through all formal and non-formal stages.
Environmental education should be interdisciplinary in its approach, drawing on
the specific content of each discipline in making possible a holistic and
balanced perspective.

Environmental education should examine major environmental issues from
local, national, regional and international points of view so that students receive
insights into environmental condition in other geographical areas.
Environmental education should focus on current and potential environmental

situations while taking into account the historical perspective.
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6. Environmental education should promote the value and necessity of local,
national and international cooperation in the prevention and solution of
environmental problems.

7. Environmental education should explicitly consider environmental aspects in
plans for development and growth.

8. Environmental education should enable learners to have a role in planning
experiences and provide an opportunity for making decision in the prevention
and solution of environmental problems.

9. Environmental education should relate environmental sensitivity, knowledge,
problem-solving skills and values clarification to every age, but with special
emphasis on environmental sensitivity to the learner’s own community in early
years.

10. Environmental education should help learners discover the symptoms and real
causes of environmental problems.

11. Environmental education should emphasize the complexity of environmental
problems and thus the need to develop critical thinking and problem-solving
skills.

12. Environmental education should utilize diverse learning environments and a
broad array of educational approaches to teaching/ learning about and from the

environment with due stress on practical activities and first-hand experience.

2.1.2 Environmental Education Approaches
Interdisciplinary and multidisciplinary are two approaches, which have been considered
to be critically important procedures in EE processes. The interdisciplinary approach is

understood as the co-ordination of many different disciplines towards the study of a



Environmental Education 12

particular subject. It is not a brand new “thread” in the educational methodology. It has
been, indeed, used and considered as a renovation approach (7). The holistic
characteristic of the environment, which the education is aimed at, demonstrated the
feasibility of applying this approach. As tﬁe Thilisi declaration suggested that the
environment iS a complex system, which consists of natural, built and social
components (1), therefore, it might be impossible for one single discipline to cover the
totality characteristic of the environment. Thus, in order to achieve effectively the goals
of EE, an interdisciplinary approach has been strongly suggested. In other words, in
order to achieve success in solving environmental problems and managing the quality
of the environment, EE requires the contribution of all disciplines (e.g. natural science,
social science, humanities, applied sciences, and technologies) by fusing, combining,
and co-ordinating with one another (1). To a lesser extent, when the environmental
concepts are integrated into each discipline, it is the so-called the multidisciplinary

approach (7).

In focusing on the details of approach of EE in each discipline, three threads can be

referred to as follows:

e Education about the environment.

e Education in (other words have also been alternatively used include through, from
or with) the environment.

¢ Education for the environment.

They will be described in the following parts:
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2.1.2.1 Education about the Environment

It is considered that education about the environment is the most popular mode of EE
(11). In this approach, students are provided with fundamental knowledge and concepts
to help them understand how the natural system works and the impact of human
activities upon them. However, the drawback of the education about the environment
approach is that its progress often has neglected the connection between natural
systems and social systems. The integration between EE, natural and social system is
considered to play an important role in solving environmental issues from local,
national to international aspects and their responsibility for the management of the
environment (11). Nevertheless, through the about approach, educators can provide
students with useful knowledge and skills. For example, students can understand the
concepts, facts and figures, and based on informed knowledge, are able to evaluate

environmental issues (5).

2.1.2.2 Education in the Environment

This approach relates to the use of the environment as a means for education. Through
direct contact with the environment, students can acquire appropriate knowledge and
important skills (e.g. data collection, field investigation, observation, sketching,
photography, using scientific instrument, etc.). In gaining such knowledge students
may, therefore become aware of the environmental problems and have more concermn
about environmental issues. However, the ultimate purpose of the EE could not have

been met if EE uses this approach alone.
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2.1.2.3 Education for the Environment

Education for the environment is developed based upon two critically important
aspects: international trends in EE and the development in critical curriculum
theorizing and critical pedagogy. It, therefore, is considered to play a vital role in EE

and to be used most widely and as one important orientation approach of EE (5, 11).

The target of this approach is more sophisticated than that of two previously introduced
approaches, namely education in and about the environment. It is not only simply
teaching environmental facts and concepts as in the education about the environment or
just experiential learning in nature as in the education in the environment approach.
Above all, education for the environment aims at engaging students in the active
resolution of environmental questions, issues and problems based on both in and about
approaches. By doing that, students are not only required to acquire skills by working
on finding solutions for environmental problems, but also to become concerned with an
environment-sensitive ethic. In other words, education for the environment links
environmental, moral and political education. It is, therefore, considered as a “counter-

hegemonic” process or the related “dangerous knowledge” (11).

Following are the detailed characteristics of education for the environment (13):

1. Education for the environment emphasises the development of a critical
environmental consciousness based upon: (i) A holistic view of the environment as
a totality of the interdependent relationships between natural and social systems; (i1)
A historical perspective on current and future environmental issues; (ii1) The study
of the causes and effects of environmental problems, and alternative solutions to

them, through an examination of: (a) The relationships between ideology, economy
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and technology; and (b) The linkages between local, regional, national and global
economies and governments.

2. Education for the environment emphasizes the development of critical thinking and
problem-solving skills through a variety of practical and interdisciplinary learning
experiences which focus on real-world problems and involve the study of a wide
range of sources and types of information.

3. Education for the environment emphasizes the development of an environmental
ethic based upon sensitivity and concern for environmental quality.

4. The development of the understandings, attitudes and skills of political literacy
which promote participation in a variety of forms of social action to help improve
and maintain environmental quality.

5. Education for the environment requires teaching strategies that are consistent with

its goals.

These characteristics of the different forms of EE have strong relationships with each
other. The researcher considers that the ultimate and the highest purpose of
environmental education is the for approach. It does not, however, mean that the other
two approaches in and about are “valuable only in so far as they are used to provide
skills and knowledge to support the transformative intentions of education for the
environment”, argued by Fien, 1993 (11). Depending on the level of students, EE may
be constructed in different approaches (5). The in and about approaches may be
suitable for the students at the lower level and education for the environment approach
may be applied with the support of in and about approaches for higher level of
students. Indeed, in the following section, EC experiments will be examples of the use

of education in the environment incorporated with the use of education for the
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environment (Chapter 7).

2.2 Environmental Education at the University Level

2.2.1 General Trend

Universities and higher education play an important role in graduating people who will
have an impact on society and the environment. They include policy and decision-
makers, engineers, architects, administrators, lawyers, teachers, environmental
specialists, etc. (14). Therefore, EE programs at this level play an important part in the
improvement of the Earth (14). EE at the university level is different from EE programs
designed for lower levels of education, in which EE is primarily introduced as
fundamental concepts and principles (in the category of education about the
environment). For higher education students, however, the emphasis is on education for
the environment. Indeed, the process must be to educate how to analyze environmental
problems, and to find the specific causes and effects of such problems on the quality of
life. Moreover, it also requires students to propose possible solutions for such

environmental problems (14).

An EE course at the university level will need to consider (1) the physical planet
(atmosphere, hydrosphere, lithosphere, their physical and chemical laws); (ii) the
biosphere; and (iii) the technosphere and sociosphere (14). The most feasible approach
in EE is likely to be one with a multidisciplinary basis. In other words, it is the best to
incorporate the relevant environmental knowledge into the existing discipline. It is also
important to use real-world problems examples and case studies. Such an approach is
supported by the accepted international trends in EE, informed by the Tbilisi

Declaration.
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2.2.2 In ASEAN Countries

Well aware of the important role of EE and the urgent need for the development of EE
programs, some environmental courses/ programs have been offered at some
universities in ASEAN countries. In these courses, the goals, objectives, and guiding
principles for the development of EE from the Tbilisi declaration have been adopted.
Also, the development of EE in ASEAN has followed the pattern in developed
countries, including (i) the addition of the environmental component into the existing
programs; (ii) the creation of new specialised institutes and (iii) the establishment of
environmental materials (12). Interestingly, the integration between developments in
science, technology, social factors and EE in examining vital environmental issues
from local, national, regional and international perspectives has been strongly
emphasised (12, 15). Thus, EE programs need to illustrate real world environmental

issues and working closely with the environment:

“The critical role of field work and project engagement throughout students’ courses of study
may be the most positive approach being reported in those institutions that have as yet accepted
the challenge. The importance of students’ engagement in “real” environmental project work
with a true social dimension is thus reinforced”.

(Fensham, et al. 1997 (16))

EE in higher education in the ASEAN countries in general and in Vietnam in particular
is considered to be particularly important in the educational system. EE not only plays a
crucial role in generating environmental expertise, but is also regarded as a solution to
help overcome existing difficulties of current environmental programs and their lack of
effectiveness (15, 17). The most important task of EE is that of responsibility in
training and retraining of people, who may have an effect on environmental protection

activities, such as professional and managerial staff and environmental educators.
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Moreover, higher education is where the creation, exchange and application of
knowledge take place, thus to help. Such knowledge may then be transferred to lower

educational areas such as schools.

In ASEAN countries, the multi-sectorial and interdisciplinary approach has been
suggested to be a key success for EE in a region where there is a complexity of
environmental problems. Similar to the general approach of EE, at the higher education
level in particular, the key element for success is a close working relationship with
environmental activities. The combination of education with environmental legislation
and participation in real environmental projects is highly recommended (15). However,
recent evaluation suggests ASEAN EE programs did not work effectively because of
the lack of communication between relevant government departments. This led to EE
programs being divorced from real-world environmental activities (15). This needs to

be taken into consideration for the development of an EE program in Vietnam.

2.2.3 In Vietnam

2.2.3.1 Environmental Issues

Environmental pollution has become an issue of great concern to Vietnam. Some recent
reports have shown that environmental problems including air, water, soil pollution,
and wastewater and solid disposal have become matters of great concern (18, 19). The
reasons for such serious problems may be accounted for by the rapid development of
industry (18, 19) in the period of modernization and industrialization in Vietnam. The
intensive exploitation of land resources and the overuse of chemical fertilizers and
pesticides in agriculture have created soil and water pollution (18). Marine pollution,

on the other hand, is the consequence of the development of oil and gas exploitation,
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transportation and processing (18). In addition, many environmental problems exist in

Vietnam as a legacy of war (17).

2.2.3.2 Environmental Education

For the reasons mentioned above, it is an essential issue for Vietnam to strengthen
environmental protection in order to sustain national development during this
industrializing and modernizing period (20). Teaching environmental issues in the
national education system is argued to be one of the important tasks of the country in
this regard (19-21). The recognition of the vital role that education can play in the
environmental protection movement and sustainable development in the country has
been emphasized in a large number of governmental documents. These include: The
Law on Environmental Protection, which has been passed by the Vietnamese National
Assembly on December 27 1993; Politburo Instruction 36-CT/TW; and Prime
Minister Decree 1320/CP-KG (22, 23). Most recently, on 5" August 1998, in the
conference of “A national strategy for environmental protection and sustainable
development to 20207, EE has been reaffirmed in its key role. Teaching environmental
issues in the national education system is considered to be one of the vital tasks in this
national effort (20). Most importantly, the Vietnamese Ministry of Education and
Training has included EE into the nation’s educational programs at all levels.
Currently, one of the most important tasks of the Education and Training Ministry is to

develop environmental curricula for universities (4).

In the 1990s, there is an increase in environmental problems in Vietnam across all
sectors urban, rural, industrial and agricultural. Natural resources have become

seriously undermined. The Vietnamese government has responded by pointing out
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various potential solutions (22). The government and related authorities have
acknowledged the key role of EE and the urgent need for its development in the
educational system of the country. Consequently, through the cooperation between two
sectors, the National Education System (under the supervision of Ministry of Education
and Training); and Environmental Protection Sector (supervised by the Ministry of
Science, Technology and Environment- MOSTE), an EE program has been gradually
formulated (22). In 1991, adopting the National Plan for Environment and Sustainable

Development (suggested by UNESCO/UNEP), the Vietnamese plan for EE clearly

asserted that (24):

“This curriculum (integrated environmental and sustainable development curriculum) should
specifically focus attention on the basic concepts of sustainable development. It should also
establish the need for specialized degree courses in the field and the training of teachers in this
field. Both men and women should have equal access to all training programs.... Development
of curricula, syllabus and textbooks should be given high priority for the introduction of
environmental education at all levels and the establishment of specialized degree courses in the

field of environmental sciences”.

EE programs in Vietnam are developed in the light of the Tbilisi Declaration, in which
the goals, objectives and methods of EE have been adopted (23). At the higher
education level, in particular, on 12 September 1995 MOSTE issued a decision, that
study of the environment will be the subject of a national textbook, namely
“Environment and Men”. Use of this textbook is compulsory for all students in all
branches of learning, from natural sciences, humanities, social sciences, agriculture,
indus!try technologies, economic to business management (23). However, there remains
substantial work to be done in order to develop more sophisticated and effective EE

curricula at all levels in Vietnam.
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2.2.3.3 Weaknesses of EE Programs in Vietnam

As in many countries, the educational system in Vietnam faces many challenges (25).

EE is one component of this and although EE programs have existed for a decade, it is

recognized that current EE programs in Vietnam are not completely satisfactory. The

reasons for this are as follows:

(M)

(i1)

(ii)

(iv)

Educational approach: A large part of efforts in EE is oriented to “Education
about the Environment”, rather than “Education for the Environment”.

The interdisciplinary approach: Efforts for EE development are segmented in
the education and training system, as well as in individual educational
institutions. Efforts for the establishment of the teaching of a separate
environmental subject are stronger than that for integration of EE into all
disciplines at all levels.

Administrative problems: There is not adequate national organisation for the
coordination of the interdisciplinary, multisectoral activities of EE, and the
establishment of the necessary links between EE, environmental training and
environmental awareness.

Exchange of information: There is a serious lack of information on progress and
experience in international developments in EE, and only weak links with
international and regional networks of EE (22).

EE staff, facilities and laboratory equipment for teaching and research: there is a
lack of teaching and research staff with strong background in environmental
science. In addition, there was reported to be a severe lack of information,
references, facilities, and laboratory equipment. Therefore, teaching and

researching activities are limited (23).
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Acknowledging such unsatisfactory factors in the development of EE program, this
study will attempt to design some experiments for use in the Vietnamese situation, so

that the perceived weakness of EE in Vietnam will be taken into a large account.
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CHAPTER 3 ENVIRONMENTAL CHEMISTRY EDUCATION

EnvirOnmental chemistry education (ECE) is a division of chemical education, the
laboratory program of which seeks to provide students with the opportunity for “hands-
on” experience of the work of scientists in the professional laboratory. Therefore, this
chapter considers the work performed by environmental chemists in the Jaboratory. The
goals of environmental improvement and protection are also discussed. These aims,
together with a consideration of international guidelines for environmental education
(EE) programs and ECE, form the basis for a critical literature review of past and
current ECE laboratory experiments and curriculum. A major objective of this exercise
1s to expose what ECE laboratory experiments have achieved to date and what remains

to be done.

3.1 Environmental Chemistry

It has been argued that the discipline of EC has implicitly paralleled the development of
the discipline of chemistry itself (26). However, as with EE generally, changing
attitudes relating to EC have resulted in this discipline being regarded differently in
more recent times than in the past. Previously, the environmental aspects of chemistry
simply referred to the use of the knowledge and skills of chemistry as an underpinning
to understand the surrounding environment or in the use of the environment for human
purposes. In this regard, EC may be considered to have been initiated by the 17"
century-French-born chemist, Antoine Lavoisier, who pioneered our understanding of
the chemical composition of the atmosphere. Other important discoveries in chemistry

of “environmental” significance occurred in the early 19th century (26), such as the
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breakthrough in synthesizing organic substances and the use of the valuable “gift” of

ammonia from the environment to produce materials of benefit to mankind (26).

Thus, although environmental associations of chemistry have long been recognized, the
more recent term “environmental chemistry” was not commonly used until the 1960s.
This was when the possibility of adverse effects of chemical discharge into the
environment becarﬁe a significant issue. Indeed, concern for the large-scale negative
effects of chemical discharge into the environment were undoubtedly responsible for
the initial popularity of EC (27). However, the subsequent development of EC moved
far beyond chemical pollutants and became more holistic in nature. EC is now defined
as the study of the sources, reactions, transport and the fate of chemical species in all
three physical environments namely: air, water and soil; and the effects of these

chemical species on the natural environment and humans (26, 28).

3.2 Environmental Issues

Environmental issues are often driven by public health concerns, which the world was
becoming more aware of in the 1960s (29). Of the physical environments of the Earth,
the environmental pollution of water and air in particular (rather than soil) were
recognized early on. Such public recognition was marked by the introduction of
environmental laws and regulations to protect the environment and human health. In
the United States for example, the US Public Health Service first established a drinking
water standard in 1914. As late as 1963 the Clean Air Act was passed. Only since the
1980s, has the contamination of the soil environment been generally recognized to be a
potential health risk for humans (30). Thus, it may be said that, only recently, has the

problem of the contamination of soil been given equal status to that of air and water
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pollution (31). It must be stated, however, that in the educational arena, a consideration

of the soil environment still lags behind water and air; as this project demonstrates.

3.2.1 Environmental Issues Relating to Water and Air

It is not surprising that the educational curriculum reflects the above trends. In line with
the above development, this project has found that the environmental issues of the
water and air environments have been given the major emphasis in EC textbooks and in
the educational literature. In particular, the sources of contaminants, effects of
pollutants on human health and solutions to reduce the level of such pollutants have

been thoroughly discussed (28, 32).

3.2.2 Environmental Issues Relating to Soils

Soil is the most important part of the geosphere (lithosphere) for human beings and
most terrestrial organisms, although it is generally taken for granted. It plays a vital role
in agriculture, primarily as a mean to produce food, which is required by most living
things, including humans (28). Soil is also a sink for the degradation and disposal of
biogenic and anthropogenic wastes. As such it is the receptor of many hazardous

chemical wastes including landfill leachate, lagoons, and tanks.

Chemical contamination of soil is extremely diverse and may be categorized into
various types (26, 33) (Appendix 1). Among the contaminants in soil, petroleum
hydrocarbons are among the most common and are currently of major environmental
concern. This particular area will be a focus of study in this project and will be further

discussed in a later section (3.2.2.1).
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Such contaminants may be hazardous for human health when people are directly or
indirectly exposed to them through the intake of food grown in contaminated soil, when
potentially toxic substances reach ground water used for drinking water supplies, or the
volatility of contaminants into the atmosphere (33). Various contamination pathways
are summarised in Appendix 2. The process of distribution of soil contaminants andits
interrelationship with other environments is shown in the Schematic (26):
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The distribution of soil contaminants in the environment

As alluded to above, a major concern of soil contamination is subsequent water
contamination. Thus, the conservation of soil and the protection of water resources are
strongly interrelated. Because most fresh water falls initially on soil, to a large extent
the condition of the soil determines the fate of the water and how much it is retained in

a useable condition (28). Natural disasters, such as floods, can also be the means by
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which contaminants from soil reach and contaminate water resources and,

consequently, constitute a potential risk to human health. A particular example of this is

heavy metal contamination of soil after flooding (34, 35).

In summary, the recognition of the interrelationship between air, water and soil is
contributing to an increased interest in soil contamination. There is a growing
realization of the importance of soil science and soil contamination. Researchers are
working towards an understanding of the sources, effects and fates of chemical species
in soil as well as the effect of contaminated soil on human health. There is also an
increasing interest in the development of remediation solutions for contaminated sites.
These concerns are yet to be fully reflected in educational curriculum. In this regard
educationalists are lagging behind the scientific professional community as will be

revealed by the present study (3.4.1 and 3.4.2).

3.2.2.1 Soil Contaminated with Petroleum Hydrocarbons

Of the wide range of organic contaminants in soil, petroleum hydrocarbons are
particularly common. These arise from the extensive use of petroleum products in the
chemical, petrochemical and transportation industries (26, 36) which give rise to
incidental spills and leaking of underground storage tanks. The number and complexity

of such contaminated sites are increasing (37).

In the 1980s, the increasing risk to human health of hydrocarbon contaminated soil (38)
has stimulated research in this area. Soil contaminated with petroleum hydrocarbons

can be hazardous from three different perspectives (37):
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1. Fire and explosive hazards
2. Toxicity with respect to site usage

3. Environmental damage, especially to drinking water.

Humans may be at risk when dealing with soil that is contaminated with petroleum

hydrocarbons in several ways (38):

1. Potential exposure onsite/offsite via ingestion of dirt, inhalation of airborne
contaminants, and/ or absorption through skin after dermal contact with
contaminated soil.

2. A potential risk may also be created when people use water (both surface and
ground water) from onsite/offsite, where they may be exposed from ingestion,
inhalation and/or dermal contact with the contaminated water.

3. Consumption of foods that may be associated with contaminated sites may also
pose a risk as the result of bioaccumulation through the food chain.

Details of the toxicity and the health effects of some hydrocarbons which may

contaminate soil are given in the table (37) in the Appendix 3.

Because of the potential adverse effects of soil contaminated with petroleum
hydrocarbon, risk assessments are often conducted in order to establish if remediation
is necessary. Towards this end, the determination of the level of contaminants in soil
has become an important task for professional environmental chemists. For these
reasons, it is clearly beneficial for students to gain hands-on experience with the

analysis of such contaminants in soil in the EC laboratory.
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3.3 Environmental Chemists in the Laboratory

Environmental chemists play a key role in the improvement of the quality of the
environment by providing other scientists and decision-makers with information about
the level of chemicals and other species in the environment (28, 29, 39, 40). Therefore,
having good skills in chemical analysis is considered to be essential for an
environmental chemist (28, 41). As with any analytical chemistry procedure,
environmental analytical chemistry includes the following key elements: sample
preparation, data collection, data analysis, data interpretation and data reporting (29,
42). Environmental chemical analysis is considered to be a particular challenging task
because it often requires working with very low concentrations and complex matrices.
Furthermore, raw environmental samples are often non-homogeneous (31). In order to
produce reliable and defendable laboratory data, which is the ultimate task of
environmental analytical chemistry, every aspect of laboratory procedure needs to be
carried out scrupulously by highly skilled scientists (29). Therefore, those who aspire to
be environmental chemists need to be given the opportunity to be trained in, and to

practice these underpinning skills.

In an analytical procedure, the competent use of state-of-the-art instruments has
become essential for environmental chemists to help speed up the collection of accurate
data (28, 41). However, it must be emphasized that obtaining data is only the
beginning. An environmental chemist must also be expert in the processing and
interpretation of such data, especially with respect to the application of statistical
methods. It must be emphasised that “reportable” data, which is used for scientific and
political decisions on environmental issues, is not the raw data obtained from reading

instruments. Indeed, raw data may be meaningless to other non-environmental analysts.



Environmental Chemistry Education 30

They are useful and comprehensible only when they are processed (analysed, tabulated,

displayed, etc.) using statistical methods (43).

Other important procedures to be learned include quality assurance and quality control
(QA/QC), which encompass the whole procedure of the analytical process, from

sampling to reporting (31, 44). Evidence of QA/QC may be required to support the

quality of the data (29, 31, 45, 46).

3.4 Environmental Focii of ECE Materials

The following investigation is aimed at analyzing the ECE curriculum in order to assess
the relative emphasis, which has been placed on the three environments of water, air,
and soil. The two main sources of information are EC textbooks used worldwide and
the international journals: Journal of Chemical Education and Chemistry in Education.
These journals are considered to be the highest profile mainstream publications, which

incorporate the discipline of chemical education.

3.4.1 Environmental Chemistry Textbooks

A survey of prominent internationally available EC textbooks for undergraduate
students (from 1972-2000) has been conducted. Twenty-nine such textbooks have been
reviewed (Appendix 4). An evaluation has been made of each textbook by counting the
number of pages, which are devoted to each environmental domain in such material.

An analysis of this survey is given in, and Figure 1(a) and (b).

Figure 1(a) shows that since 1972 there has been a significant increase in published

textbook material in the area of EC. However, it can be seen that the attention, which
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has been paid to the soil environment, has lagged behind that of the other two
environments (air and water). Figure 1(b) provides an alternative representation of the
data. This data is consistent with a general failure to recognise that contaminated soil
poses as great a health risk as contaminated air or water. Indeed, such concern for
contaminated soil only started to emerge in the 1980s and this is reflected, perhaps, by
the climb in the soil curve of Figure 1(a) from the early 1990s. Figure 1(a) also shows
an escalation of interest in the water and air environments since 1991. This reflects the

upsurge of general interest in environmental issues in the 1990s.

3.4.2 Environmental Chemistry Education Laboratory

EC experiments play an important role in giving students a sound understanding of the
environment. Indeed, it may be argued that one cannot appreciate environmental
processes properly without doing practical laboratory-based work (47). Therefore, EC
laboratory programs are considered to be a vital component of EC courses (48).
Whereas a large number of undergraduate EC textbooks have been published since
1972, educational material for EC laboratory-based work is insufficient and therefore
needs to be expanded. Much of the development in this area to date has been reported
in the international literature, primarily in the Journal of Chemical Education and to a
lesser extent in Education in Chemistry. A thorough survey of these journals over the
period 1969-2000 has been conducted as part of this study. The results are shown in

Figure 2(a) and (b).
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Figure 2(a) presents an analysis of EC experiments reported over the period 1969-
2000. A trend similar to that observed for EC textbooks is apparent. Thus soil is the
least represented of the three environments. It is evident here that air is also
underrepresented compared to water. As with the textbook study, the upsurge of
interest in environmental issues from the early 1990s is reflected by a steep climb in

water and less pronounced, but significant, climbs in air and soil.

Figure 2(b) provides an alternative representation of the relative emphasis, which has
been placed on the three environments. Here, water is even more represented than in
the textbooks. This could reflect the relative ease of constructing water-based

experiments compared to air and soil.

3.4.2.1 Soil Related Experiments in ECE Laboratory

Fourteen individual soil-related EC experiments and three laboratory courses have been
reported in the educational literature since 1972. The primary goals of the laboratory
experiments are to demonstrate the remediation of contaminated soil (49), study the
characteristics of soil (48), and to analyze the contaminants in soil (or sediments). The
contaminants that have been analyzed are heavy metals (50-54), phosphate (54, 55),
Polychlorinated Biphenyls-PCBs (56, 57), pesticides (58, 59), atrazine (60) and sulfide
(61). No examples of experiments relating to soil contaminated with petroleum

hydrocarbons, however, have been reported.

Soil contaminated with petroleum hydrocarbons is widely recognized as being a
potential hazard for human health and has become an issue of increasing concem to

environmental scientists. The current absence of experiments relating to soil
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contaminated with petroleum hydrocarbons may be considered a deficiency in the
international EC curriculum. Therefore, there is a need to develop such experiments for
students in EC courses. In particular, there is a distinct need to develop such
experiments for developing countries in general and for Vietnamese universities in
particular. The Vietnamese context is a particular consideration for this study. In
Vietnam, the petroleum industry is developing rapidly. The increasing transportation
and storage of petroleum products are likely to lead to contamination of both water and
soil. The current study, therefore, will attempt to develop EC experiment(s) for use in
the chemistry laboratory that will specifically demonstrate the analysis of soil
contaminated with petroleum hydrocarbons. These experiment will be based on the
experience gained by the author during a five month work experience program at
Australian Government Analytical Laboratories (AGAL), and will also draw on a
survey of Vietnamese academics in order to place the experiments in a Vietnamese

context.

3.5 Practical Work in the Chemical Education Laboratory

3.5.1 Objectives of a Chemical Education Laboratory

The science laboratory has been considered to be an important place for the teaching of
“real” science. Science subjects in general and chemistry, in particular, are unthinkable
without practical work. The role of the laboratory in chemical education has been
viewed as so critical that “chemistry without lab work was seen as a body of factual
information and general laws, which conveyed nothing of lasting power to the mind. Its
educational potential could only be realized in the lab” (62). One may even say, “the
chemistry teacher without a lab was like a Jewish mother without chicken soup” (63).

The primary aims of the practical laboratory which have been clarified are (62, 64, 65):
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1. Conceptual learning: Laboratory work is used extensively to develop students’
conceptual learning and understanding of science.

2. Techniques and manipulative skills: Laboratory work provides students with the
opportunity to gain hands-on experience, using appropriate instruments and
apparatus and associated techniques.

3. Investigation skills: in the context of laboratory work, investigation skills include:
planning an investigation, processing and interpreting data, and evaluating findings.

4. Affective objectives: the affective objectives of laboratory work can be divided into
two main categories:

e Attitudes to science include interest, enjoyment, satisfaction, confidence and
motivation toward the study of a subject. Its important role is evidenced by the
study of what factors affect students’ attitudes to science. Two of the important
factors were (i) the availability of the facilities in the laboratory; and (ii) the
time allowed for students to perform the experiment.

e Scientific attitudes refer to styles of thinking such as objectivity, critical-

mindedness, scepticism, and willingness to consider the evidence.

From the literature, the two important approaches, which have been favorably
implemented in the existing chemical education laboratory in order to achieve the
above goals, were: the scientific approach and the integrated approach. They will be

further discussed as follows.

3.5.2 Chemical Education Laboratory Approach
3.5.2.1 The “Scientific” Approach
Traditionally, a science teaching laboratory has been considered to be a place where

teaching of “real world” science was undertaken (66). Such an approach is not only
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designed to develop practical scientific skills but is also intended to engender more
enthusiasm and to improve investigative and problem solving skills (63, 67-70). Thus,
science educators in general and chemical educators in particular have strived to
introduce experiments into the laboratory which reflect what the students will be likely
to encounter in a professional environment (62, 70). However, the criticism that
practical work for science undergraduates fails to reflect the way scientists work in
practice still prevails (62, 71), and it has been suggested that this contributes to a major

lack of effectiveness in science education (62).

The above consideration relating to the real world applicability of scientific education
is termed the “scientific” approach. This approach, in the chemistry laboratory in
particular, may be characterised as follows (63):

1. Experimental design and execution, including, selection use and optimisation of
apparatus and instrumentation as well as observation, measurement, and data
management.

2. Scientific thinking skills: data analysis, making inference.

3. Direct objective knowledge of the natural world.

3.5.2.2 The “Integrated” Approach

The conventional format of chemistry laboratory courses has involved dividing the
disciplines into the areas of organic, inorganic, physical and analytical. The recognition
of the many limitations in running such laboratory programs separately has led to the
proposal of a different format, the so-called “integrated experiment” (72, 73).
Integrated experiments (unified laboratory or integrated laboratory), in contrast with the

traditional style, bring together several chemical branches into one experiment and
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therefore, enable it to be used in any individual relevant chemical laboratory program
(74). The development of the integrated laboratory program was considered to be a
reform and an innovation in the chemistry curriculum (74, 75). Indeed, two careful
surveys have been conducted to examine the perspective of the integrated approach in
the chemical laboratory. The results of these surveys agree on the benefits of the new

laboratory approach (74, 76). Such advantages are discussed below:

Compared with traditional experiments, the integrated approach provides students with
a more holistic view of chemistry and a more realistic picture of what chemists actually
do in the real world (thus encompassing the scientific approach). This has the
advantage of better preparing a student for his/her professional role. As the integrated
laboratory covers practical aspects and principles of more than one branch of a
discipline, students are able to gain more realistic experience and knowledge from a
given experiment. The integrated nature of this new style of laboratory program may
also provide students with enhanced problem-solving skills. These aspects will help
students gain enhanced knowledge and confidence for their future chemical
employment. The integrated approach may also impart benefits to the institution by

providing a more efficient utilization of resources.

Some disadvantages, however, have been discovered in using the integrated laboratory
approach. These include the time commitment required to develop appropriate
experiments, and the difficulties for students with insufficient background, since a

broader background in chemistry may be required (74, 76).
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Although some difficulties are expected in running an integrated laboratory program,
its long-term advantages to the students in particular are considered to outweigh these
(76). There is now a significant number of integrated laboratory programs that have
been developed. Some examples, which replace traditional laboratory programs, have
been conducted successfully. For example, the integration of physical and organic
chemistry has been developed for first-year courses (77). The combination of three
areas of chemistry, physical, analytical and organic has also been undertaken (78). An
advanced program that integrates the four branches of chemistry has also been
developed (79). The promise of the integrated laboratory approach is reflected in the
support given by the National Science Foundation, United States of America-USA, to
develop such integrated laboratory experiments (80, 61), and a recent report suggest the
potential of such programs (82). Therefore, it is advisable when develbping new

chemistry-related laboratory courses to take the integrated approach into account.

3.6 A Critical Review of the Literature on ECE Laboratory Experiments

This review of the literature on ECE laboratory experiments is also based upon the
principle that EC is in part a chemistry subject. Therefore, the objectives of the ECE
laboratory are taken to model those of the chemical education laboratory. The two
approaches, namely the integrated and scientific approaches, which have been used in
the chemical education laboratory, are therefore also applicable in the ECE laboratory.
Moreover, the ECE program is also a part of the broader EE program. Thus, the
objectives of the EE program should also be taken into consideration in the design of

ECE laboratory experiments.
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A critical review of ECE laboratory experiments in the international literature hés been
undertaken in order to find out what previous ECE experiments have focused on, and
what are the limitations of such programs. The first answer will play an important role
in the formulation of the “initial” criteria for the survey of Vietnamese EC educators to
find out the “consensus criteria” for the development of the ECE laboratory program in
Vietnam (Chapter 5). The second answer will help identify the need for improvements
for the current ECE laboratory programs as well as the need for a basis in development

of experiments for use in the Vietnamese context (Chapter 8).

3.6.1 Towards Reflecting Objectives of Chemical Education Laboratory

3.6.1.1 The Use of “Integrated” Approach

EE in the educational context in general, and EC within the subject of chemistry in
particular, are considered to be among the most integrated of disciplines. EC is
considered a holistic subject compared to traditional chemistry, which has strictly
defined areas of organic, physical and analytical chemistry (26). The successful
application of the integrated approach in traditional chemistry has heralded certain

possibilities that can also apply in the EC laboratory.

A careful survey of existing EC experiments and EC laboratory programs reported in
the international chemical education literature shows that a large majority of such
experiments have employed the integrated approach. For example, combining EC with
one traditional area such as inorganic or organic. In some experiments the integration
of three branches has also been developed such as the integration of EC with two areas:
(1) physical and analytical chemistry; (ii) inorganic and analytical chemistry; (iii)

organic and analytical chemistry; or (iv) organic and physical chemistry (Figure 3).
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The detailed survey is illustrated in Figure 3. Raw data is given in Appendix 5. Of the
116 reported experiments 87% have been used in combination with other traditional
chemistry branches. Among them, analytical chemistry has been used with the highest
frequency, with 88 experiments or almost 80%. Analytical chemistry appears to be the
most versatile as it can be combined with any of the other the chemistry branches.
Indeed, it has been also used in connection with inorganic, organic and physical
chemistry; even creating the triple-function experiments (environmental-analytical-
inorganic chemistry; environmental- analytical- organic chemistry; environmental-

analytical- physical chemistry).

Unlike analytical chemistry, the integration of EC with any one of the three remaining
branches of chemistry, namely organic, inorganic, and physical chemistry constitutes
only a small proportion of the published experiments. Of these, the largest number of
integrated experiments has occurred between environmental-physical chemistry
branches and the least number has occurred between environmental-inorganic

chemistry branches.

The prominent use of analytical chemistry in combination with EC is not surprising,
given that analytical chemistry for measurement of levels of contaminants in the

environment is the primary tool of professional environmental chemists (3.3).
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Figure 3. The distribution of integrated chemistry experiments over
the four branches of chemistry (1969-2000)
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The survey has also considered the international experience in the development of EC
laboratory programs at the undergraduate level. To a large extent, the aims have been to
develop and improve students’ practical skills in environmental analytical analysis, in
which the primary focus is in the use of instrumentation to determine the concentration
of chemical species in the environment (Appendix 6). Figure 3 can provide some
useful insights into areas of EC, which could be further developed. For example,
organic/inorganic or physical/organic/inorganic could be integrated in EC experiments

on the importance of clays and humic material in the environment.

Besides the advantages of the integrated approach in the chemistry laboratory, which
have been discussed in 3.5.2.2, some other specific advantages of integrated EC
experiments have also been recognized, which include:

(1) Enabling students to use and understand chemical principles and techniques,
and at the same time to enable them to appreciate “real world” environmental
problems (56, 83-85).

(i)  Increasing students’ interest in environmental issues without increasing the time
commitment of teaching staff (56).

(i)  Creating more motivation and enthusiasm in students, since the chemical
principles are more related to the “real world”, whilst maintaining the relevancy

and vitality of the program (86).

Thus there are advantages for both the student and the institution in adopting the

integrated approach.
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3.6.1.2 The Use of the Scientific Approach

In an early chapter (3.3), it was argued that an important component of environmental
chemistry is chemical analysis. Professional laboratory work related to this includes
'sample preparation, data measurement, analysis, interpretation, and reporting. More
importantly, QA/QC is always conducted in any procedure to ensure they are all under

control. The following discussion considers the extent to which ECE laboratory

programs have included these tasks.

In this regard, the author of this thesis has had a valuable five-month work experience
program in a professional environmental chemistry laboratory, in order to gain
exposure to and experience of the work undertaken by professional chemists. This
experience, together with the review of literature (reported above) provides the required
comprehensive background necessary to evaluate the existing curriculum in ECE

laboratory programs and to further develop this curriculum.

(a) Sample Preparation and Using Real Samples

For the production of reliable and defendable environmental measurements, which is
the crucial role of environmental chemists (3.3), the sample preparation process
contributes substantially to the uncertainty in analytical results (86). Given the
importance of sample preparation in professional environmental practice, it is of
concern that this procedure is often ignored in the educational laboratory (&8).
Although some recent textbooks have covered this issue, traditionally students have
been only told of the importance of sample preparation and have rarely had a chance to
practise this in laboratory classes (89, 90). Indeed, in the traditional undergraduate

analytical laboratory the sample is normally provided as a matrix spiked with a high
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concentration of a single analyte. Thus, there is no need for the student to refer to any
sample preparation to ensure that the sample is representative (88, 91). With regard to
environmental samples, the problem is even more complex as environmental samples
usually have relating low levels of pollutant, whose behaviour may be influenced by
the background (41). Therefore, the use of the traditional approaches cannot reflect real

environmental issues in this regard.

A recent study has shown that the failure to use real-world examples in the science
laboratory is a reason for students’ decreased interest in science courses (92). Given
such observations, it is strongly suggested that the ECE laboratory use real-world
samples and include sample preparation procedures so that students have the chance to

practise these challenging skills.

Although the use of real-world samples may provide great benefits for students, some

disadvantages may also be expected. They are as follows:

Advantages

The inclusion of real-world issues that requires the accessibility of real-world samples
provides great benefits for students. It helps engage students with the realm of the real
life applications rather than just with “pure” theoretical study. It has been found that by
dealing directly with real-world samples and real-world issues students become more
interested and curious about what they are studying and doing in the laboratory (67,
68). More importantly, it gives students an appreciation of the challenges involved (68).
It therefore, increases the students’ confidence in working with these and related issues

upon graduation.
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Disadvantages

The disadvantages of using real-world samples are: (i) they involve having to deal with
matrix effects and low-levels of chemical species; and (ii) they may create a challenge
for the instructors as, unlike synthetic samples, the content of analyte is unknown.
However, the benefits to students in using real-world samples outweighs any
disadvantages of “real” scientific processes and connect the student with real-world
issues rather than “cookbook” methods and theoretical reflection. Indeed, there is an
increasing trend in the use and application of real-world samples in the ECE laboratory

reported in the chemical education literature (92-95).

(b) Using Instrumentation in Analysis

In the EC laboratory, the use of state-of-the-art instrumentation has become an
important tool to help environmental chemical analysts produce the most reliable
results in the shortest possible time (3.3). In the education laboratory, the utilization of
modern instruments has become one of the main concerns of chemical educators in
general, and of environmental chemical educators in particular (see the results of the
instruments survey in Appendix 6. Indeed, it is argued (96) that because modemn
science uses instrumental methods so extensively, students should be encouraged to
experience this aspect of science as much as possible. Moreover, it 1S modern
instrumental techniques that can help students have favourable expectations about the
subject that they study. In this way students may attain a better attitude towards the
subject when their expectations are met. Environmental investigation, in particular,
requires the employment of relatively advanced techniques. The employment of
instruments enables students not only to be exposed to the technology, but it can also

provide them with a good opportunity to practice dealing with data: in particular,
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analyzing data, presenting data in a comprehensible manner and consequently
interpreting the data. It is not surprising, therefore, that a significantly large number of
EC experiments in the literature have utilized instruments, particularly in the area of

environmental analytical chemistry. The result of the survey is in Appendix 6.

Of the 88 environmental analytical chemistry experiments surveyed, 75 actually utilize
analytical instruments. Of these, 52 have employed relatively modern and sophisticated
instruments and were the most frequently used such as gas chromatography (GC) with
different types of detectors (mass spectrometry-MS; electronic chemical detector-ECD;
flame ionization detector-FID; pulsed discharge photoionization detector-PDPD;
thermal conductivity detector-TCD and nitrogen phosphorous detector-NPD). Atomic
absorption spectroscopy (AAS) is also another instrument that has been used
extensively (13 of the experiments). Other modern instruments used include UV-
Visible spectrophotometer and infrared (IR) (4 experiments); high performance liquid
chromatography (HPLC) (3 experiments); Fourier transform infrared spectroscopy-

FTIR (2 experiments), and a fluorescence and spectrofluorimenter in one experiment.

(c) Data Analysis and Interpretation

The important role of data analysis and interpretation of data in producing
comprehensive and reliable results in the EC laboratory has been discussed (3.3). The
undergraduate chemistry laboratory, however, has been criticized on the grounds that
being deficient in these areas, it does not reflect the normal industrial laboratory (69,
71). Indeed, the procedures that students follow do not always illustrate the procedures
that professional chemists actually use in the laboratory. In the undergraduate

laboratory, while the concept of statistical analysis may be introduced as an important
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part of the evaluation of experimental data (97), students are normally instructed to
collect data but are not required to interpret and understand the meaning of the results
(71, 98). The lack of practice in the analysis and interpretation of data in the
undergraduate laboratory, therefore, limits a deeper understanding of the usefulness of

the experiments.

Given the important role of data analysis and data interpretation processes in the
environmental chemistry laboratory, the lack of consideration of these issues in the
undergraduate analytical laboratory suggests that much more attention should be paid
to these 1ssues including creating an awareness in students as to why they are important

(e.g. relevance to decision making).

(d) Quality Assurance and Quality Control in EC Laboratory

The important role and the regulated use of QA/QC in the environmental analytical
laboratory, to ensure that data are valid énd legally defendable, have been discussed
(3.3). However, no chemical education experiment has been reported to date, which
demonstrates the importance of this process to students (99). Given the intensive
practice of QA/QC in the real science laboratory, the lack of consideration on this issue
in the chemistry teaching laboratory has been criticised as being a serious deficiency in
the chemistry curriculum in general and in the EC laboratory in particular (93, 99).
Insufficient demonstration of procedure in the undergraduate chemical and EC
laboratories have been blamed for the misunderstanding of the pivotal role of this
process by students (46, 100). The occurrence of this problem in the EC laboratory
must be considered to have negative effects on students’ future research and/or

employment (93).
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Several attempts have been made to try to integrate QA/QC into existing programs (46,
99) by emphasising new experiment design (100), or even by creating a new course
focusing on this issue (93). It has been found that doing QA/QC in the laboratory helps
students improve their problem solving skills, as QA/QC enables students to use data
analysis to identify the source of the uncertainty and evaluate the quality of their own
results. This has also been observed to make students more enthusiastic about their
laboratory work (46). Moreover, students become more confident in related QA/QC

work when they come to apply their knowledge (46, 93), rather than having to build

this up “on the job”.

Therefore, for the sake of the students, it is suggested that more attention should be
paid in providing students with opportunity to practice QA/QC in the chemical

education laboratory in general and in the EC education laboratory specifically.

3.6.2 Towards Reflecting the Objectives of EE
As ECE is one part of EE, the objectives of EE also need to be considered in the ECE
laboratory. The five objectives of the EE program, which are set by the UNEP-
UNESCO in the Tbilisi Declaration for international use in the development of any EE
program, have been presented in Chapter 2. They include:
1. Awareness: to help students become aware of the environmental issues and its
allied problems.
2. Attitude: to help students to become concerned for the environment and to be
willing to participate in the improvement and protection of the environment.
3. Knowledge: to help students gain a variety of experiences in and acquire basic

understanding of the environment and its associated problems.
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4. Skills: to help students acquire the skills for identifying and solving
environmental problems.
5. Participation: to provide students with an opportunity to be actively involved at

all levels in working toward resolution of environmental problems.

This chapter has considered the components of the ECE program needed to achieve the
objectives of the undergraduate chemistry curriculum, namely: learning of concepts,
investigation skills, technique and manipulation skills and the development of affective
qualities. The integrated and real-world scientific approach in the ECE laboratory
provides students with opportunities to: (i) practice with real world environmental

samples; and (ii) use instrumentation to measure chemicals in the environment.

It has been found that by doing so, students not only gain basic knowledge of the
environment in the context of chemistry, they also gain experience on how to use their
knowledge in identifying environmental problems and using their knowledge and
practical skills to solve them. It has also found that by dealing with real environmental
problems, students are more enthusiastic and are more confident when they graduate to
participate in the related environmental science. Therefore, if the real-world scientific
and the integrated approaches are applied effectively in the ECE laboratory, its goals

will coincide with the goals of EE programs (objectives 2-5, Chapter 2).

Towards achieving objective 1, the appropriate guidelines, which have been given

among the 12 guiding principles (Chapter 2), are:

“EE should be interdisciplinary in its approach...; examine major environmental issues from

local, national, regional and international points of view so that students receive insights into
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environmental condition in other geographical areas; and focus on current and potential

environmental situations ...”.

The current environmental issues have been discussed in 3.2, in which the major
worldwide problems are soil contamination, water and air pollution. Therefore, the
following section will consider international, national and local environmental issues in
the ECE laboratory program. The three environmental problems of air, water and soil

will also be discussed.

3.6.2.1 International, National and Local Environmental Issues in the EC
Laboratory

In the review of the literature on ECE laboratory experiments, some experiments have
suggested the use of local environmental problems as interesting materials for further
development (51, 56). The inclusion of such issues in an experiment enables educators
to increase the students’ interest as they realize the relevance of chemical knowledge
for understanding current and familiar environmental issues (86). Also, it encourages
students to use their knowledge to propose possible solutions for improving their local

environment (86). That is it enables to enhance students’ problems solving skills.

3.6.2.2 The Inclusion of Environmental Issues of Air, Water and Soil

Regarding the environmental focus (e.g. air, water and soil environment) in the ECE
materijals, a thorough survey of all available ECE experiments since 1969 has been
carried out and reported (3.4.2). This has shown the serious under-representation of the
soil environment in ECE laboratory programs in comparison to air and water. Given
that soil contamination is an environmental issue of major concern to environmental

scientists and society, this finding has been argued to be a serious deficiency in the



Environmental Chemistry Education 51

current EC curriculum. In other words, an ECE laboratory program designed to achieve
the objectives of EE program, needs to be balanced and pay more attention to soil

environmental 1ssues.

3.7 Conclusions from the Literature

From the survey of the literature, it has been found that, there is an increasing interest

in the development of ECE laboratory experiments by environmental educators. The

two approaches: integrated and scientific, which have been used in the chemical

education laboratory, have been used with great success and can be suggested for

inclusion in ECE laboratory programs. The successful use of these two approaches

toward achieving the objectives of the chemical curriculum only meets the objectives

of the EE program when it considers the current environmental issues of water, air, and

soil at all levels (international, national, and local). In other words, in order to reflect

both EE and environmental chemistry in ECE laboratory programs consideration must

be given to:

1. The environmental issues of international, regional, national and local.

2. The environmental issues of air, water and soil environments.

3. Use of an integrated approach.

4. Providing students with opportunities to practice appropriate instruments and
apparatus.

5. Use of real samples and scientific processes.

6. Helping students with opportunities to improve the following environmental
chemistry skills: sample preparation, measurement, data collection and analysis,

interpretation and report data, along with the QA/QC procedure.
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Regarding the objectives of EE and the objectives of chemical education to be

incorporated into ECE laboratory programs, the literature has found two major

problems, which are considered to be serious drawbacks for the current EC curriculum:

1. The serious lack of material for the study of the soil environment among the three
physical domains (soil, air and water), particularly, with regard to the inclusion of
the environmental soil contamination in teaching laboratory experiments.

2. Insufficient practical materials relating to sample preparation, data analysis and

interpretation, and QA/QC.

These findings provide valuable information for the development of the following parts
of this study. The identified objectives of the ECE laboratory are used as the “initial”
criteria in order to find out the specific requirement for the development of ECE
laboratory in Vietnamese universities in Chapter 5. The two approaches to ECE
laﬁoratory program will be used, coupled with the results from Chapter 5 to develop
satisfying ECE experiments. In the development of the experiments, the researcher will
ensure that the reported problems of EC curriculum will be excluded from the proposed

experiments.
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CHAPTER 4 THE DELPHI METHOD

In Chapter 2, it was noted that the inclusion of appropriate laboratory experiments was
an important requirement in the development of a curriculum in general and
environmental chemistry suitable for Vietnam. There is an increasing interest in the
development of such experiments among environmental chemistry educators
internationally (Chapter 3). Experiments designed for developed countries, however,
may not be suitable for the use in the Vietnamese context. In this research, in-person
testing of the applicability of particular experiments for the Vietnamese context is not
possible. Thus, an alternative is to employ a strategy, which seeks to generate a set of
criteria for the development of experiments suitable for Vietnam. The Delphi research

method has proved to be a useful approach in tasks such as this.

4.1 Description of the Delphi Method

The Delphi technique was first used by the Rand Corporation in the USA in the 1950s
as a new and interesting tool for scientific and technological forecasting (101, 102).
Since then, this method has been significantly developed and widely implemented in
other areas such as industry, government, defence and education (101-103). The Delphi
technique is described in terms of its procedure. It can generally be defined as: “a
method for the systematic solicitation and collection of judgements on a particular topic
through a set of carefully designed sequential questionnaires interspersed with
summarised information and feedback of opinions derived from earlier responses”

(104),
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Depending upon the method of conducting Delphi research, two different forms of the
Delphi technique have been classified. The most popular one is the paper-and-pencil
version or “Delphi exercise”, also named the “conventional Delphi” (105). In this form,
the directors prepare questions relating to the issues of concern and send them to each
expert anonymously and confidentially. Participants’ responses are then analyzed and
summarized by the researcher who then prepares questionnaires for the next round. In
the second step, the list of the group’s viewpoints is re-circulated to the respondents for
further consideration. The process is repeated until consensus (or the convergence of
opinions) is gained. Generally, a consensus is reached after two rounds, “feedback
sessions” (or “iterations”) (103). A newer form, is the so-called “Delphi conference”, in
which the manual questionnaire distribution, summarizing and analyzing of the
conventional Delphi have been replaced by a computer program. Because of its speed,
it 1s also referred to as “real-time Delphi”. Real-time Delphi, however, has not been
used extensively because of its complexity and its inflexibility in terms of tailoring the

computer software to the project (105).

4.2 The Delphi Processes
4.2.1 Expert Panel Selection
4.2.1.1 Definition of Expert
It is suggested that great care should be taken in selecting the panel of experts, in order
to avoid a weakening in research validity which may result from an unequal level of
expertise of the participants (102, 106). The “expert” may be distinguished from the
non-expert by applying the following three criteria (107):

(1) Experts are people who have sufficient knowledge and experience to

have mastered the advanced skills of a particular domain of knowledge
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or experience.

(i)  Not only do experts have a special skill, they are proficient in their
actions and they have special ways of applying their knowledge to a task
in their area of expertise.

(iii)  Experts are also proficient at identifying problems in their areas and then
being able to tell if the problems are solvable. When the problems are

solvable, the experts can propose appropriate solutions.

4.2.1.2 The Size of the Panel

The optimal number of experts to make up a Delphi panel is not clearly specified in the
literature. It is understandable that the larger the panel size the more likely a better
result will be achieved. Thus, there should be no upper limit to the panel size. The
largest panel recorded since 1993 was 1685 (102). The lower limit of the panel,
however, is of a concern. The minimum number of participants is, indeed, somewhat
unclear in the literature. It has been suggested that the panel size should be no less than
ten (104). However, a panel of as few as eight has been reported to produce valuable
information in the development of the content of a course in clinical pharmacology in

the United Kingdom-UK (108).

4.2.2 Questionnaire Preparation

4.2.2.1 First Round Questionnaire

Traditionally, the Delphi method employs a set of open-ended questions in the first
round. The result of this will be the basis for follow-up questionnaires. This traditional
format has the advantage that it provides participants with the freedom to express their

opinions (109). The most common modification of the traditional Delphi method is the



The Delphi Method 56

use of the structured questionnaire, in which participants are asked to modify, add or
delete items in a prepared list (107, 109), instead of providing answers to open-ended
questions. This format is sometimes preferred because it can help save time and
expense (104). More importantly, it enables the participants to focus their attention
immediately on the issues (104, 109). The structured questionnaire may be prepared

with reference to a literature review (107, 109) and/or by careful consultation with

selected members of the panel (106).

4.2.2.2 Second and Following Rounds

In the second round, participants are asked to rank their agreement on each item,
considered by the group in the first round. They are also invited to add further
comments. A multi-point (4, 5, 7 or 9 points) Likert scale is typically used for the rating
responses (104). If a subsequent round is needed, the panel members are normally sent
a questionnaire together with a report of the previous round responses and the
comments of the whole group. They are then asked to review the report and re-rate or

re-rank each item.

4.2.3 Data Analysis and Interpretation

The meaning of “consensus” is arbitrary from study to study. The dictionary definition
for consensus is “a general or widespread agreement” of opinion (110). “Consensus”
therefore, may normally be cdnsidered to be achieved when it has greater than 50%
support on a specific issue. Indeed, a setting for consensus varies dependent upon on
the researcher(s). Consensus criteria ranging from as low as 55% to 100% have been
reported (102). The final result of a specific Delphi study is a list of items, which reach

an adopted consensus.
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4.2.4 Final Step

When the final round of the Delphi study is completed, an analysis and summary is
prepared followed by a final report. It is strongly recommended that the researcher send
the final report to each participant (104, 107). By doing so, the participants will be
acknowledged for the time they have devoted to providing their professional
knowledge and insights to the study. Thus, they are more likely to contribute their
intellectual commitment to further studies (107). In addition, serious errors or

discrepancies might be exposed.

4.3 Advantages of the Delphi Technique

Compared to other techniques, which utilize face-to-face discussion, such as committee
meetings or group discussion, the Delphi approach enables the elimination of certain
psychological aspects. It is considered to be a quiet, thoughtful conversation, in which
every one gets a chance to listen to their peers instead of working alone. It therefore,
encourages freedom for the expression of individuals’ opinions without group pressure
(101, 105). The Delphi survey method is particularly worthwhile in the case where
face-to-face discussions cannot be organised. It is not always possible to have all
interested participants in one place due to either their time availability or the cost of
organizing the meeting. With the purpose of gathering experts’ opinions, the Delphi
method enables the organizers to reduce costs as it eliminates travelling expenses of the
participants in order to attend meetings. Mail, the alternative way to communicate with
the expert panel, is relatively cheap. The Delphi technique is also well known for its
time effectiveness. It helps save time, not only for the participants, but also for the
researchers because it eases administrative tasks (101). The Delphi method 1s also

flexible and versatile in its application. It can be employed in any situation as long as
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there are experts in particular field of study who are available (101, 102).

The quality of the results is one of the strengths of the Delphi method. It is assumed
that the decisions made by a group are normally more valid than that made by a single
person, “several heads are better than one” (107). Another factor that the participation
in a Delphi study is by people who are experts in the field, therefore, research validity
is enhanced. It has been reported that results from Delphi studies are more likely to be

accurate than ones achieved from face-to-face discussion (107).

4.4 Limitations of the Delphi Technique

Some criticisms of the Delphi method relate to the expert panel, which is considered to
be a potential source of bias (101). As the method involves the collection of
participants’ opinions and their ideas are equally treated, the size of the panel, sampling
method and the relative quality of members are, therefore, important factors which
might affect the correctness of the final result. Regarding the expert factor, it is claimed
that the lack of making clear the criteria for the inclusion of panel members prior to
conducting the survey is a source of bias in the final result. Indeed, it has been found
that not many previous studies have paid attention to this (102). Therefore, it may lead
to a distortion of the result. Other concerns, including the number of participants and
how they have been chosen have been thoroughly reviewed (102). It has been found
that there is no specific regulation in this regard. In other words, the researchers may
struggle to decide what is the best number for a panel and what to do with a larger
number of available experts than they can handle in order to generate the most reliable
result. It has been considered, to a large extent, that the Delphi method enables reduce

administrative time compared to face-to-face meetings. However, some Delphi users
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might find, to a lesser extent, that the time they spend for collecting and distributing
questionnaires is significant because of the sequential of the Delphi study (111, 112). It

may be expected to take up to 5 months to finish the necessary rounds (104).

Some other potential difficulties of the Delphi method include (104):

1. The panel members may be influenced by the prepared questionnaire.

2. The expertise of the participants may not be fully utilised because of the absence of
face-to-face discussion.

3. Panel members may not fully understand the purpose of the study.

4. The lack of participants’ effort in fully taking part in the study may lead to

distortion of the chosen panel.

4.5 Questionnaire Distribution Methods

Traditionally, the Delphi questionnaire is distributed by mail (101). However, the
personal interview, and recently at the interactive level, on-line computer, electronic
mail (e-mail) and facsimile (fax) have also been employed. The use of mail has been
popular because of its simplicity and cost effectiveness. However, it is a relatively slow
method of communication between researchers and participants. It normally, takes four
weeks to complete a round. The alternative methods, which are significantly faster than
post, are e-mail and fax. They have been used successfully in some recent studies (107,
113).  While in the developed countries, fax or computer with fax modems are very
commonly set up in industries and universities, they are not, however, widely available
in developing nations such as Vietnam. Therefore, the above alternative methods are

not yet applicable in the case of Vietnam.
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4.6 Applications of the Delphi Technique in Educational Research

4.6.1 Context for Application

The Delphi technique has various applications and can be particularly useful (105)

when:

A question does not lend itself to precise analytical techniques but can benefit from
collective subjective judgements.

There is a requirement for individuals to take part in the study of a complex
problem, which has not to be subjected to prior research and which may require the
participation of experienced people with a diversity of expertise.

Time and cost make frequent group meetings difficult or impossible.

The potential for disagreement makes it desirable that the communication process is
refereed and/or anonymity assured.

The heterogeneity of the participants plays an important role in ensuring the
validity of the results.

There are difficulties in organizing a face-to-face group meeting, especially when

the group is large.

The Delphi method has been used in a number of educational studies such as

educational planning, administration, curriculum evaluation, and to develop curriculum

criteria (102-104). It can also be a useful tool in the following areas (107):

To determine or develop a range of possible program alternatives.
To explore or expose underlying assumptions or information leading to different

judgments.

To seek out information which may generate a consensus on the part of the

respondent group.
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e To correlate informed judgement on a topic spanning a wide range of disciplines.

o To educate the respondent group as to the diverse interrelated aspects of the topic.

4.6.2 Educational Curriculum Development

For the development of educational curricula, a significant number of studies
employing the Delphi method have been reported (106, 108, 115). In particular, it has
been applied widely in the development of nursing and medical educational programs.
For example, Walley, et al. (108), have conducted a successful Delphi survey in order
to develop a core curriculum in clinical pharmacology and therapeutics for universities
in the UK. Such a specific program was not available in UK at the time of the authors’
study. The researchers, therefore, prepared structured questionnaires based on a
program that had been done in USA. Questionnaires were administered by using post
and fax to all expert panels. In this study, participants were asked to rank their
agreement on each point in the list. After four Delphi rounds, with the participation of
eight experts in the field, who were the heads of academic departments of clinical
pharmacology and therapeutics around UK, the core curriculum was formulated and

suggested to be particularly relevant to the UK’s context (108).

Another example of the application of the Delphi method to curriculum development is
in chemical education (111). In response to the immediate need for a new chemical
program for the graduate and upper undergraduate level, researchers at the University
of Texas applied the conventional Delphi technique to curriculum development. Their
ultimate task was to obtain consensus among chemical educators, administrators in
industrial laboratories and chemistry students nationwide to formulate a new chemical

program. As a result of the Delphi process, a valuable guiding framework for the
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development of such a program was successfully achieved. Indeed, information from
the first round Delphi was evaluated to be particularly useful for such program

development. However, the long length of time needed to complete the study was one

of the University of Texas researchers’ main concerns.

Although, the Delphi technique has been used widely as an effective tool in curriculum
research, it has not, to the author’s knowledge, been previously applied to the
determination of criteria for the development of laboratory programs or in
environmental chemistry. In terms of time and cost effectiveness, the Delphi technique
is an appropriate tool for curriculum innovation in developing countries in particular.
That is a compelling reason for choosing the Delphi technique for the development of

criteria for an EC experimental program in Vietnamese universities.
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CHAPTER 5
APPLICATION OF THE DELPHI TECHNIQUE IN THE STUDY

In this chapter, the international objectives of the environmental chemistry education
(ECE) laboratory, which have been identified in Chapter 3, will be used extensively as
the “initial” criteria in the construction of the first round Delphi questionnaire. These
will be evaluated and modified by the Vietnamese EC educators to seek their consensus

the criteria for the ECE laboratory in the context of Vietnamese universities.

5.1 Expert Panel Selection

Choosing the expert panel was given careful consideration in this study as it was

acknowledged that this step might affect the validity of the result. The criteria for the

participants were set prior to the study. Participants were those who met one of the

following criteria:

(1) People who have experience in teaching EC courses.

(i)  People who are responsible for the administration of EC programs at
universities or institutes, where such courses are carried out as independent

subjects or independent programs.

With the above criteria, a group of 13 Vietnamese experts from 7 universities and 1
institute were invited to take part in the study. The names and allocations of the EC

experts who accepted the invitation to join the expert panel are given in Appendix 7.
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5.2 Questionnaire Construction

5.2.1 First Round Questionnaire

Some modifications from the more traditional Delphi method have been made in this
study. Instegd of using the standard open-ended questionnaire, which was considered to
risk a more scattered response to the questions of this survey (in the initial round), a
structured questionnaire has been prepared. Indeed, such a structured questionnaire,
which was formulated using current knowledge, has been used in a significant number
of previous Delphi studies with the aim of enabling panel members to concentrate on
the central research questions (109). As described previously (Chapter 4, 4.2.2.1),
there are two main ways of preparing the framework for a first round structured
questionnaire: by interview and through a literature review. In this study, a reviéw of

the international literature was chosen as the most appropriate strategy.

The aim of the applying the Delphi technique to this study is to help find out the criteria

for the development of ECE experiments in Vietnamese universities. The international

literature review and analysis is reported in Chapter 3. This suggested that in order to

encompass the goals of the EE program, the following elements should be included in

the ECE laboratory:

1. Consideration of the environmental issues at international, regional, national and
local levels.

2. The inclusion of environmental issues of air, water and soil environments.

3. The use of an integrated approach to learning about chemistry and environmental
science.

4. Provision of opportunities for students to practice with appropriate instruments and

apparatus.
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5. The use of real samples and real scientific processes.
6. Helping students to improve the following environmental chemistry (EC) skills:

Sampling, measurement, data collection and analysis, interpretation and reporting.

Regarding the goals of the chemical education laboratory, one important target is the
inclusion of the “affective objectives”, of which, to help students have a good attitude
to science is the major concern (Chapter 3). The time allowed for laboratory work,
which is dependent on the time allocation and the time allowed for a laboratory session,
was shown to have an effect on students’ attitudes to science (116). Moreover, it is
considered that time allowed for a laboratory session also affects conceptual learning
and investigative skills of students. Indeed, it was argued that if students have not
enough time in the laboratory, they do not fully understand the results and the relevance
to other contexts (71). Therefore, a good ECE experiment should also consider this

element in 1ts content.

To ensure a chemistry experiment has the appropriate pedagogical content, the
guidelines for the design of chemical education experiments, set out by an
internationally accepted journal for chemical educators (Journal of Chemical
Education), recommends that experiments should be suitable for the level of the
students. In other words, a teaching laboratory experiment needs to consider the
students’ background. Therefore, a good ECE experiment should also be expected to

address this issue.

From the review of the international literature, which focused on both the scientific and

the pedagogical content of the experiment, the following factors are considered to be
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important:

1. The reflection of environmental issues of international, regional, national and local.

2. The inclusion of environmental issues of air, water and soil environments.

3. The use of the integrated approach.

4. Providing students with opportunities to practice appropriate instruments and
apparatus.

5. The use of real samples and real scientific processes.

6. Helping students with opportunities to improve the following EC skills: Sampling,
measurement, data collection and analysis, interpretation and report data.

7. Identification of students’ background.

8. Identification of the suitable allowed time for an experiment.

These i1ssues were used as the framework for the development of the first round
questionnaire or the so-called “initial” criteria. From there, the Delphi technique asks
experts in the field to evaluate and amend and, finally, to agree on the “consensus”
criteria. This questionnaire, although structured, does not limit participants’ freedom to
express other ideas, which they may consider to be pertinent to the issue because the
questionnaire provides space for them to explain and expand on their answers, and to

add other remarks.

Enclosed with the questionnaire, each member of the panel was sent a package, which
fully described the project together with a letter of introduction and explanation from
the candidate and her supervisors. In this first round, participants were asked to give
their opinions by answering “yes” or “no” to each listed item. The full questionnaire is

in Appendix 8.



Application of the Delphi Technique in the Study 67

5.2.2 Establishing a Consensus Level for the First Round

The level of consensus in the first round was set equal to or greater than 50%. In other
words, items with 50% or more “yes” answers will be used to formulate the second
round questionnaire. This is considered to be a low setting compared to many such
studies. However, it has been adopted here to place more emphasis on the second

round, where a level of consensus of 75% has been set.

In some cases, panel members did not answer all items. Such unanswered items have
been assumed to have “yes” replies. The result of such items will then be calculated as
normal. In other words, the total number of “yes” answers will be the sum of “yes”
replies and number of non-replies. By doing this (rather than assuming that they have
been given “no” answers), participants who have not evaluated the items from the first
round are more likely to have an opportunity to give their opinion in the following-up.
Alternatively, the analysis may be based only on the actual responses (109). In the
opinion of the researcher this approach is likely to weaken the validity of the second

round.

5.2.3 Second Round Questionnaire

Second round questionnaires were prepared on the basis of the experts’ opinions from
the first round. Items from the first round with the total number of “yes” answer equal
or greater than 50% were used to compose the second round questionnaire. At this
stage, participants were asked to rate their agreement on each item by using a 4-point-
Likert scale: strongly agree (4), agree (3), disagree (2) to strongly disagree (1). Panel
members were also encouraged to provide further explanations by adding their

comments and suggestions. The details of the second round questionnaire are in
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Appendix 9.

The second round questionnaires were sent to individuals, who had returned the first
round replies. Included with each questionnaire, which also consisted of instructions for
replying to questions, was a letter of thanks from the researcher to participants in the

first round Delphi survey, a brief report of the first round result and an invitation to

contribute to the next round.

5.2.4 Establish a Consensus Level for the Second Round

In the second round, the consensus was set at 75% (%). In other words, items have
agreement equal to or greater than 75% (in two scales: strongly agree and agree) will
be considered as consensus and they will compose a list of criteria for the ECE

laboratory program.

The level of the agreement on each item among the experts, however, will be calculated
as the mean of the 4-point Likert scale. The higher the mean, the higher degree of
agreement achieved. In contrast to the first round analysis, items which received no
responses, will be ignored. The mean value has been calculated from the number of
actual responses only. In this event, the mean value does not reflect the level of
agreement of the whole group. A more accurate result may be generated if a further

Delphi round is to be taken.
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5.3 Data Collection and Analysis

Questionnaires were sent to 13 panel members in the first round. The researcher
received 11 replies after 6 weeks (yield 85%). All 11 participants indicated a
willingness to participate in the second round. The detailed result of each question from

the first round, the analysis of the first round result and the formulation of the second

round are presented in this section.

QUESTION 1
By putting a percentage weighting (in terms of time allocation) in each box please

indicate the components of a current environmental chemistry (EC) program in your

university:

Coursework (%)

Practical (%)

Field work (%)

Comments

Answer for question 1

Percentage weighting (in terms of time allocation) in a current EC program:

Average
Coursework (%) 70 70 60 70 65 85 85 90 No 60 60 71.5
Practical (%) 20 20 35 20 30 10 10 O answer 30 25 20.0

Field work (%) 10 10 5 10 5 5 5 10 10 15 8.5
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This finding showed that the current practical component is low in most Vietnamese

universities. The largest time portion is allocated to coursework. One university,

surprisingly, has no practical work. As indicated previously, the aim of this question is

for information and therefore, it is not necessary to include it in the next Delphi round.

QUESTION 2

Within an EC program in your University, what do you consider to be the most

appropriate time allocation for the following three areas?

Coursework (%)

Practical (%)

Field work (%)

COmMMENLS eeneieeee e,

Answer for question 2

The panel responded with following preferred proportions for EC coursework,

practical and fieldwork components:

Average

Coursework (%) 70 60 60
Practical (%) 20 25 35
Field work (%) 10 15 5

60 60 75 75 40 40 60 60 60.0
30 35 15 15 30 40 30 25 273
10 5 5 10 30 20 10 15 12.7

Comment: None

In comparison to replies from Question 1, a large number of experts considered that the

current allocation time for the practical component in EC coursework at their
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universities needs to increase. From the 11 replies, 7 considered the time allocation for
practical work should be in the range 20-35%. The second round, therefore, will ask

panel members to give their opinions on this proposition.

Question for the second round

1. In Environmental Chemistry (EC) course, the most appropriate allocation time is

Coursework 60%-70% 4 3 2 1
Practical 20%-35% 4 3 2 1
Fieldwork  5%-10% 4 3 21
Comments

.....................................................................................................................

(Where 4 is strongly agree, 3 is agree, 2 is disagree and 1 is strongly disagree)

Result of the second round

Ranking
Items 4 3 2 1 N  Mean
Coursework: 60%- 70% 4 6 1 11 3.3
Practical 20%- 35% 37 1 11 3.2
Fieldwork 5%- 10% 2 7 2 11 3.0

Comment:

o If the university had adequate facilities, the practical work should increase up to
50%.

¢ Should increase the allocation time for practical work for the final year students.

There was an increase in the degree of agreement in the second round compared to the

first round on the allocation of time to practical work. While in the first round, only 7
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among 11 replies agreed that 20-35 % of time should be allocated to the laboratory, in

the second round, 10 replies were in favour of such idea. Consensus, therefore, has

been achieved in the second round for this item.

QUESTION 3

What do you consider to be the most appropriate length of time for an EC laboratory session?

hour (s)

Comments

.....................................................................................................................................

Answer for question 3

The panel’s responses to the question on the most appropriate length of time for an EC

laboratory session were:

5 2 3 3 3 8 4 4 4 Noanswer No answer

Comment: unclear question

Of the 9 replies, 8 indicated that the suitable length for one laboratory session should be
between two and five hours. This finding is somewhat similar to the previous works
such as (94, 116, 117) in the international literature, which shows that laboratory

sections of 3-4 hours are normal in EC courses.

Question for the second round

2. The most appropriate length of time for an EC laboratory session is 2-5 h
4 3 21

00) 0111015 0 | - IRUTT U TS T RPN OSO PR
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Result of the second round

Ranking
Items 4 3 2 1 N Mean
2-5h 4 7 11 34

Comment: The most suitable length time should be 4 h

In this round, both the number of replies and the agreement level have been achieved.
All 11 panel members answered instead of only 9 in the first round and 100% of the

answers agreed that the length time of an EC laboratory session should be 2-5 h.

QUESTION 4

What do you expect students to achieve in the practical component?

Yes No

4.1 Hands-on experience with standard EC techniques involving (][]
equipment and instrumentation.

4.2 Awareness of international environmental problems and 1ssues. D D

4.3 Awareness of local environmental problems and issues. D D

4.4 An understanding of the processes involved in: D D

Sample preparation (][]

Measurement L] ]
Data processing D D

Interpreting data L] ]

Reporting D D
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Answer for question 4

The aims of the EC practical component:

No
Aims Yes No answer
4.1 Hands-on experience with standard EC techniques 11
involving equipment and instrumentation.
4.2 Awareness of international environmental problems and
issues. vl )
4.3 Awareness of local environmental problems and
Issues. ° :
4.4 An understanding of the processes involved in:
Sample preparation 11
Measurement 11
Data processing 6 3 2
Interpreting data 11
Reporting 10 1

Comment: None

Using the pre-set consensus for the first round, all items will go to second round for
further consideration. Item 2 (4.2), however, gained very low support “yes”, only 4
among 7 responses (4 unanswered). Based on the regulation set for non-replied items,

it was also put into second round.
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Question for the second round

3. In the practical component students can achieve:
3.1 Hands-on experience with standard EC technique involving equipment and
instrumentation. 4 3 2 1
3.2 Awareness of international environmental problems and issues. 4 3 2 1
3.3 Awareness of local environmental problems and issues. 4 3 21

3.4 Understanding of the process involved in:

Sample preparation 4 3 2 1
Measurement 4 3 2 1
Data processing 4 3 2 1
Interpreting data 4 3 21
Reporting data 4 3 21
(000] 10141 1S 11 1O SO SRS

Result of the second round

Ranking
Items 4 3 2 1 N Mean
4.1 Hands-on experience with standard EC technique 2 9 11 3.2
involving equipment and instrumentation.
4.2 Awareness of international environmental 1 3 7 11 25
problems and issues.
4.3 Awareness of local environmental problems 1 10 11 31
and issues.
4.4 Understanding of the process involved in:
4.4.1 Sample preparation 2 8 1 11 31
4.4.2 Measurement 4 7 11 34
4.4.3 Data processing 37 1 11 3.2
4.4 4 Interpreting data 3 8 11 33
4.4.5 Reporting data 2 9 11 3.2

Comment: None
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The items: [4.1]; [4.4.2]; and [4.4.4] gained the highest agreement in both round all at
100%. The level of agreement, though, was evaluated to be the highest for the first item
based on the second round result. It showed that, EC/ES experts considered that the
most important aim of the EC laboratory experiment is to help students practice the

process of measurement.

Item [4.2] gained very low response in the first round (4 panel members did not give
their opinions). In the second round, the reply level increased greatly (all 11 made their
ranking). Of the 11 replies, 7 disagreed that this item should be one of the aims of the
EC laboratory experiment. This finding, however, contradicts the Vietnamese
guidelines for environmental education programs, which states that one of the purposes
of the EE program should be that it refers to international environmental problems and
issues (23). This matter will be discussed further in Chapter 6. The remaining items

all reached the consensus setting in the second round.

QUESTION S

In the practical component, please indicate which of the environmental problems listed

below should be included in the EC experimental program?

Air pollution

] L
Water pollution D D
] [

Soil pollution
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Answer for question 5

In the practical component, the environmental problems should be included in the EC

experimental program:

Should be included

Environmental issues Yes No No answer
Air pollution 11
Water pollution 11
Soil pollution 11

Comments. A panel member suggested that the issue of hazardous waste in the
environment should be included in the EC laboratory program. This comment was put
into the second round for the group comment. Other comments suggested the inclusion
of environmental issues in Vietnam, toxic processes in the environment, and the effect
of industrial pollution in the environment. As these were considered to be already
covered in the questionnaire, they were not put into the second round.

All replies were “yes” answers, therefore, all 3 items were included in the second

round.

Question for the second round

4. In the practical component, the following environmental problems should be
included:
Air pollution 4 3 21
Water pollution 4 3 21
Soil pollution 4 3 21
Hazardous wastes 4 3 2 1

COIMUTIENIE oo e e e e e i,
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Result of the second round

Ranking
Items 4 3 2 1 N Mean
Air pollution 5 6 11 3.5
Water pollution 7 4 11 3.6
Soil pollution 4 7 11 34
Hazardous wastes 3 7 1 11 3.2

Comments: In EC, it is vital to regard all the above issues.

All three proposed items had a high level of agreement in both rounds (100%). This
indicated the importance of considering of the environmental issues associated with air,
water and soil environments in ECE laboratory experiments. The additional item
formulated from a comment from the expert panel also gained a consensus, though with

lower level (10 among 11 members agreed).

QUESTION 6

Do you think that an EC experiment should also teach basic chemical principles?

Yes D No D

If “yes”, which of the following areas of chemistry are most appropriately taught

within the context of an EC experiment ?
Analytical chemistry D
Organic chemistry D
Inorganic chemistry D
]

Physical chemistry

COIMIMICIIES .o e e e
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Answer for question 6

Should an EC experiment be integrated with teaching other chemistry principles?
10 replies with “yes” and 1 “no” (the explanation was that: EC is an independent
subject having its own textbook, practical book, therefore, should be taught

independently). This item, therefore became a component in second round

questionnaires.

The areas of chemistry the panel considered were most appropriately taught in an

integrated EC experiment were:

Analytical chemistry 10

Organic chemistry 3
Inorganic chemistry 3
Physical chemistry 3

Comments: EC is related to all branches of chemistry. Analytical chemistry is the most
suitable but it does not mean that it is the only single subject to be included in teaching

basic chemistry.

With these replies, analytical chemistry was evaluated to be the most suitable subject in
the integration context. Only analytical chemistry, therefore, went to second round, as
organic, inorganic and physical chemistry had very low support (only 3 among 11

replies were in favor) in the first round.
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Question for the second round

5. EC experiments should be taught in combination with analytical chemistry

4 3 21
COMIMENES ...t eee e e
Result of the second round
Ranking
Items 4 3 2 1 N Mean
Analytical chemistry 7 4 11 34

Comments:
Four members made comments that EC should be integrated not only with analytical

chemistry but also with other chemistry branches including physical, organic,

inorganic, and also with technological chemistry.

A higher level of agreement has been gained in the second round answer than in the
first round. 100% respondents (compared to 10/11 in the first round) agreed that
analytical chemistry is the most suitable chemistry field to be included in the EC
laboratory experiment. Some panel members were also in favour of the integration of

EC experiment with chemistry branches besides analytical chemistry.
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QUESTION 7
To what extent do you think that an EC experiment should reflect the work carried out

by professional environmental scientists ?

A lot Some  Not important

Sample preparation D D D

Measurement

Data interpretation

L O [
Data processing [ ] i
L1 O [
L O O

Reporting data

Answer for question 7

Extent an EC experiment should reflect the work carried out by professional

environmental scientists:

Processes Alot Some Notimportant No answer
Sample preparation 5 3 2 1
Measurement 7 3 1
Data processing 1 8 2
Data interpretation 2 9
Reporting data 5 5 1

Comment: None

The items concerning “sample preparation” and “data processing” gained less support
compared with other items. For both, 2 panel members disagreed that they are

important skills for practice in EC laboratory experiments. However, all items met the
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setting consensus, and therefore were put into the second round for further

consideration.

Question for the second round

6. An EC experiment should reflect mainly the work carried out by professional
environmental scientists which include
Sample preparation 4 3 21
Measurement 4 3 2 1
And to some extend should include:
Data processing 4 3 21
Data interpretation 4 3 21
Reporting 4 3 2 1

COMMUNIEIITS .ot

Result of the second round

Ranking
Items 4 3 2 1 N Mean
Sample preparation 37 1 11 3.2
Measurement 4 7 11 34
Data processing 1 9 1 11 3.0
Data interpretation 1 10 11 3.1
Reporting 2 9 11 3.2

Comment: None
There was an increase in the level of agreement in two items sample preparation and
data interpretation. Both had 10 from 11 replies agreeing that they should be included

in the EC laboratory, compared with 9 in the first round. The remaining items
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(measurement, data interpretation and reporting data) all had 100% support. The

highest level of agreement belonged to the item measurement.

QUESTION 8

Please indicate the background of EC students in your Institution, which you consider

to be the most suitable background for undertaking EC courses?

General chemistry background

Students with basis knowledge in organic chemistry

Students with basis knowledge in physical chemistry

L1 [
L1 [
Students with basis knowledge in inorganic chemistry ][]
L1 [
L1 [

Students with basic knowledge in analytical chemistry

Answer for question 8

Background Yes
General chemistry background 10
Students with basis knowledge in organic chemistry 6
Students with basis knowledge in inorganic chemistry 6
Students with basis knowledge in physical chemistry 7
Students with basic knowledge in analytical chemistry 9

Comment: None
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All items met the setting level of consensus therefore, are put in the second round for

further consideration.

Question for the second round

7. EC should be taught to students who possess basic knowledge in

General chemistry 4 3 21
Inorganic chemistry 4 3 21
Organic chemistry 4 3 21
Analytical chemistry 4 3 21
Physical chemistry 4 3 21
Comments

Result of the second round

Ranking
Items 4 3 2 1 Noanswer N Mean
7.1 General chemistry 4 7 11 34
7.2 Inorganic chemistry 3 8 11 3.3
7.3 Organic chemistry 3 8 11 3.3
7.4 Analytical chemistry 5 6 11 35
7.5 Physical chemistry 4 6 1 10 3.4

Comment.
Three members considered that because EC is highly interrelated with other chemistry
branches, in order to help students achieve better outcomes, an EC course should run
after all branches of chemistry have been taught. Indeed, the more background in

chemistry the students have the better.
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QUESTION 9
Please indicate which instruments and apparatus are available at your institute and
whether you consider the listed instrument to be an essential hands-on items for an EC

course?

Available Not available Essential Not essential

GC/MSD D D

(Gas Chromatography/ Mass Selective Detector)

GC/MS

(Gas Chromatography/ Mass Spectrometry)
GC/FID

(Gas Chromatography/ Flame Ionisation Detector)
GC/ECD

(Gas Chromatography/ Electron Capture Detector)
TLC

(Thin Layer Chromatography)

Ion Chromatography

ICP/MS

(Inductively Coupled Plasma Emission- Mass Spectrometer)
MS

(Mass Spectrometer)

AAS

(Atomic Absorption Spectrometer)

HPLC

(High Performance Liquid Chromatography)
UV-VIS

(Ultraviolet Visible Spectrophotometer)

FTIR

(Fourier Transform Infrared Spectrophotometer)

Fluorometer

Voltammeter

[ A B 0 [ B [
o0 oo ooooog4oggog i
oo oo oooogo gy gt
Do oo g oooooobbd b

Polarographic instrument
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Available  Not available Essential Not essential

Ion Selective Electrodes
Computers and software
Turbidimeter

Vortex mixer

Centrifuge

Soxhlet apparatus
Conductivity instrument

pH meter

L OO OO OO O O
L OO O OO OO
L OO0 OOnn
HpEnEnEEEEEEEREEN

Shaker

Answer for question 9

The panel provided the following rating instrument availability those considered to be

essential hands-on item for an EC course.

Instrument/Apparatus Available  Essential No answer
GC/MSD 4 9 2
GC/MS 5 11 1
GC/FID 3 6 4
GC/ECD 2 6 5
TLC 1 4 5

Ion Chromatography 3 6 3
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Instrument/Apparatus Available  Essential No answer

ICP/MS 1 7 3

MS 1 5 5
AAS

N
(@)
N

HPLC
UV-VIS
FTIR

a—

Fluorometer
Voltammeter
Polarographic instrument

Ion Selective Electrodes

w N s, N B O

Computers and software
Turbidimeter

Vortex mixer
Centrifuge

Soxhlet apparatus
Conductivity instrument
pH meter

Shaker

Total

o = N N - "< N« W S V. T VL I @ N (S TR oS R
R T, T, T NN B« \ NN B o <IN o W e <RV B e SR s T =)
Jumk

NN N RN LW N

O
[ %)

158

Comment: None

This was the lengthiest question and had the lowest response rate. Based on the setting
consensus and the regulation, all items met the requirement to be included in the

second round questionnaire.
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Question for the second round
8. To help students have effective EC laboratory, it is necessary to have the following

items in the laboratory.

GC/MSD 4 3 21
GC/MS 4 3 2 1
GC/FID 4 3 21
GC/ECD 4 3 21
IC 4 3 21
ICP/MS 4 3 21
MS 4 3 2 1
AAS 4 3 21
HPLC 4 321
UV-VIS 4 3 21
FT-IR 4 3 2 1
Fluorometer 4 3 2 1
Voltammeter 4 3 2 1

Polarographic instrument 4 3 2 1
Ion Selective Electrodes 4 3 2 1

Computers and Software 4 3 2 1

Vortex mixer 4 3 2 1
Centrifuge 4 3 21
Soxhlet apparatus 4 3 2 1

Conductivity instrument 4 3 2 1
pH meter 4 3 2 1

Shaker 4 3 21
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Result of the second round

Ranking
Items 4 3 2 1 Noanswer N Mean
GC/MSD 35 1 2 9 3.0
GC/MS 4 5 1 1 10 33
GC/FID 4 7 11 34
GC/ECD 5 6 11 3.5
IC 3 8 11 33
ICP/MS 2 8 1 11 3.1
MS 3 6 1 1 10 3.1
AAS 2 9 11 3.2
HPLC 3 7 1 10 33
UV-VIS 3 8 11 3.3
FT-IR 2 7 2 9 3.2
Fluorometer 5 5 1 10 3.5
Voltammeter 2 8 1 10 3.2
Polarographic instrument 3 6 1 11 3.2
Ton Selective Electrodes 4 6 1 10 3.4
Computers and Software 3 8 11 3.3
Vortex mixer 4 6 1 10 34
Centrifuge 3 6 2 11 3.1
Soxhlet apparatus | 37 1 10 33
Conductivity instrument 4 7 11 34
pH meter 5 6 11 3.5

Comment:
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e Two members considered that instrument and apparatus for the measurement of

BOD (Biochemical Oxygen Demand) and COD (Chemical Oxygen Demand) are

also needed in the EC laboratory experiment.

e Two members commented: some sampling apparatus such as air, water and soil

sampling to help students with hands-on experience with sampling procedures.

In the second round, there was a significant increase in the number of replies compared
to the first round. The result has shown the important need for students to practice on
specific instruments and apparatus in EC laboratory experiments. It has also
demonstrated that, there was a significantly higher demand for sophisticated equipment

than is currently available in most Vietnamese universities.

QUESTION 10

In your opinions what are the difficulties in conducting EC experiments ?
Time constraints D
Financial

[]
Staffing D
[]

Facility availability
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Answer for question 10:

Difficulties in conducting an EC experiment

Difficulties Yes No answer
9.1 Time constraints 6 1
9.2 Financial 9 1
9.3 Staffing 4 1
9.4 Facility availability 10 1

Comment: None
In this question, 3 items were included in the second questionnaire. The item [9.3] was
not in the second round questionnaire, because it had very low level of support in the

first round (only 5 from 11 replies).

Question for the second round

9. In conducting EC experiments, rate the following as difficulties:

Time constraints 4 3 2 1
Financial 4 3 21
Facility availability 4 3 21
OIS ettt ettt e ettt ettt e e e e e,

Result of the second round

Ranking
Items 4 3 2 1 Noanswer N Mean
9.1 Time constraints 2 5 2 2 9 3.0
9.2 Financial 5 6 11 35
9.4 Facility availability 5 6 11 3.5
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Comment: One commented: In Vietnamese universities, the lack of staff with well

trained EC staff is still one of the difficulties they have.

Two items: [9.2] and [9.4] gained the highest level of agreement in both rounds. Their
mean value of 3.5 was also highest mean in this Delphi study. In other words,
Vietnamese experts considered that the most serious difficulties in running an EC
laboratory are financial and facility availability. In this study, the response to the
“staffing” item differed from those in national studies. One of the reported difficulties
in running EE programs in Vietnam was the lack of knowledgeable staff (1), this study,
however, showed that staffing is not an issue in running EC/ES laboratory programs.
In order to find out clear reasons for this discrepancy, a more specific Question 10 (in
the first round), with regard to the “staff”, should be made. For example, this question

could be... number of staff and number of qualified staff.
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QUESTION 11

What do you perceive will be the benefits to students of conducting EC experiments

that incorporate the teaching of chemical principles?

e Provide students with a broader perspective on chemistry |___:|
e Help to link with different branches of chemistry [ ]
e Help the students to understand how chemistry is applied |___:|

to environmental problems
e Increase the appeal of chemistry as a discipline D

¢ Provide students with a more scientific understanding of the environment D

Answer for question 11

Yes No
11.1 Provide students with a broader perspective on chemistry 7 4
11.2 Helps to link with different branches of chemistry g8 3

11.3 Helps the students to understand how chemistry is applied 11 0
to environmental problems

11.4 Increase the appeal of chemistry as a discipline 6 5

11.5 Provides students with a more scientific understanding 11 0

of the environment

Comment: None
All items met the setting consensus for the first round (except item [11.4]). Therefore
all items were put into the second round. For the purpose of the study (as explained

before), all items were included in the second round questionnaire.
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Question for the second round

10. In conducting EC experiment that incorporate the teaching of chemical principles,
students will have the following benefits:
Gives a broader perspective on chemistry 4 3 21
Helps to link with different branches of chemistry 4 3 21

To understand how chemistry in applied to environmental problems 4 3 2 1

Increases the appeal of chemistry as a discipline 4 3 21
To have more scientific understanding of the environment 4 3 2 1
COMUMENES ..ottt ettt ettt et e e e e e saa e e stbe e ataeeabbeeeabaeeeabeeaaseeensseessaesrsaesteeseesns

Result of the second round

Ranking
Items 4 3 2 1 N Mean
11.1 Having a broader perspective on chemistry 4 7 11 34
11.2 Having a strong link with different branches 4 6 1 11 3.1
of chemistry
11.3 Understand how chemistry is applied to 6 5 | 11 3.5
environmental problems
11.4 Increase the appeal of chemistry as a 4 7 11 34
discipline
11.5 Having more scientific understanding of the 4 7 11 34

environment

Comment: One commented that for the teaching of EC it is desirable for it to be

integrated with other branches of chemistry.

Except for the item [11.2], all items gained a very high level of agreement (100%).

Significantly, to help students [11.3] has the highest degree of agreement, with 6
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strongly agreeing and 5 agreeing. In the second round, the [11.2], which should have
been eliminated in the first round, also received more support from the panel members.
Only 6 replies were in favour in the first round, while 10 supported the proposition in

the second round. Therefore, all items in this question had reached the criterion for

consensus of the second round.
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CHAPTER 6 DELPHI FINDINDGS AND DISCUSSION

6.1 Delphi Findings
After the second round Delphi survey, the following criteria for the development of

environmental chemistry education laboratory experiments (in the Vietnamese context)

are suggested:
1) Time allocation
Practical work should constitute 20-35% of the course.
2) The length of time for a laboratory session
The suitable length of time of one laboratory session is from 2-5 hours.
3) Aims of the ECE experimental program
o To help students with hands-on experience of standard EC techniques involving
equipment and instrumentation including the following: GC/ECD Fluorometer; pH
meter; GC/FID; ion selective electrodes; vortex mixer; conductivity; GC/MS; IC;
HPLC; UV-VIS; computers and software; Soxhlet apparatus; AAS; FT-IR;
voltameter; polarography; [CP/MS; MS; centrifuge; and GC/MSD.
e To help students become aware of local and regional environmental problems
and 1ssues.
e To help students understand the process involved in: sample preparation;
measurement; data processing; interpreting data; and reporting data.
4) Environmental issues water pollution; air pollution, soil contamination, and
hazardous wastes should be included in the ECE experiments.
5) Specific skills to be practiced included sample preparation, measurement, data
collection, data analysis and interpretation, and reporting data.

6) Students' background
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Environmental chemistry should be taught to students with basic knowledge in
analytical chemistry; and/or (general chemistry; physical chemistry; organic
chemistry; inorganic chemistry).
7) Real world professional practices
An EC experiment, to a large extent should reflect the work carried out by
professional environmental scientists e.g. Sample preparation, measurement; data
collection; data analysis and interpretation; and reporting data.
8) Using the concept of integration in EC experiments
o EC experiments should integrate with other branches of chemistry. Analytical
chemistry is recommended to be the most suitable area to be integrated with
EC experiments.
e Integrating EC with other chemistry branches should aim to help students:
e Understand how chemistry is applied to environmental problems.
e Have a more scientific understanding of the environment.
e Establish a strong link-up between different branches of chemistry.
e Increase the appeal of chemistry as a discipline.

e Have a broader perspective on chemistry itself.

6.2 Discussion of Method

6.2.1 The Implications of the Delphi Technique

Use of the Delphi method in this study has highlighted the versatility of this method
and suggests that it may be utilized effectively in other areas of education in countries
such as Vietnam. Currently the Vietnamese Government is developing an EE
curriculum for all levels of the educational system, which is expected to be completed

and enacted by 2005 (23). The Delphi approach may serve as an effective means to
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create more applicable and suitable programs by including as many educators as
possible who are interested in this significant new field. One of the characteristics of

the Delphi technique is the use of a group of people, who are expert in their specific

field.

In Vietnam, EE is becoming increasingly important in the educational system (19-21).
EC has been taught in universities and some textbooks are available nationally.
However, there is no practical program available at the time of conducting this study.
The set of criteria for the development of an EE/ES experimental program, found here

by using the Delphi method, was a response to this need.

The process of having this set of criteria itself says that it is not value free. The panel
for the study was made up of leading experts in EC in Universities across Vietnam.
Moreover, the questionnaire, which was sent to the experts to evaluate, was formulated
based on the international literature in this field, including international guidelines for
the development of EE programs, and journals on chemical education. In addition, the
evaluation of the literature on the ECE laboratory was completed after the researcher
had spent a 5-month work experience program in a professional EC laboratory. For all
the above reasons, it can be suggested that the set of criteria will be trustworthy as a set
of national guidelines for the development of EC experimental program at the

university level.
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6.2.2 Interpretation and Discussion of the Findings

6.2.2.1 International Environmental Issues in the EC Laboratory

The necessity to consider the international environmental issues in EE has been
emphasized in the Tbilisi Declaration, which set out the international guidelines for the
development of EE programs (1). The development of EE programs in Vietnam are
based on national guidelines, which are intumn, use the groundwork of the Tbilisi
Declaration (23). Therefore, the inclusion of international environmental issues is one

of the aims in the development of EE programs in Vietnam.

The Tbilisi Declaration suggests (1):

“Environmental education should examine major environmental issues from local, national,
regional and international points of view so that students receive insights into environmental

conditions in other geographical areas”.

In this regard, the contradiction between this clear recommendation and the findings of
the Delphi survey should be recognized. The Delphi findings, which represent EC
Vietnamese educators’ points of view, were that the inclusion of international
environmental issues is unnecessary in EC education. This difference may be explained
by the current difficulties in accessing international information in most Vietnamese
universities, which has been defined to be one of the weaknesses of the EE program in
Vietnam (22). The difficulties in accessing international resources in environmental
issues in general and incorporating these into EC courses may be the reason for the lack
of importance accorded to international environmental issues by EC Vietnamese
educators. It may, however be an issue of interest to further research to have a clearer
explanation for this difference between the ‘practical’ EC curriculum and the ‘theory’

EC curriculum at the university level in Vietnam.
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6.2.2.2 Time Allocation for EC Laboratory Work

Time allowed for the laboratory work refers to the length time for one laboratory
session and the time allocation for the laboratory program. It has been found that the
time in the laboratory has an effect, not only on learning concepts and thinking skills,
but also on students’ attitudes to science. The Delphi finding, in this regard, enables the

curriculum planner to construct the program effectively by providing the recommended

time for a laboratory session.

The result of the brief survey of the current time allocation for practical work in EC
course in some Vietnamese universities agrees with previous reports (25). A criticism
of the educational curricula in Vietnam has been that too much attention is given to
providing students with academic theory rather than with practical skills and
knowledge (25). This drawback of the educational curricula suggests that the quality of
education can be improved by reducing emphasis on theory and enhancing the level of
practical work (25). In this study, the survey of Vietnamese environmental educators
has found that the current time allocation to practical work is considered to be too
small, with most universities devoting no more than 30% of course time to EC
laboratory work. Although, a significant number of the expert panel did consider that
current programs need to be changed (i.e. to increase the practical work), their
proposed time allocation for laboratory work does not seem to be significantly different
from current practice. Panel members agreed that practical work should compose
between 20-35% of the time available for EC courses. In comparison time spent in
practical work from universities outside Vietnam, for example, was 75% of course
hours (118, 54). The small time allocation to practical work in the EC laboratory

proposed by the Vietnamese environmental educators, correlates with their
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acknowledgement of current difficulties in budget and time constraints and the lack of
facilities in their universities. Such difficulties are challenging the whole Vietnamese
educational system (25) not just in EC courses. These difficulties have led to
weaknesses in the educational curricula, one of which is the seriously inadequate time

for practical work in educational courses (25).

6.2.2.3 Using Instrumentation in the EC Laboratory

Similar to the international environmental educators’ point of view, Vietnamese experts
in the field have expressed their acknowledgement of the great benefits of using
appropriate instruments in the EC experiments. There is therefore a need to equip the

environmental chemistry laboratory with such instruments.

The survey has shown that there 1s a serious shortage of facilities in the EC laboratories
in most Vietnamese universities. It has been acknowledged that the lack of facilities in
the laboratory is the reason for the ineffectiveness of science laboratories in general and
in EC laboratories in particular (116). Yet, a science laboratory 1s expensive, and often
a major issue for a faculty’s budget (63, 116). Therefore, it is essential to find out what
are the most needed facilities for an undergraduate EC laboratory (116). Depending on
the available budget of the faculty, one may consider equipping the EC laboratory with
affordable facilities. The finding of the Delphi survey in this study provides a list of
instruments and apparatus that EC experts in Vietnam consideréd necessary for
students to have hands-on experience. The three most needed instruments include
GC/ECD; Flourometer; and GC/FID. The four most needed pieces of apparatus were

pH meter; Ton Selective Electrodes; Vortex mixer; and conductivity apparatus. Other
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relatively important instruments include GC/MS; IC; HPLC; UV-VIS. Soxhlet

apparatus and computers and software were also considered to be relatively important.

Proposed Solutions to Overcome the Shortage of Facilities

In order to improve the quality of science education in general and in EC in particular,
the difficulties with time, budget and facilities should not lead to the reduction of
practical work in courses. This study has re-emphasised the important place of

laboratory work in science teaching and chemistry in particular.

The ultimate aim of the EC courses is, therefore, to provide more experiments for
students to practice. In circumstances where there are some obstacles, innovative ways
must be found to solve these problems. Interestingly, in the design of chemistry
experiments in general and EC experiments in particular, the use of the integrated
approach has been used widely and with great success internationally (Chapter 3,
3.6.2). The reasons that this approach has been favored by chemical educators are that,
it enables them to use instruments more efficiently, and to reduce the time commitment
of staff (Chapter 3, 3.5.2.2). The other benefit of the integrated approach is for the
students of which all Vietnamese experts have also strongly agreed that using
integrated experiments in EC lab will:
(1) Help students understand how chemistry is applied to environmental problems.
(i)  Help students have more scientific understanding of the environment.
(iii) Help students establish a strong link with between different branches of
chemistry.

(iv)  Increase the appeal of chemistry as a discipline.
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For all of these reasons, it can be said that one promising way to help Vietnamese
universities overcome the current difficulties is through the application of the integrated
approach in designing experiments. This study, therefore, recommends the

development of more integrated experiments in Vietnamese universities rather than

single-purpose ones.

An emphasis on integrated experiments in EC laboratory work is promoted by the
results of the Delphi study reported here, and by the survey of international
publications outlined in Chapter 3. The representative Vietnamese educational experts
in EC all consider that analytical chemistry is the most suitable chemical branch to be
included in the EC laboratory. The Delphi panel also recommended that other
chemistry branches such as organic, inorganic and physical chemistry are also worthy

of integration within EC laboratory experiments.

Some other possible solutions to help overcome the above mentioned difficulties may

include:

(1) Cooperation between the university and industrial laboratories or with research
centers, in order to access laboratory equipment.

(i1) Seeking external funding, which Steehler (96) has recommended.

6.2.2.4 Soil Environmental Issues in EC Laboratory

The Delphi study strongly suggests that water, air and soil should be included in EC
programs in Vietnamese universities. The international survey, on the other hand, has
found that issue of soil environment has lagged far behind the focus on water and air.

This is one of the problematic aspects of current international EC programs (Chapter
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3). There is a significant difference of attitude towards soil environmental issues
between international environmental educators and Vietnamese environmental
educators. In other words, environmental experts in Vietnam have recognised the
specific environmental issues relevant to Vietnam and the need for their inclusion in
EC laboratories. This significant recognition can only be fulfilled when such issues are
demonstrated to students through both textbooks and practical work. In terms of the
development of EC laboratory programs, it is clear that there is a need for more

experiments relating not only to air and water but, importantly, to the soil environment.

6.2.2.5 The Scientific Approach in the EC Laboratory

Findings from the Vietnamese EC educators demonstrated that, according to the
experts, it is necessary to illustrate the scientific practice of environmental chemists in
the EC laboratory (e.g. the demonstration of not only measurement, collecting data and
reporting processes, but also sample preparation, data analysis and interpretation
procedures). One of the strong criticisms of the current EC curriculum is the lack of
demonstration of the scientific process in the ECE laboratory, in terms of the sample
preparation, data analysis and interpretation, and QA/QC (Chapter 3). Thus, in the
Vietnamese context, any development of the ECE laboratory for use at the
undergraduate level should take this issue into account. In this study, this issue will be

clearly demonstrated in the design of experiments.

6.3 Method Validation and Discussion
6.3.1 Expert Panel
The size and the quality of the participants are often a source of bias of the Delphi

technique (Chapter 4, 4.4). In this study, steps have been taken to minimise this bias.
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These steps have included the setting of criteria for the Delphi study in advance of the
establishment of the panel and the use of a panel with a sufficient number of members.
Indeed, as discussed previously, the minimum number of panel members is not yet
well-determined (Chapter 4, 4.4), however, a large number of previously successful
Delphi studies have used panel numbers in the range between 10-1685 (102). The panel
size used in this study was 11, and the criteria of the participants were clearly indicated

before choosing experts, which is listed in Chapter 5 (5.1).

Variation in the level of experts’ participation is another possible threat to the accuracy
of the Delphi result (Chapter 4, 4.4). In this study, the willingness to participate by all
panel members can be seen when 100% of the respondents from the first round

participated in the second round with all returning their second round replies.

6.3.2 Questionnaire Construction

6.3.2.1 The Formulation of the First Round Questionnaire

The Delphi questionnaire was specifically constructed to develop criteria for the
establishment of EC laboratory practice in undergraduate chemistry programs in
Vietnam. There are no clear international guidelines on this matter. In this study, the
starting point has been the reported objectives and content of EE programs and of
chemistry course in general. In the ECE laboratory, EC experiments are used for
teaching purposes. Therefore, besides the science content, pedagogical content is
another issue of concem. In this case, chemical education guidelines set by the Journal
of Chemical Education have been employed. Hence, it can be said that, the “initial”
criteria_have been formulated after consideration of both the scientific and the

pedagogical context, using reliable sources. In addition, the construction of the
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questionnaire was completed after the researcher had undertaken a five-month work
experience program in a real-world environmental laboratory, where the researcher had
the opportunity to understand and undertake the procedures used by professional
environmental chemists. The care taken in the construction of the initial survey could

explain the highly satisfactory convergence of the Delphi process at the second round.

6.3.2.2 The Length of Question and Its Influence

The study was time-consuming due to the sequential rounds of questionnaires and the
difficulty in accessing panel members. In agreement with a previous study (107), this
project suggests that the quantity and the quality of the results may be enhanced if the
Delphi study is conducted with the active backing of a significant person or
organization. In this case, it is suggested that the survey’s yield could not have been as
high as 87% if there were not a letter from a key supporter: the Dean of the Chemistry
Department, Hanoi Teachers’ Training University, who is well known to his chemistry

colleagues in Vietnamese universities.

The time demands on the participants may explain the incompletion of some items in
the first round questionnaire. Indeed, the lengthiest question (Question 9) had the
highest number of unanswered replies. Rephrased in the second round, this question
subsequently gained more answers from panel members. It is suggested that in
designing a questionnaire in a Delphi study a researcher must seek to be as succinct as
possible. The length of the questionnaire could explain the difficulties faced by
chemical educators in a 1977 study, which employed the traditional Delphi method,

with a first round questionnaire of 70 questions (111).
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6.3.2 Distribution Method

In terms of questionnaire distribution, the researcher has made a modification from the
conventional Delphi method. Instead of administering the questionnaire by mail, the
researcher distributed the questionnaire in person to the Delphi panel, although this
created some difficulties for the researcher. However, the advantage of being able to
complete the survey quickly far outweighed the problem which personal distribution
caused. Above all, the researcher experienced direct contact with the members of the
expert panel leading to an increased willingness of the members to participate. Also,
conversations with the panel members helped the researcher to understand their
particular concerns about the specific issues, which could not have been done in using
written replies. The most interesting example related to Question 3 of the first round
Delphi. The purpose of the question was to ask the experts their opinion about the most
appropriate length time for an EC laboratory session. Because of a minor mistake in
translation, the participants were led to believe that the question was asking for the
length time for one experiment instead of one session of experiments. Many of the
experts replied using the unintended meaning of the question. Some were confused and
therefore did not reply. The latter group explained the reason for not answering the
question was that it was unclear. By having a direct conversation with the panel
members during the distribution process the researcher recognized this problem in the
questionnaire design. Consequently, the mistake was not repeated in the second round

and as result, the question in the second round was answered by all panel members.
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CHAPTER7 EXPERIMENTAL DESIGN

The results of the international literature review of Chapter 3 have revealed an
increasing interest in the development of experiments for use in the environmental
chemistry education (ECE) laboratory. These experiments also illustrate the successful
implementation of both the integrated approach and the scientific approach in the ECE
laboratory. The six primary goals of an ECE laboratory program have been identified
as follows: (i) consideration of international, regional, national and local environmental
issues; (ii) inclusion of environmental issues of air, water and soil environments; (iii)
the use of the integrated approach; (iv) providing students with opportunities to use
appropriate instruments and apparatus; (v) the use of real samples and scientific
processes; and (vi) providing students with opportunities to improve practical skills,
such as sampling, measurement, data collection, data analysis and interpretation,

reporting data and the procedure of quality assurance/quality control (QA/QC).

However, the two main criticisms of the above program, which are considered
drawbacks of the current international EC curriculum, are that: (i) there is a serious lack
of soil-related experiments in ECE laboratories that help demonstrate concerns about
environmental problems; and (ii) the demonstration of ECE experiments is often
removed from the actual procedure used by environmental chemists, in terms of the
insufficient inclusion of some critical environmental analysis processes. These include

sample preparation, data analysis and interpretation, and the use of QA/QC.

Chapters 5 and 6, where the Delphi technique was employed, identified criteria for the

design and implementation of ECE laboratory experiments in Vietnamese universities.
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The results suggest that the above-mentioned primary aims of the international ECE
laboratory were also the goals, which Vietnamese EC educators considered should be
targeted. In other words, the environmental issue of soil should be one of the concemns
in the ECE laboratory. Furthermore, Vietnamese EC educators have recommended that

the most suitable time for an experimental period is between 2-5 h.

For these reasons, this study will attempt to design two soil-related EC experimenté.
The criteria for the Vietnamese ECE laboratory, which are also reflected in the
international goals, will be used as guidelines. Acknowledging the current
shortcomings of the international EC curriculum in terms of its practical work
component, such issues were taken into account in designing the experiments. A brief

description of the two experiments is as follows:

EXPERIMENT 1: Uses real soil samples and aims at (i) practicing the sample

preparation process; and (ii) practicing data analysis and interpretation.

EXPERIMENT 2: Uses real soil contaminated with petroleum hydrocarbons; and
aims to demonstrate the whole environmental analysis processes, which will help
students improve the following practical skills: (i) sample preparation; (ii) data
analysis; (iii) data collection; (iii) data interpretation; (iv) data reporting; and (v)

QA/QC procedures.

Format of the Experiment
In seeking the best format to use in the designed experiments, guidelines set by the

Journal of Chemical Education were chosen as being the most appropriate. The
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Journal of Chemical Education was first published in 1926 by the American Chemical
Society, Division of Chemical Education, and ever since has been accessed by
chemical educators worldwide. One of its important sections is the “Teaching
Laboratory”, and its associated laboratory experiments, which aim at “providing
chemistry teachers with materials for helping them in their teaching and in their
effectiveness in developing the talents of students” (119). To a lesser extent,

experiments in this study are for EC teachers.

The following broad guidelines have been given for the formatting of laboratory

experiments:

1. The lab summary: is where the essential information is provided to enable
prospective adopters to consider whether it is suitable for their program, before
heading to the additional materials. It suggested that the following information
should be given in the /ab summary:

(1) The rationale for adopting the experiment and an indication of where it fits into

the curriculum (course, level).

(1) A clear, brief statement of the procedures, techniques, facts, and concepts
students will learn and an explanation of “how” and “why” the experiment
helps the students learn.

(1) A summary of results from any evaluation studies of the efficacy of the
experiment in achieving its goals.

(iv) A list of equipment, chemicals, and/or instruments used in the experiment that

are not expected to be available in a typical chemistry department.
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(v)  Any other information that would help a potential adopter of the experiment to

decide whether or not to put in the effort needed to adapt it for use at another

institution.

2. Student materials, which include the written directions, experimental procedures,

handouts, report forms, etc., used by students.

3. Instructor notes which include: (i) background information; (ii) laboratory

preparation and equipment needs; (i1) troubleshooting; (iv) tips for success; and (v)

CAS registry numbers for all chemicals.

This format and such criteria were imposed so that the teaching experiments have both
pedagogical and technical content, and enable the adopters to be able to apply them in
their situation quickly and easily. Some rearrangements, however, were made in this

study and below are given the intended guidelines used in this study:

|. Proposed experiment, which includes (i) a clear, brief description of the procedures,
techniques, facts, and what concepts, techniques and manipulative skills,
investigative skills, and affective objectives that will be transferred to students in
the experiment; (ii) a list of equipment, chemicals, and/or instruments used in the
experiment that are not expected to be available in a typical chemistry department;
(iii) recommendation of the suitable background of students; and (iv) the time

needed to run the experiment.
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2. Experimental explanation which addresses: “what”, “how” and “why” concepts,

techniques and manipulative skills, investigative skills, and affective objectives that

will be transferred to students in the experiment.

3. Discussion which demonstrates procedures, “how” concepts, techniques and

manipulative skills, investigative skills, and effective objectives studied by the

students.

Both the “experimental explanation” and “discussion” will address the rationale for
adopting the experiment, and refer to the results from previous studies of the

efficacy of the experiment in achieving its goals.

4. Instructor notes, which include (i) background information; (i1) laboratory
preparation, which includes a list of chemicals, equipment, and/or instruments used
in the experiment that are not expected to be available in a typical chemistry
department; (iii) troubleshooting; (iv) tips for success; and (iv) CAS registry'

numbers for all chemicals.

5. Materials for students which include the written directions, experimental

procedures, handouts, report forms, etc.

In this study, instructor notes and materials for students will be placed in Appendix
10-11 for Experiment 1 and Appendix 12-13 for Experiment 2. The details of two

experiments will be demonstrated in the following sections.
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The use of a real soil sample to demonstrate interrelationship between

sample preparation and sample analysis

The main aims of this experiment are to help students understand the important role of

sample preparation in environmental analysis. Towards this goal, two soil samples of

similar origin are prepared. One is under good treatment towards the homogenous state

and labeled H, and the other is not homogenized and labeled NH. By applying

statistical methods to evaluate the precision of the relative moisture content of two soil

samples, students can learn about the effects of sample preparation on the analytical

result. The following diagram describes the procedure that students need adopt for this

experiment:

Students’ Samples

H Soil
(Homogenised)

NH Soil
(Non-Homogenised)

I

|

Group 1

|

Group 2

Group 1

Group 2

|

Individual: Average, RPD
Group: Mean, Stdev,
Confidence interval,
Q-test

Individual: Average, RPD
Group: Mean, Stdev,
Confidence interval,
Q-test

Individual. Average, RPD
Group: Mean, Stdev,
Confidence interval,
Q-test

Individual: Average, RPD
Group: Mean, Stdev,
Confidence interval,
Q-test

[17 F-test, t-test

[1] F-test, t-test

[1] F-test, t-test

[1] F-test, t-test

RPD: Relative percentage difference of duplicates

Stdev: Standard deviation
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In this experiment, students are required to collect their own soil sample
(approximately 300-400 g). They will be asked to divide their samples into two
portions and place these in two pre-labeled jars, namely jar H and NH. Students will be
given instructions for the treatment of the two soils. Each student in a group of five (or
more) is asked to obtain duplicates of two soil samples. They then determine the
moisture content in each soil by using a gravimetric method (instructions are given).
After gathering group and class data, students are required to apply some important
statistical methods and to answer set questions to help them understand and interpret
the results. For example, students will use the Q-test to examine whether any suspect
value(s) should be rejected or not. They also need to use the F-test and t-test for the
evaluation of the precision of their results. From this information, students can gain a
sound understanding of the effect of the sample preparation on the analytical data,

which 1n this case 1s the moisture content.

For this experiment to be successful there must be a distinct difference between the
homogenization levels of the two soil samples, H and NH. Students will need specific
advice on (1) the type of soils they should collect. Soil texture with a clay content of
greater than 20%, such as loam, silty loam, sandy clay loam, clay loam, light clay or
medium clay are advised to be used. The reasons for the choice of such soils, but not
sand, loamy sand, clay sand or sandy loam, which all has clay content of less than 20%,
1s that water in soils with low clay content is often easily distributed throughout (120).
In other words, the sample preparation for these specific types of soil does not greatly
affect the analytical result. These, particularly, are not suitable for this experiment,
since the objective is to help students to recognise the effect of sample preparation; and

(i1) how to obtain the H soil with considerable level of homogenization.
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This experiment can help students not only enhance their practical skills, in terms of the
use of the gravimetric method for the determination of moisture content in soil and the
procedure employed to obtain the representative sample from the bulk sample, but can
also provide students with the opportunity to gain experience with the use of statistical
methods in a real situation. It can be used for students with a general chemistry
background, who have a basic knowledge of statistical analysis. It is suitable for use in
a three-hour ECE laboratory or in a three-hour analytical laboratory after the statistical
method is introduced. The experiment uses facilities that are readily available, and can
therefore be implemented in a typical chemistry laboratory. Table 1 represents a typical
set of moisture content data for a clay loam. Here, the results were obtained by five

students per group.

Moisture content (%)
Group 1 Group 2

H soil NH soil H soil NH soil
1231 11.95 1251 | 1154
12.50 12.32 12.35 9.69
12.68 15.21 12.40 12.25
12.45 11.25 12.28 12.01
11.12 14.21 12.41 11.01

Table 1
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7.1.1 Experimental explanation

7.1.1.1 Sample Preparation

For NH soil, students are asked to shake the jar several times and then leave it to stand
ready to use. For H soil, they are required to homogenize the soil by vigorously
shaking, mixing and then spreading it on a clean steel tray before cutting it into
quarters, in accordance with the so-called “cone and quarter” method (48). This

provides students with the opportunity to gain hands-on experience with an acceptable

procedure for obtaining a representative sample from a bulk sample.

7.1.1.2 Moisture Content Determination - Data Analysis

Each student is asked to take duplicates of each soil and analyze these for moisture
content. Their data are recorded on the class data sheet (provided) and they are asked to
evaluate the reproducibility of the measurements from two soils. To do this, students

have to be familiar with the concept of relative percentage difference of duplicates

(RPD) (93).

The students then are asked to pool their group data to determine the mean, standard
deviation (Stdev) and confidence interval of the mean (95% confidence) for both soils.
Before doing the comparison, students are required to identify if there is any “suspect”
value. Toward this task, students have to use the Q-test. They are then asked to gather
class data to evaluate the precision of individual group data. In this task, students have

the opportunity to use the F-test and t-test.

In a group and for each soil, students are required to identify any suspect result. It has

been observed that, as “analyst learners”, results that students obtain from an analytical
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procedure can be significantly different (121). In this experiment, students can test for
suspect values in both the NH and H samples. In both cases, the use of the Q-test can
help them to examine whether such data should be rejected or not. For example, in
Table 2, the suspected values are shown in bold font. If students find that Q-calculated
is greater than Q-critical, then they can conclude that the suspected data should be
rejected (122). In this case, students are required to recalculate the mean and the
standard deviation. From this, students can recognise how the outlier affects the final

result. Of course, if the Q-test is passed, it means that the suspect value should be kept.



Table 2 Q-test of typical group data
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[ Group 1 Group 2
H soil NH soil H soil NH soil
1231 11.95 12.51 11.54
12.50 12.32 12.35 9.69
12.68 1521 12.40 12.25
12.45 11.25 1228 12.01
11.12 14.21 12.41 11.01
Mean 12.21 12.99 12.39 11.30
Stdev 0.62 1.66 0.08 1.02
Range 0.78 2.06 0.11 1.26
95% Confidence Interval 1221+ 078 12.99+2.06 1239+0.11] 11.30+1.26
Q-test
Q-critical value (P = 0.05) 0.717 0.717 0.717
Q-calculated -0.763 0.253 -0.516
Conclusion Q-test failed | Q-test passed Q-test passed
Results after Q-test
Mean 12.49 1299 | 1239 11.30
Stdev 0.15 1.66 0.08 1.02
n 4 5 5 5

Note: In this case, group 2 did not conduct Q-test on H soil due to the insignificance difference among

data.
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In a group, students are asked to compare which result from the two soils is more
precise and whether the moisture content they found in the two soils is the same or not.

To do this, students are exposed to the use of the null hypothesis in the F-test and t-test.

Two situations that students can encounter are:

(1) An F-test pass which mean there is no significant difference between the
precision of the two moisture contents obtained from the H and NH soils. This
rarely happens for soil with a clay content greater than 20% (as is suggested to
be used in this experiment).

(i)  An F-test fail is very likely to happen with the use of the suggested soil and
where H soil is considerably homogenized. In this case, students can conclude
that the data from NH soil are less precise than those from H soil. This can,
therefore, illustrate to students the effect of sample preparation on the analytical

results.

Table 3 F-test for the comparison of the precision between two soils in each group

Group 1 Group 2
H soil NH soil H soil NH soil
Mean 12.49 12.99 12.39 11.30
Stdev 0.15 1.66 0.08 1.02
n 4 5 S5 5
F-test
F-critical value (P = 0.05) 15.10 9.61
~ F-calculated 117.42 161.73
" Conclusion F-test failed F-test failed




Experimental Design 124

After using the null hypothesis for the F-test to find out whether the two sets of data
have the same precision, students may find that the F-calculated value is greater than
the F-critical value. This leads them to the conclusion that the data derived from H soil
are more precise than from the NH soil. This is a clear case, which helps students

recognize how sample preparation affects the quality of the analytical results and how

careful data analysis may help to reveal this.

In the class, for each soil, two groups are required to pool their data and compare which
group’s data are more precise and whether the mean moisture value they found is
different in each soil. Again, students have to use the null hypothesis for the F-test and
t-test. As the experiment is conducted using one sample (i.e. NH sample due to its non-
homogenous state) the F-test can fail or pass. For the H soil, however, the result
obtained from the two groups should be similar but the data from which the result has
been derived will clearly be different. In both cases, students are provided with a good
opportunity to experiment with the use of statistical methods in order to evaluate and
interpret their results. In the case where students find the value from one group is more
precise than that of the other, it will help them to realize that the sample preparation

procedure can have an effect on the analytical result.

In this experiment, when students accumulate their data, they may obtain the following

results similar to the following:



Table 4 F-test and t-test in class data for two soils
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H soil NH soil

B Group 1 Group2 | Groupl | Group 2’*'. '{
Mean 12.49 12.39 12.99 11.30
Stdev 0.15 0.08 1.66 1.02
n 4 5 5 5
F-test

F-critical value (P = 0.05) 9.979 9.605

F-calculated 0.527 2.649

Conclusion F-test passed F-test passed
t-test

t-critical value (P = 0.05) 2.31

t-calculated 0.909 1.472

Conclusion

t-test passed

t-test passed

In both soils, the two groups have performed the F-test and passed the data. This helps

students to understand that for each soil, they have achieved the same precision (though

the value may be different). Therefore, students can use the pooled standard deviation

to calculate t for the t-test in order to examine whether the mean value of the moisture

in each soil is, for two groups, different or not. In this example, students would find

their data to have the same precision because the t-test is passed in both soils.

Students may also be interested in pooling all results from the two groups to calculate

the mean and standard deviation for each soil, and then use the F-test and the t-test to

find out whether the number of data used in the tests affects the precision of the value.
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7.1.2 Discussion

7.1.2.1 Sample Preparation

Sample preparation, which involves obtaining a representative sample from the bulk
sample or the gross sample, is the first step of any analytical process (42). Its important
and challenging role in EC analysis has been discussed in Chapter 3. The difficulties
are due to the non-homogeneity of environmental samples in general and soil samples
in particular. It has also been recognized, however, that sample preparation is very

rarely undertaken in the chemical education laboratory (Chapter 3).

The reflection of the professional process in the ECE laboratory is one of the ultimate
goals of EC educators (Chapter 3). The importance of sample preparation in the EC
laboratory, and the lack of inclusion of this issue in the ECE laboratory to date,
highlight a deficiency in the EC curriculum. In some analytical chemistry and
environmental analytical chemistry textbooks, sample preparation has been described
(31, 41, 42). Therefore, students may have some knowledge of this from classroom
activities. However, the question to be raised here is how to communicate this issue
effectively to students in the laboratory. An attempt has been made, for example, to
demonstrate to students the importance of the sample preparation procedure (48). It is
presented through showing the students how challenging the job is in order to obtain a
representative sample from a real sample. In the current study, the proposed experiment
presents another approach toward helping students to understand the vital role of
sample preparation in determining the quality of laboratory data. This has been
achieved by taking advantage of the rapidity and simplicity of the gravimetric method
for the determination of moisture in soil (as the analytical method) and by using real

soil samples and subsequent statistical analysis of the data.
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7.1.2.2 Gravimetric Method - Moisture Content

The moisture content of solid samples such as soils is a common parameter and is used
in reported analytical results on a “free dry” basis in analytical laboratories as well as in
EC laboratories (31, 41). Moisture content is often analyzed by using a gravimetric
method (31, 41). It relies on the use of an analytical balance, which is an important and
frequently used instrument, to measure mass with high precision (41, 123, 124). It is
beneficial for students to gain hands-on experience with this procedure in the ECE

laboratory.

7.1.2.3 Data Analysis

The pivotal role of data analysis and interpretation in chemical analysis, particularly in
the EC laboratory has been discussed in Chapter 3. One of the reasons for the
negligence in attempting to reflect these procedures in the chemical curriculum is time
constraint (71). It is often considered to be too time-consuming to obtain valid sets of
data for analysis (97). Efforts have been made by chemical educators using illustrative
examples, but it can be argued these have failed to help students to thoroughly
understand the principles. Therefore, students are uncomfortable when they have to
apply statistics in real situations (125). Innovative solutions that have been proposed to
overcome this problem involve the use of such simple experiments to enable students to
access data quickly (97, 125). However, a criticism of such simple experiments is their
inability to raise students’ enthusiasm, due to the failure of using real-world samples
(97, 126). Therefore, to effectively enhance data analysis in the teaching laboratory, an
experiment is desirable, which has the following two features: (1) quick access to data;

and (ii) use of real-world samples. In this experiment, these concerns have been
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addressed by the taking advantage of the gravimetric method to rapidly obtain data on

the moisture content of real soil samples.

Therefore, by using real samples and the gravimetric method to analyse the moisture
content of soils, students are provided with an opportunity to practice data analysis. In

doing this experiment, students not only enhance their practical skills but also improve

their problem solving skaills.
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7.2 PROPOSED EXPERIMENT 2

The analysis of total petroleum hydrocarbons (TPH) in soil: an integrated

environmental chemistry experiment

Petroleum hydrocarbon products are complex mixtures of hundreds of individual
components, including straight-chained, branched and cyclic alkanes, alkenes, as well
as monocyclic and polycyclic aromatic hydrocarbons (37). They can be divided into
volatile and semivolatile fractions. The volatile fraction includes C;-Cs and Cg-Cg
hydrocarbon (petrol). The semivolatile fraction includes C;o-C;4 hydrocarbon
(kerosene); C;s-Cpg hydrocarbon (heavy kerosene and lubricating oils); and Cy9-Csg

hydrocarbon (asphalt).

The contamination of soil by petroleum hydrocarbons is a worldwide problem, which is
increasing in frequency and complexity (127). Using the traditional methods such as
gravimetry and infrared spectroscopy for the determination of total petroleum
hydrocarbons (TPH) is not possible to identify the presence of specific/group
compounds. Instead, gas chromatography with flame ionisation detection (GC/FID) has
been used broadly as one of the most effective instruments to help identify and quantify
individual and/or group hydrocarbons in TPH components (127). One of the first steps
of the analytical procedure is to convert the sample into a suitable form, which often
involves the use of extraction techniques (42). Sonication, which has been approved by
the environmental protection agency (EPA) to be used for the extraction of semivolatile
organic compounds, has been used largely as an extraction technique for the

determination of TPH in soil (127).
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A govemment environmental analytical laboratory method for the analysis of
petroleum hydrocarbons in soil (128) was adopted, which requires the use of the
sonication for the extraction and GC/FID (BPXS, 25 m x 0.22 mm L.D. x 0.25 pm F.T.

column) for the quantification of the petroleum hydrocarbons. The proposed
experiment will provide students with the opportunity to experience a method used in a
professional environmental research laboratory. By doing the proposed experiment,
students have the opportunity to enhance their practical skills with the use of GC/FID
for analysis of semivolatile organic compounds. They also have the experience of using
a sonicator to extract semivolatile organic components from solid samples.
Significantly, the QA/QC approach is integrated into the procedure to provide students
with the opportunity to learn the important steps required in this approach and how to
apply these in the evaluation of analytical results. The proposed experiment can be
carried out in two sessions each of four to five hours duration in a quantitative
analytical or environmental chemistry laboratory. Students will require a basic

background in GC and statistics.

Towards the success of this experiment, providing the students with areal a soil sample
containing petroleum hydrocarbon contamination is an important element. Fortunately,
it is not difficult to find such contaminated soils. They are very likely to be found in car
parking areas, areas near petrol service stations, industrial refinery plants or even in
areas near railways. It could also a good idea to ask for samples of contaminated soil
which are no longer required by industrial analytical laboratories or environmental
analytical laboratories. For example, in Australia, The Australian Government
Analytical Laboratories (AGAL) are organisation from where such samples might be

obtained. One, however, can also produce the petroleum-contaminated soil by spiking
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petrol or diesel into a normal soil sample that can be taken from any garden.

7.2.1 Experimental Explanation

7.2.1.1 Session 1

Students are briefly introduced to the application of the GC/FID for analyzing
petroleum hydrocarbons. They are also introduced to the use of QC analysis to evaluate
the condition of the measurement system (analytical instrumentation) and the effect of
a sample matrix on analytical data. This leads to the introduction of the use of control
charts. Students should be aware of the use of control charts for QC analysis and the
use of QC samples such as reagent blanks, duplicates of samples or laboratory-fortified
blank (LFB), laboratory blank matrix (LBM), surrogate standard. Such an introduction
also leads students to understand that, in order to plot a control chart, they need to

gather class data.

Particularly, in this session, students should be introduced to the use of QC analysis and
its associated samples (e.g. LFM) to evaluate the effect of a matrix on their results.
Students are encouraged to discuss possible factors that can affect the percentage
recoveries of the LFM, such as the effectiveness of the extraction (solvents and
techniques) and the nature of the matrix. Therefore, they may investigate to what extent

such factors affect the result by proposing an appropriate experimental design.

After the students given a clear idea as to what samples they will need for the QC
procedure they will then prepare a sample for GC/FID analysis in readiness for the next
session. In doing this, they are provided with the opportunity to improve their practical

skills such as: (i) spiking technique in preparation for LFM and LBM; and (ii) using
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sonication for the extraction of petroleum hydrocarbons from soil.

7.2.1.2 Session 2

In the laboratory, students are required to quantify the petroleum hydrocarbons by
using GC/FID. They are asked to answer some prepared questions, which aim at
helping them to: (i) understand the use of QC procedures for the evaluation of their
results; and (i) to identify the source of the contaminants from the sample they
analyzed. Towards these tasks, students are required to be familiar with some basic
statistics. For example, they should find out the RPD of the duplicate, and the
percentage recoveries for the LBM and LFM samples. Particularly, when the class has
completed these experiments, students will be provided with further opportunities: (i)
to gain hands-on experience with the use of statistical methods for the interpretation of
data by asking them to calculate the mean value, using the Q-test for the examination of
suspect values, etc. (all associated questions are given in the Appendix 13); and (ii) to
extend their understanding about the use of QC analysis for the evaluation of the
analytical system by requiring them to specify the method of detection and to evaluate

reagent effect(s) on the analytical result, etc.

Figure 4 and 5 show the typical chromatograms of the petroleum hydrocarbons

standard and a contaminated sample.
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Based on the area of the standard and the area of sample, the typical concentrations of

the TPH fractions are calculated and the results are as follows:

Table 5 Result of petroleum hydrocarbons in contaminated soil

TPH range TPH
(mg kg™)
Low HC C¢-Cy 0
Medium HC C;p-C4 1,193
High HC C5-Cyg 5,484
Very high HC Cy9-Cs4 1,403
TPH 8,079

The level of each petroleum hydrocarbon range can help students predict the source of
contaminants in soil. For example, from the results in the Table 5 students can
conclude that a significantly large amount of contamination is due to high HC or heavy

kerosene and lubricating oils.

By comparing the percentage recovery calculation for LFM and LBM samples,
students can evaluate the matrix effect on the analytical measurement. Having reached
such a conclusion, they should understand that having QC samples is important as they
can use these to evaluate the quality of the measurement. Having the percentage
recoveries of the LFM can help students understand that the value “TPH concentration
in soil” is not the precise term to use, as it does not indicate the true amount of TPH in
soil; it is more accurately the extractable amount. Students should understand that the
percentage recoveries of LFM could tell how close the measurement is to the real
amount of TPH in soil. Therefore, an increase in these recoveries is likely to indicate a
better reliability of the measurement. Students will learn that the solvents, the

techniques used in extraction, and the characteristics of the matrix, may all affect the
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percentage recoveries.

A good exercise is for students to test their hypothesis by experimental design. For
example, in this experiment the typical percentage recovery of LFM is 81% and the
percentage recovery of LBM is 98%. These data suggest that the matrix has an effect
on the recoveries of the analytes of interest. Only 81% of the analyte of interest is
measured, the rest is not. It leads students to understand that the data they obtained is
not the actual amount of TPH in the soil. It is only likely to be 81% of the true value. In
other words, students can estimate how close the real TPH value in soil is to the data
they have. It can also help students to understand that while the analytical measurement
1s not the true value, the percentage recoveries from the LFM must be included in the

report to make the measured data meaningful.

Finally, when the class work for this experiment is completed, the students can be
asked to gather class data together to produce the final analytical result. This will
provide further opportunities to practise data analysis, and to evaluate the accuracy and
precision of their results within the context of the class’s data. They can also be
provided with further QC activities by asking them to plot the control chart from all
data of: (i) TPH concentration in the reagent blank; (i) RPD of duplicates; (iii)

percentage recoveries of the LBM; and (iv) concentration of the standard.

Therefore, in doing this experiment, students are provided with the opportunity to
practice the entire procedure for determining TPH in soil. It enables students to
improve their practical skills, and concept learning. Particularly, the integrated QC in

the procedure enables students to identify the problems associated with environmental
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analysis and also to help students to find the solution to such problems. It thus helps

students to enhance their problem solving skills.

7.2.2 Discussion

The environmental issue of soils in general and soil contaminated with petroleum
hydrocarbons in particular has been found to be insufficiently demonstrated in the ECE
laboratory (Chapter 3). This is in spite of the fact that petroleum hydrocarbons are
collectively one of the most common contaminants in soils. The potential hazard these
present to human health has become an issue of concern for environmental scientists
(Chapter 3). Therefore, in order to keep abreast of the current environmental problems,
the EC curriculum in general and the ECE laboratory in particular need to address this
issue. The proposed experiment is a response to the shortage of such practical material

in the EC curriculum.

Whilst it is recognised that soil contaminated with petroleum hydrocarbons is quite
complex, and the use of traditional methods (e.g. FTIR or gravimetry) are insufficient
for the purpose of tracing for the source of the contaminants, the use of GC/FID is
becoming prominent in the scientific laboratory (127). In the EC curriculum, the use of
instruments in the ECE laboratory and its benefits to students has been discussed in
Chapter 3. The major advantages to teachers of using instrumentation at the
undergraduate level are that it enables them to: (i) provide students with a good
opportunity to practice appropriate technical skills; (11) improve students’ investigative
skills; (iii) provide students with a good opportunity to learn new concepts and revise

old concepts; and (iv) improves students’ attitudes to science.
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Given (1) the routine use of GC/FID in analyzing petroleum hydrocarbon contaminants
in soil; (ii) the wide availability of GC equipment in most undergraduate chemistry
laboratories; (iii) the benefit that students may have by using such instruments; and (iv)
the surprising finding that there are seemingly no reported teaching experiments in the
ECE laboratory that are concerned with the analysis of petroleum hydrocarbons in

soils, the proposed experiment is expected to meet the needs of the EC curriculum.

One of the important steps in environmental analysis is to transfer the sample into the
“analytical state”. In other words, the analytes have to be extracted into a suitable
solvent. For the extraction of petroleum hydrocarbons from soils, there are several
extractive methods, which include Soxhlet and sonication extraction. Though Soxhlet
extraction is considered to be beneficial to students in gaining hands-on experience
(121, 129), it is time-consuming and perhaps inappropriate for this kind of experiment,
given that one laboratory session should not exceed five hours (Chapter 6). One needs
to seriously consider the availability of time if this method is conducted as extraction
periods of as much as 24 h are often required (121). With such long extraction time, it
is concerned that Soxhlet extraction is not likely to be workable in the educational

laboratory experiment.

In the proposed two-session laboratory experiment, students will prepare all appropriate
samples in the first session. In the second session, they will use GC/FID for analysis
and process the data. Consideration must be given to how the work to be done by the
students is divided between the two sessions. It has been argued that sample
preparation and analysis should be included in one laboratory period  (121).

Consideration must also be given to use of the GC since interruption of an experiment
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for more than one or two hours is likely to change the instrument response (56). Thus,
students should not plot the calibration curve in one session and run the samples in the
other (121). This suggests that, for the multiple laboratory session experiments,
instructors should carefully consider the breakdown of tasks between sessions to ensure

the scientific and pedagogic aspects.

One of the serious problems of the EC curriculum, which has been recognized in the
ECE laboratory, is insufficient consideration of QA/QC. This is considered to be the
main reason for students’ misunderstanding the important role of this procedure in the
scientific laboratory. This is also blamed for the students having little confidence when
they conduct QA/QC procedures (Chapter 3). In this experiment, the QA/QC
procedure 1s particularly emphasized. One of the most important parts of QA is the use
of QC samples (both field QC samples, and laboratory QC samples) to evaluate the
performance of the measurement system and the matrix effects on the produced data. In
the teaching laboratory, the preferable and perhaps most suitable way of introducing the
concept of QA/QC, is via the use of laboratory QC samples as it relates directly to the

use of “in house” samples.

Indeed, a survey of the literature has found that control charts, which is one way of
using laboratory QC samples to evaluate the performance of the instrumentation, have
been extensively used in the analytical teaching laboratory (46, 99, 100). In order to
introduce the concept of QC through the use of control charts, a large number of data
are needed, and this may take a significantly long period of time, typically one semester
(99, 100). Experiments, which are often used to demonstrat¢ this concept, are simple

analyses such as titrations, or conductance measurements. Here, students are asked to
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repeat the experiments using sample duplicates, reagent blanks, and surrogate
standards. The inclusion of QA/QC in such teaching laboratories has produced great
benefits to students. These include: the enhancement of the st‘udent’s identification and
problem solving skills, an increase in the students’ excitement and interest in the
laboratory, and more importantly students are found to be more confident in their

related work when they graduate (Chapter 3).

A control chart is one of the important components of QC. Adopting this procedure
helps students gain hands-on experience in creating and using control charts to evaluate
the validity of the laboratory data based on QC samples. Therefore, it is worthwhile to
address this issue in the ECE laboratory. However, another important role of the use of
QC samples is to evaluate the matrix effect on the result. This 1s particularly important
in environmental analytical analysis due to the “matrix nature” of environmental
samples (31). The proposed experiment, therefore, has focused on providing students
with the opportunity to practice QC for this specific purpose. Interestingly, the
introduction of QC to students by using QC samples for the evaluation of matrix effects
can be done after they finish their laboratory work. In this regard, it has the advantage
over introducing students to the use of QC samples through control charts, which
normally takes several weeks, months or terms to have enough data to plot the chart
and understand how it is used. Nevertheless, this does not mean that in the ECE
Jaboratory students should only be introduced to the use of QC to evaluate the matrix
effect on results. Instead, they should be exposed to both procedures, as these are what
graduates have to be familiar with in associated environmental analytical work.

Soil contaminated with petroleum hydrocarbons is a worldwide environmental issue,

particularly in Vietnam. The increase in oil and gas exploitation, its transportation and
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processing, are potential sources of these contaminants for not only the marine but also
for the soil environment (18). Moreover, the Delphi findings from the Vietnamese EC
educators have suggested that GC/FID is one of the four most desirable instruments to
be used in the EC laboratory in Vietnamese universities (Chapter 6). Therefore, this

experiment is also suitable for use in the Vietnamese context.
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CHAPTER 8 SIGNIFICANCE OF THE RESEARCH

8.1 New Knowledge

The survey of the literature on EE has shown the appropriate approach that should be
followed in the development of EE curricula internationally and in Vietnam in

particular; that is education for the environment following the guidelines of the Tbilisi

Declaration (1).

From the literature review of EE and chemical education laboratory programs, which

are the two interrelated subjects of EC, together with the critical review of the available

ECE laboratory programs in the literature, the “ideal” criteria for the ECE laboratory

have been identified. The review suggests a good ECE experiment should:

1. Consider the international, regional, national and local environmental issues.

2. Include the environmental issues of air, water and soil environments.

3. Use the integrated approach.

4. Provide students with opportunities to practice appropriate using instruments and
apparatus.

5. Use real samples and scientific processes.

6. Help students with opportunities to improve the following environmental chemistry
skills. sample preparation, measurement, data collection and analysis, interpretation

and report data, along with the QA/QC procedure.

This set of criteria would be useful information for international EC educators in the
development of such programs, as there are no agreed guidelines yet available. More
importantly, the research has also identified current shortcomings of the international

EC curriculum, in which there is a serious lack of consideration of the environmental
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issue of soil in students’ EC materials (including textbooks and practical work).
Additionally, it has identified the drawbacks of ECE laboratory programs in terms of
the insufficiency and ineffectiveness in providing students with opportunities to be
exposed to the important procedures, which are normally done in the professional EC
laboratory. Such drawbacks include deficiency in students’ practical work related to
processes such as sample preparation, data analysis and interpretation, and most
seriously the QA/QC procedure. These have led to negative effects on EC
undergraduate students, in terms of the improvement of practical skills, concept
learning and attitudes to science. These findings, therefore, would provide international
EC curriculum planners in general and EC educators in particular with a basis for the

development of more effective programs.

The survey of the literature on chemical education has clearly identified that the EC
curriculum is in a relatively advanced state in developed countries such as Australia.
Great attention has also been paid to up-dating textbooks and in the development of
new EC experiments. These provide Vietnamese EC educators with an overview of the
increased interest in the development of the ECE laboratory programs internationally.
The survey will help them towards recognising the need to pay more attention to
international trends in their field of interest, while they acknowledge the current

proposals for development of EC curriculum in Vietnam.

Yet, to keep abreast with the international trend in the development of the ECE
laboratory, Vietnamese universities have great difficulties in accessing facilities.
However, the studies have also clarified feasible solutions for the equipment problem,

of which the most suitable is the use of the integrated laboratory experiment. Indeed,
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this approach has been used broadly in the EC curriculum and has also been considered
to be useful and beneficially workable in the Vietnamese situation. Of particular
importance in this regard is that, from the application of the modified Delphi technique,
the above-mentioned international “ideal” criteria have been given consideration by the
leading Vietnamese EC educators. They have come to the consensus that such
internationally accepted criteria will be applicable in the ECE laboratory in Vietnamese
universities. Therefore, this provides useful guidelines for the national Vietnamese EC

educators, who are interested in development of such programs.

The literature provided an overview of the relative importance accorded to particular
environmental problems (air, water and soil) in reported undergraduate chemistry
courses. Surprisingly, the environmental issue related to soil has been identified as
being seriously under-represented in the international EC curriculum. The reading of
the literature strongly suggests a need for more soil-related materials in environmental
chemistry textbooks and experiments. Particularly, in developing countries such as
Vietnam, where soil quality is an important aspect of that country’s economic
development, the soil question should therefore, be accorded a critically focus in the

development of ECE laboratory programs.

8.2 Practical Laboratory Experiment

The research has identified specific weaknesses in the EC curriculum and EC
laboratory program. The two experiments tried and evaluated in the research directly
address the curriculum and laboratory deficiencies in the research. The problems of the
sample preparation and data analysis, which are two important procedures in the EC

laboratory, are addressed in Experiment 1. The other issue of soil contaminated with
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petroleum hydrocarbons and the ignorance of QA/QC to ensure defendable data in the

international EC curriculum are both addressed in the Experiment 2.

The development of such experiments based on guidelines for the development of ECE
laboratory in Vietnamese universities, which also address the international interest,
therefore would serve as a useful curricular source for EC educators. In the
development of such experiments, the most important issue is how to design
experiments so that they can be not only used in the well-equipped laboratory but also
can be adaptable to Vietnamese circumstances. Therefore, such experiments would

need to be feasible in the Vietnamese University laboratories’ conditions.

The two proposed experiments have presented the integration of the two approaches in
EE: education in the environment was used as the foundation for the ultimate purpose,
the for approach. The two experiments have both used real environmental samples as
the predominant ECE materials. Chapter 3 has shown that by doing so, students are
provided with unique opportunities to practice with challenging problems, that are
often associated with work in the environmental science area. Significantly, students
are often found to be more interested in such work, as their curiosity toward
understanding the environmental problems are met. In other words, by using real-world
environmental samples, in EC laboratory programs, students can obtain appropriate
knowledge and skills. These can help them have more awareness of environmental
problems. Thus, the use of real environmental samples is an example of the education

in the environment approach, which has been discussed in Chapter 2.
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Interestingly, previous studies have shown that through the challenge of using real-
world environmental samples, students are enable to understand the complexity of the
environment (Chapter 3). This helps enhance their problem solving skills and
therefore enables them to use their knowledge for the improvement and protection of
the environment more effectively. By doing this, these processes can be referred to as

the education for the environment approach, which is the ultimate purpose of EE of

which EC is one component (Chapter 2).

Indeed, in Experiment 1, a real soil sample is used to provide students with the context
to improve their practical skills such as the use of gravimetric methods to analyse
moisture content in soil. From these, they have an opportunity to practice with data
analysis. From the deep understanding of their results, students are able to identify
problems associated with the sample preparation. In doing this experiment students can

also enhance their problem solving skills.

In Experiment 2, by using soil contaminated with petroleum hydrocarbons, students
are provided with the opportunity to improve their practical skills and problem solving
skills. From using GC/FID students are enable to identify the source of TPH
contaminants in soil, and therefore can help them predict the cause of the soil
contamination. In addition, by having a chance to practice using QA/QC procedure,
students are able to understand and identify associated problems in environmental
analytical procedures. Students are also able to recognise that QC can be used as the
solution to the uncertainty in the environmental analytical procedure due to the
complexity of the natural matrix of typical environmental samples. These problem

solving skills, which the proposed EC experiments enable students to gain, are likely to
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help them participate in solving associated environmental problems and contributing to

the improvement and protection of the environment confidently and effectively.

Therefore, it would be said that in the ECE laboratory, the use of the in approach
provides a useful context toward the ultimate goal of EE, education for the
environment. From working with real environmental problems, students are able to
identify the causes, propose appropriate solutions, and develop problem-solving skills.
With such knowledge and skills students can effectively participate in the improvement
and protection of the environment. In other words, the in approach is strongly

suggested in use with the for approach to achieve the target of EE and EC courses.
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APPENDIX 1
THE GROUPS OF CONTAMINANTS IN SOILS

. Heavy metals: The most important heavy metals with regard to potential hazards
and occurrence in contaminated soils are: As, Cd, Cr, Hg, Pb, and Zn. They are
mainly from tanneries, wood-preserving activities, mining wastes, cattle dips,
smelters, etc.

. Hydrocarbon pollutants: These include alkanes, aromatic hydrocarbons, and
organic constituents of some petroleum deposits. They may appear at the sites of
petrol stations, fuel depots and may also be due to the accidental spillage and
disposal of waste chemicals, etc.

. Toxic organic micropollutants: The most common are polycyclic aromatic
hydrocarbons (PAHs), polyheterocyclic hydrocarbons (PHHs),
polychlorodibenzodioxin (PCDD) and polychlorodibenzofuran (PCDF) which
may appear in petroleum hydrocarbons and coal gas plants. Others include
pesticides such as 1,1-di(4-chlorophenyl)-trichloroethane (DDT), dieldrin, etc.,
which are residues from agricultural chemical wastes such as cattle dips.

. Other industrial chemicals such as solvents, polychlorinated biphenyls (PCBs),
acids, alkalis, etc. which come from the disposal of waste chemicals and industrial

operations

. Nutrient-rich wastes.

. Radionuclides.

. Pathogenic organisms.
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APPENDIX 2
SUMMARY OF THE SOIL CONTAMINATION PATHWAY

. Direct ingestion of contaminated soil (by gardeners, children, animals and on
unwashed vegetables). In such cases compounds of As, Cd, Pb, CN-, Cr+ 6, Hg,
coal tars (PAHs), PCBs, dioxins, phenols, pathogenic bacteria, viruses, eggs of
parasites are the main contaminants.

. Inhalation of dusts and volatiles from contaminated soil. Organic solvents
(toluene, benzene, xylene) are often associated with this.

. Uptake by crop plants of pollutants hazardous to animals and humans through the
food chain. These include heavy metals (As, Cd, '*'Cs, Hg, Pb, *°Sr, T1), PAHs,

and various pesticides.

. Phytotoxicity by compounds of SO4*, Cu, Ni, Zn, CHs, Cr and B may be
envolved.

. Toxicity to soil microbial biomass by metals such as species of Cd, Cu, Ni and Zn.
. Deterioration of building materials and services. Contaminants such as SO,
SO32', CI, tar, phenols, mineral oils, and organic solvents may be included.

. Fires and explosions. Species such as CHy, S, coal, and coke dust, petroleum oil,
tar, rubber, plastics, high calorific value wastes (from old landfills) can be
produced.

. Contact of people with contaminants during demolition and site development:
Species such as Tars (PAHs), phenols, asbestos, radionuclides, PCBs, TCDs,
pathogenic bacteria and viruses may be involved.

. Contamination of water. CN, SO,*, metal salts, hydrocarbons, solvents,

surfactants, sewage and farm waste pesticides are examples.
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SUMMARY OF THE TOXICITY AND THE HEALTH EFFECTS OF SOME
REPRESENTATIVE PETROLEUM HYDROCARBONS

Product Compound TLV Potential health effects
Gasoline benzene 10 Nausea, vomiting, known human
carcinogen
toluene 100 CNS depression, fatigue,
weakness, eye irritant
xylenes 100 CNS depression, nausea,
vomiting, skin irritant
ethylbenzene 100 CNS depression, nausea, vomiting
liver/kidney damage.
n-hexane 50 Nausea, dizziness, vomiting,
severe but reversible paralysis
other hexane isomers 500 Skin, mucous membrane irritant
octane 300 Weakness, fatigue, headache,
nausea, vomiting, anorexia,
diarrhea.
Middle PAHs naphthalene 10 Weakness, tremors, dizziness,
distillates vomiting
benzo(a) anthracene 0 Probable human carcinogens
benzo(a) pyrene 0 Probable human carcinogens
Residual PAHs benzo(a ) anthracene 0 Probable human carcinogens
fuels benzo(a) pyrene 0 Probable human carcinogens
crysene 0 Probable human carcinogens

TLV: Threshold limit values, values are time-weighted average exposures in ppm for vapors

CNS: Central Nervous System.




€86 9¢ Q61 6€1 "VSQ ‘uoisog ‘ssaid JUBID) PIB[[IA PO wS ‘A4ps1wayd [ojuswuoLIAUT “F S ‘UBYBUBIA] 1661
6€€ 99 z61 | 281 EPRURD) Py] Julysyqny zionm pa (1 ‘Ausiuoyd [ppusmuoauy N ‘ooung
£ee 9§ 65 7L N ‘10381g “Anstway) Jo A19100g [eA0Y Juomuoaus 1o Suipuvisiopury ('pa) ‘g ‘10I9H 9861
[A%Y4 L 8¢ 91 VS ‘U0Isog ‘Uimu() % U[[V'D Pa (1 ‘Austuays prusuuosauy - ‘ou,Q $861
¢l9 1S 14X 681 VSN u0isog ‘SSa1q JUBID PIR[[IN ‘PO ‘Ausiuayo (piudwuoaug q 'S ‘UeyruBiy V861
12! Ly 6t 143 N ‘uopuoT ‘proury 0861
pIeMPY ‘A1012Df 421D0A-41D~y4D2 2Yy1 ‘AuIS1UWaYD [DJUdWUOLIAUT ‘('SPF) °S " ‘SSIT ST " Gue( ©d ‘olquiosa[quuig Y Jromsiey
06¥ 143 § %4 Lyl VSN ‘u0jsog ssaid JUeID) PIRI[IAN ‘P ¢ ‘AUSIUIYD [DIUGWUOLIAUT T 'S ‘URYRURIA 6L61
SLS [44 SOI1 LOT VSN DOX MIN ‘SS214 ORI Fudwuoiaua oy Jo Lisiudy) v~y ‘Kalieg 8L6I1
S6L Ll 261 06 VSN SHOX MIN ‘SS21J wnudld ‘Aus1udyd [pjuamuodaus "N, [ SIooIg LL61
00S €T 19 ZL VSN 10X MON ‘SS21J WP ‘AUISIudYD [DIUSUUOLIAUT ' “H DI00N M [ ‘9100 9/61
€12 0 b1l €11 "VSN ‘Auedwo)) pue UBWRIO ‘POOS “pd pwl ‘Hounjjod 1a1pm puv 41y Austuayd (pjuswuodauy 7 S ‘18eds g Y ‘uoydag
(433 vC L8T | SVI 'VSI ‘uojsog ‘ssa1d JUBID PIE[[IM P2 T ‘AUS1udyd [pjudmuosauy g S ‘UeyeuRly SL61
26t Ll 44 901 'VSN ‘u03s0g ‘S8a14 JURID PIR[IIA P2 [ ‘AuSTudYd [p1udmuodaus g 'S ‘UryRUBIN eL6]
81 0 S6 {8 VSN ‘“Auedwo)) pue uewaio ‘P0G "pa [ ‘Uonnjjod 4210m pup 41y AAISTUIYD [DIUBUUOLIAUT “1°S ‘193ees 'S 'H ‘uaydaig 2L61
[e10], [0S | I9jeAs | Y | B4
jooqixa], paystqng

saded jo taquuny

0002 OL 7ZL61 AOIMHd JHL YIAO AIHSI'TANd SOOdLXAL AYLSINIHD TVINANNOIIANT A0 SISIT

LS1 sao1puaddy

¥ XIANHddV




GL8 68 Sl S1Z VS ‘uorey ©o0g ‘SIOYSIqN SIMIT ‘Aurs1udyd [DJUIUUOAIAUT PRyl ‘6661 "d 'S ‘UeyeUBRN
OLY 01 181 €91 VS M0 X MIN ‘ssa1d ANISIaAIUf) PIOJXO “aa1100ds4ad [pqo}8 y :Auisimayd [prudmuoIAUT ‘6661 [ 'S ‘Apndg A M D ‘uoo]
) SN “98puquue)) ‘AR100S [BITWYD 6661
LEY i L61 05z | [eAoy ‘wonnjjod pup dusiwayo [DIUdWUOIAUS 0] UOINPOIIUL Uy JUFUUOIIAUS 1o Suipupis4apuf) "pd € ‘6661 W § ‘UOISLIEH
1443 891 LOT 533 VS “UewddI] ‘H "M ‘Adsiuoyd [ppupwuoaug P 7 ‘6661 'O ‘PIEY
90S €T Sh 97 o VS ‘S19YySIqng SImd ‘Aurstuayd [pIupuu0L1aua f0 s1d2ou02 215Dg "M\ " [[PUUOD L661
9¢ 0 29 98 V'S I[eH 20nua1g quauuogaus aiys o Lusiuoyd W p ‘uel3ns To "1 ‘onds 9661
60T 89 9y L Vs
‘20UD10§ [[oMOR]( ‘AUISIUYD [DIUSWUOLAUS O] UOINPOAIUL Uy ‘(spa) 'S "d ‘SSIT A "L ‘SIPIOY 2[quodajquulg g [ ‘smalpuy
8¥ b $9 081 VS S0 X MIN ‘Aueduioo pue UBWIL] H' M “AUSIUIYD [DIUUUOLAUT "D ‘preg $661
118 69 Gl 761 "WS[) ‘Uoyey BoOg ‘SIYSIQNJ SIMO P 9 ‘AUIS1uoYD [DIUSUUONAUT ] S ‘ueqeuEN v661
9/¢ 08 &4 602 ‘epeue)) ‘py] JurysHqng ZION P2 ,,7 “ISIMaYD [pjudluoAuy " "N ‘ooung
768 ¥€T 19% 12 “BI[EAO[SOYDIIZ)) ‘IIAIS[H “$702dSD [DJUSUUOAIAUD [10S pUD v 4210 fo £80j019 pup Lustuay) ‘(‘pg) [ ‘AssaaBoL,
89¢ tL 98 v6 "YSN M0 MaN ‘oY wewdey) pa g ‘Austuayo [pjuswuodauy "d 1PN.O €661
6SS 0 99 s -gpeuE)) ‘PY] SUYSHANG ZISNA P2 T ‘AuStuaYd [piudwu0aus 0) uoyINpolUr 'f N ‘doung
8 St 7zl 901 VS ‘uoiey edog ‘siaysiqng SIma] ‘ApS1uaY 2 [DIUMUOLIAUR fO S[DIUdWDPUN,] "F °S “‘UBYRUBIN
743 0€ 96 89 SN ‘98puquie) “Anstway) 2661
30 A39100G [eA0Y ‘uonnjjod pup Auspudyd 0] UOUIMPOLUT Uy JUSUUOAUS 4no Suipupis4opu(] P3 ., ‘(PE) ‘W Y ‘UOSHLIEH
[eloL | [0S | 19jBAN | ATV AT-ETN
saded jJo JdoqUINN qOOq)Xd L paysHqnd
gs1 soowpuaddy




198-6€8 ‘T1 ‘6F ‘onpg way) 1 ‘uswiladxd Alojeloqe| Juspns
V -poyjow 13juIpy £q UsSAX0 PIAJOSSIP JO UONBUIULIANP Y, ‘TL6T "D "d “JOIuLIo) SN

'8€8-L€8
‘T1 ‘6% onpg "wayD [ * I9)em U BIUOWILIE JO SISA[RUR OLIOWOIPEY, ‘TL6T D "W ‘BIYIIN

“6bL ‘11 ‘6 onpg wayD)  ‘ Juswiiadxd sis[eue 11epm, ‘7L61 g OII0pUY TL61
€99 ‘6 ‘6¥ onpg way) r ¢ yuswniadxs uonnyjod
'8TY-LTY ‘9 ‘6% "onpg wayD [ * A101e10QE] I1e Ue pUE JAJIWMOYJ JUIPTIS, ‘ZL61 "M "H WO
A1010nponul 2y} 10y JuswLradxa JueAd]al y -Us8AX0 paA[ossI, ‘7,61 " "M ‘83mS
STyT
07-61 ‘1 ‘6% onpq way)  ‘ Juswiltadxs 21M399] [BI150]090 Uy -SI0BLINS 1 ‘6 onpg “way) [ ¢ A101BIOQR] UBLIYSIIJ S} UI
JuLIBW WOJJ {10 IPNID [BAOWSY, ‘7,61 "H 'd 'V QUaamoyos =1 "W 'H ‘Ualsfa1(] sjuswanseaw uonnjiod 11y, ‘z/61 T Y ‘Sexyuijdng
L9 ‘01 ‘8 “onpyg way) [ ¢2sIn0d Iofew 95UIOS 2IUOU 3Y) 10] Juswiadxa
A101e10QE] V -SISA[RUR 9eLIN, ‘1,61 'H [ ‘T YHWS "W D ‘veuudwe] "W " Bury
1261
'TSS-15S ‘8 ‘8P ,
onps “wiay?) [ ‘ syusdisjep ur sajeydsoyd jo SisATeuy, ‘161 A Y 2y ¢S "D If ‘Zury
0L61
86796 T ‘9¥
onpyg way?) [ ‘sanbiugoa) uaso Junrayy -satpmys | 6961
uonnfod 11y, ‘6961 7 'S ‘A9PYoeS M "d IS9M
oS SELL VY ay IBIX

(000Z-6961) AANLVIALIT TYNOILVONAA NI SINAWTIAIXH AALSTANTHD TYINANWNOIIANT A0 ATAANS

6S1 Ssaorpuaddy

S XTIANHAddV




'8TE€ SIS
onps way) ¢ sa3pn[s a8emas
Ul SJUSUIS[ 9981} JO UOIJBUIULIDIP

srdoosonoads, “‘v/61 "D ‘Yoasg

0¢l

‘T 1S onpg way) [ ¢ JuswiIadxs
Anstwroyd [eIUd8 Y -wnIpos

Jo enoads uolsstd -uondiosqe

ot pue uonnjjod jjes apispeoy],

"YT-€T ‘1 1T ‘way) onpd € UsZLX0 PIAJoSSIp
JO JUSUISINSBIW Y ], ‘b 6] S ‘Loweues] [ ‘Sid <[ ‘@1kemyiapisiy L

‘“L61 "1 °f ‘muspeN g "L ‘ddu "€SL-TSL 11 1S onpq vL61
w2y [ ¢ UOHBUIULIDNIOP AMOISW 08I 10] JudWyoeye — uondiospe
"€89-789 ‘01 | OIWOJE SWE[) SUOU Y, “p/6] "H "M “UOISIPPNH 'y ‘Uouue) UL A ‘NI
‘1§ onpyg way) ¢ sojdures [eas
ul 9jeniu Jo sisA[eue oLgawLIoON|,, "€89-789 ‘01 ‘IS onpg ‘way) 1 ¢ sojdues
‘bL61 A Y ‘unerg CH 'V TOnSIA | 821 ul 9)enIU JO SIsAJeUR SLowILION], ‘b 61 " Y ‘uneld “H VY ‘[ondiA
"805-L0S ‘L ‘0§ "onpg way) [ ‘ Jusuiliadxd
"80S-L0S ‘L ‘0§ onpg | AI0)eioqe|  -SINPISAI 9pronsad jo UOHBUIULINP YL, ‘€L61 " “Yosore[
way) 1 “ Jusuriadxa A1ojeroge| v "1S€ ‘S 08 onpg way) £L61
-sonpisaz apronsad jJo UONBUTULIAP "61L-81L | ‘.(SNVd) syeniu [£3ooe[Ax0194 Juenjod 1re yuepodurn
oYL, ‘€L61 ¥ “Yosoef ‘01 ‘0§ "onpd "way) [ Jdjesm UIRI UL PIOB OLIIN, ‘€61 T'D ‘UOSBI[D | UBJO SIsA[euy, ‘€L6] 'V .‘2 01 Y g ‘suaydaig
IJBAA 11y

10§

183X

091 saoipuaddy




S19v19

¢/ ‘6S ~ompy way) [ ¢ saprousad 1ueolIUIS AJJRJUSUILOIIAUS 7861
JO uonEUTULIARP DO, ‘TY61 'S ‘Nog “H "M ‘PuIZNy
1861
0861
"LLI-9LT 9
‘91 ‘way) onpy * S[10S Ul JaSI[1HIS) areydsoy,
‘6L61 [V ‘Apue( ‘[ ~d ‘UOSIION
"TSS-1SS ‘8 ‘95 “onpg wayD [ Judwadxs | 6161
"69-79 ‘T ‘91 ‘way) onpy ‘ UONBUITLISP A107210QER] 1USPNIS Y -a)ous 913218310 ul aje[nonted
JWAWS[d LY, ‘6L61 'S "L IS9M pue XQN JO UoneUIULIaldp YL, ‘6L61 "D "W SIPUO
8L61
"TST-6¥T v ‘pS onpq YD)
£ ¢ Syuawafd juepoduwl AJ[EJUSUIUOIIAUS [BI3ASS 10F SUWISDS LL61
sIsA[eue aaneyenb ojduns v, ‘4261 4 D “UBOIOIA T *[ ‘WaquIe’]
9.61
'7T8-118 71 T8
onpy way) [ - Juawiladxas A101e10qR] Y -IlR Jusique | G/61
ur uoqIed0IpAH, ‘.61 °S 'd ‘s33ug Y 'S ‘Ipreul
[1os 1918 A 2144 Jeax

191 saowpuaddy




SEEPEE Y

‘89 "onp "way? [ ¢ ,uonenn olewonuod e jo uonedrjdde [erusUIUOIATS

'9SZ-¥ST ‘€ ‘89 "onpy wiayD [ ‘ 1pwAIpiqry ajdwis

Uy -SI91eM [RIMJBU UT 9PLIO[YD), ‘1661 M ‘SPIOUASY D ‘AsuasI] € JO UOI}ONNSUOd pue Juawiddxa ulel ploy, ‘1661 'V "J ‘Uopaneg 1661
0661
6861
"€78-078 ‘6 ‘S9 onpy way) 1 ‘ Juswiradxa A1ojeloqe] sisA[eue 8861
[eyuswmnsur uy -Adoosonoads Y11 Aq 1sneyxs spiqowoine ui QD
JO UONBUTUWLIAIA(, ‘8861 'V O QO g "I ‘“9ouad g ‘W ‘Z}[oysess
"81-91 ‘T ¥
‘way?) "ompy ¢, UONOE Ul ANSTWAYD [ejusuIuoIiAug, ‘L861 T "d ‘UOSISpuES 1861
9861
"8ST-LST ‘€ “T9 onpH WY $861
[ ¢, UoTIEN) UOHIPPE PIEpUE)S Aq SISA[EUE Urel P19V, ‘6861 'd 'O preydo
"6£L-8EL ‘8 ‘19 onpHq
‘way?) ¢ syuenyjod
juaysisiad ‘oarsearad
e uruiuelep 103
yuawrtradxa [eonoeld $861
V, ‘861 'd M ‘6€L-8EL ‘8 19 onpg way) 1 ‘ syueynjod judsisiad ‘aarseatad e
‘Ioueg 4 D ‘uosiopy | Surutuwisyep loy yuswiradxs eonoerd v, ‘Y861 M ‘Iaueg ¢ "D ‘U0SIAPY
'8¢T
-9€7 € ‘09 "onpy ‘way) [ ¢ SIo)eA 9)Sem PUE [eINJEU Ul SJUBJORIINS dlouoIue €861
30 UONEUIULINGD YT, ‘€861 'V "N ‘UOSqID A [ ‘U ©'L “d ‘ds1D
INBAA any IBIX

1105

791 saowpuaddy




‘TEI-6T1'V S ‘OL onpq
‘way?) [ ¢ syes 3[qn[os pue sKe[o papuadsns SUIBIUOD JBY) 13)em [eLISNpUl
ue Jo jusuyesy 9y -jueld JUsUNEIL 19)BM ISBAM UNI 0) ASED J[BIS [[BIUS

V ‘€661 ‘[ 0108 ¢ “ZOURA-ZOUILBIA [ ‘Sareul]] N ‘e[dsq ¢ ‘O1eA]Y

Y1 S ‘0L "onpg way) [ ‘. s10(ewW 99UII0S SUOU 10J (SSauprey

[eotwayo) Juswiradxa Jusunean 19)em 7, ‘€661 'V [ ‘1089eI( 'S " ‘OuBLIOS

L6E-S6E S ‘0L onpg ‘way) T ¢ Juswafrurw 3)sem Jo swojqoid oy
03 sojdiounad [eorwayo pue [eorsAyd Suifjddy -0s1n00 A1STwayod [B19US3 oY)

Ul 19)eA9)SEAs PUR 9)SBAM JO Juswea) 3y Suronponuy, ‘€661 "M 'S O[emeyq

£661
‘IY€-0VE ‘v ‘0L onpq wayDd
¢ wistrenbe 1918 $31) € UL SJUSWSINSBIW JLIJSWONU0d, ‘€661 ' "L ‘Sluey OVIV-€E1V G ‘0L onpq
‘way? ¢ suonenuasuod uonnjjod jusrqure JurfaAins
‘'R01-101 ‘T ‘0L onpg "way) 7 ‘,uonesnsaAul p[dly pue A10je10qe] -ulel pioe | 10J poyrouw sjduwis y -a1oydsoune oY) Ul UOT)BUILLIDIP
£q 2U03S 9JBUOQIRD JO UOISOId YL, ‘€661 ‘N N ‘ApPpaYy 'V "d ‘1oyospaeg SI1 pue apPIXOIP USZOMIN], ‘€661 " ‘19100US
[S1-8V1V
‘S ‘69 "onpyg ‘way)H r “ A101810qQR] UIONPOLUT JY) OI)
1uawiadxa [9a0u y -Adodsonoads Y114 Suisn uoojjeq 7661
® ul sisAjeue Sows ousydsouny, ‘ze61 "1 | ‘Aowy
1o 1918 AN 1y 183X

€91 saotpuaddy




Yy-1vy S TL
onpy “way) < 193foid goreasal juspnis

v -sndureds Ansiaatun e uo sspdures [10s pue

3

TSOT-0S0T1 ‘11 “TL onpq ‘way) [ ¢ Iajemalsem
110 30 UOT}E[NZL0J01103]H :JUSUIUOIIAUS S} JO UOLBIPIWIAL

[e011303]2 uo syusuniadxa A101e10GR ], ‘G661 I ‘Temysafey

‘N ‘Sunip ¢S Seseq D Y ‘Zonbsep SN T ‘010WDR] (D [ ‘Zueq]

"$9T-$9T ‘€ “TL onpy "wayD [ S JUSWUOIIAUD
onjenbe 2y} ur WNIWIPED JO SULIoJ Jo aduey)), ‘G661 'S 'S " ‘M

"6S-1S ‘1 ‘7L onpq wayD [ ‘OpING JUSWSINSBIW ,SISTIUSIOS INSJELE

gursn [10s pue I9jem Ul JjenIu 3961 FurjosydS661 "D d If ‘1axeg

‘b8 ‘1 ‘7L ompg wiay) ¢ s1o{ew 90UIIIS UOU J0J JusWLIad X

I9yem ul ped| sisA[eue pue urjdwes, ‘G661 UONIE[[IISIP [BIUSWIUOIIAUD UV, ‘G661 VY [ ‘1983eI(] 'S "( ‘Ouelios S661
"M [ ‘uosrowryg Y ‘iqelrez L 'S ‘ejeing
"v8-08 ‘1 “TL onpg “wayD
"€81-781 ‘T “TL onpy WD o “ uonedrjdde Ansiusyd [ejuawIuoNiAuS Yiim Ansiusyo [esisiyd 99€-v9¢ “TL "onpq ‘way)
£ ¢ [EIUSUIUOIIAUD UY -JUSWIPSS UI (SAV) ur Juswiadxa Uy -uonnjos snoanbe Jnjip woiy jousydoniN-d | 1 Aydeigorewory)-ser Aq ISneyYXs OJne Ul 9pIXouow
SIpYIns 3[e[0A PIOY, ‘G661 “H ‘1omnoig Jo uondiospy, ‘5661 [ "M “If “19gaM “H [ JINPIr N W ‘weuk] uoqJed FULINSEI, ‘661 *S “UOPWI_H ©*( “OFJe(
191-6S1 ‘9 “I€ ‘wayD onpq * S1arem
ays SunsaL, ‘p661 ‘d 'S ‘Mfo[epy d ‘uosAequiy -3 Y ‘Uopue]
"€TS-1TS 9 1L onpg t8 P661
“Way?) [ ¢, 19)em UI S[IAS] UOPEY JO UONBUIULINGP Y] -uawiadxa | | ‘[, onpg way) ¢, 30UedJIUSIS [B)USUIUOIIAUS JO
AQSTwIayo [BIUSWUOIIAUD UV, ‘b661 ‘N " ‘UBWSSOW &F 1 “Yolop | Iuswnradxa A ojdwiis v, ‘b661 "[[8 19 "M "d ‘[o1ueq
__ow. e 1y 183 X

¥91 saowpuaddy




"T95-8SS ‘9 ‘€L
onpsg way) f “ uonoajep armyded uonosyg
-Aydei3orewronyo Arejjides Suisn Ansruayo

[BIUSWUOIIAUS UT JuswlIadxa A10jeI0qe]
9Jenpelidiopun Uy -SJUSWIPas Aeq pue
IaA11 Ul (sgDd) SjAuaydiq pajeurio[yoLjod
Jo uoneuruLaRg, ‘9661 “1
‘wrey3uruuny) (Y ‘uasuel g S ‘49189

€11 e
‘WY onpy . [SUURYD [0ISLI UI S[BIOW AABIY, ‘9661 [ DIYsuordg

"T9S-8SS ‘9 ‘€L onpy

‘way? ¢ uonsdjep arnydes uonosslyg -Ayderdoreworyo Arefides Juisn
A1STiIayo [ejusUIUOIIAUS U Judwadxs A1ojeioqe] sjenpeidiopun

Uy -SjuaWIpas Aeq pue Iaall ur (sgDd) sjAuaydiq pajeutzoryoLjod jo
UOTIBUIULIAIR(, ‘9661 ~T 3 ‘Weydwuun)) Y ‘uasuey & 'S ‘A9[3a

"1901-8S01 ‘11 ‘€L onpq "way)
[ ¢ Juswitadxs A10je10qe] PoIBIZaIul 10 A1STISYD [BIUSUIUOIIAUD

uy -spunodwod d1uegio jueprodwl A[[ejustuoliaus jo Juruonred

1IEM -1V, ‘9661 "N 'V ‘Wad[oy W [ ‘US[[V Y g ‘UeIpydrwey

"1901-8501 ‘11 ‘€L onpg ‘way)
o “ Juownradxa A1oreloqe| paje1dazur 10 Ansruayo

[BIUSWUONIAUD Uy -spunodwod s1uedio juepodu]

"T9S-8SS ‘9 ‘€L onpg wyD [ ‘9661 1A 'SL9-1L9 ‘L ‘€L onpg “wiay) [ ° I3YRMESS Ul SUOLRHYUIIUOD A[Teyuauruoniaus yo Jwuonnred 191em -1V, ‘9661 9661
‘urey3utuun)) {1 Y ‘uasuey ¢ S ‘Aa139Y Uol [e}oW 30BI) JO UOHBUIULINA(], ‘9661 "J ‘UOWDA "N "W ‘A9131nd WV ‘Wadjoy S [ ‘Ul([V <Y g ‘Ueipyorwey
“Yrb-118 S ‘TL onpg way) ¢ 393lo1d yoreasas juaprys
v -sndwies AJsIsArun e uo sajdures [10S pue 19jem Ul PeJ[ SISA[eUe G661
pue urdures, ‘5661 "M " ‘uosiowrg 'y ‘Iqelrez O[S ‘eemng
I9JBAA Y 18aX

110§

G971 Saompuaddy




0SY1-6v1 “T1 ‘pL onpd wWayD  °L66]

¢ JUSWIUOIIAUD 3} JO UOTJRIPIWAI [EDIUIAYO0LI3]d UO SJUaWLIadxd

A1ojeIoqe], "7 ‘UeljezS U Y ‘Id U AL Y3UIS D °f ‘Zaueq]

Shy1-vbyl ‘T1 PL onpq wayD [ ‘ sodues Jajem ul 0 pue IN
JO UONBNSUOWAP ILBUIWBI[OA, ‘L66] [ ‘2194 ‘BUd{ ‘umbeof ‘oiig

-ZopUeWIoY [ ‘|oNSIA ZanSLIPOY-eUO(] *'[ ‘OUQ|Y ‘UBI[IJA-CIILIOH

ey 1-0vyl
‘21 ‘pL onpd way) ¢ 19183 21]AX0qIed ' JO SISAJ0IpAY Jo sonaury

pUE WSIUBYIIW :S)USUIUOIIAUD o1jenbe ur sjueurrejuod o1uedio Jo a1e)

oy SuIssassy, ‘L6611 "d ¥ ‘Yoequaziemyos -y JA ISI9JA [ ‘Uasney

STl
-pTy1 ‘T1 ‘pL onpg woyD [ SPUIud UONSNqUIod
[BLWIDIUT Y)IA UOT}O2UUOD Ul dure[j aInjeladwus)

y31y Jo syonpoid-£q e Se SapIxo usfoxnIu Jo uoljeuLio]

SY1 ‘UOHENSUOWAP UIRI PIOY, ‘L661 "V “[ ‘109SUQ

or1-6SvI

‘71 ‘bL onpg way) ¢ Answonosads uondiosqe
[eondo [enuaiajyip Aq uonnyjod srsydsoune
Sunnseajy :A10jeI0QR] SISA[RUR [RJUSWINYSUI

UE Ul ME[ L2QBT-129¢g 2} Ul SUONeIASp 3unensny(,

‘1661 [ g ‘snmid-uosAeur] <"1 ‘s1oneig D ‘Y UV

1ZPI-E1V1 ‘T ‘bL onpq wayD [ “ d1eliu pue el
‘QuIZene ‘ped| JO SISA[eUR 10] SANIAIIOR A10)e10qR] [00Y0S Y31y Yim | -0pCl ‘11 ‘pL onpq way) [ ‘ Juawiiiadxa Ansiuayd L661

‘001X3JA] PUE S 2y ur uonnjjod 19jeMm JO UOISSNISIP V, ‘L661 W "D [e1auad v — {ON JO UOTIBZLISUISP puB UONJRULIO],

YSYI-1SP1 T ‘pL onpq “wayD ‘eundoy-onse) ' ‘[ ‘Me) 'S "( @8ey [ ‘UewpUnID g " TN | ‘L66] S ULIYOS 'S 'S “19819qYSIH (@ "V ‘SluusH

[ ¢ uonerpawaiorg Sunensny|] yuswadxy

uy :*ds seuowopnasq Aq uonepeidsq "SSOT-€S0T ‘11 “TL onpq way) L1€-91€ °€ ‘pL ompq w2y [ yued

tousydoniN-d jo sonaury, ‘1661 1 ¢ Kdoosonoads suaosaronyj Aq apixorad uadoIpAy jo sisAjeuy oy} Aq pajeipel Y] Jo uondiosqe i), /661 'V'H

g 'S QueID) 1 °S ‘pajoIuad C'H N ‘Suong 13S1019X? A10)RIOQR] [RjUSWUOIIAUY, ‘L661 'H [ 99T M [ ‘pAo1T NISNOA [ ‘2T SN AqeoInA g "D “9101aSaN
110§ 1918\ ay BIL)

99y saotpuaddy




0191-6091 “Z1 ‘SL onpg

WY ¢ ADSIuILy)) [2JUSWUOIIAUL Ul
3SIOI3XH AIOIBIOGRT Y :S[I0S SIOUI|[] YIIm
SUIZERY JO JUSIOLJR0D UonNqLysiq 2y,
‘8661 °Q ‘dnrery X ‘Bueyz g ‘uejoq

"8091 -S091 “T1 ‘SL onpg way)

£ JUSWIPIS I00[J-BIS UI SIPIJNS OI[[eISW
a[qnjos-proe pue apyns uadorpAy jo
UOIJRUIULIIIP Y] JUSWUOIIAUL DIqOIIBUE
9y W sapyIng, ‘8661 °S 1 ‘Buol] N ‘Puld
1 ‘1984 g “19A0H Y [ ‘UdsuLisLIy)

"68GI ‘71 ‘SL
“onps “wayD) [ ¢ UONEJIJIIUSP] [BOIWAYD) Ul ISIOIXY SUIA[0S

-WRqo1d 7 I9Yep PI[Hog SUIAINUSPL, ‘B66T T Y ‘SIAN

0651-8851

‘1 ‘sL onpyg way) ¢ sisatoydonodafs Arejided Aq 19jem

Ul SJLLIN PUe 9JBIIN JO UONBUIULINS(, ‘8661 g "d ‘1Y [
‘wewrpunin) &) "y D ‘OJjopm v ‘Aehypedopey)d 'S ' 98eyg

“TH01-0v01 ‘8 ‘SL onpq “widyD) [ ‘,JUSUUOIIAUD

JO UONBIPAWAI [BIIWIAYI01I]3 Y} U0 SjuswIadxa

A101810q87, ‘8661 'Z ‘WelyezS “N W ‘YBUIS D °f ‘Zoueq]

"86S1 -S6S1 ‘T1 ‘SL onpq wWay)

¢ SUI[OSBL) Ul JUIZUIG pUR IS [AINQ-}-[AQIOIN (Anstuay)
[BIUSUWIUOIIAUS UT A10)BI0QER T SISA[RUY [BIUSWINISU]
Jjenpeidiopup) aY) 10J juswradxyg SN-DO MIN V,

‘8661 ' 'd ‘Snid-uosAe[uly 'y "N ‘BISmoyzs1) I L [ ‘Yoend

1SL-0SL ‘9 ‘SL "onpy “way?) r“ Juenjjod o1ued1o snoased jo
uonepeI3ap oNA[eIedoloyd, ‘8661 1 A 1 ‘MeyD “D [ ‘nx

"S091-€091 “T1 ‘SL "onpq “way)  ‘ 10sU2S
U93AX0 9)1B[D) B )M SINOIABYIQ JUBPIXOIIUR SUIUSI0S

:sjouayd £q uonepIxo S)JIns Jo UOHIqIYuUL, ‘8661 " ‘sodis

8661

99-49¢ ‘b
‘TL 661 onpq way) 1 ¢ Aydeidojewoys sed £q jsneyxe

OJNE Ul 9PIXOUOW UOGIRd SULINSBIA, 'S ‘UOPWISY ¢ (‘alye[

0101 Juh onpd wayn r jows oﬁo.ﬂwmmo ul o_uhzov_mcbo,«
Jo uoneuuINA(, ‘L661 “H "D "H ‘024 'd °[ ‘Youasig
UV 'S ‘Amqej L ‘ojoureqrys 3 3 ‘widN ¢ [ ‘Suom

L661

110§

BEITIVN

1y

183X

L91 saotpuaddy




"P691-€691 ‘T1 ‘9L “onpq “wayD

1 ¢ s10[e]\ 20UDI0S 2)ENpeIZIapU[)

'S18-TI8 ‘9 ‘9L mpF "w2y)
¢ Ja1ep\ SuD[ULI( Ul SUOITY JO SISA[eUY aanemueng) snatoydonos|g
Areqide)), ‘6661 "@UBL-9UEJA ‘PIOULOD =V ‘TMEIPILI-UIIB]N g ‘Aewra(g

'8T6-LT6 ‘L ‘9L oMpd w2yD [ * SUIPNIS BuLeauIduy UBWIYSAI]
10y paydepy juswnadxg Uy uonn|jod wniwoyy, ‘6661 "d ‘Inowkag

856
-956 ‘L ‘oL onpg woyD  ‘ Anstwayd panddy pue [ejudmiepun,j Suriur

"SOL1-TOLL ‘T ‘9L “onpq "way) [ * SISeH
ousydsouny jo Adodsonoads paresjuy ay) woly
s[enuajod Surulepy asnoYyuadln), ‘6661 ' W PoId

103 A101210qR T ABSIWAYD Juswiadxg A101e10qe] V {UOHEIOL] UOL, ‘6661 "D “Mem ~'d ‘“Apoley L "10L1-00L1 “T1 6661
[BIUSWIUOIIAUT UV :S[IOS JO SISA[euy ‘g "onpqg ‘way) [ SJUIWIUOIAUY JOOPU] Ul OWS
[eorway)), ‘6661 d O ‘UBWIYAS "RGT1-9ST1 ‘6 ‘9L onpg way) 009840 |, [BIUsWwuoIIAug 0} d1nsodxg Suunseajy
Cy S ‘[eqeDS ([ [ JoouBN 1 ¢ Anourureyjop Swmdding orpouy pue £nowonodadg uondiosqy WOy 103 1wowiLladxg o1 9jenpeidlopu) uvy, ‘6661 'V
“apg D ‘Kiaay L ASNTM Zuis() sjuBIdRJING OIUOIUY JO UOHRUIULA(], ‘6661 "( ‘P10 Y ‘uyof '§ ‘Aanqejy ¢V " ‘SI{id [ ‘Sueny CN Y ‘B[9SIEN
"'£091 6651
"SE9-¥E€9 ‘G ‘SL onpq wYD) ‘T ‘SL onpd way) T ‘8661 * OWS a1ed1) ul
£ . JuswuosiAug 2y} JO uoneIpaway SUOQIEI0IPAH NEWOLY J1[0K0K[0 JO JUSWAINSBIN
ﬁ [EOTWaYo0103[g U0 sjuswLadxyg o) uo juswrradxy SISA[RUY [BIUSWNLSU] MIN 2661
A1ojeroqeT, ‘8661 “Z ‘ueyyezs W v :90uaosalon(y pue ‘uondiosqy ‘Aydeidojewony),
N ‘NId N W “YSIS VD [ “ZuEq] f g ‘SHIJ-uosARUL] D [ ‘MO NN T ‘UaSuLm
1o AN ay 183X

Q91 Saowpuaddy




"LLYT-ELIT “TI ‘9L “onpd wiay) [ wninotuny Ansiuayy) Alojonponuy
2y} UM SuIlIes ] pased-103(oid 1918 SUR{ULI] UI SIPIONSA], ‘6661 ‘W ‘PIBMOY ¢V [ ‘wioqueg ‘g g ‘®IBHOO

"T691-1691 ‘T1 ‘9L onpg way) 1 Juswiiadxyg Ansiwsy) [eyuswuonaug uy “Aydeidorewoiy)
IdAeT-ury] [euoisuswi-z Suis ) suoqIedoIpAH dneworeL[od jo uoneredss, ‘6661 "W ‘N ‘uoswiel|Ipn 1 "D ‘dsu)

"€891-0891 “CI
‘9L “onpg way) [ <1008y dNAJEIRO0I0Y dA1suadxau] ue Jurzinn juswiadxy A1ojeroqe] enpeiSiopun uy 2L 0zy

Ue §im pajeuluejuo)) 19)ep\ JO UONRIPIWSY, ‘6661 TN ‘OIele] “'H ‘Speoyy Iy ‘Bysmafozipuy &1 ‘1oou] v r ‘sndung

"6L91-8L91 ‘T1 ‘9L onpq ‘way) 1 ‘ Juswiradxg Answonosdg
uondiosqy d1woly JuedlJIuBIS A[[eIUSWUOIIAUY Y 1I3JBA\ WOLJ S[RISIA] AARSL] JO [BAOWSY, ‘6661 'd "d ‘uigng

'LSY1 “TL ‘9L onpg
‘way) [ ‘. punosen|n) Suls) ANSIWISYD [BIUSWIUONIAUT, ‘6661 T "D “BYSMOYIIZID ‘PIeMpPY “SWO0IZ0] oY g ‘reunyip

6661

oS

1918 AN

1y

183X

691 Ssaopuaddy




APPENDIX 6
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INTEGRATED APPROACH AND THE USE OF INSTRUMENTATIONS IN

ENVIRONMENTAL CHEMISTRY EDUCATION LABORATORY

Air

Citation

Integration

Instrument

West, P. W.; Sachdev, S. L. 1969, 'Air pollution
studies- The ring oven techniques', J. Chem.
Educ. 46, 2, 96-98.

EC-EC

Suplinkas, R. J. 1972, ‘Air pollution

measurements in the freshman laboratory’, J.

* Chem. Educ. 49, 1,24-25.

EC-Anal

pH meter

Kohn, H. W. 1972, ‘Student flowmeter and an
air pollution experiment’, J. Chem. Educ. 49, 9,
643.

EC-Anal

Stephens, E. R.; Price, M. A. 1973, ‘Analysis
of an important air pollutant: Peroxylacetyl

nitrate (PANs)’, J. Chem. Educ. 50,5, 351.

EC-Anal

GC-ECD or
GC/IR

Dinardi, S. R.; Briggs, E. S. 1975, ‘Hydrocarbon

in ambient air- A laboratory experiment’, J. |

Chem. Educ. 52,12, 811-822.

EC-Anal

GC/FID

Ondrus, M. G. 1979, ‘The determination of NOy
and particulate in cigarette smoke- A student
laboratory experiment’, J. Chem. Educ. 56, 8,
551-552.

EC-Anal

Spectrophotmeter

Seasholtz, M. B.; Pence, L. E.; Moe, O. A. 1988,
‘Determination of CO in automobile exhaust by
FTIR spectroscopy- An instrumental analysis
laboratory experiment’, J. Chem. Educ. 65, 9,
820-823.

EC-Anal

|

Betterton, E. A. 1991, ‘Acid rain experiment and
construction of a simple tubiditymeter’, J. Chem.

Educ. 68, 3, 254-256.

EC-Anal

| Turbidity meter

Amey, R. L. 1992, ‘Atmospheric smog analysis
in a balloon using FTIR spectroscopy- A novel
experiment fro the introducing laboratory’, J.

Chem. Educ. 69, 5, A148-151.

EC-Anal

FTIR
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Air

Citation

Integration

Instrument

10.

Shooter, D. 1993, ‘Nitrogen dioxide and its
determination in the atmosphere- A simple method for
surveying ambient pollution concentrations’, J, Chem.

Educ. 70,5, A133-A140.

EC-Anal

11.

Daniel, D. W. et all. 1994, ‘A simple UV experiment
of environmental significance’, J. Chem. Educ. 71, 1,

83.

EC-Anal

UV-VIS

12.

Jaffe, D.; Hemdon, S. 1995, ‘Measuring carbon
monoxide in auto exhaust by Gas-Chromatography’,
J. Chem. Educ. 72, 364-366

EC-Anal

GC/TCD

13.

Lloyd, J. W.; Lee, J. H. 1995, ‘Environmental
laboratory exercise: Analysis of hydrogen peroxide by
fluorescene spectroscopy’, J. Chem. Educ. 72, 11,
1053-1055.

EC-Anal

Fluorescence

14.

Ramachdran, B. R.; Allen, J. M.; Helpern, A. M.
1996, ‘Air- Water partitioning of environmentally
important organic compounds- An environmental
chemistry or integrated laboratory experiment’, J.

Chem. Educ. 73, 11, 1058-1061.

EC-Anal-Phys

GC-FID

15.

Meserole, C. E.; Mulcahy, F. M.; Lutz, J.; Yousif,
H.A. 1997, ‘CO, absorption of IR radiated by the
earth’, J. Chem. Educ. 74, 3, 316-317.

EC-Anal-Phys

16.

Hennis, A. D.; Highberger, S. S.; Schreiner, S. 1997,
‘Formation and demerization of NO, — A general
chemistry experiment’, J. Chem. Educ. 74, 11, 1340-
1342.

EC-Phys

17.

Allen, H. C.; Brauers, T.; Finlayson-Pitts, B. J. 1997,
‘Illustrating deviations in the Beer-Labert law in an
instrumental  analysis  laboratory: = Measuring
atmospheric  pollution by differential  optical
absorption spectrometry’, J. Chem. Educ. 74, 12,
1459-1462.

EC-Anal

UV-VIS

18.

Driscoll, J. A. 1997, ‘Acid rain demonstration: The
formation of nitrogen oxides as a by-products of high
temperature flame in connection with internal
combustion engines’, J. Chem. Educ. 74, 12, 1424-
1425.

EC-Anal
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Air

Citation

Integration

Instrument

19.

Yu, J. C; Chau, L. Y. L. 1998, ‘Photo catalytic
degradation of gaseous organic pollutant’, J. Chem.
Educ. 75, 6, 750-751.

EC-Organ

UV-Fluorescent

20.

Wingen, L. M.; Low, J. C.; Finlayson-Pitts, B. J.

1998, ‘Chromatography, absorption, and fluorescence.
A new instrumental analysis experiment on the
measurement of polycylic aromatic hydrocarbons in

cigarette smoke’, J. Chem. Educ. 75, 12, 1599- 1603.

EC-Anal

HPLC

21.

Marsella, A. M.; Huang, J.; Ellis, David, A.; Mabury,
S. A. 1999, ‘An Undergraduate Field Experiment for
Measuring Exposure to Environmental Tobacco
Smoke in Indoor Environments’, J. Chem. Educ. 76,

12, 1700-1701.

EC-Anal

GC/NPD
RP-HPLC

22.

Elrod, M. J. 1999, ‘Greenhouse Warming Potentials
from the Infrared Spectroscopy of Atmospheric
Gases’, J. Chem. Educ. 76, 12, 1702-1705.

EC-Phys

IR

Water

23.

Kriz, Jr, G. S;; Kriz, K. D. 1971, 'Analysis of
phosphates in detergents', J. Chem. Educ. 48, 8, 551-
552.

"EC-EC

24.

King, D. M.; Lamprman, G. M.; Smith III, J. H. 1971,
'Nitrate analysis- A laboratory experiment for the
nonce science major course', J. Chem. Educ. 48, 10,

647.

EC-EC

25.

Stagg, W. R. 1972, ‘Dissolved oxygen- A relevant
experiment for the introductory laboratory’, J. Chem.
Educ. 49, 6, 427-428.

EC-Anal

26.

Anderlick, B. 1972, ‘Water analysis experiment’, J.
Chem. Educ. 49, 11, 749.

EC-Anal

27.

Mehra, M. C. 1972, ‘Radiometric analysis of
ammonia in water’, J. Chem. Educ. 49, 12, 837-838.

EC-Anal

Silver-110 and

radiotracer

28.

Mc Cormick, P. G. 1972, ‘The determination of
dissolved oxygen by Winker method- A student
laboratory experiment’, J. Chem. Educ, 49, 12, 839-
841.

EC-Anal

29.

Gleason, G. I. 1973, ‘Nitric acid in rain water’, J.

Chem. Educ. 50, 10, 718-719.

EC-Anal
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Water

Citation

Integration

Instrument

30.

Jarosch, R. 1973, ‘The determination of pesticide
residues- A laboratory experiment’, J. Chem. Educ.

50, 7, 507-508.

EC-Anal

Soxhlet,
TLC or GC/ECD

-31.

Miguel, A. H.; Braun, R. D. 1974, ‘Fluorimetric

analysis of nitrate in real samples’, J. Chem. Educ.
51, 10, 682-683.

EC-Anal

TLC

32.

Lieu, V. T.; Cannon, A.; Huddeston, W. E. 1974, ‘A
none flame atomic adsorption — attachment for trace

mercury determination’, J. Chem. Educ. 51, 11, 752-
753.

EC-Anal

33.

Thistlethwayte, D.; Ellis, J.; Kanamori, S. 1974, ‘The
measurement of dissolved oxygen’, Educ. Chem. 11,
1,23-24.

EC-Anal

34.

Lambert, J. L.; Meloan, C. E. 1977, ‘A simple

qualitative several

analysis scheme for
environmentally important elements’, J. Chem. Educ.

54, 4, 249-252.

EC-Anal

35.

Ruzinki, W. E.; Beu, S. 1982, ‘GC determination of
environmentally significant pesticides’, J. Chem.
Educ. 59,7, 614-615.

EC-Anal

GC/ECD
GC/FID

36.

Cirsp, P. T.; Eckert, J. M.; Gibson, N. A. 1983, “The
determination of anionoic surfactants in natural and

waste waters’, J. Chem. Educ. 60, 3,236-238.

EC-Anal

37.

Aderson, C. P.; Saner, W. B. 1984, ‘A practical
experiment for determining a pervasive, persistent

pollutants’, J. Chem. Educ. 61, 8, 738-739.

EC-Anal

TLC/IR

38.

Ophardt, C. E. 1985, ‘Acid rain analysis by standard
addition titration’, J. Chem. Educ. 62, 3, 257-258.

EC-Anal

39.

Sanderson, P. L. 1987, ‘Environmental chemistry in

action’, Educ. Chem. 24, 1, 16-18

EC-Anal

40.

Lisensky, G.; Reynolds, K. 1991, ‘Chloride in natural

waters- An environmental application of a
potentiometric titration’, J. Chem. Educ. 68, 4, 334-

335.

EC-Anal

pH electrode

Voltammeter

41.

Baedecker, P. A.; Reddy, M. M. 1993, ‘The erosion of
carbonate stone by acid rain- Laboratory and field

investigation’, J. Chem. Educ. 70, 2, 104-108.

EC-Anal

pH meter
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Water

Citation

Integration

Instrument

42.

Harris, T. M. 1993, ‘Potentiometric measurements in a

freshwater aquarism’, J. Chem. Educ. 70, 4, 340-341.

EC-Anal

Chloride, pH meter,
ammonia gas-sensing
electrode, and

potentiometer

43.

Dhawale, S. W. 1993, ‘Introducing the treatment of
waste and wastewater in the general chemistry course-
Applying physical and chemical principles to the
problems of waste management’, J. Chem. Educ. 70,

5,395-397.

EC-Phys-Organ

44.

Soriano, D. S.; Draeger, J. A. 1993, ‘A water

treatment experiment for none science majors’, J.
Chem. Educ. 70, 5, 414.

EC-EC

45.

Alvaro, M.; Espla, M.; Llinares, J.; Martinez-Manez,
R.; Soto, J. 1993, A small scale easy to run waste
water treatment plant- The treatment of an industrial
water that contains suspended clays and soluble salts’,

J. Chem. Educ. 70, 5, A.129-132.

EC-Organ

46.

Welch, L. E; Mossman, D. M. 1994, ‘An
environmental chemistry experiment- The
determination of Radon levels in water’, J. Chem.

Educ. 71, 6, 521-523,

EC-EC

Scintillation counter

47.

Tandon, R. K.; Finlayson, P.; Adeloju, S. B; 1994,
‘Testing the waters’, Educ. Chem. 31, 6, 159-161.

EC-Anal

GC/FID

48.

Lynam, M. M,; Kilduff, J. E.; Weber, Ir, W. J. 1995,
‘Adsorption of p-Nitrophenol from dilute aqueous
solution- An experiment in physical chemistry with
environmental chemistry application’, J. Chem. Educ.

72, 1, 80-84.

EC-Phys

NMR

49.

Soriano, D. S.; Draeger, J. A. 1995, ‘An
environmental distillation experiment for non science

majors’, J. Chem. Educ. 72, 1, 84.

EC-EC

50.

Baker, Jr. R. C. 1995, ‘Checking trace nitrate in water
and soil using an amateur scientist’s measurement

guide’, J. Chem. Educ. 72, 1, 57-59.

EC-EC

51.

Wu, R. S. S. 1995, ‘Change of forms of cadimium in
the aquatic environment’s’, J. Chem. Educ. 72, 3, 264-
265.

EC-Anal
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Water

Citation

Integration

Instrument

52.

Ibanz, J. G. Takimoto, M. M. Vasquez, R. C. Basak,
S. Myung, N. Rajeshwar, K. 1995, ‘Laboratory
experiments on electrical remediation of the
environment: Electrocoagulation of oily wastewater’,

J. Chem. Educ. 72, 11, 1050-1052.

EC-Anal

Electrochemical cell

53.

Butala, S. J.; Zarrabi, K.; Emerson, D. W. 1995,
‘Sampling and analysis lead in water and soil samples
on a university campus- A student research project’, J.

Chem. Educ. 72, 5, 441-444.

EC-Anal

54,

Quigley, M. N. Vemon, F. 1996, ‘Determination of
trace metal ion concentrations in seawater’, J. Chem.

Educ. 73,7, 671-675.

EC-Anal

GF/AAS (Graphite
furnace AAS)

55.

Ramachdran, B. R.; Allen, J. M,; Helpern, A. M.
1996, ‘Air- Water partitioning of environmentally
important organic compounds- An environmental
chemistry or integrated laboratory experiment’, J.

Chem. Educ. 73, 11, 1058-1061.

EC-Anal-Phys

GC/FID

56.

Kegley, S. E.; Hansen, K.J; Cunningham, K. L. 1996,
‘Determination of polychlorinated biphenyls (PCBs)
in river and bay sediments- An undergraduate
laboratory experiment in environmental chemistry
using capillary chromatography- Electron capture
detection’, J. Chem. Educ. 73, 6, 558-562.

EC-Anal-Organ

Sonicator
GC/ECD

57.

Devonshire, J. 1996, ‘Heavy metals in Bristol
channel’, Educ. Chem. 32, 1, 13.

EC-Anal

58.

Kelter, P. B.; Grundman, J.; Hage, D. S.; Carr, J. D;
Castro-Acuna, C. M. 1997, ‘A discussion of water
pollution in the US and Mexico, with high school
laboratory activities for analysis of lead, atrazine, and

nitrate’, J. Chem. Educ. 74, 12, 1413-142].

EC-Anal

59.

Klausen, J.; Meier, M. A.; Schwarzenbach, R. P.
1997, ‘Assessing the fate of organic contaminants in
aquatic environments: Mechanism and kinetics of
hydrolysis of a carboxylic ester’, J. Chem. Educ. 74,
12, 1440-1443.

EC-Anal-Organ

HPLC or UV-VIS
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Water

Citation

Integration

Instrument

60.

Herrera-Melian, J. A.; Dona-Rodriguez, J. M,
Hernandez-Brito, J.; Pena, J. P. 1997, ‘Volumetric
determination of Ni and Co in water samples’, J.

Chem. Educ. 74, 12, 1444-1445.

EC-Anal

AdSV or CSV (Adsorptive
or Catholic stripping
voltammetry

61.

Ibanez, J. G.; Singh, M. M_; Pike, R. M.; Szafran, Z.
1997, ‘Laboratory experiments on electrochemical
remediation of the environment: Part 2, micro scale
indirect electrolytic destruction of organic wastes’,

J. Chem. Educ. 74, 12, 1449-1450.

EC-Phys

Microchemical cell

62.

Ibanez, J. G.; Singh, M. M.; Szafran, Z. 1998,

‘Laboratory electrochemical

experiments  on
remediation of the environment, part 4, colour

removal of simulated

wastewater by
electrocoagulation- Electro flotation’, J. Chem.

Educ. 75, 8, 1040-1041.

EC-Phys

Microchemical cell

63.

Hage, D. S.; Chattopadhyay, A.; Wolfe, C. A. C.;
Grundman, J.; Kelter, P. B. 1998, ‘Determination of
nitrite  in
An laboratory
experiment’ J. Chem. Educ. 15, 12, 1588-1590.

nitrate and water by capillary

electrophoresis- undergraduate

EC-Anal

| Capillary electrode

64.

Myers, R. L. 1998, ‘Identifying Bottled Water: A
Chemical

Identification’, J. Chem. Educ. 15,12, 1585.

Problem-Solving Exercise in

EC-Anal

65.

Sipos, L. 1998, ‘Inhibition of sulfide oxidation by
phenols: Screening antioxidant behaviour with a
clark oxygen senor’, J. Chem. Educ. 75, 12, 1603-
1605.

EC-Anal-

Inorgan

Clark oxygen sensor

66.

John, R.; Lord, D. 1999, ‘Determination of Anionic
Surfactants Using Atomic Absorption Spectrometry
and Anodic Stripping Voltammetry’, J. Chem. Educ.
76,9, 1256-1258.

EC-Anal

| AAS and ASV (Anodic
| Stripping Voltammetry)

67.

Thalody, B.; Warr, G. G. 1999, ‘lon Flotation: A
Laboratory Experiment Linking Fundamental and

Applied Chemistry’, J. Chem. Educ. 76,7, 956-958.

EC-Phys

UV-VIS
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Integration

Instrument

68.

Seymour, P. 1999, ‘Chromium Pollution: An
Experiment Adapted for Freshman Engineering
Students’, J. Chem. Educ. 76,7, 927-928.

69.

EC-Anal

Demay, S.; Martin-Girardeau, A.; Gonnord, M. F.
1999, ‘Capillary Electrophoretic Quantitative
Analysis of Anions in Drinking Water’, J. Chem.
Educ. 76, 6, 812-815.

EC-Anal

Capillary Electrophoretic

70.

Wilmer, B. K.; Poziomek, E.; Orzechowska, G. E.
1999, “Environmental Chemistry Using Ultrasound’,
J. Chem. Educ. 76, 12, 1657.

EC-EC

Ultra sonication

71.

OOHara, P. B.; Sanborn, J. A.; Howard, M. 1999,
‘Pesticides in  Drinking Water: Project-Based
Learning  within the Introductory ~Chemistry
Curriculum’, J. Chem. Educ. 76, 12, 1673-1677.

EC-Anal

SPE (Solid phase
extraction) and GC/MS

72.

Buffin, B. P. 1999, ‘Removal of Heavy Metals from
Water: An Environmentally Significant Atomic
Absorption Spectrometry Experiment’, J Chem.
Educ. 76, 12, 1678-1679.

EC-Anal

73.

Bumpus, J. A.; Tricker, J.; Andrzejewski, K
Rhoads, H.; Tatarko, M. 1999, ‘Remediation of
Water Contaminated with an Azo Dye: An

Undergraduate Laboratory Experiment Utilizing an

Inexpensive Photocatalytic Reactor’, J. Chem. Educ. |

76, 12, 1680-1683.

EC-EC

Photocatalytic Reactor

74.

Crisp, G. T.; Williamson, N. M. 1999, ‘Separation

of Polyaromatic Hydrocarbons Using 2-Dimensional
Thin-Layer Chromatography. An Environmental
Chemistry Experiment’, J. Chem. Educ. 76, 12,
1691-1692.

EC-Anal

TLC

Soil

75.

Jarosch, R. 1973, ‘The determination of pesticide
residues- A laboratory experiment’, J. Chem. Educ.

50, 7, 507-508.

EC-Anal

GC/ECD or TLC

76.

Miguel, A. H.; Braun, R. D. 1974, ‘Fluorimetric
analysis of nitrate in real samples’, J. Chem. Educ.

51, 10, 682-683.

EC-Anal

Spectrofluorometer
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Soil

Citation

Integration

Instrument

77.

Tripp, T. B.; Nadenu, J. L. 1974, ‘Roadside salt
pollution and the absorption- emission spectra of

sodium- A general chemistry experiment’, J. Chem.
Educ. 51, 2, 130.

EC-Anal

AAS

78.

Beech, G. 1974, ‘Spectroscopic determination of trace
elements in sewage sludges’, J. Chem. Educ. 51, 5,
328.

EC-Anal

79.

West, T. S. 1979, ‘Trace element determination’,
Educ. Chem. 16, 2, 62-65.

EC-Anal

80.

Morrison, R. J.; Dandy, A. J. 1979, ‘Phosphate
fertiliser in soils’, Educ. Chem. 16, 6, 176-177

EC-Anal

81.

Aderson, C. P.; Saner, W. B. 1984, ‘A practical
experiment for determining a pervasive, persistent

pollutants’, J. Chem. Educ. 61, 8, 738-739.

EC-Anal

TLC-IR

82.

Brouwer, H. 1995, ‘Acid volatile sulfides (AVS) in
sediment- An environmental’, J. Chem. Educ. 72, 2,

182-183.

EC-Anal

83.

Butala, S. J.; Zarrabi, K.; Emerson, D. W. 1995,
‘Sampling and analysis lead in water and soil samples

on a university campus- A student research project’, J.

Chem. Educ. 72, 5,441-444.

EC-Anal

84.

Kegley, S. E.; Hansen, K.J.; Cunningham, K. L. 1996,
‘Determination of polychlorinated biphenyls (PCBs)
in river and bay sediments- An undergraduate
laboratory experiment in environmental chemistry
using capillary chromatography- Electron capture
detection’, J. Chem. Educ. 73, 6, 558-562.

EC-Anal-Organ

Sonicator and

GC/ECD

85.

Christensen, J. K.; Hoyer, B.; Kryger, L.; Pind, N;
L. S. 1998, ‘Sulfides in

environment: The determination of hydrogen sulfide

Kong, the anaerobic

and acid- soluble metallic sulfides in sea-floor

sediment’, J.Chem.Edu, 75, 12, 1605-1608.

EC-Anal

86.

Dolan, E.; Zhang, Y.; Klarup, D. 1998, ‘The
distribution co-efficient of atrazine with Illinois soils —
A laboratory exercise in environmental chemistry’, J.

Chem. Educ. 75, 12, 1609-1610.

EC-Anal

HPLC
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Soil

Citation

Integration

Instrument

87.

Ibanez, J. G.; Sigh, M. M,; Pike, R. M.; Szafran, Z.
1998, 'Laboratory experiments on electrochemical
remediation of the environment, part 3- Microscale
electrokinetic processing of soils', J. Chem. Educ. 75,
5, 634-635.

EC-Phys

88.

Willey, J. D, Avery, G. B, Jr; Manock, J. J;
Skrabal, S. A.; Stehman, C. F. 1999, ‘Chemical
Analysis of Soils: An Environmental Chemistry
Laboratory for Undergraduate Science Majors’, J.
Chem. Educ. 76, 12, 1693-1694.

EC-Anal

pH electrode

Others

89.

Molirig, J. R. 1972, 'An introductory experiment on
phosphates in detergents’, J. Chem. Educ. 49, 1, 15-
18.

EC-Anal

90.

Dieleren, H. M. L.; Schoutetent, A. P. H. 1972,
‘Removal crude oil from marine surfaces- An
ecological lecture experiment’, J. Chem. Educ. 49, 1,

19-20.

EC-EC

91.

Glover, I. T.; Johnson, F. T. 1973, 'Determination of
nitrite in meat samples using colorimetric method', J.

Chem. Educ. 50, 6, 426-427.

EC-Anal

92.

Subach, D. I.; Butwill, B. M. E. 1973, ‘Analytical
procedure for the determination of pesticides in food’,

J. Chem. Educ. 50, 12, 855-856.

EC-Anal

| GC/TCD or TLC

93.

Hall, S.; Reichart, P. B. 1974, ‘DDE levels in birds-
An environmental oriented undergraduate

experiment’, J. Chem. Educ. 51, 10, 684.

EC-Anal

Soxhlet and GC/FID

94.

Glover, I. T.; Minter, A. P. 1974, ‘Analysis of
chlorinated hydrocarbons pesticides- An experiments

for non-science major’, J. Chem. Educ. 51, 685-686.

EC-Anal

TLC/UV or GC/UV

95.

Stempozenski, S. E.; Butler, R. A;; Barry, E. F. 1974,
‘An atomic absorption experiment for environmental

chemistry’, J. Chem. Educ. 51, 5, 332-333.

EC-Anal

AAS

96.

Feighan, J. A.; Rondini, J. A. 1984, ‘An |

environmental science project on solid pollution’, J. |

Chem. Educ. 61, 740-

EC-EC

97.

Coleman, M. F. M. 1985, ‘The determination of Jead
in Gasoline by Atomic Absorption Spectrometry’, J.
Chem. Educ. 62,261-263.

EC-Anal

AAS
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Others

Citation

Integration

Instrument

98. Cahng, J. C; Levine, S. P.; Simmons, A. S. 1986, 'A
laboratory exercise for compoatibility testing of
hazadous wastes in analytical environmental

chemistry course', J. Chem. Educ. 63, 7, 640- 643,

EC-Anal

99. Lyons, R. G,; Crossley, P. C.; Fortune, D. 1994,
'High sensitive gamma radiation monitor for
teaching and environmental application’, J. Chem.

Educ. 71, 6, 524-527.

EC-Anal

100.Markow, P. G. 1996, ‘Determining the lead content
of paint chips’, J. Chem. Educ. 73, 178-179.

EC-Anal

101.Sundback, K. A. 1996, ‘Testing for Lead in the
Environment’, J. Chem. Educ. 73,7, 669-670.

EC-Anal

102.Norkus, R. G.; Gounii, G.; Wisniecki, P.; Hubball, J.
A.; Smith, S, R.; Stuart, J. D. 1996, 'An
environmentally significant experiment using
GC/MS and GC retention indices in an
undergraduate analytical laboratory', J. Chem. Educ.
73,12, 1176-1178.

EC-Anal

GC/MS

103.Nash, John J.; Meyer, Jeanne A. R; Nurrenbern,
Susan C. 1996, ‘Waste Treatment in the
Undergraduate Laboratory: Let the Students Do It’,
J. Chem. Educ. 73, 12, 1183.

EC-EC

104.Duong, M. H.; Penroled, S. L.; Grant, S. B. 1997,
'Kinetic of P-Nitrophenol degradation’ J. Chem.
Educ. 74, 12, 1451-1454.

EC-EC

UV-VIS

| 105.0rbell, J. D.; Godhino, L; Bigger, S. W.; Nguyen, T.
M.; Ngeh, L. N. 1997, “Oil spill remediation using
magnetic particles- An undergraduate experiment’,

J. Chem. Edu. 74, 12, 1446-1448.

EC-EC

Fluidised bed
apparatus

106.Notestein, J.; Helias, N.; Wentworth, W. E.; Dojahn,
J. G.; Chen, E. C. M.; Stearns, S. D. 1998, ‘A
Unique Qualitative GC Experiment for an
Undergraduate Instrumental Methods Course Using
Selective Photoionization Detectors’, J. Chem.

Educ. 75, 3, 360.

EC-Anal

GC/PDPID (puled
discharge
photoionization

detector)
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Others

Citation

Integration

Instrument

107.Abney, J. R.; Scalettar, B. A. 1998, ‘Saving
Your Students’ Skin. Undergraduate Experiments
that Probe UV Protection by Sunscreens and
Sunglasses, J. Chem. Educ. 15, 6, 757.

EC-Anal

uv

108.Woosley, R. S.; Butcher, D. J. 1998, ‘Chemical
Analysis of an Endangered Conifer:
Environmental Laboratory Experiments’, J.

Chem. Educ. 75, 12, 1592-1594.

EC-Anal-Organ

GC/MS

109.Quach, D. T.; Ciszkowski, N. A.; Finlayson-
Pitts, B. J. 1998, ‘A New GC-MS Experiment for

the  Undergraduate Instrumental

Analysis

Laboratory in  Environmental

Chemistry:
Methyl-t-butyl Ether and Benzene in Gasoline’,

J. Chem. Educ. 75, 12, 1595-1598.

EC-Anal

GC/MS

110.Fleurat-Lessard, P.; Pointet, K.; Renou-Gonnord,
M. F. 1999 ‘Quantitative Determination of PAHs
in Diesel Engine Exhausts by GC-MS’, J. Chem.
Educ. 76,7, 962965.

EC-Anal

GC/MS

111.E. Raymundo-Pifiero, D. C., Morallén, E. 1999,
‘Catalytic Oxidation of Sulfur Dioxide by
Activated Carbon: A Physical Chemistry
Experiment’, J. Chem. Educ. 76,7, 958-961.

EC-Phys-Organ

Conductivity meter

112.Moya, H. D.; Neves, E. A.; Coichev, N. 1999,
‘A Further Demonstration of Sulfite-Induced
Redox Cycling of Metal Ions Initiated by
Shaking’, J. Chem. Educ. 76,7, 930-932.

EC-Inorgan

113.Kesner, L.; Eyring, E. M. 1999, ‘Service-

Learning General Chemistry: Lead Paint

Analyses’, J. Chem. Educ. 76,7, 920-923.

EC-Anal

114.Kaufman, D.; Wright, G.; Kroemer, R.; Engel, J.
1999, ‘"New" Compounds from Old Plastics:
Recycling PET Plastics via Depolymerization.
An Activity for the Undergraduate Organic Lab’,
J. Chem. Educ. 76, 11, 1525-1526.

EC-Organ
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Others

Citation Integration Instrument
115.Lieberman, M. 1999, ‘A Brine Shrimp Bioassay for | EC-EC
Measuring Toxicity and Remediation of Chemicals’, J.
Chem. Educ. 76, 12, 1689-1691.
116.Nahir, T. M. 1999, ‘Analysis of Semivolatile Organic | EC-Anal GC/MS

Compounds in Fuels Using Gas Chromatography-Mass |

Spectrometry’, J. Chem. Educ. 76, 12, 1695-1696.




10.

11.

Appendices 183

APPENDIX 7
THE DELPHI PANEL

Associate Professor Viet Hung Pham, Center for Natural and Environmental
Studies- Vietnam National University (CRES-VNU).

Associate Professor Hieu Tu Tran, Center for Natural and Environmental Studies-
Vietnam National University (CRES-VNU).

Associate Professor Thuong Van Pham, Faculty of Chemistry, Hanoi Teachers’
Training University.

Associate Professor Chi Kim Dang, Environmental Technology Institute, Hanoi

University of Technology.

Mr Anh Tuong Vu, Environmental Technology Institute, Hanoi University of
Technology.

Dr Uyen Huu Tran, Department of Environmental Technology, Hanot University
of Construction..

Dr Ha Duc Tran, Department of Environmental Technology, Hanoi University of
Construction.

Dr Thanh Tho Bui, Dean of Faculty of Chemistry, Natural Science University,
Vietnam National University at HoChiMinh.

Professor Nhuan Duc Hoang, Scientific and Educational Institute, Vietnam
Ministry of Education and Training.

Mr Thang Van Nguyen, Faculty of Hydrography and Environment, Hano1
University of Water Resource and Development.

Associate Professor Tuc Tat Do, Faculty of Hydrography and Environment, Hanot

University of Water Resource and Development.
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APPENDIX 8

QUESTIONNAIRE FOR THE FIRST ROUND DELPHI SURVEY

1. By putting a percentage weighting (in terms of time spending) in each box please indicate

the components of a current environmental chemistry (EC) program in your university,

Coursework (%)

Practical (%)

Field work (%)

2. Within an EC program in your University, what do you consider to be the most appropriate

time allocation for the following three areas?

Coursework (%)

Practical (%)

Field work (%)

.........................................................................................................................................
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3. What do you consider to be the most appropriate length of time for an EC laboratory section?

4. What do you expect students to achieve in the practical component?

4. What do you expect students to achieve in the practical component?

Yes No

4.1 Hands-on experience with standard environmental chemistry D D
(EC) techniques involving equipment and instrumentation.

4.2 Awareness of international environmental problems and issues. D D

4.3 Awareness of local environmental problems and issues D D

4.4 An understanding of the processes involved in: D D

Sample preparation D D

Measurement HEN
Data processing 10O
Interpreting data L1 [
Reporting ][]
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5. In the practical component, please indicate which of the environmental problems listed below

should be included in the EC experimental program?

Air pollution

L1 [
Water pollution |:| |:|
L1 [

Soil pollution

............................................................................................................................

6. Do you think that an EC experiment should also teach basic chemical principles?

Yes l::l No l::l

If “yes”, which of the following areas of chemistry are most appropriately taught within

the context of an EC experiment ?
Analytical chemistry
Organic chemistry

Inorganic chemistry

HIN

Physical chemistry
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7. To what extent do you think that an EC experiment should reflect the work carried out by

professional environmental scientists?

A lot Some  Not important

Sample preparation D D D

Measurement

Data interpretation

1O
Data processing D D
O
Reporting data D D

8. Please indicate the background of EC/ES students in your Institution which you

consider to be the most suitable for undertaking EC/ES courses?

General chemistry background

Students with basis knowledge in organic chemistry

Students with basis knowledge in physical chemuistry

Students with basic knowledge in analytical chemistry

[]
[]
Students with basis knowledge in inorganic chemistry [ ]
]
[]
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9. Please indicate which instruments and apparatus are available at your institute and whether

you consider the listed instrument to be essential hands-on items for an EC course?

Available Not available Essential Not essential

GC/MSD l:l l:l l:l

(Gas Chromatography/ Mass Selective Detector)

GC/MS

(Gas Chromatography/ Mass Spectrometry)
GC/FID

(Gas Chromatography/ Flame lonisation Detector)
GC/ECD

(Gas Chromatography/ Electron Capture Dectector)
TLC

(Thin Layer Chromatography)
Ion Chromatography

ICP/MS

(Inductively Coupled Plasma Emission- Mass Spectrometer)
MS

(Mass Spectrometer)

AAS

(Atomic Absorption Spectrometer)

HPLC

(High Performance Liquid Chromatography)
UV-VIS

(Ultraviolet Visible Spectrophotometer)

FTIR

(Fourier Transform Infrared Spectrophotometer)

Fluorometer
Voltammeter
Polarographic instrument
Ion Selective Electrodes

Computers and software

[ e I s
1 A A B I I I e W e I R W
8 1 I s Y e 1 I e I B O
1 s Y s e I Y e e I e Y B O

Turbidimeter
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Available Not available Essential Not essential

Vortex mixer D D D [I

Centrifuge

Soxhlet apparatus

pH meter

Shaker

O
.
Conductivity instrument [I [I
1 O
O

10. In your opinions what are the difficulties in conducting EC experiments?
Time constraints
Financial

Staffing

HpEINn

Facility availability

11. What do you perceive will be the benefits to students of conducting EC experiments that

incorporate the teaching of chemical principles?

e Provide students with a broader perspective on chemistry [I
e Help to link with different branches of chemistry D

e Help the students to understand how chemistry is applied D
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to environmental problems
e Increase the appeal of chemistry as a discipline D

¢ Provide students with a more scientific understanding of the environment D
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APPENDIX 9

QUESTIONNAIRE FOR THE SECOND ROUND DELPHI SURVEY

In the following questions, the answers are ranked from strongly agree, agree, disagree, and

strongly disagree or 4, 3, 2, 1 appropriately. Could you please circle the number you consider

being most suitable.

1. In Environmental chemistry (EC) course, the most appropriate allocation time is

Coursework: 60%-70% 4 3 2 1

Practical 20%-35% 4 3 2 1

Fieldwork 5%-10% 4 3 21
Comments

4 3 21

3. In the practical component students can achieve:

3.1 Hands-on experience with standard EC technique involving equipment and

instrumentation.
4 3 21
3.2 Awareness of international environmental problems and issues. 4 3 21
3.3 Awareness of local environmental problems and issues. 4 321
3.4 Understanding of the process involved in
Sample preparation 4 3 21

[\
—

Measurement 4 3
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Data processing 4 3 2 1

Interpreting data 4 3 2 1

Reporting data 4 3 21
Comments

4 In the practical component, the following environmental problems should be included:

Air pollution 4 3 21

Water pollution 4 3 21

Soil pollution 4 3 21

Hazardous wastes 4 3 21
COMUMENLS. ...ttt ettt ettt ee et es et et e s e e s s s s
5 EC experiment should combine teaching analytical chemistry 4 3 2 1
COMUMEIIES. ...ttt ettt sttt b b e be e b e es e ss s e s e ebsebeass e s aeneese e s e ese et ensenees e bese et eananes

6 An EC experiment should reflect mainly the work carried out by professional environmental
scientists which include
Sample preparation 4 3 21

Measurement 4 3 2 1

In some extend should include:

Data processing 4 321
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Data interpretation 4 321
Reporting 4 3 21
Comments

7 EC should be taught for student with the basic knowledge in

General chemistry 4 3 21
Inorganic chemistry 4 3 21
Organic chemistry 4 321
Analytical chemistry 4 3 21
Physical chemistry 4 3 21
COMUMEIITS ...t ettt st et b et e e e et e st s et et e et et e e e s e easene s

8 To help students have effective EC laboratory, it is necessary to have the following items in

the laboratory

GC/MSD 4 3 21
GC/MS 4 3 21
GC/FID 4 3 2 1
GC/ECD 4 3 21
IC 4 3 21
ICP/MS 4 3 21
MS 4 3 21
AAS 4 3 21
HPLC 4 3 21
UV-VIS 4 3 21
FT-IR 4 3 21
Fluorometer 4 3 21
Voltammeter 4 3 21
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Polarographic instrument 4 3 21
Ton selective electrodes 4 3 2 1
Computers and software 4 3 21
Vortex mixer 4 3 21
Centrifuge 4 3 21
Soxhlet apparatus 4 3 21
Conductivity instrument 4 3 21
pH meter 4 3 21
Shaker 4 3 2 1
Comments

9 In conducting EC experiments, rate the following as difficulties:

Financial 4 3 2 1
Time constraints 4 3 2 1
Staffing 4 3 21
Facility availability 4 3 2 1
COIMUMIEIIES e e e e

10 In conducting EC experiment that incorporate the teaching of chemical principles, students

will have the following benefits:

Understand how chemistry in applied to environmental problems 4 3 21
Having a more scientific understanding of the environment 4 3 21
Having a strong link with different branch of chemistry 4 3 21
Increase the appeal of chemistry as a discipline 4 3 21
Having a broader perspective on chemistry 4 3 21

oINS oot e et e e e e
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...................................................
.................................................
...................................................
....................................................................................................................

...................................
........................................

..................................................................................
.............................
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APPENDIX 10
EXPERIMENT 1 - INSTRUCTOR NOTES

1. Background Information

Acquiring data for students to practice data analysis is often an issue of concern because of the
limited time available in one laboratory session. In this experiment, advantage is taken of the
rapidity at which data can be obtained using a gravimetric method to determine the moisture
content in soils. Individual students will analyse two soil samples. One is homogenised and the
other is not. From interpretation of the data, it is expected that students can draw their own
conclusions about the effects of the sample preparation process on the analytical results, and

therefore understand its critical role in the analytical procedure.

To achieve the above goals, students will be required to use some statistical methods, such as
mean, standard deviation, relative percentage difference of duplicate (RPD), null hypothesis, Q-

test, F-test, and student t-test. Two good references in this regard appear in the literature (1, 2).

2. Lab Preparation
The experiment uses a large number of soil containers. Each student uses four, therefore, the
experiment needs about 40 or more, depending on the number of students in the class.

Aluminium dishes or pans are suitable containers.

3. Tips for Success
(D A class of ten or more is ideal for this experiment. They should work in two groups,

therefore, students are able to have more data to practice analyse.

(2) It is suggested that instructors should review with students steps (1)-(6) of Section 2.3.1
“Materials for Students”. The success of the experiment is significantly dependent upon
the different levels of homogeneity of the two soils. Therefore, it is important that

students have H soil considerably homogenized.

(3) Instructors should advise students to decant any supernatant water before dividing the
sample into two jars, since if the moisture content is greater than 25%, it will take a

longer time its determination and thus affect the time available for data analysis.

1. Harris, D. C. 1999, 5™ ed. Quantitative chemical analysis, W.H. Freeman, USA. Chapter 4,
2. Miller, J. C.; Miller, J. N. 1988, 2™ ed. Statistics for analytical chemistry, John Wiley & Sons, UK.
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Students can also use a computer-generated spreadsheet for quick data analysis, once

the data are available. However, it is also possible for them to use a pocket calculator to

calculate results.

The use of two different soils such as a clay-base soil and a sandy soil could be a good

exercise to help students investigate the effect of the soil type on the analytical results in

regard to the sample preparation procedure.
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APPENDIX 11
EXPERIMENT 1 - MATERIALS FOR STUDENTS

1. Introduction

1.1 Sample Preparation

Sample preparation, which in this case refers to as obtaining a representative sample from the
bulk sample or gross sample, is the first important step in any chemical analysis. In
environmental analysis, solid samples are often heterogeneous. Therefore, the sample
preparation procedure often has a large effect on the analytical result. In this experiment, you
will use the moisture in soil as an example of a target analyte to find out how the soil sample

preparation process affects the analytical results.

1.2 Moisture Content

The determination of water content is often required in any solid sample analysis (e.g. soil) in
order to report subsequently the analysis results on a “dry basis”. The difference in mass of a
soil sample before and after it is dried in an oven at 105°C to constant mass is used to calculate

the moisture content. It can be calculated from the following equation:

. m-
% moisture =
mi- Mo

x 100% (1)

Where my is the weight of the container, m, is the weight of the sample and its container, and m,

is the weight of dried sample and its container.

In this experiment, the use of a gravimetric method will enable you to quickly obtain data for

the purpose of statistical analysis.

1.3 Data Analysis

Statistical methods will be used in this experiment to help analyse the data and to help you
understand your results. It is suggested that you should revise some important terms in statistics
such as mean, standard deviation, confidence intervals, null hypothesis, relative percent
difference (RPD), Q-test, F-test and student t-test. These will be useful for you to complete your
tasks (Section 3).
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2. Experimental Section

2.1 Materials

You will need to collect about 300-400 g of your own soil sample. Divide it into two parts and
transfer these into two pre-labelled glass jars, which is provided by your instructor to contain

the whole class sample. One of these jars has been labelled “H” (meaning homogenized) and the

other “NH” (meaning non-homogenized).

2.2 Preparation

You will need to prepare 4 containers. Label two of these with an H and the other two with a
NH. To avoid any confusion between your samples and your friends’ samples, you need to
label in the container. For example, the label will contain 3 items: your name (or initial name),
soil status (H or NH), and the number to distinguish duplicates. For example, one could have

labels: A-H, and A-H,, where, A is the student’s initial name, H, and H, present the two
portions taken from the jar H.

2.3 Procedure

Significant contaminants may be released in the laboratory from drying a heavily contaminated
sample in the open. The drying oven should be contained in a hood or be vented. The use of a

fume hood is desirable for all sample preparation activities.

2.3.1 Treatment for H soil and NH
In the following steps (1)-(6) you should participate in the class activities to help answer

questions in Section 3 well.

(1) For the jar NH shake it several times, then, do not attempt to further homogenise the

contents. Set the jar NH aside for later analysis.
(2) For jar H shake the jar vigorously to mix the sample well.

(3) Spread the sample H on a clean, steel tray. Then, use a steel spatula to further mix and

homogenize the sample.

(4) Spread the sample evenly into a circle. Use the spatula to cut it into quarters and remove the

two opposite quarters.

(5) Repeat step (4) several times (eight repetitions should be used). Step (4) and (5) are the so-

called “cone and quarter” technique, which is often used in obtaining a representative soil
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sample from a bulk sample.

(6) Keep the final two quarters for the use to determine the moisture content, follow

instructions below.

2.3.2 Moisture Content Determination

(1) Use a top-loading balance to weigh to the nearest 0.01 g the four pre-labelled containers.

Record the mass of each (mg) on the data sheet provided.

(2) Weigh approximately to the nearest 0.01 g 10 appropriate g of H soil (duplicate) and NH

soil (duplicate) in containers. Record the mass (m,) in the data sheet.

(3) Place your contains in step (2) together with others’ sample containers in a large steel tray.
Put the tray in the oven, maintained at a temperature of 105 + 5°C for 1 h. Whilst the

samples are heating, you should gather with whole class and instructor to further discuss

about the statistic methods use in this study.

(4) Remove the samples from the oven. Handle the hot sample tray with leather or thick cotton

gloves. Allow the samples to cool in a desiccator for 30 min.

(5) Remove samples from the desiccator and reweigh each sample to the nearest of 0.01 g.

Record the mass (m,) in the data sheet.

3. Suggested Questions and Calculations
(1 Using equation (1) (Section 1.2), calculate the percentage moisture content of each

sample in both H soil and NH soil and the average value in each soil.

2 Calculate the RPD of the duplicates of two soils. Comment on the precision of the two

results.

3) Exchange the average value calculated in Question (1) with your group to obtain a set
of group data. Using the group data, calculate the mean and the standard deviation of

the moisture content for H soil and NH soil.

4) Is there any suspect result in the group data? If so, use the Q-test to find out whether it
should be rejected. Give possible reasons for the observed discrepancy of any rejected

data.
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If result(s) from Question (3) is/are rejected, recalculate the mean and the standard

deviation of the new set of data. If not, use the data from Question (3) for the

subsequent work.

Using the F-test, with significant level of 5%, comment on the precision of the two
results obtained from H soil and NH soil in your group. Which one is more precise?

Explain reasons for any difference in the precision of moisture values obtained from the

two soils.

Using data from Question (3) (or Question (4) if appropriate), calculate the 95%

confidence intervals of the means of the two soil samples.

Exchange your group data with the other group (mean, standard deviation, and n, the

number of valid results) to obtain the full class data of two soil samples.

Use the F-test and the t-test to find out whether the results of your group for each soil

(mean and standard deviation) are significantly different. Explain your findings.

Estimate the true value of the moisture content in each of the two soils (at 95%
confidence. Comment on the level of uncertainty in each of the two results and state

your conclusion about possible factors that affect the analytical results.
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STUDENT DATA SHEET
Student name H Soil NH Soil
my | m, m, % moisture my | m, m, % moisture
RPD RPD
Average Average
Mean = Mean =
Stdev = Stdev =
% moisture = % moisture =
(95% confidence) (95% confidence)
Group # Mean = Mean =
n = n =
Stdev = Stdev =
Class Result % moisture = % moisture =
(95% confidence) (95% confidence)
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APPENDIX 12
EXPERIMENT 2 - INSTRUCTOR NOTES

1. Background Information

1.1 Petroleum Hydrocarbons Analysis

Methods for the analysis of petroleum hydrocarbons (PH) can be classified into two types: (i)
non-target compound methods e.g. gravimetric and infrared spectroscopic method; and (ii)
target compound methods, which use gas chromatography (GC) with different detectors such as
the flame ionisation detector (FID), phosphorus ionisation detector (PID), and mass
spectroscopy (MS). Generally, with the increase in the complication of the contaminated site
and sources of the contaminants, there is a need to trace the source of the contaminants. GC/FID
is used preferably in this regard. It enables one to determine effectively the individual
components (e.g. benzene, toluene, etc.) or the range of PH in the sample (e.g. petrol, kerosenes,
heavy kerosenes, lubricating oils, and asphalt). Quantification is based on the comparison of a
standard chromatogram to the chromatographic responses of the samples (1). It is therefore
beneficial for students to gain “hands-on” experience with the use of GC/FID to analyze the

range of PH in petroleum-contaminated soils.

1.2 Petroleum Hydrocarbons Extraction

The use of Freon-113 as a solvent for the extraction of PH in soil contaminated PH has been
gradually replaced by the use of other solvents which are less harmful to the environment (2).
Table 8.7 is a brief summary of the current extraction methods which have been approved by
EPA for semivolatile organic compounds from solid samples in general and for PH in soil alike.
It would be helpful to consider the available methods so that the most suitable method can be

chosen to apply to the EC laboratory.

Currently, common methods for the extraction of semivolatile and nonvolatiles compounds in

general and PH in particular from solid samples (e.g. soil), are: Soxhlet or Soxtec, sonication,

I. Fan, C. J.; Krishnamurthy, S.; Chen, C. T. 1994, ‘A critical review of analytical approaches for
petroleum contaminated soil’, O’Shay, T. A.; Hoddinott, K. B. (Eds.), Analysis of soils contaminated
with petroleum constituents, ASTM, 61-75.

2. Eckert-Tilotta, S. E.; Hawthorne, S. B.; Miller, D. J. 1993, ‘Supercritical fluid extraction with carbon
dioxide for the determination of total petroleum hydrocarbons in soil’, Fuel, 72,7, 1015-1023.
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supercritical fluid extraction (SFE), accelerated solvent extraction (ASE) or pressurised fluid

extraction (PFE) (3). Of these, sonication is a comparatively quick method and therefore is

commonly used. The extraction techniques and their characteristics are summarised in Table 7.

3. EPA, Method 3500B, Organic extraction and sample preparation, Revision 2, December 1996.
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Mechanical shaking, which utilises a tumbler or shaker, has also been used and shown to give a
comparable result to Soxhlet extraction (5, 6). Furthermore, soaking, a method that does not

require the use of any apparatus to accelerate the extraction process, though considerably time-

consuming, has also been used for the extraction of PH in soil (5).

Traditionally, PH are extracted by using trichlorotrifluoroethane (Freon-113) as the extraction
solvent (7). However, an effort has been made to reduce or even to cease the use of this solvent
due to environmental concerns (7). Alternative solvents are organic solvents such as methanol,
methylene chloride (dichloromethane-DCM), a mix of acetone/hexane, toluene/methanol 8

and dichloromethane/acetone (9). Inorganic solvent such as liquid CO, has also been used (9).

1.3 Quality Assurance and Quality Control

An important aspect of any environmental analytical laboratory is quality assurance and quality
control (QA/QC). This is used as evidence for the quality and acceptability of the laboratory
data. Quality control is an important part of QA, which is used to evaluate the performance of
the measurement system (i.e. both the method and the analytical instrumentation) and to
estimate matrix effects on the analytical results. In this experiment, students gain experience
using laboratory QC samples, which include the reagent blank, laboratory fortified blank (LFB),
laboratory fortified matrix (LFM), and a sample duplicate. They will then be asked to evaluate
their results based on such QC data.

2. Laboratory Preparation and Equipment Needs
¢ Soil contaminated with PH, which is normally collected in an area near petrol service
stations, car-parking areas, industrial refinery plants or even in an area near railways,
should be prepared (in jars). Industrial analytical laboratories or environmental
analytical laboratories may have suitable contaminated samples, which have been tested
and which they would be willing to dispose of. These may be used as alternative
sources. Spiking normal soil with petrol or diesel fuel of producing “real” samples for

students.

5. AGAL Public Interest Project, No. 98-013, ‘Optimization of extraction procedures for the analysis of
total petroleum hydrocarbons-TPH’ .

6. Schwab, A. P.; Su, J.; Wetzel, S.; Pekarek, S.; Banks, M. K. 1999, ‘Extraction of petroleum
hydrocarbons from soil by mechanical shaking’, Environmental Science and Technology, 33, 1940-
1945.

7. Eckert-Tilotta, S. E.; Hawthorne, S. B.; Miller, D. J. 1993, ‘Supercritical fluid extraction with carbon
dioxide for the determination of total petroleum hydrocarbons in soil’, Fuel, 72, 7, 1015-1023.

8. Fan, C. J.; Krishnamurthy, S.; Chen, C. T. 1994, ‘A critical review of analytical approaches for
petroleum contaminated soil’, O’Shay, T. A.; Hoddinott, K. B. (Eds.), Analysis of soils contaminated
with petroleum constituents, ASTM, pp. 61-75.
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e (lean soil

* 2mL GC vials and crimp caps to fit the vials (rubber/PTFE).

¢ Crimper to seal caps.

e Micro-pipette, 500 uL.
e A GC/FID with a BPX5 (25 m x 022 mm ID. x 025 um F.T.) column. In this

experiment, the determination of TPH was conducted on a Hewlett-Packard 5890 Series

II GC/FID, equipped with a 7673A auto sampler, and Hewlett-Packard computer

control software.

2.1 Chemicals

Anhydrous granular sodium sulfate. This can be calcined at 400°C for 4 h in a shallow tray
or by precleaning with methylene chloride. If methylene chloride is used, a method blank

must be analyzed, demonstrating that there is no interference from the treated sodium

sulfate.
Extraction solvent: DCM/acetone (1/1: v/v)

C6-C|0, Cl2, C|4, C16, Clg, C24, ng, C30, C32, and C36 hydrocarbon standards (AR grade).

2.2 Standard Preparation

Hydrocarbons Working Standard

()

(2)

3)

(4)

(5)

Hydrocarbons for the standard include: individual hydrocarbons (IHCs) ranging from Cg
to C36 carbon chain length: 1.e. C6- C10> C12, C14, C|6, C]g, C24, ng, C}o, C32, and C36.
Note: C¢- C\prepresents all IHCs between Cg and Cj 1in chemistry.

Stock hydrocarbon standards of the following IHCs: C4-C,g, Cia, Cy4, Cig, Cis, Cag, Cas,
Cjyp are prepared by weighing 1.00 g of each IHCs and making up to 100 mL in DCM to
give 10,000 ng/uL solutions.

A C3,-Cy4 compounds present solubility difficulties in DCM are prepared by weighing 1.0
g and making up to 100 mL in CHCl; to give 10,000 ng/uL solutions.

IHCs intermediate standards are prepared by diluting 10 mL of each of solutions in step

(2) to 100 mL with DCM to give 1000 ng/pL.

The Cj,-Cs6 intermediate standard are prepared by diluting 10 mL of the solution in step

(3) to 100 mL with CHCl; to give 1000 ng/pL.

9.

Australian Government Analytical Laboratories (AGAL), Mehtod No VL237, issue No 4, 1998.
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(6) A mixed, intermediate standard Intermediate mixed IHCs standard is prepared by
transferring 1 mL of each of the stock standards in step (4) to a 100 mL volumetric flask

and making it up to the mark with DCM to give 100 ng/uL of each IHCs component.

@) A mixed C;, and Cs4 intermediate standard is prepared by transferring 1 mL of each C;,
and Cs in solutions in step (5) to 100 mL volumetric flask and making it up to the mark

with CHCl; to give 100 ng/pL of each component.

(8) The working standard for mixed IHCs is prepared by transferring 20 mL of the solutions
from step (6) and (7) into 100 mL volumetric flask and making it up to the mark with
DCM to give 20 ng/pL of each component.

Hydrocarbon Spiked Standard

)] ‘The TPH spiked standard is prepared by mixing 5 mL of the IHCs intermediate standard
solution of step (4) with 5 mL of C;,-Cy6 intermediate standard solution of step (5) into
a 50 mL volumetric flask and making it up to the mark with DCM to give 100 ng/uL of

each component.

2.3 GC/FID Conditions

Column: BPXS, 25 m x 0.22 mm x 0.25 pm film thickness; injector temperature: 320°C;
detector temperature: 355°C; injector: splitless; detector: flame ionisation, purge:
on 0.2 minutes; head pressure: 150 kPa; sample size: 1 pL; sample washes: 5; sample pumps: 5;

viscosity delay: 1 s; solvent: A washes 5 times with DCM; solvent B washes 5 times with DCM.

Oven Temperature Program:
Initial temperature: 4°C; initial time: 0.8 min; rate (1): 27°C/min up to 100°C; rate (2):

35°C/min up to 350°C; hold time (2): 5 min; total run time: 15.17 min.

3. Procedure

3.1 First session

Depending on the organisation of the laboratory, an individual, or a group of two or three,
should perform this experiment. The students are asked to prepare samples for analysis.
Instructors should:

(1 Explain how to achieve a representative sample. The instructor should also show

students how to use the sonicator.
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(2) Advise students on how to store samples for other groups to use. Soil samples are often
kept at 4°C to reduce the level of evaporation of the target analytes.
3) When students have all of their vials containing extracts ready for GC/FID analysis,

they will also need to be shown how to store these samples. They are normally kept at
0°C-4°C.

3.2 Second Session

Student(s) will use GC/FID to determine the TPH concentration. Instructors should:
(1) Set the GC/FID conditions (the suggested conditions are given above).

(2) Advise students on how to set up the sequence of samples to analyse. Normally, a sequence
based on an increasing concentration is used. For example:(i) one or two solvents are run to
clean any contaminants from the column and to stabilise the baseline; (ii) reagent blank;
(iii) standards; (iv) sample; (v) sample duplicate; (vi) LFB; (vii) LFM; (viii) a further

number of solvent to leave the column free of contaminants.

It would be useful for students to perform the whole process of laboratory QC. This would
require experimentation using the same sample and, when all experiments are finished, a class
discussion and exchange of data could be carried out. Thus, students would have a large set of
data for analysis and can evaluate their findings compared to the whole class in terms of its
accuracy and precision. They may also construct a control chart and determine both the limit of

detection and whether or not their results are affected by the reagent blank.

4. Tips for Successes

(1) If the level of TPH in the soil sample is high, dilution should be performed; otherwise
the column will be adversely affected by the accumulation of the PH. It is advised to
run a solvent blank, normally DCM after high levels of contaminants are observed. At
the end of the analysis, a column cleaning procedure should also be carried out to avoid
the accumulation of PH in the column. This is particularly required for a soil

contaminated with very high petroleum hydrocarbons.

2) In this experiment, a sonicator is proposed for use in the extraction procedure because
of its time effectiveness and therefore its suitability for use in the teaching laboratory.
However, other methods, which have been listed (Table 7) may also be suitable.
Alternatives to sonication are the Soxhlet apparatus, tumbler, and twist shaker.
Experiments can also be done without using any of these extraction apparatus. For

example: soaking overnight can be used as well. Although, the use of the Soxhlet
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apparatus is beneficial for students’ learning experience, it is time-consuming. Thus, it

is suggested that this should not be used in this experiment, particularly since QA/QC

has been integrated, and many extractions are needed in a limited time.

If there is a difficulty in obtaining all of the standard hydrocarbons, a standard that is
less representative of PH can be substituted. For example, the standard may contain :

e Low HC (Cs-Cy): C6-C9 hydrocarbon

e Medium HC (C,-Cy4): Cy, Ci; and C,4 hydrocarbon

e High HC (C5-Cy): Cys, Cy3, Caa and Cyg hydrocarbon

e Very high HC (Cy9-Cs): Cy9 and Cs4 hydrocarbon

The determination of TPH may be limited to the range of C4-Ci4; C19-Cag; Cs-Cas. In these
cases, the required components of the standard are reduced significantly. If there are time
constraints, checking for very high HC can be omitted, so that the running time should take

12 min. If analysing a hydrocarbon range of C¢-C,4, the running time should take 9 minutes.

The use of different solvents and extraction methods and the evaluation of their
effectiveness by using percentage recoveries is also a good exercise for students to
perform. Comparing the use of different solvents and different techniques can help

students to understand the factors that may affect analytical results.

Students are required to use sample duplicates to evaluate the precision of the method.
However, if the sample has little PH, students should be asked to use LFM duplicates
for that purpose.
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Chemical name Molecular formula CAS No
n-Cg hydorcarbon (Hexane) CH;(CH,)4CH; 110-54-3
n-C,; CH;(CH,)sCH; 142-82-5
n-Cg CH,(CH,)sCH;, 111-65-9
n-C, CH;(CH,),CH, 111-84-2
n-Cjo CH,(CH,)sCH; 124-18-5
n-Ci, CH;(CH,),oCH, 112-40-3
n-C4 CH;(CH,),CH;,4 629-59-4
n-Cyg CH,(CH,),4CH; 554-76-3
n-Ciq CH;3(CH,),6CH,4 630-02-4
n-Cpe CH;(CH,)»CH; 646-31-1
n-Cyg CH;3(CH,),6CH,4 630-02-4
n-Cso CH3(CH2),5CH; 111-01-3
n-Cs, CH;(CH,);0CH; 544-85-4
n-Cyg CH,(CH,);4CH; 630-06-8
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APPENDIX 13
EXPERIMENT 2 - MATERIALS FOR STUDENTS

1. Background Information

Soil contamination has become a major environmental concern worldwide. There is a wide range of
contaminants in soils, of which the most common is petroleum hydrocarbons (PH). Incidents during
transportation, and leaking during storage are the main causes for such problems. Soil contaminated
with PH is recognized to have bad effects on human health. Risk assessment of contaminated sites
with PH 1s, therefore, becoming an important task. The accurate assessment of the level of PH
plays a critical role in this regard. The analysis of total petroleum hydrocarbons (TPH) in soil has
been conducted largely in industrial and governmental environmental analysis laboratories for this

purpose. In this experiment, you will perform an analytical procedure to determine the TPH level in

a sample of soil.

Petroleum hydrocarbon products are complex mixtures of hundreds of individual components,
including straight-chained, branched and cyclic alkanes, alkenes, monocyclic and polycyclic
aromatic hydrocarbons. The physical properties of these components range from highly volatile
gases (e.g. methane, CH,) to high boiling point solids (e.g. hexatriacontane, CsgH,4). Petroleum
hydrocarbon products consist of groups (or fractions) of components that have been separated based
on their boiling point ranges. These groups can be divided into volatile and semivolatile fractions.
The volatile fraction incorporates the C;-Cs and C¢-Cy (petrol) hydrocarbons; the semivolatile
fraction incorporates the Cjo-C,4 (kerosenes), C,s-C,g (heavy kerosenes and lubricating oils), and
C,9-Cs6 (asphalt) hydrocarbons. Because of the increase in the number of contaminated sites and the
complexity of these sites, it is necessary to identify the range of the contaminants or even specific
components of PH from contaminated soil samples. Therefore, TPH is often determined based on
the analysis of different ranges of PH. In this experiment, the TPH is defined as the fraction C¢-Css,
which is composed of the four hydrocarbon (HC) fractions: (i) low HC fraction (Cy-Cy); (ii)
medium HC fraction (C,o-C}4); (iii) high HC fraction (Cys5-Cyg); and (iv) very high HC fraction (Cy-
Cse)-

1.2 Extraction Techniques
Currently, common methods for the extraction of semivolatile and nonvolatiles compounds in
general and PH in particular from solid samples (e.g. soil), are sonication, Soxhlet extraction,

supercritical fluid extraction (SFE), accelerated solvent extraction (ASE) or pressurised fluid
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extraction (1). Sonication has been used widely in the extraction of PH from solid samples in

general and soil samples in particular.

Traditionally, trichlorotrifluoroethane (Freon-113) has been used as the extraction solvent for PH
from solid samples (2). However, efforts have been made in order to reduce or even to cease the use
of this solvent due to environmental regulations on using this compound (2). Alternative organic
solvents that have been used are methanol, methylene chloride (dichloromethane, DCM), mixtures

of acetone/hexane, toluene/methanol (3), or dichloromethane/acetone (4); and inorganic “solvents”
such as liquid CO, (3).

Suggested additional reading
Dean, J. R. 1998, Extraction methods for environmental analysis, John Wiley & Sons, New

York, USA.

1.3 GC/FID

Gas chromatography (GC) has been broadly used as an effective instrument for analyzing PH (3).
The most frequent detectors used in conjuration with this technique are the photoionization detector
(PID), flame ionization detector (FID) and mass spectroscopy (MS). The PID and MS respond quite
well to aromatic compounds but are not as good as the FID in terms of their response to
hydrocarbons in general (3). In this experiment, the GC/FID is used to quantify the following
groups of PH: (i) low HC fraction: C¢-Cy; (ii) medium HC fraction: C,-C4; (iii) high HC fraction:
C5-Cyg; and (iv) very high HC fraction: Cyy-Ciys.

1. EPA, Method 3500B, Organic extraction and sample preparation, Revision 2, December 1996.

2. Eckert-Tilotta, S. E.; Hawthorne, S. B.; Miller, D. J. 1993, ‘Supercritical fluid extraction with carbon
dioxide for the determination of total petroleum hydrocarbons in soil’, Fuel, 72,7, 1015-1023.

3. Fan, C. J.; Krishnamurthy, S.; Chen, C. T. 1994, ‘A critical review of analytical approaches for petroleum
contaminated soil’, O’Shay, T. A.; Hoddinott, K. B. (Eds.), Analysis of soils contaminated with
petroleum constituents, ASTM, 61-75.

4. Australian Government Analytical Laboratories (AGAL), Mehtod No VL237, issue No 4, 1998.
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Suggested additional reading

(1) Skoog, D. A.; Holler, F. J; Nieman , T. A. 1998, 5" ed. Principles of instrumental
analysis, Sounder College Publishing, Philadelphia, USA, pp. 701-716.

(i1) McNair, H. M.; Miller J. M. 1998, Basic gas chromatography, John Wiley & Sons,
New York, USA, pp. 105-119.

(i)  Hill, H. H. 1992, Detectors for capillary chromatography, John Wiley & Sons, New
York, USA, pp. 7-21.

Use of GC/FID for the PH Quantitative Analysis

The quantification of unknown samples, is normally based on known quantities of analytés that are
present in the so-called standards. Methods of using standards may be divided into: (i) addition
standards in which known quantities or target analytes are added to the unknown components; (ii)
internal standards where a known quantity of compounds which is different to the components in
the analytes is added to the sample; and (iii) external standards where a known amount of target

analyte is used together with the sample.

In this experiment, an external standard is used. By comparing the chromatographic response area
of the sample with the response area of the standards, the unknown amounts of analytes are
determined.

The measurement of the TPH (Cs-Cj) in this experiment is explained as follows:

e TPH is the sum measured from the start of the benzene peak to the end of the Cy¢ peak in the
GC working standard as measured in the GC/FID trace.

e The C4-Cy (low HC fraction) is measured on the GC/FID trace from the start of the benzene
peak to the midpoint between the Cy and C,, peaks in the GC working standard.

¢ C4-Cy4 (medium HC fraction) is measured on the GC/FID trace from the midpoint between the
Cyand C,, peaks to % distance between C,4 and C ¢ peaks in the GC/FID working standard.

¢ (C;5-Cyg (high HC fraction) is measured on the GC/FID trace at Y distance between the C,sand
C peaks and Y4 distance between Cys and Cs, peaks in the GC working standard.

o Cy-Cys (very high HC fraction) is measured on the GC/FID trace at % distance between the Cas
and Cs, peaks and the end of the Cy61n the GC working standard.

e TPH is the total of low, medium, high and very high HC fractions.

For the calculation of TPH, the formula below is used:
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R=—x)¢x — (1)

where R is the TPH residue (mg kg™); a is a peak area of sample (total of IHCs), s is the peak area
of standard (total of IHCs), Zc is the sum of concentration of individual component used in standard
(ng/uL), V| is the final volume of sample extract (mL), and W is the weight of sample taken for
analysis (g).

1.4 Quality Assurance and Quality Control in the EC Lab

Producing defendable data is the ultimate role of environmental analysis. Quality assurance and
quality control (QA/QC) are the associated processes that ensure the laboratory data are reliable and
are under control (5). It is often a regulatory requirement that environmental analytical laboratories
document and include in their reports the QA/QC procedures adopted as the evidence of the

acceptable quality of the reported data (5).

Quality assurance is the definitive program for laboratory operation that specifies the measures
required to produce defensible data of known precision and accuracy. An important part of QA is
the control of the measurement system, which includes the analytical instruments and the laboratory
methods. The performance of the measurement system, which is based on the measurement system
control and the extent to which the sample matrix affects the laboratory data, is evaluated by quality
control (QC) samples. Quality control samples are comprised of: (1) a set of “field” of samples,
which are additional samples to the target sample collected from the field during the sampling
procedure, and (i1) laboratory QC samples.

In this experiment, you will use the following “laboratory” QC samples, which are typical of some

QC samples often used in the scientific laboratory (5, 6), to help you evaluate your result:

(a) Reagent blank: to help determine the contribution of the reagents and the preparative analytical

steps to the error in the measurement.

5. Clescerl, L. S.; Greenberg, A. E.; Eaton, A. D. (Eds.), 1998, 20" ed. Standard methods for the
examination of water and wastewater, pp. (1-4)-(1-11).

6. Liabastre, A. A.; Carlberg, K. A.; Miller M. S. 1995, ‘Quality assurance for environmental assessment
activities’, Methods of environmental data analysis, Elsevier Science Publishers, USA, pp. 273-280.
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(b) Laboratory-fortified blank (LFB) or “blank matrix”: is the blank sample. In the case of soil
samples, clean soil containing a known amount of the analyte will be used for this purpose. It is
used to evaluate laboratory performance and analyte recoveries from the blank matrix. The
results obtained for the LFB are used to evaluate batch performance, calculate recovery limits
and plot control charts.

(c) Laboratory-fortified matrix (LFM) or use sample matrix: involves the addition of a known
amount of analyte to the sample before sample preparation. The LFM is used to evaluate
analyte recoveries from the sample matrix. It is normally used at the same concentration as the
LFB to enable the analyst to separate the effect of the matrix from laboratory performance.
Recoveries of the LFM are also used to evaluate the accuracy of the method.

(d) Duplicate sample or LFM duplicates: These are used to evaluate the precision of the analytical
procedure. Duplicate samples are used when there is a high likelihood that the sample contains
the analyte of interest. LFM duplicates are used when there is little likelihood the sample

contains the compounds of interest.

In the QC report the following results may need to be included:
For the LFM, the result is reported as the percentage recovery:

LFM sample result - sample result
known LFM added concentration

% Recovery = x 100% (2)

For the LFB, the result is reported in the percentage of recovery:

LFB sample result - sample result
known LFB added concentration

% Recovery = x 100% 3)

In the cases of duplicate samples or duplicate LFM, the result is reported as relative percentage

difference of duplicates (RPD):

sample result - duplicate result < 100 % @)

RPD sample = (sample result + duplicate result)/2

sample result - duplicate result < 100 % 5)
(sample result + duplicate result)/2

RPD M =
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2. Experimental Section
CAUTION: Many of the substances used in this experiment, including the samples being
analyzed can be potentially hazardous (flammable, toxic, corrosive or carcinogenic). The use of

eye protection and protective clothing such as gloves and coats is highly recommended. The use

of a fume hood is also most desirable.

Materials

You will be provided with a soil sample, some clean soil, solvents and sodium sulfate (granular,
anhydrous). The GC working standards and GC spike standard, which contain the range of IHCs:
Cs-Cio, Ci2, Cia, Cis, Cig, Cag, Cag, Cag, Cy, Ciy, and Cs6 with the concentration of 20 and 100 ng/pL

appropriately, are also provided.

2.1 Session 1: Extraction

2.1.1 Preparation

The following steps will require the use of several jars and vials. It is necessary to label the
glassware clearly before doing any further work. Items of glassware need to be labelled include:
125 mL jars and vials for “sample”, “duplicate sample”, “matrix sample”, “matrix blank”, and

“reagent blank” (solvent).

2.1.2 Extraction
All the operations in this experiment should be performed as quickly as possible to avoid any loss of

analytes during the sample preparation.

(1) Use a top-loading balance to weigh two approximately 10 g soil samples to the nearest 0.01 g in

two (tarred) 125 mL glass jars, which have been labelled “sample” and “matrix sample”.

(2) Weigh out approximately 10 g clean soils to the nearest 0.01 g in the (tarred) 125 mL glass jars,

which have been labelled “matrix blank”.

(3) Take one of the jars prepared in step (1) that is labelled “matrix sample” and use a micropipette
to spike 500 pL GC spike standard into the surface of the sample. Quickly cover the jar with its
lid.
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(4) Take one of the jars from step (2) that is labelled “matrix blank”, and spike the surface of the

sample with 500 pL of the spike standard (try to avoid contact between the spike solution and
the edge of the jar). Quickly cover the jar with its lid.

(5) Add 20 mL of the solvent mixture (1/1) DCM/acetone all the jars with samples in steps (1)-(4).
Use clean glass rods to mix the contents of all jars well so that samples are completely

submerged in the solvent. Tighten all the lids after mixing. Place all jars in the sonicator for 10

min.

(6) Remove all the jars from the sonicator and add approximately 10 g of anhydrous sodium sulfate

to each jar. Mix well and replace them in the sonicator for a further 10 min.

(7) Remove all the jars from the bath, allow the soil to settle and examine the DCM/acetone
fraction. If the solvent is cloudy, add and mix 10 g lots of anhydrous sodium sulfate until it

turns clear. Otherwise, continue with the next step.

(8) Allow the soil to separate and settle from the solvent fraction. If the extracts contain particulate
or floating, insoluble material, it is necessary to centrifuge the sample to help the solvent to

separate. In such cases, centrifuge a portion of the extract at 13,000 RPM for 5 min.

(9) Carefully transfer approximately 1.5 mL of the clear extracts into pre-labelled 2 mL GC vials

and seal the tops immediately using a crimp cap and crimper to avoid evaporation.

(10) Transfer approximately 1.5 mL of the solvent into the vial labelled “reagent blank”. Crimp

the cap.

(11)  The instructor will show you where to store all the vials in a refrigerator ready for use in the

next session.
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2.2 Session 2: Petroleum Hydrocarbons Analysis

(1) Recover all the sample vials prepared in Session 1. Slightly shake vials then allow them to
equilibrate to room temperature. When all the necessary analytes are ready which include
reagent blanks (solvent blank), standards, matrix blank, sample and its duplicate, and the

sample matrix, your instructor will show you how to operate the GC/FID.

(2) Consult with your instructor on how to place all of the samples in proper order and how to
use the GC/FID for this task.

(3) Consult with your instructors to create a suitable table for recording data.

4) Record appropriate data in your data table.

2.3 Disposal

When you finish the experiment, the following steps should be taken:

(D All waste solvent should be collected in the appropriate laboratory solvent waste bottles.

(2) Soil waste should be placed in the fume hood to allow any remaining solvent to evaporate

before disposal in a vessel provided for this purpose.

3. Suggestion Questions and Calculations

I. Using equation (1), calculate the TPH content (on group HC, such as low, medium, high and

very high basis, and then take the sum) in the soil sample and its duplicate based on equation

(1).

2. Using equation (4), calculate the RPD of the sample duplicate. Comment on the reproducibility
of your result. Give reasons for any differences and if appropriate, propose a means to increase

the reproducibility.
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Use equations (2) and (3) determine the percentage recoveries of LFB and LFM. Comment on
the matrix effect.

Based on the percentage recoveries of LFM, comment on TPH value obtained in question 1. Is
the latter the actual concentration of TPH in the soil sample? How close are your results to the

actual value? What factors do you consider may have affected the closeness of the measured

value and the actual value?

In environmental analytical laboratories, besides the report of the sample results they are also

required to report the RPD of sample duplicates and the percentage recoveries of the LEM. To

what extent do you agree?

Based on your average TPH in each range of HC, give your opinion on the possible source of

contaminants.

The following questions can be answered when you have a complete set of class data for this

experiment:

7.
8.

10.
11.
12.

Calculate the mean value of the TPH content, and its standard deviation.

Are there any suspect values? If so, use the Q-test to find out whether these values should be
rejected.

Calculate the 95% confident interval of the mean of the TPH content for each range of HC.
What is the lowest level of analyte you can reliably detect, with this method?

What is the highest level of analyte you can reliably detect, in this method?

Based on your value of the TPH in the reagent blank and the answer to question (10), give your

evaluation of the influence of reagents (solvent and soil) on your result for the target analyte.



