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ABSTRACT
While there is a growing body of literature examining social causes of environmental
outcomes, there has been a dearth of quantitative analysis examining the movement of
hazardous waste across national boundaries from a global perspective. In an attempt to
shed light on this vital but relatively neglected realm, this study examines data collected
in conjunction with the Basel Convention on the international flows of hazardous waste
among countries (n=99) in the year 2000. The study examines characteristics of
destination countries (n=52) as well as countries of origin (n=96) along several
dimensions. Predictor variables were drawn from a number of perspectives including
sociology, economics, geography, demography, network analysis, and human ecology.
Multivariate statistical analysis indicates that while the higher the level of biohazard, the
more likely a shipment is to travel from a richer to a poorer nation, nations tend to ship
waste to nations that are proximal to them geographically. The classic world-system
framework positing a core, semi-periphery and periphery is not particularly useful in
explaining the findings in this study. However, the study does support a modified world-
system theoretical framework, in which richer countries within a region tend to export
waste to somewhat poorer countries in that same region (many of which may be in the
same tier of the world-system). An ancillary finding is that, while in theory, the total
amount of waste exported by all countries should equal the amount imported by all
countries, there were some discrepancies in the numbers. The aggregate amount of waste
reported imported by destination countries was greater by almost 42% than the aggregate
amount of waste reported shipped by originating countries. The work has a number of

sociological, ecological and international policy-related implications.
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CHAPTER I
INTRODUCTION

1. Problems Associated with Transboundary Waste

A commonly expressed attitude of the general public towards the location of
waste processing and waste disposal facilities is: NIMBY or "Not in my back yard". As
important as proper waste disposal is to any society, no one appears to want one of these
facilities adjacent to where they live and work. By the mid-1980’s, an established body
of research and accompanying literature existed within the United States concerning the
health implications of populations being adjacent to the production and disposal of
hazardous waste and the tendency for these types of facilities to be located more often
near lower economic and ethnic minority communities (Szasz and Meuser 1997).

Particularly within the last few decades, a growing interest has developed in the
international transboundary movement of hazardous waste (Asante-Duah and Nagy
1998). Areas of interest include location of polluting industries in producing countries
and exportation of hazardous products from them. There are concerns, for example, that
exportation of hazardous waste has an inequitable distribution of costs and benefits
during the industrialization of developing countries (Stretton 1976; Geisler 1977; lves
1985).

A number of major problems are associated with transboundary movement of
waste. Even modern transportation systems and high tech disposal facilities have a
potential for failure, however small that risk may be, with subsequent disasters for
populations living nearby (Buttel 1987; Covello and Frey 1990). Developing countries

often do not have the technological expertise available for the handling and disposal of



hazardous and other waste (Adedibu 1988; Blowers 1996; Asante-Duah and Nagy 1998;
Ayotamuno and Gobo 2004; Fobil, Carboo and Armah 2005). Furthermore, developing
countries often do not have the technological infrastructure, laws, and administrative
rules in place necessary for the appropriate handling and disposal of their own waste, let
alone for additional imported waste (Wilson and Balkau 1990; Strohm 1991; Chung and
Poon 2001; Nunan and Satterthwaite 2001; Payet and Obura 2004). Finally, health issues
are often related to environmental problems that frequently accompany the exportation of
pollution to developing countries (Adeola 1998), such as: ashestos in construction
materials and methyl isocyanate from manufacturing waste that escapes from landfills
and diminishes children’s health in Southeast Asian countries (Suk et al. 2003); arsenic,
cadmium, dioxins, and heavy metal pollution that degrades the general state of health of
the populations of Eastern and Central European countries (Carpenter, Cikrt and Suk
1999); leakage from hazardous waste in landfills that and deteriorates the health of
adjacent residents in India (Misra and Pandey 2004); pollution and infant mortality in less
developed countries (Burns, Kentor and Jorgenson 2002); and toxic waste dumping and
health issues in Lebanon (Jurdi 2002).
2. Responses to Transboundary Waste Problems

Governmental and public policy responses to problems associated with domestic
waste generation, transportation, and disposal include such measures as initiating and
passing legislation, and promulgating administrative rules regulating this internal
movement of waste and waste disposal (Third World Network 1989; Biggs 1994).
Responses have arisen on the international level as to the problems associated with the

transboundary movement of hazardous and other waste as well. A number of bilateral



agreements, regional treaties, and international treaties, which regulate this type of waste
movement have been established and ratified. (Kummer 1992, Allen 1995, Krueger
1999a). The Council of the Organization for the Economic Cooperation and
Development (OECD) first adopted rules regulating the international transboundary
movement of waste, seconded by a set of rules adopted by the European Economic
Community (EEC) (Handley 1989; Wynne 1989; Thornton 1991). The Basel, Lome 1V,
and Bamako conventions on international transboundary waste followed rapidly the
adoption of these two sets of rules OECD (Kummer 1992; Donald 1992; Biggs 1994;
Puckett 1994: Hongkyum 1998).

By far, the most extensive international treaty or regime regulating waste in both
regulatory comprehensiveness and number of countries agreeing and ratifying the terms
of the treaty is the 1989 Basel Convention (Hilz and Radka 1990). In 1989, 116 countries
and the European Economic Community (EEC) ratified the Basel Convention agreement
that regulates the terms under which the movement of transboundary waste takes place
and provides provisions for tracking the movement of this waste when it occurs (Biggs
1994). The United States, one of the world’s largest waste generating nations, has signed
but not yet ratified, the treaty. Many of the developing countries that are original
signatories to the treaty have yet to ratify other, more recently passed, amendments to the
agreement (Krueger 1999a). A more extensive discussion of the international regulation
of transboundary waste takes place in Chapter 11, Section 4, of this report.

3. Transboundary Waste Research Objectives
Currently a large and well established body of literature exist concerning the

transboundary movement of hazardous and other waste and the potential and real



problems associated with it, namely an unequal distribution of the costs and benefits from
this often called "waste trade™ (Galli 1987; World Resources Institute 1988; Faber 1989).
Until now, little, if any, quantitative comparative research that is international in scope
has been done on the movement of transboundary waste due to a lack of data
documenting the types and amounts of waste involved in this movement. The
comprehensive records collected and archived annually under the multination ratified

terms of the Basel Convention now allow for conducting this type and scope of research.

I have three objectives in this research that utilize the above mentioned
international transboundary movement of waste data collected by the Basel Convention
(Secretariat of the Basel Convention 2006a, 2006b, 2006c, 2006d). The first objective is
to examine and determine the characteristics of both transboundary waste sending and
waste receiving countries as they relate to the amount of waste that is shipped or
received. The second objective is to determine what country characteristics effect the
economic level movement of waste shipments. The third objective is to determine
quantitatively if the more hazardous portion of the waste has a transboundary movement
from sending countries that have characteristics of higher levels of development relative
to receiving countries that have characteristics of lower levels of development.

Given the large established body of research and accompanying literature on
environmental injustice within the United States, many written incidental accounts and
the results of qualitative studies on international transboundary movement of hazardous
and other waste indicate that an analogous environmental injustice is occurring on the
international level. The theoretical approach indicated by these to properly guide a

quantitative analysis on the various kinds and types of waste and their international



transboundary movement is the world-systems perspective (Wallerstein 1974; Chirot and
Hall 1982; Chirot 1994; Chase-Dunn 1995, 1999). In the last thee decades, the world-
systems perspective has been both useful and productive in research designed to
understand world trade both in raw materials and in manufactured goods. Furthermore,
this theoretical perspective has been useful in achieving an understanding of the
movement of economic capital, social capital, and labor within and between countries
(Smith and White 1992; Kentor 2000; Kick and Davis 2001). More importantly, the
world-systems perspective has proved useful and productive in research involving
environmental issues and associated problems (Smith 1994; Burns, Davis and Kick 1997,
Adeola 1998; Jorgenson and Burns 2004). Therefore, the world-systems perspective is
ideal for use in directing this international comparative research on the transboundary
movement of hazardous and other waste. Additional details of the theoretical
ramifications of the world-systems perspective, as applied to understanding the
transboundary movement of hazardous and other waste, will be discussed in a later
section of this dissertation.
4. Summary of the Introduction

In summary, | have three objectives in this research on the international
transboundary movement of hazardous and other waste. The first objective is to ascertain
and explore the characteristics of transboundary waste sending and receiving countries as
they correlate with the amounts of waste shipped or received. The second objective is to
determine what country characteristics effect the economic level movement of waste
shipments. The third objective is to determine quantitatively the question of whether the

more hazardous portion of waste has a transboundary movement to countries with



characteristics of lower levels of development, more than to countries with characteristics
of higher levels of development. The data used in this research are the Basel Convention
export and import nation reports of hazardous and other waste, for the year 2000. The
theoretical approach used in this research is the world-systems perspective. The world-
system perspective points out that rich nations have the advantage in traditional trade
with poorer nations. | am proposing that this tendency for the rich nation having the

advantage in traditional trade will also extend to the so-call trash trade.



CHAPTER Il
REVIEW OF THE LITERATURE

1. History of Transboundary Waste Research

Much has been written about the transboundary movement of hazardous and other
waste during the last three decades. The problem with pervious research is that it is
qualitative in nature, being made up almost entirely of case studies or accounts and lists
of incidents. A scarcity of quantitative research exists on the international transbountary
movement of waste. Using data on international transboundary waste as collected by the
Basel Convention in their annual records of member nation import and export shipment
amounts and frequencies (Secretariat of the Basel Convention 2006a, 2006b, 2006c,
2006d), this research will address the deficiency of quantitative research on this topic.

The reference section of Asante-Duah and Nagy’s (1998) book on the subject
listed over 70 sources devoted to the topic of transboundary movement of hazardous and
other waste. Even more has been written since this book was published. Why has so
much attention and concern been spent on this subject? The reasons for this are related to
the potentially inequitable implications of this movement or the “hazardous waste trade”,
as some have labeled this exchange and the problems associated with it (Shin and Strohm
1993; Frey 1998a). Even in well-developed countries with modern transportation
systems and the latest technologically advanced disposal systems, a potential for failure
exists with consequential disasters for populations living in adjacent areas (Buttel 1987;
Covello and Frey 1990). The potential for failure is even greater when the waste
movement is from highly developed countries to developing countries (Gbadegesin

2001).



As outlined in the introduction, developing countries often do not have the
technological expertise available for the handling and disposal of hazardous and other
waste (Asante-Duah and Nagy 1998; Ayotamuno and Gobo 2004; Fobil et al. 2005).
Furthermore, developing countries often do not have the technological infrastructure,
laws, and administrative rules in place that are necessary for the appropriate handling and
disposal of their own waste, even without the additional imported waste (Strohm 1991;
Chung and Poon 2001; Payet and Obura 2004). Finally, health issues are often related to
environmental problems that frequently accompany exportation of pollution to
developing countries (Carpenter , Cikrt and Suk 1999; Adeola 1998).

Beginning in the 1970’s and continuing until today, researchers and world
development theorists expressed concern about the inequitable distribution of the costs
and benefits of industrialization in developing countries (Agarwal 1997; Burns, Kick,
Murray and Murray 1994; Burns, Kentor, and Jorgenson 2002). The location of polluting
industries, the exportation of hazardous products, and the exportation of hazardous waste
to developing countries was also a concern (Stretton 1976; Geisler 1977; lves 1985; Galli
1987; World Resources Institute 1998; Faber 1989). By the mid-1980s, an established
body of research and associated literature already existed on environmental injustice
within the United States (Szasy and Meuser 1997). This research indicates that within
the U. S., hazardous waste facilities and air polluting industrial facilities were
disproportionately sited near the residences of minorities and lower socio-economic
citizens (Berry and Caris 1977; Bullard 1983; US GAO 1983; United Church of Christ,
Commission for Racial Justice 1987; Adeola 1994, 1995, 2000a; Goldman 1996).

However in the mid-1980’s, two incidents occurred that made international media



headlines, bringing the transboundary movement of hazardous waste and other waste to
the public’s attention and spurring an avalanche of research and literature. The first
incident was the 1986 voyage of the waste ship Khian Sea (Gourlay 1992; Vallette and
Spalding 1990; Foster 1994). Loaded with a cargo of Philadelphia incinerator ash, its
original destination was Haiti. No nation, including Haiti, would grant docking permits.
The second incident was the shipment of European hazardous waste in 1987 by an Italian
waste firm to a little known village in Koko, Nigeria (Moyers 1990; Gourlay 1992; Olsen
and Princen 1994) that sickened the proprietor of the property where it was stored. These
and several other incidents not only captured general public attention, but also stimulated
environmental groups to research the extent of the hazardous waste trade. Research
findings concerning the phenomenon’s implications led to the passing of legislation by
national governments and the convening of international conventions of countries in
order to design treaties directed at regulating and controlling the hazardous waste trade
(Halter 1987; Vallette and Spalding 1990; Moyers 1990; Hofrienter 1993; Tsai 1999).
The Council of the Organization for the Economic Cooperation and Development
(OECD) first adopted rules regulating the international transboundary movement of waste
between OECD member countries and from OECD countries to non-OECD countries
(Kummer 1992; Biggs 1994). The European Economic Community (EEC) also
recognized that all EEC countries were not equally advanced technologically to handle
hazardous waste (Wynne 1989; Thornton 1991). Therefore, they soon followed the
OECD in adopting legislation and administrative rules regulating the transboundary
movement of waste between member nations (Handley 1989; Allen 1995; Asante-Duah

and Nagy 1998).



2. Nature of Transboundary Waste

One difficulty with measuring, researching, and regulating the transboundary
movement of hazardous waste is associated with defining hazardous waste (Leonard
1988; Thornton 1991; Kazmierczyk 1995). Different countries define hazardous waste
differently, which leads to loopholes in hazardous waste regulation (Schmidt 1999;
Krueger 1999b). The latter was an issue that countries attending international toxic waste
conventions found necessary to address (Olsen 1975; Hilz 1992; Allen 1995; Asante-
Dauh 1998). Until there is an internationally accepted definition of hazardous waste,
researchers will continue to have problems in measuring the volume of the hazardous
waste trade. In this report, the definition | use for hazardous waste is the one designated
in the articles of the Basel Convention.

Until the time when there is an international agreement on the definition of toxic
waste, some researchers have suggested and used operational definitions. Cutter (1993:2)
defines “hazards” as “threats to people and things of value.” Gourlay (1992:21) defines
waste as “things we do not want or which we have failed to use”. Gourlay (with a caveat
that the harmless/harmful destination changes over time) suggests using the World
Resources Institute’s (1988:314) definition of hazardous waste: “waste known to contain
potentially harmful substances”. Galli (1987) defines “hazardous” as being banned or
restricted for domestic use. Other researchers maintain that waste should be viewed as
substances to be recycled or reused (Clapp 1994; Louka 1994; Socolow 1997) or that the
term “waste management” is an oxymoron when associated with the hazardous waste
trade (Moyers 1990; Hofrichter 1993) because developing countries often do not have

either the technological expertise or the modern infrastructures necessary to handle either
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their own or imported hazardous waste (Bello 1992; Logan 1992; Carpenter, Cikrt and
Suk 1999; Marcotullio 2003; Post and Baud. 2004).

A large problem inherent in transboundary waste movement, or trade in hazardous
waste, is the global direction of the movement and the inequitable distribution of the
costs and benefits (Logan 1992; Miller 1993; Simon 2000; Adeola 2000b). Although
most of this trade moves between developed countries, much of it also moves from
developed to developing countries (Postel 1987; Bello 1992; Jasenoff 1994; Rogge and
Darkwa 1996). The waste trade has the same inherent inequalities that
developed/developing country exchanges often have (Moyers 1990; Vallette and
Spalding 1990; Hofrichter 1993; Frey 1998b). Amounts and concentrations of industrial
wastes, as currently generated by modern factories relocated in developing countries, or
as shipped to developing countries from factories in developed countries, cannot be
recycled by the traditionally used natural environmental systems in these locations at a
rate that avoids the waste becoming toxic (O’Connor 1989). Developing countries often
do not have adequate infrastructures for waste disposal facilities to handle their own
waste as well as imported waste (Wilson and Balkau 1990; Chung and Poon 2001; Nunan
and Satterthwaite 2001; Payet and Obura 2004) or lack the proper technological expertise
to handle and properly dispose of waste (Adedibu 1988; Blowers 1996; Asante-Duah and
Nagy 1998; Ayotamuno and Gobo 2004; Fobil et al. 2005). Improper handling and
disposal of waste may lead to health problems. Improper handling and disposal of waste
and associated health problems are particularly acute in developing countries, primarily
because of these same infrastructure problems (Adeola 1998; Carpenter, Cikrt and Suk

1999; Jurdi 2002: Suk et al. 2003; Misra and Pandey 2004).
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Most researchers and writers on the transboundary movement of hazardous waste
address the movement of “solid” waste. Others address the movement of solid waste and
include such things as the transboundary movement of air pollution (White 1991;
Hekimian 1995; Alario 1995; Renner 1996; Redclift and Sage 1998), hazardous products
(Castleman and Navarro 1987; Albers and Gelb 1991; Frey 1995a; Rogge and Darkwa
1996), and the relocation by transnational corporations (TNC’s) of the hazardous waste
producing industry to developing countries (Gedicks 1993; Broad and Caranagh 1994;
Gadgil and Guha 1995; Davies and Rattso 1996; Akwesasne Task Force 1997).

Researchers and writers gave six reasons for the transboundary movement of
hazardous and other waste and the relocation of the hazardous waste producing industry:
1) Increased production of hazardous waste in developed countries; 2) Decreased
disposal capacity in developed countries; 3) Increased cost of disposal in developed
countries; 4) Increased awareness of the risk associated with hazardous waste; 5)
Increased regulation in developed countries, and last, 6) The desperate need for hard
currency in developing countries (Rose 1989; Foster 1994; Frey 1995b, 1998a). Other
writers and researchers that attribute one or more of the above six reasons for increasing
transboundary wastes are Handley (1989), Hiltz and Radka (1990), Strohm (1991), and
Crooks (1993).

The specific amounts of waste generated annually by developed countries are
unknown (Biggs 1994), resulting in widely ranging estimates of country and amounts of
global waste generated. Allen (1995) estimates the mid-1990’s European Union’s (EU)
annual production of waste to be over 2 billion tons. Data from the US Environmental

Protection Agency indicate that by the end of the 1990’s the United States’ annual
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generation of solid waste was about 270 million tons (Krueger 1999b). Other researchers
estimate that developed countries produce 90 — 95% of the world’s total volume of waste
(Clapp 1994, Frey 1998a) and that the total amount of waste these countries produce is
growing (Strohm 1991; Foster 1994).

Following the above increases of production of waste in developed countries
came decreased disposal capacity and increased cost (Rose 1989). Asante-Duah and
Nagy (1998) report that in the United States between 1976 and 1991 the cost of landfill
disposal of waste went from less than $10 to more than $250 per metric ton, with the cost
of incineration going from about $50 per metric ton to over $2600 per metric ton. During
this same period, the cost of waste disposal in Europe, where landfill disposal of toxic
waste was still legal, was reported to be somewhat lower, but exhibited similar increases.

As one might suspect, increased awareness of the risk of hazardous waste and
increased regulation appear to move hand-in-hand in developed countries (Asante-Duah
and Nagy 1998: Frey 1998a). As media news stories bring public attention to the risk,
NIMBY or “Not in my back yard” becomes a common citizen reaction to the proposed
nearby location of waste producing and waste disposal facilities (Strohm 1991; Szasz and
Meuser 1997). Steady increases in restrictions and regulations on the handling and
disposal of hazardous waste have been the rule in almost every developed country since
the mid-1970s (Handley 1989; Wynne 1989; Foster 1994).

On the one hand, increased waste production, decreased waste disposal capacity,
increased cost of waste disposal, increased awareness of the risk of hazardous waste, and
increased regulation of the handling and disposal of waste are all factors compelling

developed countries to export waste to developing countries. On the other hand,
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mounting external debt and driving need for hard currency in developing countries makes
it difficult for them to resist imports of developed country produced waste (Wynne 1989;
Clapp 1994; Frey 1999a). The scope of the resulting international transboundary
movement of waste will be discussed in the following section of this chapter.

3. Scope of Transboundary Waste

The scope of the legal transboundary movement of hazardous waste and other
waste is difficult to ascertain, primarily due to countries having different definitions of
hazardous waste. Estimates of the worldwide annual generation of waste generally range
from 300 - 400 million metric tons (Krueger 1999a; Schmidt 1999), with some estimates
substantially higher (Allen 1995) and with an estimated 10% of the total generated waste
exported (Krueger 1999b).

Even more difficult to ascertain is the amount and scope of the illegal movement
of hazardous waste, which by its very nature is undocumented, leading only to estimates
of the trade. These estimates are made using data from the waste trade schemes that have
been discovered (lves 1985; Galli 1987; Moyers 1990; Gourlay 1992). Strohm (1991)
estimates that over 5 million metric tons annually are illegally exported to Eastern
European countries. A U.S. Government International Crime Threat Assessment Report
(December 2000) estimates that illegal waste dumping around the world provides
criminals with profits of $10 - $12 billion a year (Spivey 2004).

Wynne (1989) gives four reasons for the difficulty of monitoring and tabulating
the legal trade in hazardous waste: 1) The different definitions of hazardous waste even
among developed countries; 2) Customs officials have neither the time nor the expertise

to check shipments; 3) Transnational Corporations (TNCSs) that are increasingly using
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brokers or middlemen between sources and destination as a way to be absolved of
responsibility; and 4) Regulation that focuses on the end points of movement, not the
source.

Greenpeace and many other environmental movement groups document the
volume, value, origination, and destination of the waste trade (Third World Network
1989; Moyers 1990; Vallette and Spalding 1990). Between 1986 and 1990, 1000
attempts were documented to move hazardous waste from developed countries to
countries in Africa, Asia, Latin America, and the Caribbean. Between 1986 and 1988,
three million tons of hazardous wastes were successfully moved to these countries (Frey
1995a; 1995b). Kitt (1995) estimates that 98% of hazardous waste is generated in
developed countries, and that the U.S. exported 139 thousand tons in 1990, with 68%
going to Canada, and much of the rest going to developing countries. Clapp (1994)
estimates that the world hazardous waste trade is 35-40 million tons per year, half of
which goes to Organization for Economic Cooperation and Development (OECD)
member countries, and 20% of which goes to non-member OECD Third World countries.
Anyinam (1991) documents the hazardous waste trade between developed countries and
African countries, noting the amount, value, origin, and destination. His account records
deals that involved hundreds of millions of dollars. Puckett (1992) asserts that between
1986-1992, over 500 attempts were made to export 160 million tons of hazardous waste
to over 78 Third World or Eastern and Central European countries. Of these, 5.2 million
tons of waste were successfully exported and dumped. Asante-Dauh and Nagy (1998)
list 21 developed countries as significant exporters of hazardous waste and 16 developing

countries and the United Kingdom as significant importers of hazardous waste. Finally,
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Greenpeace lists 36 countries as exporters and 122 countries as importers of hazardous
waste in various waste trade schemes (Vallette and Spalding 1990).

Since the collapse of the Soviet Block, much of Europe’s exports of hazardous
waste have shifted to Eastern Europe. Several researchers have investigated this change,
noting that the Soviets have also left a legacy of tens of thousands of industrial hazardous
waste sites (Cezeaux 1991; Hofrichter 1993; Frey 1998b; Nunez-Muller 2000). A
Federal Task Force commissioned to investigate Eastern European waste dump sites
estimated that there were 30 thousand toxic dumpsites in what was East Germany, with
other investigators estimating as many as 90 thousand toxic dumpsites in all of Eastern
Europe (Cezeaux 1991).

Some researchers view air pollution as a form of hazardous waste movement
since it respects no boundaries. A good source for estimates of world carbon dioxide
emissions for fossil fuels and cement manufacturing for the years 1755-1995 is Lash,
Speth, Topfer, and Wolfensohn (1998). As in the case with transboundary movement of
hazardous solid waste, developed countries produce the most industrial air pollution with
developing countries receiving a share of the cost much out of proportion to the air
emissions they produce (Lucas 1992; Gedicks 1993; Barry and Sims 1994; Redclift and
Sage 1998).

Soon after the mid-1980’s proliferation of the publication of newspaper articles
and that decade’s upsurge of radio and television broadcasts focusing on the topic of
international transboundary waste movement and associated problems, representatives of
many nations in assorted places in various conventions with the directive to draft

international regulation of waste movement (Hilz and Radka 1990; Gourlay 1992;
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Donald 1992; Biggs 1994; Puckett 1994). The next section summarizes the results of
international conventions convened to establish rules to regulate or ban this trade.
4. Regulation of Transboundary Waste

One of the reasons for the transboundary shipment of hazardous waste to
developing countries was the increased cost of disposing of the waste in developed
countries. Puckett (1994) compares the U. S. disposal cost of $15 per ton in 1980 to the
cost of $250 per ton in 1989. The Third World Network (1989) estimated that the cost
would eventually reach $1,000 per ton in the U.S. This cost increase is reflected in the
jump in export notifications received by the U.S. Environmental Protection Agency
(EPA). The number of these notifications went from 12 in 1980 to 638 in 1988 (Biggs
1994). Since each application represents multiple shipments, the EPA estimates 4,000-
5,000 shipments abroad in 1988. The EPA also estimated that they received notice of
only 1/8 of the shipments.

As a result of the increasing export of hazardous waste, the Council of the
Organization for Economic Cooperation and Development (OECD) and the European
Economic Community (EEC) adopted the first rules for regulation of international trade
in hazardous waste in 1984. These rules anticipated the first international convention on
hazardous waste, the 1989 Basel Convention (Kummer 1992). Lome IV, Bamako, and
other conventions soon followed (Puckett 1994; Hongkyum 1998).

The most extensive of these conventions, both in scope of regulation and in
number of countries ratifying the rules of the conventions, was the 1989 Basel
Convention (Hilz and Radka 1990; Biggs 1994). A central objective of the Basel

Convention was to track the amount of hazardous and other waste moving transboundary
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among countries with a focus on reducing flows from waste generating industrialized
countries to less developed countries. Also, when the movement of transboundary waste
occurred, the convention specified the terms under which it would be allowed and, thus,
be recognized as legal. Besides achieving a consensus on what waste should be
regulated, a major Basel Convention provision required that the treaty’s signatories report
any and all exported and imported waste that falls under the convention's definition of
waste to be regulated. The specific provisions of this convention are outlined as follows.

One hundred-sixteen countries and the EEC ratified the terms of the 1989 Basel
Convention. The terms of the convention provided the following six provisions: 1) The
generation and transboundary movement of hazardous waste shall be reduced to a
minimum; 2) Every state has the right to ban the import of hazardous waste; 3) A party to
the agreement shall not export to a non-party unless a formal bilateral agreement is made
with the non-party; 4) No exports shall be made without the written consent of the import
country and any other country crossed in transit; and 5) No exports shall be made unless
transportation is carried out in an environmentally safe manner. The final provision is: 6)
any transboundary waste movement that does not conform to the provisions of this
agreement shall be deemed illegal (Hilz and Radka 1990; Biggs 1994).

The 1989 Lome IV convention led to another agreement on trade in hazardous
waste and was signed by the EEC, several African countries, the Pacific countries, and 15
Caribbean countries (Biggs 1994). The convention’s provisions include: 1) The signatory
countries agree to abide by the uniform rules for the movement of hazardous and
radioactive waste, 2) All signatories shall prohibit the direct or indirect export of such

waste to African, Caribbean, and Pacific States, and 3) The member states shall prohibit
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the movement of these wastes into their territories (Puckett 1994; Hongkyum 1998).

The agreement reached in the convention of Bamako, Mali was adopted by all
member states of the Organization of African States (OAS). It prohibits the importation
of radioactive and hazardous waste to Africa (Gourlay 1992; Donald 1992; Biggs 1994).
In order to regulate the transboundary movement of this waste, other bilateral
agreements, regional treaties, and national legislation soon followed (Puckett 1994; Biggs
1994; U. S. Environmental Protection Agency 1998; Tsai 1999). Two of the reactions by
transnational corporations (TNCs) to these increased regulations were relocation and/or
export to developing countries for “recycling”.

5. Relocation of Waste Producing Industry

The relocation of transnational corporations’ (TNCs’) industry from developed
countries to developing countries avoids both increasing environmental regulations and
export restrictions and is a much-discussed issue (Gedicks 1993; Broad and Cavanagh
1994; Davies and Rattso 1996; Hurrel and Woods 1999). The problems associated with
relocation are similar to those of transboundary waste. For example, the lack of
technology and expertise in developing countries may not allow for the proper handling
of hazardous waste output from the factories relocated to these countries (Castleman and
Navarro 1987; Covello and Frey 1990; Foster 1994; Frey 1995a). Furthermore on a
global level, the technology to produce waste probably outstrips the current technology to
process it properly, even under the best of conditions (O’Connor 1989). When added to
the inequality in terms of technology and regulation inherent in different countries, the
results are potentially catastrophic.

One prime example of relocation and its consequences is the Maquiladores, or
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free trade zones in Mexico (Johnson and Button 1994; Hurrell and Wood 1999). Under
the provisions of a U.S.-Mexican agreement, TNC could build factories in Mexican-U.S.
border zones and export their products to the U.S. duty free. Under other terms of the
agreement, the TNC factories were supposed to send their waste to the U.S. for disposal
(Rose 1989; Hurrell and Woods 1999). According to Johnson and Button (1994),
although 86% of the hundreds of factories in the zone produced hazardous waste, only
ten shipments of this waste were made in 1989. Hurrell and Woods record that by 1999,
only 20 companies out of 1000 did so. Rose (1989) also documents cases of American
shipments from the U.S. to the zones for illegal dumping, due to the high price of
disposal in the U. S., which ranged from $275 to $425 per drum.

The consequences of the sequential environmental disaster of the area in and
around the Maquiladores have meant health problems for people on both sides of the
border because many Mexican rivers and streams run north into the U.S. (Barry and Sims
1994). Two examples of the consequences are that the rates for hepatitis for residents
along these rivers and streams in Arizona are 20 times the U. S. average and the
incidence of babies being born with immature, malformed brains in towns like
Matamoros is 30 times the Mexican average.

As noted earlier with the transboundary movement of hazardous and other waste,
another problem associated with the relocation of hazardous waste producing industry in
developing countries is the lack of technological infrastructure to handle the waste
(Covello and Frey 1990; Buttel 1997). This problem is compounded by inadequate
sanitation systems that are already overtaxed due to bulging populations in the

developing world’s mega-cities (Alario 1992; Mueller 1995). O’Connor (1989)
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additionally points out that industrial waste amounts and concentrations, as produced by
modern industrialized processes and shipped from developed to developing countries,
cannot be recycled by the traditionally used natural environmental systems in these
locations at a rate that avoids the waste becoming toxic. The preceding three factors,
added to the environmental degradation that often occurs during modernization in
developing countries (Durie 1985 Chowdhry 1989; Bunker 1995; Stonich 1992; Kick,
Burns, Davis Murray and Murray 1996; MacEwain 1996; Burns, Kentor, Jorgenson
2002), are a recipe for environmental disaster. Some of the worst industrial accidents (in
the number of lives lost) occurred in developing countries (Mitchell and Cutter 1997).
For the same three reasons enumerated above, relocation of industry to avoid hazardous
waste regulation will also likely increase these incidents (Castleman and Navarro 1987;
Covello and Frey 1990).
6. Theoretical Concerns for Transboundary Waste

Although it is not always apparent which, if any, theoretical perspective is guiding
the writer or researcher on transboundary waste, upon reviewing the literature | was able
to identify five theoretical perspectives: 1) the economic modernization theoretical
perspective, 2) the demographic theoretical perspective, 3) the risk/benefit theoretical
perspective, 4) O'Neill's theory of environmental regulation, and the 5) world-systems
theoretical explanation of transboundary waste. The earliest of these theoretical
perspectives that was used to explain transboundary waste is the economic modernization
theoretical perspective.

Under the economic modernization theoretical perspective, the explanation for

transboundary waste movement (or “waste trade” as this perspective prefers to label it) is
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similar to explanations for ordinary trade (Rajendra and Green 1986). Some countries
historically began industrialization at an earlier date, so are more advanced
developmentally than those that began industrialization at a later date. According to the
tenets of this perspective, waste trade can be totally understood by factors such as
modernization, cultural norms, historical incidents, political and economic agreements,
and other factors such as distance and economic size (Ley, Macauley and Salant 2000;
Beukering and Janssen 2001; Marcotullio 2003). This perspective views any problems
associated with transboundary waste that occur prior to all countries' achievement of full
development as being temporary in nature. It looks for solutions to these “temporary
problems” in domestic statutory regulation and international treaty regimes (Strohm
1991; Helm and Sprinz 2000; Fujita 2004). Transboundary movement of waste that is
contrary to statutory regulation and international treaty agreement is viewed as a law
enforcement problem (Krueger 1999a; Jurdi 2002; Spivey 2004).

A second theoretical perspective, the demographic theoretical perspective, is
similar to the economic modernization perspective and is also used to explain
transboundary waste movement in a similar fashion (Adedibu 1988; Leao, Bishop and
Evans 2001). Under this theoretical perspective, transboundary waste and associated
problems are thought to result from demographic factors, such as household size and
composition, rapid development, population growth, population density, urbanization,
land use, and the size of the economy (Johnstone and Labonne 2004; Payet and Obura
2004).

Another theoretical perspective that is used to explain transboundary waste is

what I label the "risk/benefit perspective™ (Buell 1998). Under this perspective, the
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nation state is thought to be the primary agent for deciding whether to export or import
waste with the amounts determined by factors such as the size of the economy and a risk
versus benefit assessment of the exportation or importation of waste (Copeland 1989;
Montgomery 1992; Paleologos and Lerche 2000).

A fourth theoretical perspective for transboundary waste is O'Neill's theory of
environmental regulation, which explains the “waste trade” between rich countries. In
this theory, it is a rich country’s internal regulatory system that strictly determines the
amount of waste that country imports (O'Neill 1997). Almost exclusively used to explain
the movement of waste between industrialized or developed countries, this perspective
explains the larger amounts of waste imported by countries such as Great Britain by their
less restrictive legislative and administrative system. It portrays the smaller amounts of
waste imported by countries such as France as being due to their legislative restrictive
system, and it depicts the smaller amounts of waste imported by countries such as Japan
as being due to their historical/cultural restrictive system (O'Neill 2000a; O'Neill 2000b).

As interesting as O'Neill's theory is, and as practical and productive as it may
prove to be for future research on the tranboundary movement of waste research, the
theory as currently formulated addresses movement between industrialized or "rich
countries”. Therefore, this theoretical perspective would not be appropriate to investigate
the movement of hazardous and other waste between industrialized and developing
countries.

A fifth theory of explanation for the transboundary waste is the world-system
perspective (Wallerstein 1974; Chirot and Hall 1982; 1986; Chirot 1994; Chase-Dunn

1995, 1999). This theoretical perspective is the one most commonly used to direct global
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environmental research and as such has proved to be very productive (Kick et al. 1998;
Burns, Kick and Davis 2003; Chase-Dunn and Jorgenson 2003a). This theoretical
perspective is also useful in explaining transboundary waste (Burns, Davis and Kick
1997; Lofdahl 2002; Baud 2004) in that it is the only one of the five theoretical
perspectives that explains economic level movement of hazardous and other waste and
predicts that the more hazardous waste tends to move from higher developed to lower
developed countries.

Under the world-system perspective, historically rooted geopolitical
power/dependency connections and power/dependency relationships between
industrialized countries and developing countries, some of which may have been their
former colonies, explain the amount of waste exported and imported by various countries.
The world-system, in its present day conception, is made up of a four-level hierarchy of
decreasing development and dominancy/dependency countries, often labeled as core,
semi-core, semi-periphery, and periphery, respectively (Kick 1987; Burns, Davis and
Kick 1997).

The world-system theoretical perspective is the proper one to use in directing the
type of research that is the focus of this paper because it directly addresses the problems
associated with economic level movement of hazardous and other waste. The other four
theoretical perspectives look at the problems associated with waste movement from
higher developed to lower developed countries as being temporary, incidental, and as a
matter properly addressed by international enforcement (modernization and demographic
theoretical perspectives) a matter of risk assessment and level of risk preference with

every country an equal agent in making this assessment and choice (risk/benefit
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theoretical perspective) or a matter of a degree of internal regulation (O’Neill’s rich
nation theoretical perspective). In other words, the other four theoretical perspectives
view the problems associated waste from with developed countries moving to developing
countries as either non-existent, of minor importance, temporary in nature, and/or easily
addressed by international regulation.

One of the three objectives of this research is determine quantitatively if under
current extensive international regulation, such as the Basel Convention régime, the more
hazardous waste tends to move to lower developed countries more than to higher
developed countries. Therefore, the world-system theoretical perspective is the
appropriate one to direct this research. Since the world-system theoretical perspective is
the one that will direct this research, the tenets of this perspective are described and
expounded in greater detail below.

7. The World-system Theoretical Perspective

Wallerstein’s (1974, 1979, 1980, 1989) world-system theory posits that the world-
system is a social system that has boundaries, structures, and member groups that interact
in ongoing interstate competition and is characterized by an internalized or self-contained
division of labor. Additionally, this theory posits that all the roles and functions
necessary for maintaining this world-system are contained within this division of labor,
having a degree of internal coherence necessary for forming a complete unit or a whole.
Wallerstein argues that this world-system is the fundamental unit of analysis in which all
other social processes should be analyzed, and that there are three fundamental types of
world-systems: world-economies, world-empires, and mini-systems (Skocpol 1977).

According to Wallerstein, the world-system is composed of many different
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states.! These states trade and war with each other in a process called the world-
economy. If one state in a world-economy conguers or dominates the others, the new
system that emerges is called a world-empire. Upon occasion, world-empires break apart
or disintegrate. A group of interacting non-state groups comprise a mini-system. World-
system theory was primarily formulated in order to explain the geneses and interrelation
linkages of what is often called the first, second, and third worlds. Each of these three
fundamental types of world-systems is thought to have played a part in the rise to
supremacy of capitalism, industrialization, and the economical and political world of
today.

In Wallerstein’s opinion the modern world-system originated in Western Europe
between the mid-Fifteenth and mid-Seventeenth centuries C. E. In this opening world-
system period, capitalists needed markets, labor, and raw materials. The cyclically and
ever expanding trade networks that these early capitalists created to fill their needs led to
colonization in many areas of the world, with the colonial state’s effort to maintain access
to markets and control of the sources of labor and raw materials. The world-system
obtained a fully global scope in the late Twentieth century.

Wallerstein uses “division of labor” to denote the forces of production of the
world economy as an entirety or as a whole. The five dimensions of the division of labor
are: core and periphery, semi-periphery, commodity chains, unequal exchange, and
capital accumulation.

A central concept of the theory is the relationship between the core and the
periphery. The core and the periphery are geographically and culturally distinct, with the

core being capital-intensive and the periphery being labor-intensive. Neither can function
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without the other. Underdevelopment is not seen as the result of having a late start, but
as the result of the continuation and deepening of a historical relationship.

The semi-periphery is an original Wallerstein concept of a type of state that has
both political and economic aspects. On the economic side, semi-periphery states are
thought to be intermediate between core and periphery in terms of capital intensity, labor
skills, and production processes, having dual trading with both by sending partially
processed raw materials to the core and simple manufactured products to the periphery.
On the political side, they are thought to serve as a buffer by repelling and absorbing
some of the antagonism of the periphery against the core, thus stabilizing the world-
system.

Countries are thought to occupy advantageous and disadvantageous positions that
are globally similar to individuals’ social strata positions within the countries. In this way
core, semi-periphery, and periphery correspond to upper, middle, and lower classes
within industrialized countries such as the United States. Core countries are heavily
industrialized countries such as the United States, Canada, Japan, Australia, and the
countries of Western Europe. Core countries import raw materials and export their
manufactured products to countries in less industrialized areas of the world. Semi-
periphery countries are partially industrialized countries like Mexico and Brazil. Semi-
periphery countries have a dual trade of partially finished materials like raw lumber and
petroleum products with the core and radios and textiles with the periphery. The
periphery has little industrialization and depends predominately on income from
exporting raw materials, usually and principally one type of crop or raw material, for

example the case of aluminum bauxite for Jamaica, coffee for Ecuador, and the case of
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bananas for Central American countries.

Another aspect of Wallerstein’s division of labor is the idea of commodity chains.
Commaodity chains describe the production of goods as they move from raw materials in
the periphery, and perhaps partially processed materials in the semi-periphery, to
manufactured goods in the core. The capitalist world-economy is viewed as expanding
over the years, encompassing areas once considered external. New production processes
have developed and the areas in which some of this production takes place have shifted in
the core and the periphery. Some simple manufacturing has now shifted to the periphery.
The end product is considered not to matter, but the degree of skill and labor intensity
that the production process requires is considered to be the determining key.

Unequal exchange is another aspect of Wallerstein’s division of labor. Unequal
exchange is conceived to be the processes or mechanisms by which the core/periphery
relationship is reproduced. One of these is pricing in which raw materials are valued
much less than the finished product, resulting in the systematic transfer of surplus from
the periphery to the core. This increases the standard of living in the core, allowing
higher wages, boosting resources for a better education, and increasing the pressure for
technological advances. The end result is increased differentiation between the core and
the periphery.

The final aspect of Wallerstein’s division of labor is the process of capital
accumulation that is similar to Marx’s, except the process is on a worldwide basis and is
involved with the transfer of surplus from the periphery to the core. Both wage labor and
non-wage labor are thought to be essential to capitalism.

Wallerstein also views the world-system as having political attributes, embodied
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in the structure of the international state system. One facet of the capitalist world-
economy, the competitive system of states, allows capital to avoid political restrictions
that might otherwise be imposed by other social forces. Three aspects of the state system
are viewed as crucial: imperialism, hegemony, and class struggle.

Imperialism, in the context that Wallerstein uses it, refers to the domination of the
weak periphery world regions and periphery states by the strong core states. Strong core
states use various methods to accomplish this domination. Ruling classes in the core use
states to distort markets in their favor, either by the use of force or by diplomacy, thus
maintaining unequal exchange. The position of semi-periphery states is thought to lie
between the core and periphery states in levels of power and degree of development.

Hegemony is a temporary condition where one core state out-does the rest. This
is accomplished by the state’s supremacy in production, commerce, and finance.
Through these three factors, the hegemonic state is able to support the most powerful
military. This condition is thought to have occurred three times: the first with the Dutch
in the seventeenth century, by the British until World War 11, and most recently by the
United States in the Twentieth century.

The third and final aspect of the state system that is essential to the function of the
world-system is the importance of the class struggle. The role of class struggle, both
within and across state boundaries, is considered important to understanding the world-
system (Bergesen and Bata 2002). Classes are thought to have alliances across state
boundaries in order to protect surpluses remitted from the periphery, although they are
also in competition for portions of these surpluses. States are thought of as mediators

within the world-economy class struggle. Capital flight is one way of avoiding the
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consequences of class struggle, such as the social forces generated against inequality
within states.

In addition, the modern world-system political economy is characterized by
regular long cyclic rhythms of expansion and stagnation and/or contraction. Wallerstein
(1989) was not concerned with short-term business cycles, but was interested in the
rhythmic long waves, such as those of 40 to 50 years known as Kondratieff cycles, and
was especially interested in the even longer waves of approximately 300 years. These
long cycles are thought to occur due to the separation of economics from the politics and
the anarchy of the market. Periods of expansion come to an end when production
outstrips the world’s economic consumption ability and demand. Cyclic waves affect the
zones of the world economy differentially. In periods of stagnation/contraction, the
periphery and semi-periphery are hit harder than the core. The crises associated with
these downturns produce secular trends initiated from changes made in order to permit a
renewed capitalist expansion.

The above secular trends are conceived as self-reproducing and self-transforming
aspects of the entire world-system, moving the system forward towards the limits of
sustainability of the capitalist economic system. These secular trends are: expansion,
commodification, mechanization, and bureaucratization. Through these four secular
trends, the world-system transforms member nations and internal societies, converting
and externalizing them from their origins in familial, tribal or feudal-based society to a
comprehensive single capitalistic economic system, increasingly activated more by profit
than from traditional motives.

Geographical expansion, the first of the four secular trends, is thought to be
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essential to the transition from feudalism by making labor and commodities available
from the Americas to Africa and parts of Eastern Europe, an expansion that has absorbed
areas formerly controlled by mini-systems and world empires. It is also recognized as the
most apparent of the secular trends of modern capitalism. Today the capitalist world-
economy covers the entire globe.

The second secular trend, the conversion of everything from use value to
exchange value is known as commaodification. The commodification of land and labor
through the sub-processes of land commercialization and the proletarianization of labor
are thought to be the most critical factors. Land commercialization is almost complete,
with only a few areas of the world remaining in the hands of tribal community groups.
Proletarianization has much further to go in order to reach its limits with a degree of
unpaid labor (like housework) in the core. In the periphery, low wages depend on the
fact that the cost of reproducing the workforce depends on subsistence producers.

The third secular trend is mechanization of production, increasing
industrialization in which production becomes more capital centered and less labor
intensive. The core maintains its technological advantage through this trend.

The fourth and final secular trend is bureaucratization. Bureaucratization is
thought to stabilize the system by increasing the ruling group’s capacity to repress
opposition, but to weaken their ability to control the bureaucrats. This secular trend is
instrumental in strengthening organizational structures in the areas of both individuals
and groups.

The world-system perspective has much to offer in understanding social

stratification, both in the core and in the periphery. In the core, globalization increases
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inequality by undermining labor organization with capital (factories) flight to the semi-
periphery and to the periphery. Control of capital is retained in the core where its
accumulation increases the standard of living, and generally increases the size of business
organizations by enhancing their power to distort political processes in their favor. Labor
organizations in the semi-periphery and periphery are kept incapable of being effective
because of the continued threat of capital flight to other geographical areas, thus
maintaining a wage structure, particularly in the periphery, that keeps individuals
dependent on subsistence production in order to obtain the necessities for living. These
processes maintain inequality in all three: the core, the semi-periphery, and the periphery.

Core countries are able to dominate periphery countries and many semi-periphery
countries through inequitable trade, and also to dominate them politically, and sometimes
militarily, because of their extreme wealth when compared to non-core countries. The
core’s trade with the non-core is inequitable because the core naturally places a value on
manufactured goods that is much greater proportionately than for the value of raw
materials. They dominate non-core countries politically through methods like holding
key positions in the World Trade Organization, which sets the trade rules and settles trade
disputes between countries.

Industrialized countries also tend to hold key positions in world financial
organizations, such as the World Bank, allowing them to dictate internal changes in non-
core countries, before they may receive financial aid or loan renewals. Core countries
dominated non-core countries in the years before World War 11 by military conquest,
forcing many non-developed areas of the world to become colonies in order to supply

raw materials for core factories and to serve as markets for core manufactured goods.
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Since World War Il and the gaining of independence by these former colonies,
industrialized countries have supported coups in situations where a developing country’s
leaders were not favorable to the core’s unfair trading policies.

A fundamental component of world-system theory concerns the function that
elites play in the core’s domination of non-core countries. Elites hold political and
bureaucratic positions within semi-periphery and periphery countries, and usually support
the unfair trade exchange between developed and developing countries, and may become
extremely wealthy by local, or even by developed countries’ standards, by doing so.
Combining this facet of the theory with the political and military core dominance
discussed previously, one arrives at an explanation for the frequent changes of
government in some developing countries. If the populations of developing countries
force the elites out of positions in government and authority, either by election or
revolution, this necessitates the core countries to support a follow-up change of
government that reinstates elites favorable to them.

The world-system perspective helps to explain social differentiation in several
ways. It shows that one must consider an individual’s position within his country’s social
strata as well as his country’s position within the world-system. People in an
industrialized country, such as Sweden, have a much greater chance to move from the
working class to a higher position through education and other avenues. A peon in the
mines of Chile, or a banana plantation worker in El Salvador, have virtually no chance of
moving from the social position in which they were born. On the other hand, if you were
born to an elite family in one of the latter countries, you have a good chance of

maintaining that position and status. In summary, there is a great deal of unequal
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distribution of wealth within countries and also a great deal of difference in wealth
between countries. Both of these factors have an effect on the amount of wealth and
prestige held by an individual and the power he may exercise within his social system.

Modernization is a functionalism theory for development and industrialization.
One component of this theory is that developing countries have the opportunity to learn
technology by contact with developed countries and, by using core country examples,
may someday accomplish industrialization. World-systems theory maintains that this
will not happen because of the exploitive relationship between core and non-core
countries and because developing countries today have nowhere to colonize in order to
expedite their industrialization as core countries once did. How all of the above relates to
transboundary waste research is explained as follows.

Wallerstein’s (1989) original world-systems theory proposed a three-level
hierarchy of political/economic and power/dependency positions in the world-system of
core, semi-periphery and periphery level countries. However, the results of research
conducted in recent decades indicates that a four-level hierarchy power/dependency
model of core, semi-core, semi-periphery, and periphery countries might be more
appropriate when examining environmental problems associated with modernization
(Kick 1987; Burns, Davis and Kick 1997). For example, Burns, Kick, and Davis’ (2006)
exploration of the recursive exploitive nature of the core over the semi-core, the semi-
core over the semi-periphery, and in turn, of the semi-periphery over the periphery in
explaining global deforestation. Additionally, as previously noted in my “Review of the
Literature”, the European Economic Community (EEC) early on recognized that all EEC

countries were not equally advanced technologically, economically, and developmentally
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in their ability to handle hazardous waste (Wynne 1989; Thornton 1991). Consequently,
they adopted legislation and administrative rules regulating transboundary movement of
waste between member nations (Handley 1989; Allen 1995; Asante-Duah and Nagy
1998).

Thus, given the usefulness of the above outlined four-level power/dependency
level relationship of countries in researching and understanding environmental problems
associated with modernization, and considering the European Economic Community's
(EEC) recognition that even among their core member nations some had a technological,
economical, and developmental level advantage over others in the transboundary
movement of hazardous and other waste, a four-level developmental level model of
nations, or a consideration of even finer graded developmental levels, will prove
beneficial in directing research on international transboundary waste movement. | posit
that the characteristics of core, semi-core, semi-periphery, and periphery countries, or
even finer developmental grade levels, are determinants of transboundary waste as it
moves globally, and as such, they should be seriously considered as potential variables
when researching transboundary waste.

In the Chapter 1V, Section 5, | will describe the construction of a dependent
variable development level scale by using finer gradients of 5,000 GDP to distinguish
development levels rather than the traditional world-system's levels of core, semi-core,
semi-periphery, and periphery. This development level movement scale will explore a
modified world-system theoretical perspective explanation for development level
movement of waste.

Additionally, and according to the world-systems theory, countries on the semi-
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core and semi-periphery of the world-system and occupying positions adjacent to and
midway between industrialized and developing countries, have mixed economies and
mid-level wealth, but are still relatively disadvantaged and dependent on fully
industrialized countries. Typically, these countries are rapidly developing, experiencing
problems along with this rapid development, and also occupy positions at midlevel
between and adjacent to core and periphery level countries. | would posit that these
semi-core and semi-periphery countries are also midlevel in their characteristics as
indicators of transboundary waste related variables.

As specified in Chapter I, Section 3 “Transboundary Waste Research Objectives”,
the third objective of this research is to determine if the more hazardous waste tends to
move from higher developed countries to lower developed ones. The next section
reviews the literature relating to waste hazard and discusses possible indicators of waste
hazard.

8. Waste Hazard Variables

The level of waste hazard, as it relates to waste production, waste transportation
and waste disposal, has long been a concern of public policy makers and researchers. By
the mid-1980's, a large body of established research related literature existed on
"environmental injustice™ or the tendency of hazardous waste production and waste
disposal facilities to be located near the poor portions of the U.S. population, often with
detrimental results (Szasz and Meuser 1997). In the last three decades, much has also
been written concerning the potential for the more hazardous waste to be exported to less
industrially developed, thus economically poorer, countries (Asante-Duah and Nagy

1998). Several multinational environmental conventions were convened, resulting in
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treaties being proposed and ratified in response to this internationally viewed problem
(Kummer 1992; Puckett 1994; Hongkyum 1998; Krueger 1999b).

Additionally, emphasizing the importance of hazard as a variable in
transboundary waste research, other writers and researchers have specifically addressed
this topic. Montgomery (1992) speculates that importing countries accept or reject
shipments of waste by weighing risks versus benefits. Buell (1998) notes that risk
assessments of waste have a subjective as well as an objective component: immediate
death/injury versus death/disease at a decades later date or perhaps death/injury by an
explosion versus death/injury by an infectious agent. Often times, these may be the
choices when dealing with a variety of types of waste. Different individuals, groups,
countries, and cultures view these choices with disparate levels of abhorrence/preference.
Therefore, they assess the risk for various types of waste differently. Paleologos and
Lerche (2000) view waste risk assessment as “spillage in route” or “spillage at disposal
site” more than by any innate characteristic of the waste, similar to the risk assessment
policy of the U.S. Environmental Protection Agency. A particular amount and type of
waste, for example, a drum of the highest radioactive waste, may have the potential to kill
many people in an instant if it is not properly shielded, but if properly shielded, packaged,
transported, and properly disposed, radioactive waste is, in this view, considered a waste
completely without risk. Other researchers, such as Chang and Lu (1997) and Uggla
(2004), maintain that valid long-term risk assessment of some types of waste and their
disposal is extremely difficult, if not impossible.

The world-systems theoretical perspective would also posit that the semi-

periphery and periphery countries would receive the more hazardous waste in a
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transboundary waste exchange, as a part of the theory that characterizes these countries as
at a disadvantage in exchanges of labor, materials, and goods. A country's economic
level would be a major indicator of their world-systems position and according to this
perspective, countries with lower economic levels would be the ones receiving the more
hazardous waste or types of waste that are considered more hazardous.

A major hurdle that was overcome during the negotiation of the articles of the
1989 Basel Convention Treaty was concerning differences of opinions by countries
regarding waste reported as exported for recycling. Some parties regarded recycling as
an effort by polluters to circumvent environmental treaties (Alter 2000; Clapp 2001).
Others argued that whether it was locally regenerated waste or imported waste under
consideration, recycling was important for sustainable development in developing
countries (Baud 2004; Post and Baud 2004). Beukering, and Janssen (2001) maintained
that it was the manufacture and sale of such things as automobile tires that had a greater
negative environmental impact than the trade or disposal of the used items. Lastly, some
writers and researchers noted that both locally generated and imported waste made poor
sources of energy for developing countries and that much of this waste recycling required
a lot of energy (Marteel et al. 2003; Fobil et al. 2005). In any case, it is apparent that a
study on transboundary waste should consider recycling/disposal as a variable. The next
section reviews the independent variables related to transboundary waste research.
9. Independent Variables

The world-system perspective looks for historically rooted power/dominance
relationships as reflected in characteristics of developed and developing countries as

explanations for the phenomenon. This perspective would not deny that other theoretical
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perspectives identified independent variables are not also important, but would place
additional or stronger emphasis on these same historically rooted power/dominance
identified country characteristic independent variables. Therefore, transboundary waste
movement research directed by the world-system perspective would of necessity use or
control for many, if not most, of the same independent variables as transboundary waste
movement research directed by any of the other four potential theoretical perspectives
identified in Section 6 of this chapter.

However, the world-system theoretical perspective considers these independent
variables as being important for the research for different reasons than the other
theoretical perspectives or of having greater or lesser importance to economic
development level movement than the other theoretical perspectives. In regard to
transboundary waste movement, the major difference in the world-system perspective
and the other theoretical perspectives is that the former recognizes and predicts a problem
with economic level movement of transboundary waste, while the latter scarcely
recognizes any problems or views the problems that may exist with this type of
movement as being of a temporary or minor nature.

As noted in Chapter I, “Introduction”, little, if any qualitative comparative
research that is international in scope has been done on the transboundary movement of
waste. As a consequence, there are scarce quantitative research results to guide one in
determining which independent variables are important to include or exclude in
transboundary waste movement research. Lieberson (1992) notes that at times an a-
theoretical approach to research may be justified, where the researcher explores

alternatives unguided by, or irrespective of theoretical perspectives. Therefore, as noted
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in Chapter I, Section 3, one of the three objectives of this research is to examine as many
of the potential independent variables related to transboundary waste movement as
prudently possible, as indicated by the results of the large body of qualitative research.
This section reviews the literature on this research in order to identify these same
potential independent variables.

In regard to developing dependency periphery countries, as compared to core or
industrialized dominant countries, the tenets of the world-system theoretical perspective
point out eleven areas of country characteristics that have a potential relevancy during
research on transboundary waste. These variables are: 1) Having a low gross national
wealth and a low per capita wealth, 2) Having a highly unequal internal distribution of
wealth, 3) Having a concentration of exports in a relatively few raw materials, 4) Having
a majority of their trade with one or two industrialized countries, 5) Having a high
external debt, 6) Having a low level of urbanization, 7) Having low energy consumption,
8) Having a lower total global ecological impact, 9) Having lower valued raw materials
as primary export commaodities, 10) Having a lower portion of their economy involved in
industry, and 11) Having health issues, perhaps with some of these environmentally
related. These variables, and any other variables also indicated by this review of the
literature that are relevant to transboundary waste research, will be discussed in this
section beginning with economic development level.

A multitude of qualitative studies has observed the relation between economic
level development and transboundary movement of solid and liquid waste. Also a
number of quantitative studies have examined the relationship between economic level

and the international placement of hazardous waste producing factors and the movement
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of air pollution.

Countries with higher economic levels produce much more carbon dioxide air
pollution than countries with lower economic levels, with the latter disproportionately
reaping the consequences (Heil and Wodon 1999; Lofdahl 2002). One option some
transnational corporations in higher economic level countries take to avoid stricter air
pollution and waste disposal regulations at home is to relocate to lower economic level
countries (Geisler 1977; Frey 1998b; Hurrell and Woods 1999).

One of the determinants of the amount of waste generation waste discovered by
Nick and Labonne (2004) was economic level. Adedibu (1988) discovered that socio-
economic factors are related to the type and amount of waste generated. Additionally,
researchers have noticed that countries of high economic level generate more waste than
countries of lower economic level (Rose 1989; Foster 1994; Frey 1995b, 1998a) and that
the amount of waste generated, in turn, determines the amount of waste exported
(Krueger 1999a). Scant data are available on waste generation. However, either energy
consumption and oil/fuel imports might be indictors of the amount of waste generation.

A number of researchers have noted that transboundary countries of origin tend to
be larger in economic size than transboundary countries of waste destination. Several of
these noted that the direction of waste flow between countries tended to be from higher to
lower economically developed countries (Clapp 1994; Foster 1994; Frey 1998a).
Hofrichter (1993) depicts companies in highly developed countries as "targeting™ lower
developed countries for waste disposal. Frey (1995b) posits that power relationships
between countries determine waste movement from higher to lower economically

developed countries. Montgomery (1992) reveals that the size of an economy, as
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measured in Gross National Product (GNP), is related to the amount of waste generated.
The greater the GNP, the greater the amount of waste generated and, therefore, the
greater amount exported. Other research results indicate that it is income inequality
existing within the mostly lower economic developed countries that makes them
vulnerable to exploitation and environmental degradation (Payet and Obura 2004;
Jorgenson, Rice and Crowe 2005).

As a world-system position characteristic, export concentration has also proved
useful in predicting such things as export and income instability (Love 1986; Abebayehu
1991) and low economic growth (Rubinson 1981). Both factors are also related to a
country’s susceptibility to exploitation. Other research has shown that in Third World
countries, export concentration is a cause of environmental degradation. The latter is
associated with health problems (Burns et al. 2002; Jorgenson and Burns 2004).

A country's employment/unemployment is another variable that is posited to be
related to waste movement. Post and Baud (2004) maintain that solid waste management
decisions for developing countries are related to labor supply. Reduction of
unemployment is often viewed as a benefit for locating waste disposal facilities in
underdeveloped areas (Baud et al. 2001; Hunter and Sutton 2004). Bullard and Johnson
(2000) take a different approach in regard to employment, noting that increased
environmental regulation leads to increased employment.

Militarization is also a variable that is potentially related to transboundary waste
movement. Kick et al. (1998) posit that excessive expenditures on military imports may
deplete funds that may be better spent for infrastructure improvements. Kentor (2000)

notes the negative impact that military expenditures have had historically on economic
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growth. Research reviewed in this paper previously shows the importance of modern
technology and modern infrastructure to waste transportation and disposal safety (Nunan
and Satterthwite 2001).

Several studies note a relationship between land use in developing countries and
environmental problems, including problems of waste handling and waste disposal
(Adedibu 1988; Leao, Bishop and Evans 2001). Marcotulli (2003) finds that accelerating
urbanization rates, along with increased development, create environmentally related
problems in Asian-Pacific cities. Ley, Macauley and Salant (2000) propose that land use
is associated with the exporting and importing of waste.

Population is an indication of the size of a country, and as noted earlier
(Montgomery 1992), the size of a country as measured by its GNP is indicative of the
amount of waste generated, thus, the potential amount exported. However, urban
population size and urban population change have each been found to have
environmental impacts (Lofdahl 2002; Burns, Kick and Davis 2003; Marcotullio 2003;
Jorgenson 2005). Additionally, demographics and population density (Johnstone and
Labonne 2004) are determinants of waste generation, while population increase and
urban sprawl (Leao, Bishop and Evans 2001) are both related to problems with solid
waste disposal in developing countries.

Health issues, as addressed by research on pollution and environmental problems,
are most often perceived as dependent variables, or as the consequences of pollution-
caused environmental problems (Adeola 1998; Baud et al. 2001). Regardless of whether
the waste was produced locally or was imported, several developing country studies

explore linkages between the production, transportation, and disposal of waste and
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degraded environment-induced health problems (Baud et al. 2001; Suk et al. 2003; Misra
and Pandey 2004). However, using a single year's data in a “snapshot type study” on
transboundary waste, it would be possible and permissible to use health issues as an
indicator of a country’s developmental level.

Another interesting concept that must be considered as a potential variable in
researching transboundary waste is the concept of Ecological Footprint (Rees 1992;
Venetoulis, Chazan and Gaudet 2004). Ehrlich and Ehrlich (1990) in their book The
Population Explosion, propose the idea (afterward labeled "The Netherlands Fallacy™)
that many highly developed countries maintain an illusion of ecological sustainability and
maintain their healthy resource-consuming lifestyles by using production both from local
acreage and production from acreage located elsewhere globally. Wackernagel and Rees
(1996) develop this idea further by calculating the acreage a country, a city, or a person
uses locally and exploits elsewhere globally in maintaining their particular level of living.
A country, city, or person's “Ecological Footprint™ is defined as the amount of acreage
used in the production of consumed resources and waste absorbing acreage, either of
which could be local, global or both in actual location. An Ecological Footprint has the
potential in transboundary waste research to be an indicator of a country’s waste
generation, something for which there is scant direct data (Jorgenson 2003).

Countries' external debt is another factor with a potential for explaining the
movement of transboundary waste (Miller 1991). Lundy (1999) hypothesizes that
countries with excessive external debt are susceptible to exploitation, with detrimental
consequences to the environment. In a second example of research on this topic,

Gullison and Losos (1993) investigate the role of countries' foreign debt in their
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environmental problems. Therefore, it is reasonable to conclude that external debt's role
in transboundary waste movement should be examined in a transboundary waste study.

Export partner dependency is another variable that needs to be examined when
researching transboundary waste movement, as Jorgenson (2004) does in his cross-
national study on deforestation in less-developed countries. Kick and Davis (2001) also
examine world-system country position variables, including trading partners, finding that
“ties of friendship” are significantly important for understanding a multiplicity of
sociological phenomena. Furthermore, Chase-Dunn and Jorgenson (2003a, 2003b) found
that interaction trade networks are more productive than cultural and regional approaches
in understanding human social systems.

Having environmental issues is a country characteristic that likely should be
investigated in research on the movement of transboundary waste. In expounding her
theory of waste trade regulation, O'Neill posits that one reason that Japan restricts its
waste imports is because of its citizens’ historical experience with toxic waste disasters.
One might logically assume that countries that are already experiencing environmental
problems would be reluctant to allow waste imports and would be more eager to export
their own waste. Properly designed and conducted research will determine if either is
true.

Membership in environmental regulatory agreements or treaties is another country
characteristic that may affect transboundary shipping (exporting) or receiving (importing)
shipments of waste (Strohnm 1991). Bernauer (1995) reports that international
environmental institutions vary enormously in terms of performance, but that it is

difficult to determine their effectiveness due to the problem of separating exogenous
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research variables. Krueger (1999a, 1999b) examines the effectiveness of the Basel
Convention and concludes that it has succeeded in eliminating some of the worst forms of
illegal dumping of transboundary waste. However, he additionally concludes that in
terms of diminishing or limiting the illegal waste trade, much more needs to be done.
After examining multiple environmental regimes, Chayes and Chayes (1995) report the
existence of a poor relationship between treaty membership and treaty reporting
compliance. As with environmental issues discussed in the previous paragraph, properly
designed and conducted research will determine if there is a relationship between treaty
membership and environmental behavior.

Four other variables describing waste shipment characteristics are also related to
the movement of transboundary waste. These are proximity of origin/destination
countries, number of countries that shipments cross in transit to destination, and waste
type and waste hazard level, and whether the waste is recycled or disposed of in some
manner. These variables were deemed so important by the negotiators and signatory
parties to the Basel Convention that reporting requirements related to these items were
included as a part of the convention articles (Krueger 1999a; Secretariat of the Basel
Convention. 2006d). Waste type/hazard level and waste recycled/disposed were
discussed in the pervious section of the chaper.

Proximity, or the relative distance between origination and destination, is another
shipment characteristic that might potentially affect transboundary waste (Secretariat of
the Basel Convention. 2006d). In both classical and modern trade research, proximity
has proved to be an important explanatory variable for the direction and composition of

ordinary trade between countries (Srivastara and Green 1986; Poon 1997; Hillberry
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2002). For the same reasons that regular trade is greatest between adjacent countries
(lower cost and the existence of other types of ties), tranboundary waste is assumed to be
the same, therefore, proximity is a potential variable to be considered in studies of the
movement of transboundary waste.

Another variable addressed as necessary in reporting transboundary waste in
Basel Convention articles, is shipment with multiple country transits (Secretariat of the
Basel Convention. 2006d). The idea behind waste shipment country transit reporting was
that multination crossing provided an opportunity and potential for unscrupulous
operators to re-label waste, with the intent of circumventing convention restrictions (Hilz
and Radka 1990; Chayes and Chayes 1995). The more hazardous waste might be
relabeled as less hazardous waste during transportation procedures in transit.

This concludes the review of the literature on independent variables related to
transboundary waste research.
10. Summary of the Review of the Literature

In summary, research conducted on the transboundary movement of hazardous
and other wastes, during the last three decades has been quite voluminous. However, due
to the lack of a comprehensive international data that would allow guantitative
comparative research, most, if not all, of this research has been incidental or qualitative in
nature. The types of waste moving tranboundary runs a full gamut of the various kinds of
solids, liquids, and gases that form industrial, agricultural, and household waste.
Estimates of the volume of globally generated waste generally run from 300 to 400
millions metric tons per year, with some estimates substantially higher and with about ten

percent of this estimated to move transboundary. According to the results of the bulk of

47



the qualitative research, transboundary waste prior to the 1990's involved thousands of
shipments that sent some of the industrial world's most toxic waste to developing
countries that often did not have the modern facilities, technological expertise, and/or
modern infrastructures necessary to handle this waste.

During the late 1980's and early 1990's, several international conventions were
convened to address the problems associated with the transboundary movement of
hazardous and other waste and the relocation of waste producing industry to developing
countries. The most notable, both in the comprehensiveness of the conventions’ articles
and in the number of countries ratifying the resulting treaty, was the Basel Convention of
1989.

Although the agreement resulting from the 1989 Basel Convention of 1989
allowed for what some critics labeled "a large loophole”, in that a portion of waste
generated in industrial countries could be exported to developing countries for the
purpose of recycling, the agreement was quite specific in the conditions regulating
transboundary waste. The Basel Convention agreement was also noteworthy in that it
defined the waste to be regulated, and required its signatories to report any and all of the
so-defined waste to convention officials. One dimension of this definition was according
to the level of waste hazard.

Many of the Basel Convention signatories choose to report all solid and liquid
waste they export to the convention authorities. These records, kept by the Basel
Convention officials, allow for a quantitative international comparative research study of
the transboundary movement of hazardous and other waste, using the world-systems

perspective.
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Utilizing the data collected by the Basel Convention, | have three objectives in
this research. The first objective is to examine and determine the characteristics of both
transboundary waste sending and waste receiving countries as they relate to the amount
of waste that is shipped or received. The second objective is to determine what country
characteristics and shipment frequency characteristics effect the economic level
movement of waste shipments. The third objective is to determine quantitatively if the
more hazardous portion of the waste has a transboundary movement from sending
countries that have characteristics of higher levels of development relative to receiving
countries that have characteristics of lower levels of development.

In regard to core, periphery, and semi-periphery countries, the world-system
theoretical perspective points out, and this review has discussed, 11 country
characteristics that have the potential of being relevant as independent variables to
transboundary waste research. These are: 1) economic level of development; 2) internal
distribution of wealth; 3) export and perhaps import concentration; 4) restrictiveness of
trading partners; 5) external debt; 6) land use; 7) energy consumption; 8) ecological
footprint; 9) value of export and imports; 10) portion of economy in agriculture/industry;
and 11) health issues.

Seven other country characteristics that this review has identified and that might
be related as independent variables to transboundary waste movement are: 1) amount of
waste generated; 2) military expenditures; 3) workforce unemployment; 4) land area; 5)
population, and population density; 6) environmental issues; and 7) environmental treaty
participation and ratification.

In addition to the 18 independent variables listed above, two additional shipment
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frequency variables are discussed in this review, since they also potentially relate as
independent variables to the movement of transboundary waste. These are proximity of
origin/destination countries and number of countries that shipments crossed in transit.
In summary, this study examines the characteristics of origination countries and

the characteristics of destination countries, since these characteristics relate to the
amounts of waste shipped (exported) or received (imported) and also relate to economic
level movement of waste shipments. In addition to these country characteristics
variables, shipment frequency variables are also examined as potential independent
variables related to transboundary waste economic level movement. Controlling for the
relevant independent and exogamous variables, this study examines waste hazard level as
a determinant in the transboundary movement of this waste. The following two
hypotheses are used to test if this is true.
11. Research Hypotheses

H1: Waste hazard level affects the movement of transboundary waste.

H2: Transboundary waste with higher hazard levels moves to countries with lower

economic development levels more than to countries with higher economic
development levels.
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CHAPTER Il
METHODOLOGY
1. Data and Data Sources

In the previous chapter, | reviewed the literature on international transboundary
waste movement and examined the various theoretical perspectives used as guides in
research on waste movement. This review noted that one factor that has severely limited
or prevented quantitative comparative research on the transboundary movement of
hazardous waste and other waste has been the lack of quantitative data. Most, if not all,
of the research to date have been descriptive case studies of an incidental nature.
Recently, data of a quantitative nature has become available from information compiled
according to the terms of the Basel Convention.

Data for the transboundary wastes in this study are from the Basel Convention
website (Secretariat of the Basel Convention 2006a, 2006b). The particular data on
wastes used from the website is from: Table 3 Export of Hazardous Wastes and Other
Wastes in 2000 (Basel Convention Table 3), and Table 4 Import of Hazardous Wastes
and Other Wastes in 2000 (Basel Convention Table 4). These two tables contain data for
hazardous and other waste movement. Basel Convention Table 3 reports shipments of
waste by exporting countries and Basel Convention Table 4 reports shipments of waste
by importing countries. A total of 133 countries had ratified the terms of the Basel
Convention treaty in time for their reports to be included in the year 2000 reports, with 99
of these reporting waste exports or imports by the convention deadline to be included in
reports for that year (Secretariat of the Basel Convention 2006f). The countries that had

ratified the treaty by the year 2000 and those that had ratified whose waste exports and
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imports are included in the Nation Reports for 2000 are listed in Appendix E at the end of
this report.

The data contained in the twelve columns of Basel Convention Table 3 and Basel
Convention Table 4 provides a wide variety of waste shipment information. The country
of origin and country of destination, name and number of countries crossed in transit and
amount of waste are provided. Types of origins of the waste (waste streams) are
indicated and expressed in the form of Y-codes and text descriptions. Industrial,
chemical and innate characteristics of the waste are provided in the form of two Basel
Convention coding systems (Annex VIl and H codes), by UN Class codes, and by text
descriptions. Additionally, codes are provided for intended methods of disposal and
intended methods of recycling in these two tables. Appendix D at the end of this paper
provides a detailed description of the Basel Convention data and examples of each of the
two Basel Convention data tables.

The Basel Convention data for the year 2000 is the primary source for data for
this research. The CIA Year 2000 Factbook (2001) is a major secondary source for data
on country characteristics used to construct independent variables for this research.
Additional information on the characteristics of countries came from various sources,
such as The United Nations, World Bank, from other global information publications and
from websites. These sources will be cited, as their variables for country characteristics
are operationalized and explained in the later sections and chapters of this report. Using
the data taken from these sources, this paper will take a fresh look at the transboundary
movement of hazardous and other waste.

2. Working Data Analysis Files
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As noted in the introduction to this paper, | have three objectives in this research
on the international transboundary movement of hazardous and other waste. The first
objective is to ascertain and explore the characteristics of transboundary waste sending
and receiving countries as they relate to the amounts of waste shipped or received. The
second objective is to determine what country characteristics affect the economic level
movement of waste shipments. The third objective is to determine quantitatively the
question of whether the more hazardous portion of waste has a transboundary movement
to countries with characteristics of lower levels of development, more than to countries
with characteristics of higher levels of development.

Three working data analysis data files were constructed in order to facilitate the
obtainment of these three objectives. A Country Case Data File (CCDF), using countries
as the unit of analysis, was constructed in order to ascertain and explore the
characteristics of transboundary waste sending and receiving countries, as they relate to
the amounts of waste shipped or received. A Destination Shipment Frequency Data File
(SFDF) and an origination Shipment Frequency Data File (SFDF), with waste shipments
as the unit of analysis, were constructed in order to determine the country characteristics
that affect economic level movement of wastes and to test my two hypotheses on waste
hazard level and economic level movement.

Appendix D at the end of this paper provides specific examples of the
spreadsheets for my Country Case Data File, my destination Shipment Frequency Data
File, and my Origination Shipment Frequency Data File. Specific information describing
the methods | used in constructing these three working data analysis files is also provided

in the appendix.

53



3. Waste Hazard Level Variables

The information for construction of variables for checking our two hypotheses on
level of waste hazard and economic level movement comes from Basel Convention Table
3 and Basel Convention Table 4. As noted in the first section of this chapter, the Basel
Convention tables contain information on the three types of coding and text descriptions
addressing level of waste hazard. These are the Y-codes and text descriptions on waste
origins, the industrial/chemical waste codes, and text descriptions describing innate
characteristics of the waste, and the two codes for methods of waste disposal/recycling. 1
used this information to create three category variables, two directly measuring waste
hazard level and one indirectly measuring waste level hazard as a disposal/recycling
category variable. These three waste hazard level variables are used in multivariate
regressions for testing my hypotheses.

Appendix B, “Basel Convention Definitions and Codes provides extensive
information on various codes and texts describing waste characteristics. The next chapter
in this paper is on variables and variable creation and describes the creation of these three
hazard level category variables. However, for detailed and specific descriptions on how
these three variables are created, the reader may consult Appendix D, Section 6.

4. Independent Variables

As noted in a previous section of the chapter, the second objective of this
research is to determine what country characteristics affect the economic level movement
of waste shipments and the third objective is to determine if the more hazardous portion
of waste moves to countries with characteristics of lower levels of development more

than to countries with characteristics of higher levels of development. In order to obtain
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these two objectives a wide variety of independent variables should be checked and/or
controlled in my three working data analysis files. Table 4 is used in construction of an
independent category variable for proximity and an independent category variable for
number of countries a shipment crossed in transit. A brief description of how these two
variables are created is described in the next chapter. However, detailed and specific
descriptions of the creation of these variables is provided in Appendix D, Section 6

The next chapter provides sources, information, and descriptions for the creation
of a wide variety of country characteristic independent variables. These types of
independent variables include economic variables, geographical and land use variables,
demographic variables, energy variables, environmental variables, and two types of trade
variables.
5. Dependent Variables

In order to facilitate the obtainment of the second and third of my research
objectives in determining the country characteristics that are related to economic level
movement and checking my two hypotheses regarding economic level movement, a
dependent variable in the form of an economic level movement scale is created in the
form of an economic level movement scale. This economic level movement scale is
created using Basel Convention (Secretariat of the Basel Convention 2006a, 2006b) data
identifying countries of origin and countries of destination and the CIA’s (2001)
information on countries” GDP and population. Descriptions on the methods used in
creation of this scale are given in Chapter IV, Section 5.
6. Limitations of this Study

Before discussing variables, variable creation, and variable operationalization, it
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is appropriate to discuss the generalizability of the Basel Convention data on
transboundary waste. These data, nearly exclusively address legal transboundary waste.
The amount of illegal transboundary waste is, by its very nature, unknown. Therefore,
generalizations from this research can only be made for legal transboundary waste
movement.

Like most other international comparative data, are likely to be incomplete,
because compliance with the articles of the Basel Convention by treaty members is not
one hundred percent. There is also a large discrepancy between the total amount of waste
reported by sending (exporting) counties that is substantially less than the total amount
reported by receiving countries. | will first address the reporting problem.

Membership in the Basel Convention includes all but one of the world's
industrialized major waste generating countries, with the exception of the United States
(U.S.). Compliance with treaty reporting by these major waste generating, and therefore,
major waste exporting countries, is almost a hundred percent according to Basel
Convention records. For example, for the year 2000, only one fully industrialized
country party to the treaty reported late (Secretariat of the Basel Convention 2006c¢).

Additionally, in regard to the reporting problem, even with the one fully
industrialized non-treaty ratifying country (the United States) not reporting, the waste
exports and imports for this country can be determined from the reports of the other
treaty complying and reporting countries. According to Basel Convention, using the
assumption that countries that reported exports and imports of waste in previous years
also had waste to report in the year 2000, compliance in reporting for countries that are

party to the treaty was relatively high for the year 2000 (Secretariat of the Basel
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Convention 2006c).

The best way to address the problem of the large discrepancy between the totals
amounts reported by sending countries and receiving countries is in methodology. | do
this by comparing the data reported by the exporting countries with the data reported by
the importing countries and in identifying unique cases. | report my method for doing in

very specific detail this in Appendix D, Section 2.
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CHAPTER IV
VARIABLES AND VARIABLE CREATION

1. Country Case Data File - Variables from the Basel Convention Data

In the previous chapter 111, I outlined the methodology used in this study. Data
and data sources are provided, working data analysis files are described, the source and
rationale for the waste hazard level variables are given, the sources for the independent
variables are presented, and the sources of information used to create a dependent
variable, consisting of an economic level movement scale, are provided and explained.
In this chapter | will discuss the variables used in this study and their method of creation.

As noted in the introduction of this paper, this research has three objectives. The
first objective is to explore the characteristics of destination countries and origination
countries as they relate to the amount of waste received (imported) and sent (exported).
The second objective of this research is to explore the characteristics of destination
countries and origination countries as they relate to economic level movement. The third
objective of this research is to test my two hypotheses that relate to economic level
movement. Section 2 of chapter 3 explores the necessity for the construction of three
working data analysis files for the obtaining these three objectives, and outlines the
nature of these files. Specific details of the construction of these three data files are given
in Appendix D.

The objectives of this research govern the construction of the types of working
data analysis files creation of the number and kind of variables. It follows that
descriptions of the variables and the creation of variables are related to the type of

working data file for which they are intended. Therefore, the plan of organization of
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Chapter 1V is as follows.

The first section of the chapter discusses the Country Case data file and the
creation of that file's unique waste characteristic variables, as fashioned from Basel
Convention data. The second section of this chapter discusses the creation of waste
characteristic variables for the Destination Shipment Frequency and the Origination
Shipment Frequency data files, also fashioned from Basel Convention information. The
third section describes the creation of a wide variety of country characteristic variables
applicable to all three data files, those deemed appropriate for both shipment frequency
unit of analysis and country unit of analyses as fashioned from information from various
sources. The fourth section describes the creation of two trade network variables, again
using information from various sources. However, these network trade variables are
deemed appropriate for shipment frequency unit analysis, but are not appropriate for an
analysis using country as the unit of analysis and are not conducive to the analysis
planned for this particular Country Case data file.

The fifth and last section of the chapter will describe the creation of a scale for
measuring the difference in economic level between the origination country and the
destination country, an economic level movement scale, which will serve as the
dependent variable for the Shipment Frequency data analysis.

Variables and variable creations for the first file for transboundary waste research
analysis as described in this chapter was created for the Country Case data file. As stated
previously, this file has countries as a unit of analysis, either countries of waste
origination or countries of waste destination. The initial four variables for this file are

created from information from the Basel Convention Table 3 and Basel Convention Table
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4 (Secretariat of the Basel Convention 2006a, 2006b).

By examining the cases of export waste shipments in Basel Convention Table 3
and the cases of import waste shipments in the Basel Convention Table 4 for such factors
as destination countries, origination countries, types of waste, amounts of waste,
countries crossed, and the method of disposal/recycling, 4,090 unique global shipments
totaling 7,533,464 metric tons were identified. Specific and detailed information and the
method used for identifying these unique cases is given in Appendix D at the end of this
paper.

Using these 4,090 unique global shipments and information in the two tables
associated with them, two variables in the Country Case data file are created as follows.
The first variable is created by totaling the amounts of the shipments received by each
country as a destination. This variable for total amounts of waste received by destination
countries is labeled DESMNTT. The totals of DESMNTT are given in metric tons to the
third decimal place. The second variable is created by totaling the amounts of the
shipments sent from each country as an origination. This variable for total amounts of
waste sent from origination countries is labeled ORGMNTT. The totals in ORGMNTT
are given in metric tons to the third decimal place.

Again, using these same 4,090 unique global shipments discussed above, a fifth
and a sixth variable are also created for the Country Case data file. The fifth variable is
created by totaling the number of shipments received by each country as a destination.
This variable for total number of shipments received by each destination country, is
labeled DESFRQT. The sixth and last variable to be created for the Country Case data

file fashioned from Basel Convention information is created by totaling the number of
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shipments sent from each country as a country of origination. This variable for total
number of shipments sent from an origination country is labeled ORIFRQ. Table 1
shows some of the central tendency statistics and descriptive statistics for the Country
Case data file variables for destination country waste amounts (DESMNTT), origination
country waste amounts (ORGMNTT), destination country waste shipment frequencies
(DESFRQT) and origination country waste shipment frequencies (ORIFRQ).

(Put table 1 about here)

The mean for the variable for destination country total waste amounts
(DESMNTT) is 145,258.919 metric tons, the median is almost 16,964.957 metric tons;
the mode is 200 metric tons; the standard deviation is 299,527.678 metric tons; the
minimum is 73 metric tons; and the maximum for the variable for destination country
total waste amounts is 1,646,081.304 metric tons. This variable has a total of 52 cases,
with no missing cases.

The mean for the variable for origination country total waste amounts
(ORGMNTT) is 78,681.914 metric tons; the median is almost 2,551.730 metric tons; the
mode is 0.000 metric tons; the standard deviation is 223,386.221 metric tons; the
minimum is 0.000 metric tons; and the maximum for the variable for origination country
total waste amounts is 1,318,644.241 metric tons. This variable has a total of 96 cases,
with no missing cases.

The mean for the variable for destination country total waste shipments
(DESFRQT) is 78.65; the median is almost 6.00; the mode is 1, the standard deviation is
214.61; the minimum is 1; and the maximum for the variable for destination country total

waste shipments is 1344. This variable has a total of 52 cases, with no missing cases.
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The mean for the variable for origination country total waste shipments
(ORIFRQ) is 42.60; the median is 6.00, the mode is 1; the standard deviation is 143.02;
the minimum is 1; and the maximum for the variable for origination country waste
shipments is 1304. This variable has a total of 96 cases, with no missing cases.

2. Shipment Frequency Data Files - Variables from Basel Convention Data

The unit of analysis in both the Destination Shipment Frequency and the
Origination Shipment Frequency data files are shipment frequencies. The variables in the
two shipment frequency data files, those that are created for the Basel Convention data
have the same number of cases, identical names, equal numbers of variables, and
identical variable values.

The initial five variables for Destination Shipment Frequency and the Origination
Shipment Frequency data files are created from information taken from the Basel
Convention Table 3 and Basel Convention Table 4 (Secretariat of the Basel Convention
2006a, 2006b). The 4,090 unique global shipments totaling 7,533,464 metric tons that
are identified and discussed in the first section of this chapter that are used to create the
initial variables of these two shipment frequency data files are described as follows.

The amounts of waste in each of the above unique 4,090 shipments are used as a
variable for sizes of waste shipments. The shipment size is given in metric tons to the
third decimal place. This variable for amount of waste in the waste shipments is labeled
SHPAMT in both files. Table 2 gives some descriptive statistics and central tendency
statistics for SHPMT.

(Put table 2 about here)

The mean for the variable for amount of waste in the waste shipments (SHPAMT)
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is 1,848.168; the median is 58.000 metric tons; the mode is 0.000 metric tons; the
standard deviation is 13,400.049 metric tons; the minimum is 0.000 metric tons; and the
maximum for the variable for amount of waste in the waste shipments is 493,093.000
metric tons. This variable has a total of 4,087 cases, with 3 missing cases.

The Basel Convention provides extensive information on all of the various codes
and texts describing waste characteristics that are used in the reporting of the shipments
and amounts of the international transboundary waste movement. | use this same
information in the construction of APPENDIX B “Basel Convention Definitions and
Codes” in order to guide the reader in understanding the sometimes-complex nature of
the same data and in understanding of my recoding of this data (Secretariat of the Basel
Convention 2006a; 2006b; 2006c; 2006d).

Information indicating the level of waste hazard, according to Y-coded waste
sources and by text descriptions of these waste sources, is available in Basel Convention
Table 3 and Basel Convention Table 4. Using this information and the 4,090 unique
global shipments previously discussed in this section, | created a category variable for
increasing waste hazard. The first lowest source waste hazard level category for this
variable is coded 1, the next to lowest source waste hazard level category | coded 2. The
second to the highest category in increasing source waste hazard | coded 3; and the
highest category in increasing source waste hazard | coded 4. Shipments of mixed source
waste hazard categories are coded 88 and shipments with no assigned category codes are
coded 99. This source, or Y category waste hazard variable is labeled HAZY. A more
detailed discussion and a specific description of the method used for coding this variable

is provided in Appendix D. Table 3 provides some descriptive statistics and central
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tendency statistics for HAZY.
(Put table 3 about here)

The mean for the variable for the source waste hazard category variable (HAZY)
is 20.10; the median is 3; the mode is 3; the standard deviation is 36.37; the minimum is
1; and the maximum for the source waste hazard category variable is 99. 143 or 3.5% of
the shipments are of the lowest source waste hazard level category. 1,174 or 28.7% of
the shipments are in the next to the lowest source waste hazard level category. 1,914
shipments or 46.8% are in the second highest source waste hazard level category and 86
or 2.1% of the shipments are in the highest source waste hazard level category. 262
shipments or 6.4% are of mixed source waste categories and 511 shipments or 12.5%
have no assigned source waste codes. This source waste hazard level category has a total
of 4,090 cases, with no missing cases.

Five dummy variables for HAZY are created by coding its six categories
appropriately; where 1 coded wastes remain equal to 1 and the other five categories of
waste are recoded as 0, where 3 coded wastes are recoded equal to 1 and the other five
categories of waste are recoded as 0, where 4 coded wastes are recoded equal to 1 and the
other five categories of waste are recoded as 0, where 88 coded wastes are recoded as
equal to 1 and the other five categories of waste are recoded as 0, and where 99 coded
waste are recoded equal to 1, and the other five categories of waste are recoded as 0. The
next to the lowest source waste hazard level will be the comparison category. These five
HAZY dummy variables are labeled: HAZYCAT1, HAZYCAT3, HAZYCAT4,
HAZYCATS5, and HAZYCATS, respectively.

A third shipment frequency variable, derived from information provided in Base
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Convention Tables 3 and Basel Convention Table 4, concerns the distance between
origination and destination countries. Using the map provided for each country by The
World Factbook 2001, it was determined if the origination and destination countries for
each of our 4,090 unique global waste shipments were adjacent, not adjacent but in-
region, or out-of-region. Shipments to countries out-of-region from their origin were
coded 1; shipment to countries not adjacent, but within the region from their origin were
coded 2; and shipments to countries adjacent from their origin were coded 3. This
proximity variable is labeled PROX. Detailed and specific information on the method
used to determine proximity is provided in Appendix D. Table 4 provides some
descriptive statistics and central tendency statistics for this variable for proximity.
(Table 4 about here)

The mean for the category variable for proximity (PROX) is 2.66; the
median is 3; the mode is 3; the standard deviation is 0.59; the minimum is 1; and the
maximum for the source waste hazard category variable is 3. 239 or 5.9% of the
shipments are Out-of-Region. 929 or 22.8% of the shipments are within region. 2,914
shipments or 71.4% are to adjacent countries. This proximity category variable has a
total of 4,090 cases, with no missing cases.

Two dummy variables are created for the proximity variable by coding not
adjacent but in-region cases as 1 while coding the other two categories as 0, and by
coding out-of-region cases as 1 while coding the other two categories as 0. The
comparison category will be the adjacent category. These two dummy variables for
proximity are labeled PROXDUMZ2, and PROXDUMS3, respectively.

A subject of debate by public policy makers and researchers is whether waste
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shipments that are stated as intended for recycling are more likely to go to lower
economically developed countries than waste shipments that are stated as intended for
disposal, with the waste labeled for recycling having a higher level of hazard then waste
labeled for disposal. The 4,090 unique global shipments totaling 7,533,464 metric tons
that are identified and discussed in the first section of this chapter, along with information
on the intended method of disposal/recycling from Basel Convention information Table 3
and Basel Convention Table 4 (Secretariat of the Basel Convention 2006a, 2006b), are
used to create a four category variable measuring disposal/recycling. Waste shipments
intended for disposal are coded 1; waste shipments intended for recycling are coded 2;
mixed shipments of disposal/recycling waste are coded 88; and shipments of unknown
disposal/recycling waste are coded 99. This disposal/recycling category waste is labeled
DSRC. The specific Basel Convention coding for disposal/recycling waste is provided in
Appendix B and a detailed description of the method used in creation of this variable is
provided in Appendix D. Table 5 provides some descriptive statistics and central
tendency statistics for this waste disposal/recycling category variable.

(Table 5 about here)

The mean for the category variable for disposal/recycling waste is 3.14; the
median is 1; the mode is 1; the standard deviation is 12.24; the minimum is 1; and the
maximum for the category variable for disposal/recycling waste is 99. 2,075 or 50.7% of
the shipments are for disposal. 1,941 or 47.5% of the shipments are for recycling. 40 or
1.0% of the shipments are mixed and 34 or 0.8% of the shipments have unknown
disposal/recycling labels. This disposal/recycling waste category variable has a total of

4,090 cases, with no missing cases.
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Since recycling and disposal methods are reported as category data, three dummy
variables are created for the disposal/recycling waste category variable (DSRC) by
recoding recycling waste as 1 while recoding the other three categories as 0, by recoding
mixed waste as 1 while recoding the other three categories as 0, and recoding unreported
or unknown disposed/recycled waste as 1 while recoding the other three categories as 0.
Waste shipments intended for disposal is the comparison variable. These three dummy
variables for DSRC are labeled DSRCDUM2, DSRCDUM3, and DSRCDUM4,
respectively.

Information from the Basel Convention Tables 3 and Basel Convention Table 4
(Secretariat of the Basel Convention 2006a, 2006b), and the 4,090 unique global
shipments totaling 7,533,464 metric tons that are identified and discussed in the first
section of this chapter are used to create a variable for measuring number of countries in
which shipments crossed in transit. Classifying each shipment according to no countries
crossed, one country crossed, and two or more countries crossed in transit creates a three-
category variable. Shipments that cross one country in transit are coded 1; shipments that
Cross no countries in transit are coded 2, and shipments that cross two or more countries
in transit are coded 3. The Basel Convention codes used in determining countries crossed
are contained in Appendix B. A more detailed description of the method used to create
the variable for number of countries crossed in transit is given in Appendix D. The
newly created category variable for number of countries shipments cross in transit is
labeled TRAN. Some descriptive and central tendency statistics for the category variable
for number of countries crossed in transit (TRAN) are given in Table 6.

(Put table 6 about here)

67



The mean for the category variable for number of countries crossed in transit is
1.96; the median is 2; the mode is 2; the standard deviation is 0.31; the minimum is 1;
and the maximum for this category variable for number of countries crossed in transit is
3. 287 or 6.9% of the shipments crossed one country in transit. 3,685 or 90.1% of the
shipments crossed no country in transit. 121 or 3.0% of the shipments crossed two or
more countries in transit. This category variable for number of countries crossed in
transit has a total of 4,090 cases, with no missing cases.

Two dummy variables are created for the variable for number of countries crossed
in transit (TRAN) by coding one country crossed as 1 while coding the other two
categories as 0, and coding two or more countries crossed as 1 while coding the other two
categories as 0. These dummy variables for TRAN are labeled TRANDUMZ, and
TRANDUMS3, respectively. No country crossed in transit is the comparison category.

In addition to the Y-coded waste sources and waste source text descriptions
previously discussed in Section 1 of this chapter and previously used in this section to
make a source waste hazard level category variable, information indicating level of waste
hazard is available in the form of industrial/chemical waste codes and text descriptions
revealing innate characteristics of the waste from Basel Convention Table 3 and Basel
Convention Table 4. Using this information and the 4,090 unique global shipments
totaling 7,533,464 metric tons, also previously identified and discussed, a ten category
industrial/chemical waste hazard level category variable is created.

Basically, the UN class waste codes for industrial/chemical substances and
compounds are used in coding the industrial/chemical waste hazard level category

variable and it is coded as follows. Shipments composed of explosive substances are
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coded 1; shipments of flammable liquids are coded 3; shipments of flammable solids are
coded 4; shipments of oxidizing substances or organic peroxides are coded 5; shipments
of poisonous or infectious substances are coded 6; shipments of corrosive substances are
coded 8 and shipments composed of toxic gases, toxic substances, or eco-toxic
substances are coded 9. Shipments of mixed substances are coded 10. Mixed shipments
composed of multiple packages of several of the previous 10 substances are coded 88 and
shipments of unlabeled or unknown wastes are coded 99.

Basel Convention and UN class waste codes are given in Appendix B. A specific
and detailed description of the method used in creating the industrial/chemical waste
hazard level category variable is provided in Appendix D. This waste hazard level
category variable is labeled HAZH. Descriptive and central tendency statistics for
HAZH are given in Table 7.

(Put table 7 about here)

The mean for the industrial/chemical waste hazard level category variable
(HAZH) is 41.98; the median is 9; the mode is 99; the standard deviation is 43.37; the
minimum is 1; and the maximum for the industrial/chemical waste hazard level category
variable is 99. 6 or 0.1% of the shipments are of the UN Class waste hazard level
category 1, explosive substances. 368 or 9.0% of the shipments are of the UN Class
waste hazard level category 3, flammable liquids. 270 or 6.6% of the shipments are of
the UN Class waste hazard level category 4, flammable solids. 52 or 1.3% of the
shipments are of the UN Class waste hazard level category 5, oxidizing substances or
organic peroxides. 515 or 12.6% of the shipments are of the UN Class waste hazard level

(category 6), poisonous or infectious substances. 387 or 9.5% of the shipments are of the
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UN Class waste hazard level category 8: corrosive substances. 800 or 19.6% of the
shipments are of the UN Class waste hazard level category 9, toxic gases, toxic
substances or eco-toxic substances. 54 shipments or 1.3% of all shipments are a mixture
of substances. Mixed shipments comprise 620 or 15.2% of all shipments

The first four of nine dummy variables are created for the industrial/chemical
waste hazard level category variable (HAZH) in the following manner. The first dummy
variable for HAZH was created by leaving UN class category 1 as 1 while coding the
other nine categories as 0, the second dummy variable for HAZH was created by
recoding UN class category 4 as 1 while coding the other nine categories as 0, the fourth
dummy variable for HAZH was created by recoding UN class category 5 as 1, while
coding the other nine categories as 0, and the fifth dummy variable for HAZH was
created by recoding UN class category 6 as 1 while coding the other nine categories as 0.

The fifth, sixth, seventh, eighth, and ninth of the nine dummy variables created
for the industrial/chemical waste hazard level category variable (HAZH) are created in
the exact manner as the first five. The fifth dummy variable for HAZH was created by
recoding UN class category 8 as 1 while coding the other nine categories as 0, and the
sixth dummy variable for HAZH was created by recoding UN class category 9 as 1 while
coding the other nine categories as 0. The seventh dummy variable for HAZH was
created by recoding mixed substances category coded 10 as 1 while coding the other nine
categories as 0; the eighth dummy variable for HAZH was created by recoding mixed
shipments category coded 88 as 1 while coding the other nine categories as 0, and the
ninth dummy variable for HAZH was created by recoding unknown labeled shipments

coded 99 as 1 while coding the other nine categories as 0. These nine dummy variables
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for HAZH are labeled: HAZDUM1, HAZDUM3, HAZDUM4, HAZDUMS5,
HAZDUM6, HAZDUM7, HAZDUMS8, HAZDUM9, and HAZDUM10. The comparison
category is flammable liquids.

This concludes this section on Shipment Frequency data files - Variables from
Basel Convention Information.

3. Country Case Data File and Shipment Frequency Data Files - Country
Characteristic Variables
a. Economic Variables

Most of the variables created for this transboundary waste study are used in all
three data files: the Country Case data file, the Destination Shipment Frequency data file
and the Origination data file. The Economic variables, the Land Use variables, the
Demographic variables, the Energy variables, the Environmental variables and the
Traditional Trade variables described in this third section of this chapter are all used in all
three data files. The fourth section of this chapter will describe the creation of two trade
network variables for the two Shipment Frequency data files. The fifth and last section of
this chapter describes the creation of an economic level movement scale, the latter is used
as the dependent variable for the two Shipment Frequency data files.

In all, thirteen economic variables are created for use in all three data files, the
Country Case data file and the two Shipment Frequency data files, which are the three
data files used in the analysis of the data in this study. These are: Economic
Development Level, Income Inequality, Export Concentration, Import Concentration,
External Debt, Unemployment, Military Expenditures, Military Imports, The Portion of

the Economy in Agriculture, The Portion of the Economy in Industry, The Portion of the
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Economy in Service, Export Value, and Import Value.

The first economic country characteristic variable for Economic Development
Level is created from information taken from the World Bank's (2002) "World
Development Indicators 2002", Table 1.1 Size of Economy. Year 2000 Purchasing
Power Parity per capita values in U.S. dollars for each of our 99 countries in the Country
Case file were determined and cataloged into one of four possible income levels, as
defined by the World Bank for that year. Countries with less than $755 Purchasing
Power Parity per capita are classified as Low Income, countries with $756 to $2,995 are
classified as Low Middle Income, countries with $2,996 to $9,265 are classified as Upper
Middle Income, and countries with $9,266 are classified as High Income countries.
These four classifications are coded as follows: Low Income countries are coded as 1,
Low Middle countries are coded as 2, Upper Middle countries are coded as 3, and High
Income countries are coded 4. This newly created and recoded variable for country per
capita income is labeled DEVLEV. The descriptive and central tendency statistics for the
variable for economic development level are provided in Table 8.
(Put table 8 about here)

As shown in Table 8, the statistics for the economic development level variable
differ according to destination countries or origination countries and the Country Case
Data File (CCDF) and differ by Destination Shipment Frequency Data File (SFSF) or
origination Shipment Frequency Data File (SFDF). It should be noted that this is true for
all of the variables created and described in Section 3 of this chapter.

Some of the statistics for the variable for the destination countries’ per capita

income (DEVLEV) in the Country Case Data File are as follows. The mean is 3.12; the
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median is 4; the mode is 4; the standard deviation is 1.07; the minimum is 1 and the
maximum is 4. 6 destination countries or 11.5% of the total have Level 1 developmental
level. 8 destination countries or 15.4% of the total have Level 2 developmental level. 11
destination countries or 21.2% of the total have Level 3 developmental level and 26
destination countries or 50.0% of the total have Level 4 developmental level. A total of
52 destination countries are in the Country Case Data File, with one country having
missing data for this variable.

The statistics for the variable for the origination countries’ per capita income
(DEVLEYV) in the Country Case Data File are as follows. The mean is 2.82; the median
is 3; the mode is 4; the standard deviation is 1.09; the minimum is 1 and the maximum is
4. 14 origination countries or 14.6% of the total have Level 1 developmental level. 24
origination countries or 25.0% of the total have Level 2 developmental level. 22
origination countries or 22.9% of the total have Level 3 developmental level and 35
origination countries or 36.5% of the total have Level 4 developmental level. A total of
96 origination countries are in the Country Case Data File, with one country having
missing data for this variable.

The statistics for the variable for the destination countries’ per capita income
(DEVLEYV) in the Destination Shipment Frequency Data File are as follows. The mean
is 3.95l; the median is 4; the mode is 4; the standard deviation is 0.31; the minimum is 1
and the maximum is 4. 22 destination countries or 0.5% of the total have level 1
developmental level. 34 destination countries or 0.8% of the total have level 2
developmental level. 59 destination countries or 1.4% of the total have level 3

developmental level and 3,969 destination countries or 97.0% of the total have level 4
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developmental level. A total of 4,090 shipments are in the Destination Shipment
Frequency Data File, with 6 shipments having missing data for this variable.

The statistics for the variable for the origination countries’ per capita income
(DEVLEYV) in the Origination Shipment Frequency Data File are as follows. The mean
is 3.85; the median is 4; the mode is 4; the standard deviation is 0.52;the minimum is 1
and the maximum is 4. 38 origination countries or 0.9% of the total have level 1
developmental level. 167 origination countries or 4.1% of the total have level 2
developmental level. 184 origination countries or 4.5% of the total have level 3
developmental level and 3695 origination countries or 90.3% of the total have level 4
developmental level. A total of 4,090 shipments are in the Origination Shipment
Frequency Data File, with 6 shipments having missing data for this variable.

A second economic country characteristic variable for Income Inequality is
created using information from the World Bank's (2001,2002, 2003, 2004) "World
Development Indicators", (WDI) Table 2.8 Distribution of Income or Consumption. The
Gini Indexes for the year 2000 for most of the 99 destination and origination countries in
our Country Case data file is taken from the WDI 2001 - 2004 editions. In cases where
the year 2000 Gini Index for a country was not found in these four WDI editions, the
year's Gini Index for that country closest to the year 2000 was used, giving preferences in
ties in chronological distance from the year 2000 to the earlier year. The internal income
distribution variable is labeled GINI. The statistics for the economic variable internal
income distribution (GINI) are shown in Table 9.

(Put table 9 about here)

As shown in Table 9, the statistics for the variable for the destination countries'
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internal income distribution (GINI) in the Country Case Data File are as follows. The
mean is 34.93; the median is 33.10; the mode is 25; the standard deviation is 8.51; the
minimum is 24.40; and the maximum is 59.30. A total of 52 destination countries are in
the Country Case Data File, with two countries having missing data for this variable.

The statistics for the variable for the origination countries' internal income
distribution (GINI) in the Country Case Data File are as follows. The mean is 38.11; the
median is 36; the mode is 25; the standard deviation is 10.09; the minimum is 24.40; and
the maximum is 63.00. A total of 96 origination countries are in the Country Case Data
File, with 17 countries having missing data for this variable.

The statistics for the variable for the destination countries’ internal income
distribution (GINI) in the Destination Shipment Frequency Data File are as follows. The
mean is 31.83; the median is 33.10; the mode is 33,10; the standard deviation is 4.49; the
minimum is 24.70; and the maximum is 59.30. A total of 4,090 shipments are in the
Destination Shipment Frequency Data File, with 8 shipments having missing data for this
variable.

The statistics for the variable for the origination countries' internal income
distribution (GINI) in the Origination Shipment Frequency Data File are as follows. The
mean is 35.02; the median is 35.90; the mode is 40.10; the standard deviation is 5.89; the
minimum is 24.40; and the maximum is 63.00. A total of 4,090 shipments are in the
Origination Shipment Frequency Data File, with 125 shipments having missing data for
this variable.

Two economic country characteristic variables for Export Concentration and

Import Concentration are created using information from the United Nations Conference
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on Trade and Development (UNCTAD) 2002 UNCTAD Handbook of Statistics. The
specific information comes from Table 8.2A, “Export Concentration and Diversification
Indices by Country”, and Table 8.2B, “Import Concentration and Diversification Indices
by Country”. Export Concentration and Import Concentrations for the year 2000 are
taken from these two tables. The Export Concentration variable is labeled EXCONC and
the Import Concentration variable is labeled IMCOMC.? The statistics for the economic
variable Export Concentration (EXCONC) are shown in Table 10.

(Put table 10 about here)

As shown in Table 10, the statistics for the variable for the destination countries’
Export Concentration (EXCONC) in the Country Case Data File are as follows. The
mean is 0.1898; the median is 0.1353; the mode is 0.826, the standard deviation is
0.1532; the minimum is 0.0551; and the maximum is 0.8642. A total of 52 destination
countries are in the Country Case Data File, with 4 countries having missing data for this
variable.

The statistics for the variable for the origination countries’ Export Concentration
(EXCONC) in the Country Case Data File are as follows. The mean is 0.2650; the
median is 0.1709; the mode is 0.0826; the standard deviation is 0.2151; the minimum is
0.0551; and the maximum is 0.9961. A total of 96 origination countries are in the
Country Case Data File, with 9 countries having missing data for this variable.

The statistics for the variable for the destination countries’ Export Concentration
(EXCONC) in the Destination Shipment Frequency Data File are as follows. The mean
is 0.1169; the median is 0.1050; the mode is 0.1327; the standard deviation is 0.0447; the

minimum is 0.0551; and the maximum is 0.8642. A total of 4,090 shipments are in the
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Destination Shipment Frequency Data File, with 11 shipments having missing data for
this variable.

The statistics for the variable for the origination countries' Export Concentration
(EXCONC) in the Origination Shipment Frequency Data File are as follows. The mean
is 0.1310; the median is 0.0971; the mode is 0.0900; the standard deviation is 0.0875; the
minimum is 0.0551; and the maximum is 0.9961. A total of 4,090 shipments are in the
Origination Shipment Frequency Data File, with 86 shipments having missing data for
this variable.

The statistics for the economic variable,Import Concentration (IMCONC) is
shown in Table 11.

(Put table 11 about here)

As shown in Table 11, the statistics for the variable for the destination countries’
Import Concentration (IMCONC) in the Country Case Data File are as follows. The
mean is 0.1112; the median is 0.0092; the mode is 0.0962; the standard deviation is
0.0056; the minimum is 0.0542 ;and the maximum is 3.1530. A total of 52 destination
countries are in the Country Case Data File, with 4 countries having missing data for this
variable.

The statistics for the variable for the origination countries’ Import Concentration
(IMCONC) in the Country Case Data File are as follows. The mean is 0.1196; the
median is 0.1017; the mode is 0.0962; the standard deviation is 0.0614; the minimum is
0.0542; and the maximum is 0.4114. A total of 96 origination countries are in the
Country Case Data File, with 10 countries having missing data for this variable.

The statistics for the variable for the destination countries’ Import Concentration
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(IMCONC) in the Destination Shipment Frequency Data File are as follows. The mean
Is 0.0897; the median is 0.0884, the mode is 0.0884; the standard deviation is 0.0206; the
minimum is 0.0542; and the maximum is 0.3153. A total of 4,090 shipments are in the
Destination Shipment Frequency Data File, with 11 shipments having missing data for
this variable.

The statistics for the variable for the origination countries' Import Concentration
(IMCONC) in the Origination Shipment Frequency Data File are as follows. The mean
is 0.1020; the median is 0.1030; the mode is 0.1030; the standard deviation is 0.0403; the
minimum is 0.0542; and the maximum is 0.4114. A total of 4,090 shipments are in the
Origination Shipment Frequency Data File, with 89 shipments having missing data for
this variable.

An Economic variable for External Debt is created for the Country Case
and the two Shipment Frequency data files using information from the Central
Intelligence Agency (CIA 2001, 2002 and 2005) The World Factbook 2001, The World
Factbook 2002, and The World Factbook 2005 are used for the countries in all three data
files. The statistics for External Debt are calculated as a percentage of GDP using
information from the year 2000, or the closest year available. This Economic variable for
External Debt is labeled EXTDEBT. The statistics for the economic variable, External
Debt (EXTDEBT), are shown in Table 12.

(Put table 12 about here)

As shown in Table 12 the statistics for the variable for the destination countries’

External Debt (EXTDEBT) in the Country Case Data File are as follows. The mean is

13.53; the median is 11.10; the mode is 0.00; the standard deviation is 11.74; the
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minimum is 0.00; and the maximum is 49.30. A total of 52 destination countries are in
the Country Case Data File, with one country having missing data for this variable.

The statistics for the variable for the origination countries’ External Debt
(EXTDEBT) in the Country Case Data File are as follows. The mean is 20.34; the
median is 16.80; the mode is 0.00; the standard deviation is 17.79; the minimum is 0.00;
and the maximum is 87.90. A total of 96 origination countries are in the Country Case
Data File, with one country having missing data for this variable.

The statistics for the variable for the destination countries’ External Debt
(EXTDEBT) in the Destination Shipment Frequency Data File are as follows. The mean
is 4.88; the median is 0.25; the mode is 0.20; the standard deviation is 7.66; the minimum
is 0.00; and the maximum is 49.30. A total of 4,090 shipments are in the Destination
Shipment Frequency Data File, with no shipments having missing data for this variable.

The statistics for the variable for the origination countries' External Debt
(EXTDEBT) in the Origination Shipment Frequency Data File are as follows. The mean
is 8.87; the median is 8.29; the mode is 8.30; the standard deviation is 9.84; the minimum
is 0.00; and the maximum is 87.90. A total of 4,090 shi