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Scope of the Problem

The effective management of hazardous waste is an issue that all countries of
the Pacific Basin must address. Table 1 gives statistics on the quantity of
hazardous waste generated. By very rough estimates, almost 272 million metric
tons of hazardous wastes are being generated every year in the region.(l)
While the data are not consistently defined and reported, they do indicate the
extent of the problem. Figure 1 shows that increasing development brings
along an increase in the rate of hazardous waste generation. On this basis,
the developing countries of the region can be expected to experience some of
the same problems of the developed countries as their economies become more
industrialized.

Two fundamental problems are involved in the compilation of consistent
hazardous-waste generation statistics in the Pacific Basin. The first
involves the definition of what constitutes hazardous waste. To date there is
no universal agreement on:

• The chemicals to be defined as hazardous,

• The material to be defined as "waste,"

• The methods of measuring waste, or

• The form in which hazardous wastes are reported.

Without agreement on these fundamental points, the available data on
hazardous-waste generation are not directly comparable from one country to
another.
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The second problem is that many countries have not undertaken any systematic
survey of hazardous-waste generation. Such data as exist are frequently
incomplete. Even in the United States, where there are more data available
than anywhere else, the statistics from several surveys are incompatible and
contradictory.

Without exception, the countries of the Pacific Basin have seen the effects of
inadequate hazardous-waste handling. The dramatic episodes of Love Canal and
Times Beach in the United States and of Minimata Bay in Japan can be matched
by more subtle, but equally problematical, episodes of waste-contaminated soil
and water in other countries. Elevated levels of heavy metals have been found
in the Chao Phyra River in Thailand and in Junk Bay in Hong Kong. Pesticide
residues have been found in fish caught in the Pacific islands. Hexavalent
chromium has created problems in China and the Philippines. Cyanide wastes
have damaged waterways near the Ok Tedi mine in Papua New Guinea. A
comprehensive list of all the problem areas would show that every country in
the region is affected by waste hazards.

The regulatory control of hazardous wastes varies from essentially no control
to situations in which control is stringently imposed by a multitude of
regulations, not all of which are consistent with each other. There are two
types of hazardous-waste regulation used in the Pacific Basin: operation-
based controls that regulate the generation, transport, treatment, and
disposal of wastes; and chemical-based controls that regulate individual
chemical compounds. There is, of course, some overlap between the two.

Figure 2 shows the average number of regulatory options used by the different
categories of country in the Pacific Basin. It is evident that the more
heavily industrialized nations have in place a broader range of controls to
manage their hazardous materials. This indicates that the newly
industrialized nations and the developing countries may need to increase the
extent of their regulatory control of hazardous wastes in order to maintain
effective management of them, as their economies grow.

The Role of Research(2)

While there are many existing technologies for dealing with hazardous waste,
there is a continuing need for research and development (R&D) to improve the
effectiveness and reduce the costs of waste management. Some definition is
necessary in discussing R&D on hazardous waste because it involves two major
areas of considerable scientific and technical activity. On the one hand,
hazardous waste R&D is a special subset of research to control environmental
pollution in general. Many pollutants require control and abatement even
though they are not classified as hazardous. Research on these conventional
contaminants of air, water, soils, and ecosystems can often be applied to
handling highly toxic and dangerous compounds. On the other hand, hazardous
waste R&D requires knowledge of the manufacture and use of hazardous
chemicals, whether they are wastes, intermediate products, or raw materials.
The management of hazardous wastes is only the last step in the "cradle-to-
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grave" control of high risk chemicals that is essential. In this context,
hazardous waste R&D must address the entire cycle of hazardous material
handling. Figure 3 shows the various stages of hazardous materials use and
the possible environmental movements.(3)

When attempting to identify hazardous waste research needs, it is important to
note that the time scales of the hazardous waste problems range from the
immediate to the long-term. Immediate problems are concerned with the
identification of imminent health and ecosystem hazards from toxic chemicals
and the implementation of short-term steps to confine the spread of these
chemicals to protect the general population and workers from exposure. These
immediate problems are most frequently associated with accidental releases of
toxic chemicals and/or past practices of dumping wastes in an uncontrolled
manner, which has resulted in the threat of contamination of water and food
supplies. In the United States, the cleanup of about 500 old waste disposal
sites is consuming the most attention and resources in our hazardous waste
management program. In general, the immediate problems, especially those
posing imminent hazards to human health, get the most attention and command
the largest allocation of financial resources and skilled labor.

The intermediate-term hazardous waste problems involve the application of more
efficient waste treatment technologies and the changeover of industrial
processes to those that minimize the generation of hazardous wastes. Examples
of these types of approaches include the recycling of waste materials, use of
mechanical instead of solvent-based processes for metal cleaning, reducing
process water use, and the development of integrated chemical, biological, and
thermal waste treatment facilities. These problems are generally
characterized by the need for capital expenditure on the part of industry.
The attention paid to these problems is proportional to the extent of the
economic and regulatory forces that drive the decision-making process.

The long-term hazardous waste problems involve the understanding of the basic
physical, chemical and biological processes at work. Examples include the
identification of which chemicals are hazardous and at what exposure levels,
the understanding of the physical and chemical kinetics of waste treatment
technologies such as incinerators, and the development of advanced technology
systems that hold the promise of more efficient and cost-effective waste
treatment. These types of issues generally attract attention only in the
scientific and engineering communities.

Research is also conducted on a short-, intermediate-, or long-term basis.
The research is often classified as immediate studies, applied research, and
basic research, respectively. In general, it can be said that immediate or
short-term hazardous waste issues are low on the research activity scale.
This is to be expected in that the general perception is that immediate
problems must be solved immediately and there is no time for research. At the
other end of the spectrum it can also be said that basic research dealing with
long-term issues involving the fundamental understanding of physical,
chemical, and biological processes is also low on the research activity
level. This is also to be expected since the traditional view of basic
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research activities is that of scientists working in laboratories on issues
that will not be of concern in the near future. In the middle of the scale,
the intermediate-term problems addressed by the applied research efforts seem
garner the most activity.

On the surface it would appear that immediate problems get the most general
attention but research has little to contribute to their solution. Also,
long-term problems get the least general attention and while basic research
can provide answers, few are willing to support this type of activity.
Finally, intermediate-term needs garner a reasonable amount of attention and
the economic and regulatory demands result in the most research activity.
These superficial conclusions have elements of truth but are flawed by a
simplistic view of how research is done and where it fits into the solution of
hazardous waste problems. Consider first the immediate or short-term
problems. While it is true that the short time requirements of these problems
preclude the conduct of any research programs, the solution of these short-
term problems is dependent on having done the basic and applied research
already. For example, the identification of the contamination of the Love
Canal area in the United States depended on the earlier development of ground
water monitoring instrumentation and on research into the health effects of
the toxic chemicals found in the canal. Had this not been done there could
have been more serious and extensive health effects that would have been
attributed to unknown causes. An on-going basic and applied research program
is critical to being able to identify and cope with immediate hazardous waste
problems. The background research must be done to provide the tools necessary
to handle immediate crises when they arise. Without the research there are no
tools; without the tools, the problem can't be solved or maybe not even
identified.

Considering next the basic research activities, the perception of low general
interest and resulting low research activity is reasonably accurate. But this
does not mean that this situation is desirable. Consider for example, the
operation of hazardous waste incinerators. Much of present-day hazardous
waste incinerator design and operation is based on trial-and-error
experience. The general chemistry and physics of the combustion process is
poorly understood. Little is know about the operating characteristics of an
incinerator under upset conditions or with highly variable feed
characteristics. Basic research is critical to developing this understanding
and assisting in the design of safer, more efficient incinerators whose
performance is well understood and that can be tightly controlled.

As another example of the need for basic research efforts consider the
determination of which chemicals are toxic and at what exposure levels. Much
of the toxic chemical regulatory programs are based on the results of this
type of basic research. This fundamental understanding of what is toxic is
critical to hazardous waste control programs.

Without a sound and comprehensive basic research program designers are forced
to operate in the realm of guesswork and trial-and-error. This can lead to
costly mistakes in the implementation of our hazardous waste management
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programs.

Considering the applied research activities that address intermediate-term
problems, it can be said that these attract both a significant amount of
general interest and a high level of research activity. It is evident that
applied research generates this interest and support because there are strong
incentives for this work to be done. Waste-generating industries are keenly
interested in finding new ways to reduce the volume of waste generated and/or
treat the wastes. The interest is driven both by the desire for more
efficient industrial processes and by the need to comply with regulatory
requirements. Equipment vendors are interested in developing new and
innovative treatment technologies that have market potential. Waste treatment
facility operators are interested in being able to market the services of
their treatment plants and seek more efficient, cost-effective technologies to
use. All of these forces combine to generate the interest in and support for
applied research efforts. It is on the base of technology that results from
this research that day-to-day hazardous waste control is built. Applied
research efforts also provide the technology that is used to deal with the
immediate problems and imminent hazards.

Research Needs

Having defined an important role for research in addressing hazardous waste
issues, the next step is to identify the type of research that is needed. The
information presented here is derived from the presentations and observations
made by participants in the 1989 Pacific Basin Conference on Hazardous Waste
held in Singapore in April 1989. As a forum for the exchange of information,
the conference provided a unique insight into the R&D activities in the
Pacific Basin. The research needs described here are not intended to be a
comprehensive picture of all research requirements in the region. Rather,
they are intended to reflect the insights of the participants at the
conference.(4)

To characterize the research needs in the context of hazardous waste problems,
the following typology will be used:

A. Problem Definition Research

B. Management Information Research

C. Technology Research

A broad definition of the term "research" is adopted here. It covers
scientific and engineering studies aimed at providing management as well as
technical information to a hazardous waste control program.

A. Problem Definition Research Activities falling in this category
are designed to establish the extent of a hazardous waste problem. As was
discussed earlier, there are many countries in the Pacific Basin where there
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is Limited information on the extent of waste generation and its movement.
Among the research needs in this area are:

1. Heaith effects from exposure to hazardous wastes. There is a great
deaL of materiaL availabLe on the effects of human exposure to
seLected hazardous chemicals. However, there is only limited
information on the effects of exposure to hazardous wastes in the
context of actual situations where exposure pathways are complex and
subjects may be exposed to a variety of toxic materiais. Existing
epidemioLogical data, hospital records, and death certificates rarely
reveal a connection to hazardous chemical exposure. Much of the
available information relies on industrial hygiene data, which is a
different level and type of exposure. There is also very little
information to determine the effects of hazardous materials on the
poor and on rural residents where chemical exposure may be
complicated by other health conditions such as improper nutrition and
inadequate sanitation. Reliable data on health effects is crucial to
designing effective and reasonable hazardous waste control programs.

2. Monitoring and site assessment. In many parts of the Pacific Basin
there are sites where hazardous chemicals have been dumped with
little or no concern for their potential to contaminate soil and
groundwater. These old dump sites have become a significant source
of health and ecosystem hazards. In attempting to clean up these
facilities and prevent further damage, an assessment must be made of
the extent of the problem and of the most effective way of
decontaminating the site. Existing soil sampling techniques and
water quality monitoring are adequate for identifying chemical
constituents in a sample but must be used with groundwater, surface
water, and atmospheric models to determine the extent of the affected
area. This is complicated by the fact that there are generally many
different chemicals present with different characteristics that
affect their movement through the environment. Research is needed to
improve the predictive capability of these models, when coupled with
instrument measurements, to assist in the design of cleanup
programs. These techniques also can be applied to the design of new
hazardous waste treatment and disposal facilities.

3. Waste generation survey methodology. Experience throughout the
Pacific Basin has highlighted the difficulties in obtaining reliable
information on hazardous waste generation. Activities in the U.S.
have met with considerable difficulty in obtaining consistent data.
The problem is exacerbated in developing countries. Aggregated
national statistics have been developed (such as those on Table 1)
but these are not as important as detailed site-specific data. The
World Bank, is supporting the development of a rapid survey process
that attempts to correlate waste generation with employment by
industrial category. This process, while useful for quick estimates,
is not suitable for long-term hazardous waste control program
planning. A consistent and reliable survey methodology, especially
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one that can be used in developing countries, is needed.

B. Management Information Research Research in this area covers the
development of information that can be used by decision-makers in the design
and implementation of a hazardous waste control program. Among the research
needs are:

1. Risk assessment methodologies. Risk assessment techniques are
particularly useful in addressing hazardous waste problems since they
explicitly consider uncertainty, infrequency of occurrence, and
magnitude of impacts. Application of risk assessment methodologies
allows decision-makers to develop cost-effective control programs.
It also helps address the public's perception of risk, which is often
different than the real risk. While risk assessment has been used in
. the development of hazardous waste control programs, it needs
additional research to improve the data base on which it operates and
to refine the methods for quantifying risk. There is a great deal to
be done to eliminate some of the wide variations in results that come
from different operating assumptions. To be a more useful management
information tool, the resulting analyses need to be more robust and
insensitive to minor changes in data and assumptions. In addition,
the application of risk assessment techniques to developing countries
where the concepts of risk are culturally different and the data are
sparse, needs additional research.

2. Technical basis for regulations. Hazardous waste regulations must be
based on technically defensible information to be accepted and to be
enforceable. Technical information on dose-response relationships,
movement of chemicals in the environment (both of which have been
mentioned under Problem Definition), availability and efficiency of
control technology, long-term characteristics of waste storage,
economics of waste management, and other issues must be used in the
development of sound regulations. The process by which this
technical information is generated for use by regulation-developers
needs to be improved. It is also important to enhance the methods by
which this detailed technical information can be put into a form
usable by decision-makers.

3. Methodologies for the establishment of priorities. Every
organization dealing with hazardous waste is confronted with the
issue of limited resources available to address the problem. Methods
are needed to systematically establish the priorities for the
effective allocation of money and effort. These methods, using
techniques of decision analysis, have been applied only in selected
areas of hazardous waste control. They have been shown to be an
effective way of focusing efforts on the most significant problems.
The techniques need further development and application.

4. Treatment facility siting procedures. One of the most difficult
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problems in hazardous waste control is the siting of treatment
facilities. A major problem is the resistance of the public to have
any operation that deals with hazardous materials located in their
vicinity (the "Not In My Back Yard" or NIMBY syndrome). Research is
needed on the application of screening techniques to identify
technically suitable sites for treatment facilities (e.g. considering
groundwater and soil conditions) and on the involvement of the public
in the choice of acceptable locations. The latter is, in many
regards, the more complex research problem. The communication of
site selection information to the public and the development of
information on actual risks, safety systems, liability, compensation,
and other issues of concern to the public must be improved.

C. Technology Research Research in this area encompasses the
traditional items that are considered to be part of an R&D program. Again,
the technology R&D needs listed below are not intended to be comprehensive but
are only a selected list based on the perspectives of the aforementioned
conference.

1. Waste minimization. The minimization of waste generation is
generally agreed to be the best long-term solution to the hazardous
waste problem in the Pacific Basin. To achieve this objective
requires the development of new industrial processes and the
implementation of recycling techniques. Some of these techniques
require major changes in existing industry operations and so must be
developed with consideration of cost and product quality as well as
environmental protection. Examples of where this type of research is
needed include the development of cyanide-free methods for
electroplating, substitution of water-based for solvent-based paints,
and reclamation of chemicals that are now discarded in waste streams.

2. Biological treatment. Selected species of biological organisms have
been shown as effective methods of treating hazardous wastes. These
have been used in industrial treatment facilities, landfills, and in
the cleanup of old dump sites. Research is needed to extend the
applicability of these techniques to different chemicals, to improve
the efficiency of the functioning organisms, and to develop
economical systems for utilizing these approaches.

3. Chemical treatment. Chemical treatment facilities have been utilized
extensively in a wide range of industrial operations. Of particular
importance to the Pacific Basin is the development of treatment
equipment that is scaled for use in small- and medium-sized
industries. Much of the available technology is aimed at large
industrial operations and cannot be economically used in smaller
facilities. Research is needed to develop appropriate equipment for
the smaller operators.

A. Thermal treatment. Incineration continues to be one of the main
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techniques for destruction of hazardous wastes. Research is needed
to provide understanding of the basic combustion processes in
incinerators. Of special concern is the understanding of how an
incinerator performs under upset situations where variations in feed
material and/or operating conditions can create off-design
conditions. Incomplete combustion can result in the release of toxic
materials in the exhaust gases. There is a need to understand how to
recognize these conditions before such releases occur and how to
prevent these conditions from developing.

5. Solidification and stabilization. The process of encapsulating
hazardous wastes in crystalline or cement-type materials is practiced
in several countries in the Pacific Basin. In some cases the
stabilized wastes are held in long-term storage facilities. In other
cases they are used as construction materials. There is a need to
better understand the stabilization processes and to determine the
materials that can be safely encapsulated and those which require
some other form of treatment. Also, there is a need for research on
the long-term stability of stabilized wastes and their suitability
for use in construction. There is evidence that some of the
construction material is leaching toxic materials due to improper
stabilization.

6. Landfill disposal. Although some countries in the Pacific are moving
to restrict the land disposal of hazardous wastes, landfills remain a
major form of ultimate waste disposal. In some countries it is the
only form 'of hazardous waste management. There is a need to
understand some of the basic processes at work in a landfill (e.g.,
anaerobic digestion mechanisms) and to develop techniques for
monitoring the leaching of materials from landfills.

While there are many other research areas that need to be addressed in dealing
with hazardous wastes, those identified above seem to have a wide range of
applicability in the Pacific Basin.

The Role of International Collaboration

International collaboration has several important roles to play in the conduct
of hazardous waste research. First, there is the general scientific benefit
of information exchange and the sharing of experiences. The exchange of
information is vital to the advancement of the state-of-the-art. This is no
less true in hazardous waste research than it is in other scientific and
engineering disciplines. Second, there is the benefit that comes from the
replication of research results. Research results must frequently be
validated by the duplication of results in different locations. Third, there
is the benefit of cost sharing. Some research efforts are too large for any
one country to conduct on its own. Chemical toxicity testing is one such
effort. By having collaborative programs in several countries, the burden is
shared and the resulting information is disseminated to all.
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One of the criticisms leveled at international collaborative research efforts
is that they are too complex to implement. It is true that an international
research program is more complex to implement than is a purely domestic one,
but there are numerous examples of the success in such activities. The
commercial world is filled with examples of joint ventures that cross
international boundaries. There is no reason why research efforts cannot also
be implemented internationally.

Another criticism of international collaborative research is that there is an
unfair distribution of information. The point is usually made that the
transfer of information is in one direction, from one country to another.
This is often at issue with respect to proprietary technology that has market
potential. One partner may be reluctant to share information or results that
have commercial possibilities with another. While this is a genuine barrier,
there are also numerous examples where the barrier has been scaled. Also,
there are a sufficient number of hazardous waste research problems that need
to be addressed that do not involve proprietary issues that we should have no
problem identifying opportunities.

Overall, it must be concluded that there are many opportunities for
international cooperation in the area of hazardous waste research. These can
provide resources to address the hazardous waste problems that are common
throughout the Pacific Basin.
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TABLE 1
Annual Hazardous-Waste Generation Within the Pacific Basina

Category
Total

Ceneration Comments

INDUSTRIAL MARKET ECONOMIES

Australia (t)

Canada (t)

Japan (t)

New Zealand U )

United States (t)

NEWLY INDUSTRIALIZED ECONOMIES

Hong Kong (t)

Singapore
South Korea (t)
Taiwan (t)

ASEAN-4 PLUS MEXICO

Indonesia
Malaysia (m3)
Philippines
Thailand

Solid* (t) /
Wastewater (m )

Heiico

SPECIAL CASE

China (t)

PACIFIC ISLAND ECONOMIES

Cuara (t)

Papua Neu Guinea

Federated States of

Micronesia (m )

Marshall Islands (m3)

Northern Marianas (m )

Palau (tn3)

American Samoa

Solids Ct)

Wastewater (m3)

Other Islands

CENTRALLY PLANNED ECONOMIES

109,000 Approximation based on incomplete survey
3,281,000 1962 estimate; based on comparison to U.S. data

82,000 No separate estimate of hazardous waste;
estimate from total industrial wattes

22,000 1983 estimate; no formal definition of hazardous
wa*te; turvey underway

254,000,000 1963 estimate for facilities permitted by RCRAb;
includes water as part of classified waste

32,000 1981-82 survey extrapolated to 1984; includes

aqueous wastes
c

244,000 1983 data
272,100 1987 data

c Survey underway
220,000 1985 survey

c Survey results incomplete

22,100 Very preliminary
84,000 Survey underway

c No data available

36,280,000 Estimate; not based on survey

156 1984 survey

c No data available; primary source is mining
activities

2,200 1982 projected, based on 1977 survey

1,100 1982 projected, based on 1977 survey

670 1982 projected, based on 1977 survey

1,100 1982 projected, based on 1977 survey

950 1982 projected, based on 1977 survey

530 1982 projected, based on 1977 survey

c No data available

c No data available

'Data in this table are not strictly comparable. Countries do not use the same definition of
hazardous wastes; quantities not reported consistently.

Resource Conservation and Recovery Act.

cNo data available.
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