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FOREWORD

These proceedings of the seventh Pacific Basin Conference on Hazardous Waste demonstrate a clear
picture of the extent of the hazardous waste problem in the region. While there has been progress
in the control of hazardous wastes throughout Asia and the Pacific, there is still much room for
improvement.

At the first conference held in 1988, many countries reported that they did not have hazardous waste

control regulations in place. There were few waste treatment facilities, even fewer cleaner production
technologies being implemented, and little insight into the health impacts of improper handling of
hazardous materials. The papers presented at this conference demonstrate that significant strides
have been made in all these areas.

Nevertheless, the quantity of hazardous waste continues to grow throughout the region. While
control regulations are now implemented in most of the countries, implementation and enforcement
lags behind. Severe health impacts from improper hazardous waste handling continue, particularly
among the elderly, children, and other susceptible groups. Much still needs to be done to bring the
problem under control.

The papers in these proceedings cover the full range of issues dealing with hazardous waste control.
They cover pollution prevention, waste treatment technology, health and ecosystem effects research,
analysis and assessment, and regulatory management techniques. The experiences of many countries
in the region are included. It is our hope that this body of information will contribute to a better
understanding of the hazardous waste problem and the identification of efficient, cost-effective
solutions.

William A. Suk Technical Program Chair
National Institute for Environmental
Health Sciences, USA

Richard R. Cirillo Executive Secretary

Argonne National Laboratory, USA Pacific Basin Consortium for
Hazardous Waste Research
and Management
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OPENING ADDRESS

Honorable Dato’ Abu Bakar Daud, Deputy Minister
Ministry of Science, Technology and
the Environment, Malaysia

Mr. Chairman; Dr. William Suk, Chairman of the Technical Program; Dr. David Barnes, Chairman
of the Pacific Consortium on Hazardous Waste Research and Management; Ir. Tan Meng Leng,
Director-General of the Department of Environment, Malaysia; conference directors; distinguished
guests; and ladies and gentlemen. It is indeed my pleasure to be with you on this auspicious day to
officially open the Seventh Pacific Basin Conference on Hazardous Waste, better known as the PBC
Conference.

Let me first and foremost extend a very warm welcome, with our traditional bid of Selamat Datang
to all of you, especially to our overseas participants.

I understand that the venue of the PBC Conference alternates between the Asia-Pacific region and
North America. Malaysia is therefore very honored to host the three-day Seventh PBC Conference.
The timing, location, and the subject matter of the PBC Conference are most appropriate and
meaningful recognition of Malaysia’s local and international level of effort in hazardous waste
management.

Over the last two decades, Malaysia has developed progressively environmentally sound
management practices, not only in the area of air and water pollution, but also in the management
of hazardous wastes. Since May 1989, we began to enforce the Malaysian Environmental Quality
Act of 1974. In view of rapid development in our industrial sector, new waste streams have been
created. As such, Malaysia, through the Department of Environment, is reviewing these regulations,
which are expected to be completed at the end of the year. The review also examines provisions to
cater to emerging problems associated with the management of hazardous wastes in this country.

The strategy to manage hazardous wastes in Malaysia is based on a cradle-to-grave concept. This
concept includes waste reduction at the source, tracking and monitoring of waste movement,

recycling and recovery, treatment, and safe disposal.

The Department of Environment has recently launched a program called MAWAR (Malaysian
Agenda for Waste Reduction) aimed at encouraging industries to reduce waste generation within a
period to be determined by the industries themselves. Several options can be used by industries, such
as waste minimization programs and use of cleaner technology. For now, the program is on 2
voluntary basis. We hope that this program will receive good response from industries, as this sector
continues to reap real benefits from it.
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The movement of waste from the point of its generation to its final disposal site is tracked by means
of a manifest system. The system has now been computerized to assist in fast monitoring and
retrieval of information to facilitate enforcement activities.

Malaysia is fully committed for the safe treatment and disposal of hazardous waste. Our first
integrated facility for the treatment and disposal of such waste is expected to be fully operational by
mid-1998. However, in line with the policy of encouraging industries to implement recovery,
recycle, and reuse (or the 3R concept), Malaysia will continue to allow industries to recover or treat

their own waste within their premises.

Before becoming a party to the Basel Convention, Malaysia observed the strict requirements of the
Basel Convention on a prior-informed-consent (PIC) basis. In addition, it is our policy not to allow
the importation of waste into the country or its exportation when the transaction does not meet the
requirement of the Basel Convention. Industries are expected to manage as much as possible their
wastes locally. We are very much concerned that there are attempts to export waste under the
disguise of waste recovery.

Malaysia has been consistently enforcing the law against illegal transport or dumping of waste. For
instance, in a recent incident on illegal dumping of potassium cyanide in northern Malaysia, the
violator was fined the maximum penalty of RM10,000 and sentenced to one day in jail. In this
regard, I wish to inform that we have recently amended the Environmental Quality Act of 1974 to
include specific provisions on the control of import, export, and transit of wastes. The amendment
also includes stricter penalties for offenses pertaining to illegal handling of hazardous waste — up
to RM500,000 fine and a jail term of up to 5 years. In addition, vehicles or ships used in illegal
transport of or disposal of scheduled waste are liable to be seized and subsequently forfeited. This
indeed reflects Malaysia’s consistent stand made at various international fora. We may be critical,
but we are sincere in our efforts toward contributing to global environmental protection.

I understand that the PBC has brought together researchers, policymakers, industrialists, and other
professionals from 18 countries. With this wide spectrum of delegates, I sincerely hope that this
conference will give the participants an opportunity to review progress and seek ways to accelerate
research and the application of research results in the Pacific Basin countries, to discuss issues of
hazardous wastes and environmental trade, such as tracking and monitoring of hazardous waste, and
to discuss other issues related to hazardous waste management. It is in fora such as this, where
constructive dialogue and exchanges of opinions could disseminate current information in the critical
area of hazardous waste management among participants from various countries.

I wish all of you the most productive and memorable conference. With these thoughts and words,
it is now my pleasure and privilege to officially open the Seventh Pacific Basin Conference on
Hazardous Waste and its associated poster exhibition. Thank you.



PLENARY SESSION: CURRENT DIRECTIONS IN HAZARDOUS WASTE CONTROL

Chair: Hajah Rosnani Ibarahim, Department of Environment, Malaysia






Current Directions in Hazardous Waste Control 7

1996 HAZARDOUS WASTE MANAGEMENT SURVEY
IN SELECTED ASIAN COUNTRIES

David Nelson, President, and Kent Christie and Hong-lei Tao, Project Managers

EnviroSearch International, 844 South 200 East, Salt Lake City, Utah, 84111, USA

This report documents the results of a 42-question survey submitted to countries in Asia concerning
their hazardous waste management programs and other issues. The same survey questions were
distributed in 1992. This report compares the 1992 and 1996 responses. The respondents were
Australia, New Zealand, Malaysia, Philippines, Hong Kong, People’s Republic of China, Taiwan,
Japan, Korea, Singapore, Thailand, and Indonesia.

1 HAZARDOUS WASTE TRANSPORTATION

In 1992, 70% of countries surveyed had regulatory requirements in place for transporting hazardous
waste. These requirements covered the licensing of transporters and use of manifests. By 1996, 90%
of the countries surveyed had regulatory requirements in place. The one exception is the PRC, which
responded in the negative to the survey questions about regulatory requirements in both 1992 and
1996. Most notably, private-sector transport of hazardous waste has increased dramatically; 90% of
the respondents in 1996 stated that private-sector services now exist. There were no affirmative
responses in the 1992 survey. Government transportation services doubled from one affirmative
response to two in 1996 (Hong Kong and Korea).

2 TSD FACILITIES

There has been a clear trend toward increased regulatory requirements for TSD facilities from 1992
to 1996. The requirements cover siting criteria, design requirements, facility operation rules, and on-
site storage regulations. Centralized TSD facilities now operate in 40% of the surveyed countries
(compared with 30% in 1992). Construction of new or expanded facilities is underway in 50% of
the countries. There has been no change, however, in the number or names of specific countries that
had proposed centralized TSD facilities in 1992. New Zealand and Singapore do not have centralized
TSD facilities. (Malaysia did not answer this question on the survey.) In 1996, 40% of the countries
co-dispose of some hazardous wastes with municipal wastes. This is an increase of 33% from 1992.
Conspicuously, the PRC has not followed the regional trends toward increased regulatory
requirements (with the exception of landfill design).

Private hazardous waste incinerators operate in 80% of the countries, while public incinerators
operate in 40%. Both percentages are increases from 1992, with the number of countries operating
public incinerators doubling during the last 4 years (from two to four). Interestingly, the percentage
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of countries proposing the construction of hazardous waste incinerators has dropped from 70% to
60%, perhaps reflecting an increased capacity (i.e., diminished need) or an increase in public
opposition to these facilities. Australia is no longer proposing a hazardous waste incinerator. The
percentage of countries requiring air emission controls for hazardous waste incinerators increased
from 60% to 90% during the same 4-year period. The PRC is the notable exception.

3 PERMITTING/LICENSING

There has been a conspicuous trend toward increased requirements for licensing and/or permitting
in most of the countries surveyed. Notification to government agencies by hazardous waste
generators is now required by 80% of the countries. In 1992, there were no affirmative responses to
this question. Waste characterization is now required in 100% of the countries surveyed. Except for
the Philippines, respondents feel that analytical testing capabilities are adequate. A clear trend
toward increased licensing/permitting requirements has been evident for both on-site and off-site
disposal facilities.

4 INVESTIGATION/REMEDIATION

The investigation of dumps or disposal areas has not changed significantly since the 1992 survey.
Only one additional country reported “proposed” investigation of contaminated dump sites in the
1996 survey. Cleanup of actual contaminated sites, on the other hand, was reported by twice as many
countries in 1996 as in 1992 (three in 1992 versus six in 1996). Furthermore, the percentage of the
countries reporting legal requirements for the cleanup of contaminated sites increased from 0% in
1992 t0 40% in 1996. Likewise, groundwater protection regulations increased from 30% to 70% of
the countries surveyed.

5 LIABILITY

Cradle-to-grave regulations increased from 70% of the countries surveyed in 1992 to 100% in 1996.
Criminal liability has also been established in 90% of the surveyed countries (28% more than in
1992). Taiwan is the only country that did not report criminal liability for improper waste handling
and disposal.

6 PUBLIC AWARENESS/ACTIVISM/HEALTH EFFECTS

Public concern over hazardous waste issues has remained at a high level (90% of the surveyed
countries). Only Singapore responded in the negative to this question. Nongovernment organization
(NGO) activity was reported by two additional countries in the 1996 survey (PRC and Japan), for
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a total of 90% of the countries surveyed. Again, Singapore did not report NGO activities.
Documented health effects from exposure to hazardous waste were reported by 50% of the countries
surveyed in 1996. This represents a decrease of one country from 1992. Both Taiwan and Japan
responded in the negative to this question in 1996, while their response in 1992 was affirmative. The
opposite situation was true for Singapore. One additional country (Singapore) reported the legal
allowance for public input in the siting of a hazardous waste treatment facility. The countries that
did not report a legal allowance for public input in the 1996 survey were the Philippines, Hong
Kong, and the PRC.

7 TRANSBOUNDARY HAZARDOUS WASTE DISPOSAL POLICY

In 1996, 40% of the countries surveyed reported allowing the legal import of hazardous waste to the

host country for treatment/disposal. This percentage is the same as it was for the 1992 survey;
however, the countries allowing the import are not the same. Australia no longer allows the legal
import of hazardous waste, but Taiwan now does. Japan, Singapore, and the Philippines continue
to allow the import of hazardous waste. Only 20% of the countries surveyed (Australia and the
Philippines) reported the import of hazardous waste to be illegal in the 1996 survey. All others
reported no such activity, similar to the 1992 survey.

In 1992, 30% of the countries surveyed (Philippines, Japan, Korea) allowed ocean dumping as a
disposal option for hazardous wastes. None of the respondents answered in the affirmative in the
1996 survey. Only the Philippines answered affirmatively when asked if ocean dumping was
practiced, albeit illegally.
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MATCHING THE NEEDS OF A NATION:
THE STRATEGIC ROLES OF INDICATORS FOR DECISIONMAKING

Peter J. Peterson
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Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor D.E., Malaysia

ABSTRACT

Indicators are important tools for communicating and making accessible scientific
and technical information to policymakers and the general public. They therefore
play an important role in transforming information into action. Worldwide, many
initiatives are underway to construct indicators for a variety of purposes, including
those for reporting on sustainable development. This paper briefly describes the
attempts made so far, but stresses that the users of the indicators should play a
greater role in indicator construction. In developing countries, a substantial lack
of data has meant that specific policy formulation may develop without adequate
technical input. In developed countries also, data gaps may hinder policy
formulation, implementation, and evaluation. However, the development of
indicators as tools to assist in the management of hazardous wastes and toxic
chemicals is still in the early stages of formulation. A more imaginative program
of indicators and indices is required, where targets are well defined and the users
clearly identified to assist in decisionmaking, especially at the local and national
levels. A broader range of pressure indicators, beyond hazardous wastes, is
proposed to integrate toxic chemicals, emissions, and environmental and human
health impacts.

1 INTRODUCTION

Much technical discussion and public debate have occurred in recent years on the positive and
negative impacts of industrialization. Yet, industrialization has provided the momentum for
economic and sociocultural development worldwide. Serious impacts of poorly controlled
industrialization on the environment, human health, and on the quality of life, especially in some
countries, are recognized, although often not adequately addressed through lack of knowledge and
understanding of the environment-economic-social linkages.

The concept of “sustainable development,” which links environment with economic and social
concepts, has become a central issue internationally since the release of the Brundtland Report
(WCED 1987). Sustainable development is defined as “development that meets the needs of the
present without compromising the ability of future generations to meet their own needs.” It is a
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compelling expression of concern for future implications of present practices. The problems
associated with development are not just ones of industrial pollution as was well recognized in
Agenda "21 — a Programme of Action for Sustainable Development Worldwide (UN 1993). They
are accumulative consequences of development that include population growth and associated
poverty in the developing world, lifestyles in the industrialized world and their excessive demands
on nonrenewable resources, and a lack of concern globally for natural life-support systems. The need

to change production and consumption patterns is now on the international political agenda
(UN 1996).

This paper addresses one element of sustainable development, namely, the concern with the need
for substantial and continuous improvement in environmental protection. Emphasis is placed on
hazardous wastes and associated issues, while recognizing that environmental degradation and
impacts of development are interrelated with social and economic concerns.

2 REPORTING OF INFORMATION

Sustainable development is impossible to achieve without adequate and accessible data and
information. This implies not only reporting by governments and industry but access to data by
nongovernmental organizations (NGOs) and the public. The construction of local and national
databases and information systems is a basic requirement needed to assess human activities and
environmental pressures. National state-of-the-environment (SOE) reports, national reports to the
United Nations Commission on Environment and Development (UNCED), regional and
international SOE reports, and annual reports by government agencies along with reports from the
U.N. agencies, contribute to data and information provisions necessary for decision making.
Publication of annual reports and/or topical reports by national and international NGOs provides an
independent view of the SOE and of contentious issues.

Recent trends in increased environmental reporting by transnational corporations and industrial
companies and their annual reports provide further information on environmental policies and
impacts (Deloitte 1993; Gray 1993; Gray et al. 1995), although the information may not be

comparable, quantitative, or verifiable (Gibson and Guthrie 1995). Such reports will no doubt
improve through best practice and benchmarking.

However, many countries lack the data necessary to measure and manage the environment and to
evaluate the effectiveness of that management. In some countries, especially developing countries,
the local lack of experience in problem identification and problem solving further reduces their
ability to evaluate whether present and future development will be sustainable. Institutional
arrangements, such as a protection of traditional compartmentalized departmental approaches, can
also hinder progress in developing coherent analyses. Integrated environmental management as a
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concept has, therefore, to be introduced and adopted as a useful and essential part of policy
development in these countries.

Strategic environmental audits, although often not readily accessible provide further information of
“best practice reporting.” The recent draft international ISO 14000 standards on environmental
management provide a further catalyst for the industrial sector to adopt positive procedures to
improve overall environmental performance and consequential release of such information to satisfy

accountability relationships. The ISO 14000 standards, in fact, represent only the beginnings of such
actions.

3 THE ROLES OF INDICATORS AND INDICES

Auvailable, accurate, and accessible information and data are required for all stages of environmental
management. In the past, the emphasis has been on the data providers, i.e., those who generate the
data whether by monitoring or modeling, rather than by determining the needs of the data users and
their requirements for decision making. Policymakers seek only the relevant data to satisfy their
obligations in the broadest sense. Indicators and indices have been developed to meet these needs.

Two defining characteristics of indicators have been put forward by SCOPE (1995), namely,
* Indicators quantify information, so its significance is more readily apparent.

e Indicators simplify information about complex phenomena to improve
comrmunication.

Indicators are distinct from statistical and primary data, even though they are often presented in
statistical or graphical forms.

Indicators are components of the “information pyramid” whose wide base contains primary data and
whose apex comprises condensed data, such as indices. Indicators lie within the middle of the
pyramid, providing aggregated data as a tool for decision makers. Data and information should then
be accessible and in the appropriate form for the target audience so as to avoid “information
overload.”

Indicators can be of various types. “Descriptive” indicators, as the term implies, describe and
summarize relatively simple data on environmental conditions and trends. Most indicators are of this
type. “Performance” indicators can be used to measure how much progress has been made in moving
toward a target or goal. In their construction, performance indicators usually include descriptive
information and a specific policy target.
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One of the widely used approaches to indicator development and matrixes is the Pressure-State-
Response (PSR) model proposed by the Organization of Economic Cooperation and Development
(OECD 1994). Human activities or driving forces affect the environment and exert pressures on the
environment. Pressures include, for example, production of hazardous waste and emissions of toxic
chemicals. These pressures can modify the SOE by affecting ecosystems and human health.
Measures on how society responds to such changes can be financial, institutional, legal, etc.

The PSR model has also been refined by some authors to include the concept of effects or impacts
to provide a greater degree of certainty about what is happening. Similarly, the concept of pressure
has been replaced by some authors with the term driving force to indicate more clearly the pressures
from human activities (Peterson 1996).

The PSR approach provides a simplistic but useful model illustrating causal relationships. Of the
three types of indicators, scientists seem to be more concerned with an examination of state
indicators. However, pressure indicators provide the key for policy development, for they link
environmental damage caused by human activities with the need to address the efficiency of
environmental policies.

3.1 Indicator Criteria

Criteria for useful and reliable indicators have been detailed by many organizations (e.g., OECD
1994: U.S. Environmental Protection Agency [USEPA] 1995), although it is rare for all of the
criteria to be met in a “single indicator” (HMSO 1996a). Arguably, the most important criteria
include analytical soundness (i.¢., validity) and measurability (i.e., data are available) (OECD 1994).
Indicator selection criteria have been further expanded and detailed by the USEPA (1995) to include
feasibility and cost-effectiveness. Such indicator attributes are no doubt important for accurate
comparisons to be made between nations. But in developing countries, such criteria may have
limited usefulness should the data be sparse in quantity and of variable quality. The luxury of
monitoring for timely, reliable, accurate, and complete data sets is unrealistic in developing
countries. In this situation, environmental policy making should present measures as a societal
response to emerging environmental degradation, i.e., the adoption of the “precautionary principle”
(principle 151) of the Declaration of Rio de Janeiro on Environment and Development in 1992
(UN 1993).

From a policymaker’s point of view, the essential criteria are not absolute but depend on the purpose
for which indicators are required. For policy planning, the criteria will center on strategic
information, especially the adoption of the precautionary principle. For the general public, it should
“strike a chord” with the intended audience — they must want to understand it and act upon it. If
indicators are required for SOE reporting to the nation as the client, indicator criteria will center on
representative information and reflect environmental trends with time.
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3.2 Indicator Frameworks

To conceptualize and develop indicators that inform the community about progress toward
sustainable development, a coherent analytical framework, or classification scheme, is required to
integrate relevant information. Much has been written on such frameworks. They try to provide a
clear model, usually describing interactions between human activity and the environment. Recently,
the SCOPE (1996) Scientific Workshop on Indicators of Sustainable Development concluded that
“no significant consensus exists as to the appropriate framework for indicators of sustainable
development in the long term.”

Up to six different frameworks have been proposed by various national and international
organizations to help in the groupings or associations of environmental and human health issues.
Some overlap of concepts is evident within and between the groups. The frameworks are as follows:

* Reporting a national SOE (e.g., Environment Canada [1991));
*  Assessing renewable or nonrenewable resources nationally (HMSO [1996a]);

* Evaluating countrywide performance in addressing key national issues
(e.g., Danish Ministry of the Environment [1992, 1995));

* Implementing national management policies (e.g., Adriaanse [1993]);
*  Reporting regional- or international-scale status and trends (OECD [1994]); and

*  Monitoring progress toward sustainable development internationally (DPCSD
[1995)).

However, for a number of reasons, too much emphasis has been placed on indicator frameworks and
indicators in a theoretical sense rather than on what is required for decision making. The
U.N. Department for Policy Coordination and Sustainable Development (DPCSD 1995) initiative
is aimed at establishing an international set of sustainable development indicators and a common
body of knowledge, but such indicators alone will not measure sustainable development in a critical
sense. Similar comments can be applied to the OECD (1994), World Bank (1995), and UNDP (1996)
indicator initiatives. Indicators are only one tool for measuring and reporting sustainable
development

With regard to hazardous wastes, the topic is dealt with differently in each of the six framework
models. In the SOE approach, whatever data are available are included under a separate topic on

hazardous waste. In the second framework model, hazardous wastes are viewed within a category
of “damage to the carrying capacity of the environment and the risk to human health and biodiversity
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from the effects of human activity” (HMSO 1996a). Also included within this category are those
issues related to toxic chemicals, such as air pollution, freshwater quality, soil contamination, and
so on. Recycling and minerals extraction also fall within this concept of waste management, thus

providing a wider view of these issues.

With the third approach, hazardous wastes are again considered as one of many separate issues,
usually within the urban context. Recycling is a separate issue, as is groundwater quality. The
approach is a pragmatic one based on many indicators. The data are presented in a simple format that
is totally different from the fourth approach. With the fourth approach (Adriaanse 1993), the concept
of an integral approach to key environmental issues is adopted for the implementation of national
management policies. Wastes are included as a thematic issue, but the policy target group includes
the main economic sectors contributing to the waste, i.e., industry, refineries, the energy sector, etc.
The main intention is to integrate environment and economy by presenting a measure for the
econoric activity of the sector together with a measure for environmental pollution caused by the
sector. Only one performance indicator per theme is produced with a sustainable development target
being proposed.

The fifth approach especially includes the OECD (1994), which considers wastes, hazardous wastes,
and toxic contamination separately. Comparable approaches for issues of concern are also adopted
by the Economic and Social Commission for Asia and the Pacific (ESCAP 1996) and the European
Environment Agency (1995). In the sixth framework approach, the DPCSD (1995) has adopted
indicators for the respective chapters of Agenda *21; i.e., chapter 20 deals with management of
hazardous wastes, and chapter 19 deals with management of toxic chemicals. Indicators have been
proposed using the PSR model of the OECD to report each issue.

3.3 Indicator Scales

The challenge is to develop indicators for decision making, which by their very nature imply
differences of scale, i.e., local, national, and international decision making. The tendency has been
to develop international indicators as though these are all that are required for nations.

In this paper, indicators are viewed at all three levels of scale and with the target audience to the
stakeholders’ community groups, NGOs, and industry forefront. The audience may encompass
stakeholders’ community groups, NGOs, industry managers, management accountants, government
agencies, and so on. The approach proposed here involves replacing attempts at the systematic
classification of indicators to certain predetermined categories for international reporting, with a
pragmatic subjective provision of information for constructing indicators for specific decision
making (Peterson 1996).
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4 THE TARGET AUDIENCE

As environmental issues have gained prominence in recent years, much public debate has focused
on environmental impacts, with toxic chemicals and hazardous wastes being seen as especially
important issues. The major thrust internationally has been to produce “standard” indicators for all
nations to adopt, irrespective of level of development and applicability. Comparisons between
nations and regions can then be readily assessed.

In general, indicator developers have failed to recognize one basic assumption. Different users
usually need different indicators, whether based on different levels of scale, degrees of aggregation,
differing prevailing public interests nationally and regionally, and different societal values and goals.
This failure is unfortunate given the critical importance of communicating with policymakers and
decision makers at all societal and developmental levels.

The need for greater flexibility of indicator construction can be illustrated with reference to
communicating waste and hazardous waste information to different users or recipients of information
by reference to Fig. 1.

SOCIETAL INTERESTS
indices/aggregated data Public interests pollution
wastes
Societal responses  hazardous wastes,
household wastes
recycling
Policy-making pollution prevention
waste minimization
cleaner production
SCIENTIFIC INTERESTS
indicators and basic data Expert assessments  hazardous waste classes
waste toxicity
emissions inventories
POLITICAL INTERESTS
international agreements Chemical legislation Basel Convention

Fig. 1 Representation of Different User Interests and Indicator Requirements for Wastes
and Hazardous Wastes (modified from Jesinghaus [1995])
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At the public interest end of the spectrum, indicators are needed to promote local actions and inspire
public participation. They are also needed to communicate environmental information to the public,
so they can appreciate and understand the effectiveness of policies. At the expert assessment end of
the spectrum, scientists need indicators to establish benchmarks, establish linkages between issues,
and track sustainable development.

5 INDUSTRIALIZING NATIONS

In industrializing nations, the environmental pressures change in type and extent as the nation is
transformed from an agrarian society to an industrialized and increasingly urban society (Fig. 2).

In an agrarian society, especially in tropical climates; disease vectors; contaminated water; indoor
air pollution from biomass combustion; uncontrolled waste disposal; and lack of medical, social, and
economic resources, have been implicated in the prevalence of environmental and health risks. In
an industrial urbanized society, pressures include air pollution, noise, soil contamination, industrial
emissions, hazardous waste dumping, toxic chemical releases, along with human population
pressures, resource depletion, and so forth.

Since the pressures are different in the two illustrative trends in Fig. 2, national environmental
policies have to change to reflect realities. Consequently, a series of indicator options need to be
developed to enable policymakers to address “new” and “old” issues. Accuracy and timeliness of
indicators, while important, are no substitute for the establishment of relevant indicators, especially
for the not-so-global decision making. The policymaking cycle of problem identification,
formulation, implementation, and evaluation therefore has to be repeated frequently as
industrialization proceeds and problems emerge.

A worldwide awareness of hazardous waste issues has arisen from industrialization; from its links
to other issues, such as toxic chemicals, air emissions, and water pollution; and from the need to
adopt a broader integral approach. Although progress has been made on both implementing
hazardous waste management schemes and developing cleaner production and pollution prevention
strategies, there is a need for a greater shift from awareness to action by public and private sectors
(UNEP 1994). Much of the concem is focused on toxic substances that can accumulate in
environmental media, in living organisms, and in the food chain, thus endangering human and
ecosystem health. Most of the discussion in this paper centers on hazardous wastes within the
context of the terrestrial and freshwater environment, although contamination of the marine
environment by dumping is also a serious issue.



22 Current Directions in Hazardous Waste Control

TRADITIONAL ISSUES

INDUSTRIALIZATION ISSUES :

A B C
& stages of development >

Fig.2 Changes in Environmental and Environmental Health Issues as Nations Industrialize
Source: UN (1995)

6 SEARCH FOR HAZARDOUS WASTE INDICATORS

Most attention has focused on hazardous waste from industrial processes. However, the problem of
hazardous residues from agriculture, hospital, and domestic wastes that can contain hazardous
substances, has not been sufficiently addressed. Discussion in this paper considers only wastes from
industrial concerns to keep the paper to an acceptable length.

Indicators for hazardous wastes have been proposed by many organizations. Indicators that reflect
wider environmental management issues, such as cleaner production, waste minimization, life-cycle

assessment, emissions inventories, and environmental impact assessments (ElAs), are relatively less
well developed and are discussed in the following section.

The DPCSD (1995) has considered four indicators of sustainable development proposed by the
Secretariat of the Basel Convention (SBC) as providing a basis for hazardous waste indicators,
namely:

*  Generation of hazardous wastes (tonne/yr), a pressure indicator;

* Imports and exports of hazardous wastes subject to transboundary movements
(tonne/yr), a pressure indicator;

* Area of land contaminated by hazardous wastes (kmz), a state indicator; and

*  Expenditure on hazardous waste treatment ($/yr), a response indicator.
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All four indicators provide basic national, regional, and worldwide trends using data that nations
collect at least in part and report to the SBC.

These four indicators address the overall hazardous waste objectives and program areas identified
in Agenda '21 (UNEP 1994). But they do not address many of the difficulties in their
implementation at a national level. Countries undergoing rapid industrialization often lack the
regulatory framework and the subsequent enforcement systems necessary to'compel industry to use
cleaner production. In many countries, industry and, in particular, small and medium-sized
enterprises lack awareness, access to information, and expertise to implement cleaner production.

Additional indicators could be developed to add detail data on hazardous wastes, although
differences in national definitions of hazardous wastes complicate even basic data gathering.
Possible indicators include the following:

+  Percentage of imported/exported hazardous waste going to recovery Or reuse
operations, a response indicator; and

« Percentage of imported/exported hazardous waste going to disposal a
pressure/state indicator, depending on the disposal option.

The OECD (1994) proposed several indicators:
«  Generation of hazardous wastes (tonne/yr);

«  Generation of hazardous wastes per unit of GDP (kg/$), as production is largely
driven by patterns of production;

+  Imports/exports of hazardous wastes (tonne/yr); and
» Imports/exports of hazardous wastes as a percentage of production.

ESCAP (1996) has proposed the adoption of the first three of the DPCSD indicators. The U.K.,
along with several other countries, reports generation of hazardous wastes. The U.K. also includes
out-of-date or “spent” chemicals from the business sector in the hazardous waste category.

The key to strategic indicator development, however, lies beyond the gathering of such basic data,

interesting though it may be. Trends in data on production of hazardous wastes, for example, do not
reveal the causes of indicator trends in hazardous wastes, such as a decline in traditional heavy
manufacturing industries in some nations, nor does it reflect the expansion of the electronics sector.

To understand such trends, data on waste classification have to be considered.
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Many hazardous waste dump sites, which resulted from past improper waste disposal, are now
threatening human health and the environment with soil contamination and related groundwater
contamination. The latter is beginning to appear as a new environmental issue. The extent of
contamination of land by hazardous wastes is difficult to estimate even in developed countries
because of the different definitions often described by Acts and different hazards and risks associated
with the potentially wide range of chemical and physical contaminants. Even estimating the area of
land contaminated by the most significant groups of heavy metals, nonvolatile hydrocarbons, other
persistent organic compounds, and the mineral fiber asbestos, is difficult. The Confederation of
British Industry has estimated that there are around 200,000 ha of contaminated land in the U.X.,
with a total remediation cost of around US$20-40 billion (HMSO 1996b). Although statutory
definitions of contaminated land may define the area, estimation of the risk to human health
associated with the different types of contaminated sites is difficult without detailed study.

Indicators are also required that readily reflect the toxicity of the wastes and their real impact on the
environment. But there is a general lack of health surveys and epidemiological studies of the health
impacts of hazardous waste mismanagement and a lack of health impact assessment of hazardous
waste treatment or disposal facilities. To be able to use these studies, hazardous waste indicators
need to be developed, but the link between pollutant sources and health effects is complex and
incompletely understood. Assessments of human exposure to chemicals from the Superfund sites
in the United States and the development of generic models, do provide the basic information needed
to examine how chemicals behave when they come into contact with humans (Kamrin et al. 1994).
Despite the complex array of information that must be gathered, including environmental
transformations, indicators or indices could be developed using biomarkers to measure exposure at
least to some chemicals (Smith and Suk 1994).

In addition to the human studies that require much information, wildlife as sentinels of exposure, at
least to those chemicals they are sensitive to, could be a useful indicator approach. Avian species
especially fit many of the necessary criteria, although population variability and seasonal changes
complicate data interpretations (Kendall et al. 1990). In developing countries in the absence of
detailed hazard and risk assessments and human exposure studies, the wildlife indicator approach
can provide a first approximation as to which sites should be targeted first.

Perhaps concentrations of metals and organic compounds in environmental media and living species
using the biomarker concept (Ernst and Peterson 1994) will have to be developed as state indicators
to reveal the extent of contamination, unless emissions of major metals and organics can be carefully
assessed as pressure indicators based on toxicological and ecotoxicological risk assessments.
Cadmium in moss is one such state indicator proposed as a component of Nordic Environmental
Indicators (Statistics Norway 1995). Another indicator is the concentration of persistent organo-
chlorine compounds in eggs of fish-eating birds in Canada (Environment Canada 1993). In some
senses, the information is a state indicator, but it also clearly shows the environmental pressures
society has placed on the aquatic ecosystem. The requirement for detail and the linking of chemicals
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and effects is only applicable in some countries where such relationships have been established
through years of environmental toxicological research.

Nevertheless, a greater emphasis has to be placed on the concept of pressure indicators, for this is
where policy action and human activities meet to assess options for different actions. Such indicators
have to satisfy the decision-makers’ need for a tool that enables evaluation of environmental
performance. Human activities that cause irreversible damage to the environment and its components
have to be addressed within an efficient environment policy.

In a slightly different approach, the World Bank (1995) has addressed the issue of resource
consumption especially as applied to metals and minerals, which is relevant to the decline in heavy
industries referred to earlier. They showed that although consumption of metals and minerals in
OECD countries fell over several decades, it increased in middle- and low-income countries. On a

per capita basis, low-income countries showed the largest increases. In both OECD and middle-
income countries, consumption of metals and minerals per unit of GNP has decreased, suggesting
increased efficiency and/or a shift toward higher value materials. In low-income countries, it is still
increasing. Calculation of a Kuznets-type curve of GNP per capita versus consumption (in tonnes)
revealed that the peak GNP per capita is around $1,700, showing that metals and minerals
manufacturing industries are especially important in developing countries.

7 HAZARDOUS-WASTE-RELATED INDICATORS

There is a growing need for industrial concerns to consider and evaluate whether they are operating
in a sustainable manner within the context of national environmental strategies. The sustainable
development debate has now widened to encompass sustainable production and consumption
patterns, as called for in Agenda *21. Indicators for sustainable production and consumption need
to take into account different socioeconomic, environmental, and cultural contexts. This is where
indicators for the promotion of waste minimization, cleaner production, adoption of pollution
prevention procedures, life-cycle assessment, and EIAs in an earlier phase become relevant.

In the case of ElAs, an international response indicator could be based on whether all countries have
mandated EIA requirements. The purpose is to ensure that environmental considerations are taken
into account in the development, planning, and decision-making process.

Waste minimization can be applied to a reduction in physical wastes from manufacture of the
product and equally to a reduction in emissions, energy, and water per unit of product produced. In
the mining and smelting industry, waste minimization indicators could well apply to smelter tailing,
refining residues, and also to increased efficiency in the production process, including industrial
energy used per metal produced (MJ/tonne), or industrial water used per mineral processed
(kL/tonne). Such indicators are now being reported (WMC 1995).
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Life-cycle assessment, on the other hand, is a tool for assessing overall environmental impacts of
industrial products and services, especially within the framework of the International Standards
Organization. It includes the so-called “cradle-to-grave” approach, i.e., from extraction of raw
materials and production, manufacturing, use, and waste disposal to life-cycle inventory.
Aggregation of environmental variables is carried out through classification, characterization, and
valuation, as illustrated in Fig. 3.

As environmental policy aims both at reducing emissions and increasing the sustainable use of
resources, leading simultaneously to diminishing waste, integrated life-cycle management indicators
need special attention. An indicator could be developed for each of the stages within the life cycle
of the product, as proposed by Adriaanse (1995):

¢ Resource production and processing,

*  Primary raw material production and intermediate products,

*  Production of end products,
»  Consumption or use of products, and
*  Waste management.

An index could be constructed of weighted indicators for the entire cycle to link together source and
sink functions so that improvements at any one stage in the complex cycle can be shown.

Environmental accounting is also placed in the same Fig. 3 in a form integrating environment and
economics related to initial human impacts. Damage valuation, for example, includes both monetary
valuation as well as weighting of environmental issues or themes within the context of the Adriaanse
approach. Hence, emissions can be calculated by sector throughout the lifecycle and related to
detailed costs.

Indicators for cleaner production to some extent depend on its definition. Does cleaner production
apply in a narrow sense or does it encompass on-site hazardous waste treatment and off-site
recycling? The establishment of toxic release inventories or pollutant release and transfer registers
for manufacturing industries, where data are reported on releases of designated toxic chemicals into
the air, water, and land, provides a series of indicators. Data on off-site transfers, including reporting
of data on disposal, treatment, recycling, or energy recovery, provide further opportunities for
indicator development as well as pollution prevention policies. Trends in environmental releases of

toxic chemicals and chemical waste management, especially for release reduction, provide the public
with information that manufacturers are adopting cleaner and safer processes. Publication of such
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P-S-R Pressure State Response
Indicators

Environmental | [Production] [ Flows & stocks of | | Damage valuation| Environmental
accounting by sectors | |pollutants/resources| {resource depletion| | expenditures
Life Cycle Products, | | Life-cycle Impact Improvement
Assessment Services | |inventory assessment assessment

Fig. 3 Comparison of Frameworks of Environmental Indicators, Environmental Accounting, and
Life-Cycle Assessment (from Moriguchi 1995).

data generates pressures on companies to improve performance and move toward cleaner production
approaches. The change-over from organic solvent-based paints to water-based paints is a well-
known example.

While all of the above approaches to environmental management represent exciting technical
initiatives, there are growing reservations in some developing countries on the extent to which they
are able to incorporate complex sets of sustainable development indicators into national planning.
Some may lack the political will to implement the policy conclusions, while others lack the
administrative capacity that can lead to action. In the final analysis, priority must be given to
indicators of local relevance.

8 AGGREGATIONS OF INDICATORS

The aggregation of several hazardous waste indicators to form an index has not been widely
considered. Probably the best known example is the Composite Pollution Index proposed by
Adriaanse (1993) for the Netherlands, which was calculated on the basis of six composite indicators.
Each was measured in terms of environmental pressure equivalents so that data could be interpreted
in an additive way. The indicators were those described earlier, i.e., toxics, waste, acidification, etc.
Trends in the index provided a useful, comprehensive measure for policymakers on whether the
national situation was getting better or worse. The index can be recalculated on a per capita basis or
per GNP so that the effectiveness of national or regional actions can be compared.

In developing countries where data are sparse, a simpler procedure is required, especially for

evaluating hazards and risks following inspection of contaminated sites. The approaches cannot have
the same policy-level relevance because they will be qualitative in nature. The hazard index could
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comprise relative values between 1 and 3; i.e., 1 is weak, 2 is moderate, and 3 is high, for each of
several issues:

*  Hazardous waste sites. The values depend on the substantial presence of priority
hazardous substances in the wastes (or on the hazard ranking of the industry
concerned), their environmental distribution (hazard properties), and risk
potential.

»  Environmental degradation around the site. The values would be based on noted
environmental effects or estimated risks to the surrounding biota.

*  Human exposure around the sites. Values are based especially on possible water
and food contamination and dust fall.

*  Health risks near the site. Values of morbidity and/or mortality are assigned over
expected norms.

Each of the hazardous waste sites is stepwise profiled, and the most hazardous areas identified for
immediate cleanup operations. The approach provides a rapid qualitative resolution of difficult issues
and has been applied in an expanded form in Poland to establish priorities among the hazardous
areas (Dutkiewicz 1993).

The third index is a pressure index, which can be seen as midway between the two examples
mentioned above. It is designed to aggregate local and national indicators into a single descriptive
index of human pressures but does not consider environmental or human health effects; rather, it
considers the implications for health. Again, four indicator aggregates are considered for hazardous
wastes, toxics, and air and water pollution. Each of the four aggregate indicators comprises current
indicators weighted according to a consensus of the relative importance of the topic. For wastes, the
issues would be as follows:

* Hazardous wastes, amount, classification, and relative toxicity;
» Disposal, incineration, extent of emissions, and landfill of residues;
* Disposal, landfill, areal extent, and containment characteristics; and
» Storage.
The other three aggregate indicators could be dealt with similarly. Aggregating the indicators into

numerical values, although simplistic, draws attention to the need for pollution prevention
approaches, i.e. a reduction in the numerical value of each aggregate and the total. Again the concept
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is “do-able” in nations where industrialization is rapid and emissions and hazardous wastes poorly
controlled.

This latter approach could also be used to rank the environmental performance of operations
producing hazardous wastes. On the basis of site inspections, self-reporting, and some independent
calculations, facilities could be “ranked” into one of several wide categories and color coded for
effect. Compliance with standards, a reduction of emissions, and adoption of “clean technologies”
would enable the facility to move to the next category. The approach is one to drive to improved
performance. A comparable concept has been adopted by the National Environmental Agency of
Indonesia for ranking industries for their control (or lack of it) of water pollution.

9 MALAYSIAN CONTEXT

The Department of the Environment within the Ministry of Science, Technology, and Environment,
is empowered under the Environmental Quality Act of 1974 to control and prevent pollution, as well
as to protect and enhance the quality of the environment. In terms of hazardous waste, this Act was
followed by the Environment Quality (scheduled wastes) Regulation of 1989, which prescribed a
listing of 107 categories of toxic and hazardous wastes defined as “scheduled wastes.” Further
Orders related to EIAs and to waste treatment and disposal facilities have been described. The most
recent Environment Quality Act (Amendment) of 1996 further details environmental auditing,
environmental management systems, and a range of provisions related to hazardous waste and toxic
chemicals.

In terms of hazardous waste generation, around 380,000 m> of hazardous industrial waste was
reportedly generated in 1987 and around 500,000 m> in 1994 (CAP-SAM 1996). In 1992 this
represented around 337,000 tonnes (MP7 1996). The major contributing industries are metal
finishing and electroplating, chemicals, electronics and electrical, printing and packaging. To treat
scheduled wastes in the country, Malaysia is constructing a facility at Bukit Nanas. This facility,
Negri Sembilan, is a high-temperature incineration plant, secure land fill, a stabilization facility, and
a physicochemical treatment facility; the first phase has just been commissioned.

Malaysia is both an exporter and importer of hazardous wastes. It ratified the Basel Convention on
October 8, 1993, which necessitated further Orders under various customs acts. Malaysian experts
are active members of technical working groups. Malaysia also supports the voluntary application
of the prior informed consent procedure for certain hazardous chemicals and pesticides in
international trade, possible further measures beyond prior informed consent, and possible action on
persistent organic pollutants. Malaysia also has an active participation in the Climate Change
Program, including implementation of measures to reduce chlorofluorohydrocarbons and halons.



30 Current Directions in Hazardous Waste Control

To date, Malaysia has not adopted a widespread program of indicators/indices, nor of indicators for
hazardous wastes and toxic chemicals, although discussions are ongoing.

10 CONCLUSIONS

Indicators provide a useful tool for decision makers, for they convert data into information of direct
use. They are therefore a crucial link in the decision-making chain. In this context, if decision-
makers are to take the actions needed to prevent environmental and/or health damage, they need
reliable and relevant information. In some situations, the adoption of the indicator as a tool for
decision making is more of a sociopolitical challenge than a technical problem.

Data and information on hazardous wastes, toxic chemicals, and associated environmental
management issues, including cleaner production, life-cycle analysis, etc., are relatively poor even
in some industrialized countries. But it is crucial that indicators are property conceived and
understood even if the information is not yet available. Of particular relevance are pressure
indicators that reflect measures to be taken locally, nationally, and regionally to reduce the burden
that human actions place on the environment. Some progress has been made, but more remains to
be achieved.

In many developing countries where data can be sparse and where financial and skilled human
resources are limited, the development of environmental statistical departments is not always seen
as a necessity. In these situations, essential data may have to be calculated by scientists (from
emissions data rather than from environmental monitoring data, for example) or by the use of proxies
or from rapid assessment techniques. Perhaps the construction of what O’Connor (1994) calls
“optimally inaccurate indicators,” which will support correct policy decisions, will be a useful way
forward. Data can only be collected in a cost-effective way when linked to a policy need or to a
user-driven need in such countries.
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NEW DIMENSIONS IN OUR UNDERSTANDING OF THE HUMAN
HEALTH EFFECTS OF ENVIRONMENTAL POLLUTANTS

David O. Carpenter, M.D.
School of Public Health, The University at Albany
One University Place, Rensselaer, New York 12144-3456, USA

ABSTRACT

The term “hazardous” waste is used primarily in reference to potential hazards to
human health and, to a lesser degree, hazards to wildlife and the ecosystem. Many
of the chemicals associated with hazardous waste sites are also widely distributed
throughout the environment; therefore, the health hazards associated with
hazardous waste sites are not different from those associated with general
environmental contamination. Until recently, it was generally assumed that cancer
was the human disease of greatest concern associated with toxic chemicals. In
fact, most governmental regulations related to exposure are designed on the basis
of presumed cancer risks. Since the evidence that hazardous chemicals can cause
cancer is strong, it is appropriate to be concerned about cancer risk. Recent
evidence, however, has triggered a reevaluation of the assumption that only cancer
is of concern. New evidence suggests that noncancer endpoints may occur more
frequently than cancer, may affect a greater number of individuals, and may occur
at lower concentrations. Of particular concern is evidence of irreversible effects
on the embryo and very young children, which influence intelligence, attention
span, sexual development, and immune function. Although these effects are often
subtle and difficult to quantify, the combined evidence is sufficiently compelling
to necessitate a reevaluation of those outcomes of primary concern to human
health.

1 INTRODUCTION

The primary reasons for concern about hazardous wastes relate to the possibility of effects on human
health. Exposure to hazardous substances may occur directly at hazardous waste sites in workers or
other individuals like children who have access to the site, or from migration of toxic substances
from the site into air, drinking water, sediments, and soils. Such substances may also be hazardous
to wildlife.

Typically, hazardous wastes contain a variety of toxic substances, each with its own toxicity in
biological systems. In addition, many toxic substances interact such that two or more substances
together may be much greater than the sum of individual effects (Arnold et al. 1996). Hazardous
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wastes are usually considered to fall into categories of solvents, metals, persistent organics, and
radioactive wastes. This paper considers only the first three categories of contaminants. Each of these
categories consists of many different substances with varied and sometimes interactive toxicities.

The purpose of this paper is to review human health effects known to occur upon exposure to
environmental contaminants commonly found in hazardous wastes and recent advances that have
led to a new understanding of the variety of effects seen in animals and humans. In addition to
cancer, emphasis will be placed on effects resulting from prenatal or early postnatal exposures to
substances that result in the permanent alteration of the individual, since subtle effects on physical
growth, reproductive capacity, and mental and cognitive capacity resulting from exposure to toxic
chemicals have only recently been delineated. Since the solvents, metals, and persistent organics
found at hazardous waste sites are also widely distributed in the environment, the hazards to human

health are also general problems of environmental contamination.

2 CANCER

Animal toxicology studies have long demonstrated that exposure to a variety of metals and organic
substances can increase the risk of various cancers. A number of epidemiological studies, primarily
those dealing with occupational exposures, confirm the conclusion that humans are equally
vulnerable to chemically induced carcinogenesis (Buffler et al. 1985). As knowledge about the
causes of cancer increases, environmental exposures of various sorts have apparently become
proportionately more important causes of cancer.

Types of cancer and causes are, of course, different in different countries and cultures. Table 1 lists
data on the changing incidence of various cancers in the United States. What is particularly dramatic
is that almost all of the cancers that are increasing in incidence show evidence of at least some
involvement of an environmental factor. The greatest increase is in malignant melanoma, a skin
cancer known to result from exposure to sunlight. The increase in incidence is likely secondary to
the depletion of the protective ozone layer that has resulted from the release of ozone-reactive
chlorofluoro-hydrocarbons into the atmosphere. Lung cancer continues to increase as a result of
smoking, primarily because of the polyaromatic hydrocarbons (PAHs) as well as cadmium and
benzene metabolites present in tobacco smoke. PAHs are also major contaminants at hazardous
waste sites in the form of coal tars and are known to be carcinogens for a variety of forms of cancer,
including skin, lung, and bladder cancer (Mastrangelo et al. 1996; White 1986). Some hormonally
dependent cancers (breast, testis, prostate) are also increasing, and a considerable body of evidence
suggests that the widespread contamination of the environment with xenoestrogens, which are a
variety of different chemical substances that have estrogenic activity, at least contribute to the
increased incidence of these cancers. The variety of the effects from these substances is discussed
in detail below.
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Lymphoma is a cancer that has been shown to be, at least in part, a result of exposure to both organic
and arsenate pesticides (Woods et al. 1987). The increase in cancer of the kidney and bladder is
likely secondary to exposure of these organs to carcinogenic substances that are ingested and
excreted in the urine (Koivusalo et al. 1994). Brain cancer has been demonstrated to be related to
exposure to a variety of hydrocarbons (Johnson et al. 1987). Glioma incidence has been shown to
be elevated in individuals working in the rubber and plastics industries (Preston-Martin et al. 1990).
In general, cancers of the digestive tract are decreasing, presumably secondary to improved diets
with more fiber and less fat.

It is not only organic substances that may contribute to cancer, since some metals are also
carcinogens (see Buffler et al. 1985). Arsenic, for example, is well documented to cause skin, bone,
gastrointestinal, liver, lung, kidney, and bladder cancer (Enterline et al. 1995; Hsueh et al. 1995;
Smith et al. 1992). Meningiomas are elevated in individuals exposed to metal dusts and fumes
(Preston-Martin et al. 1990). A variety of metals are found in hazardous waste sites, but the major
source of exposure is usually via air transport or drinking water, which may be contaminated by local
mining or smelting operations or via transport from a hazardous waste site into drinking water.
Although it is impossible to know, at present, the exact degree to which environmental contaminants
contribute to cancer incidence, it is clear that such exposure is an important contributing factor.

Table 1 Changing Incidences of Cancer in the United States

Cancers Increasing Increase  Cancers Decreasing  Decrease

(1973-1987) (%) (1973-1987) (%)
Melanoma 83.3  Cervix -36.4
Non-Hodgkins lymphoma 50.9 Uterus -26.1
Prostate 45.9 Stomach -20.5
Testes 39.0 Hodgkin’s disease -159
Lung 315
Kidney 27.0
Breast 24.2
Brain/central nervous system 23.0

From Henderson et al. (1991).
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3 BIRTH DEFECTS

Definitive evidence that living near a hazardous waste site results in an increase in the incidence of
birth defects has been provided by a study in which the birth defects registry in New York state was
used to plot the residences of babies born with birth defects relative to the locations of documented
hazardous waste sites in New York (Geschwind et al. 1992). Table 2 shows some of the results
obtained from that study. The results show that there is a distance-dependent increase in the
frequency of birth defects in those individuals living close to hazardous waste sites. This observation
is important because proximity to any identified hazardous waste site, alone, would be expected to
be a very inexact indicator of exposure. This categorization of exposure does not take into
consideration whether toxics migrate from the site, what the contaminants are, or any other factor
related to the lifestyles of the individuals. In spite of these factors, the relationship is clearly
statistically significant. Other previous studies have demonstrated that newborns living very near
hazardous waste sites tend to have lower birth weights (Vianna and Polan 1984).

Another serious environmental cause of birth defects comes from exposure to pesticides. This factor
is potentially very important in developing countries, where potent pesticides are used extensively
without adequate protection of both the persons applying these chemicals and the general population.
Garry et al. (1996) have shown that there is a significantly elevated incidence of birth defects in
children born to pesticide appliers, and that the rate of birth defects is greatest among children
conceived in the spring, when most pesticides were applied. An alteration in the male/female birth
ratio was also detected in children born to pesticide appliers.

Table 2 Birth Defects and Proximity to Hazardous Waste Sites in New York

Exposure All Defects CNS Musculoskeletal Integument

None 1.00 1.00 1.00 1.00

Low 1.09 1.27 1.09 1.22
(1.04-1.15)**  (1.03-1.57)* (1.00-1.18) (1.08-1.38)**

High 1.63 1.48 1.75 2.63
(1.34-1.99y**  (0.69-3.16) (1.31-2.34)** (1.90-3.67)**

From Geschwind et al. (1992).
*p <0.05
**p < 0.01
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4 COGNITIVE AND BEHAVIORAL ABNORMALITIES AS A RESULT OF EXPOSURE
TO HAZARDOUS WASTES

It has been known for several centuries that exposure to toxic metals such as lead can lead to severe
nervous system dysfunction and even to death at extreme exposures. There is speculation that the

decline of the Roman Empire may have been in part triggered by lead poisoning secondary to the
use of lead goblets for drinking wine, which, by virtue of being acidic, promotes solubility.
However, it is only relatively recently that we have learned that much lower concentrations of lead
can cause irreversible reduction in the cognitive functioning of children, and that the period at which
this effect occurs is prenatal and in the very early postnatal years. Needleman et al. (1979) first
demonstrated this effect by documenting concentrations of lead in deciduous teeth and blood of
young children and relating the concentrations of lead to school performance. Children with elevated
lead levels showed reduced performance on several cognitive function tests, poorer school
performance, and a shortened attention span. Numerous studies have confirmed the general
conclusions of Needleman et al. (1979) over the intervening years (ATSDR 1988; Feldman and
White 1992; Fergusson and Horwood 1993), and this confirmation has led to a progressive lowering
in the level of blood lead considered to be “safe.” In 1985, the U.S. Centers for Disease Control
considered 25 pg/dL to be a safe background level, but its recommendation fell to 20 in 1986 and
10 in 1990. The shift in IQ of the highly exposed children may be as much as 6 IQ points and is
reflected in a shift in the IQ-frequency curve to the left. Thus, lead-exposed children still show a
range of IQ values, but the average is less. This has a disproportionate effect at the extreme ends of
the curve, with many fewer very bright and many more very poorly performing children. A recent
review of the status of children studied first in 1979 reports that the effect is permanent (Needleman
et al. 1990). Others, however, have performed a meta-analysis of multiple studies of IQ and lead
exposure and calculate that a doubling of serum lead from 10 to 20 ug/dL leads only to a decrement
of 1-2 IQ points (Pocock et al. 1994). Lead-exposed children also show a variety of behavioral
problems, although it is not clear whether the cognitive or the behavioral problems are primary
(Bellinger et al. 1994).

Other metals are known to interfere with nervous system function and may cause mental retardation.
Children born to mothers accidentally exposed to methyl mercury in incidents in Japan and Iraq were
found to have profound retardation if the exposure levels were greater than about 50 parts per million
(ppm) (see WHO 1990). Methylmercury is thought to interfere with the normal migration of nerve
cells during development, presumably as a result of the fact that this organometal binds to sulfhydryl
groups. Other organo metals, especially tin and lead, may also have similar effects (see Carpenter
1994). Inorganic mercury exposure has also been reported to be detrimental to memory and cognitive
ability (Piikivi et al. 1984; Smith et al. 1983).

Recent studies have shown that some persistent chlorinated hydrocarbons, particularly
polychlorinated biphenyls (PCBs), may exhibit very similar effects to those of lead. This problem
was first seen in children born to mothers who were exposed to PCBs through consumption of rice
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oil highly contaminated with PCBs and dibenzofurans, a heat degradation product, in Japan and
Taiwan (Chen et al. 1992). As occurred with lead exposure, the IQ curves of these children were
shifted to the left by about 5 IQ points. Since many of the children were born years after the
exposure of the mother, the effects appear to be mediated via exposure of the fetus from the PCB
stores in the mother’s body fat. PCBs and furans are persistent in that they are fat soluble and poorly
degraded by the human body. Therefore, they accumulate in body fat but remain in equilibrium with
lipids circulating the blood, which provide the source of exposure to the fetus. In addition to prenatal
exposure, the child may be exposed to PCBs via breast feeding, which is the only way the human

body has for excreting fats.

Two groups have studied U.S. populations for effects of PCB exposure from ambient sources. Rogan
and colleagues have compared cognitive and behavioral indicators with concentrations of PCBs in
blood and cord blood. Gladen et al. (1988) and Rogan and Gladden (1992) found that transplacental
exposure to PCBs and DDE resulted in low psychomotor scores in infants at 6 and 12 months of age.
Children with the greatest prenatal exposure showed hypotonia and hyporeflexia at birth, slower
motor development through age two, a defect in visual memory processing at 7 months, and defects
in short-term memory at 4 years. Jacobson et al. (1990) and Jacobson and Jacobson (1990) studied
children of individuals who fish and consume fish from the Great Lakes, where there is significant
contamination. They found reduced physical weight, neonatal behavioral anomalies, and poorer
recognition memory in women who had consumed contaminated Lake Michigan fish. In a recent
report, Jacobson and Jacobson (1996) revisited the children reported in an earlier study and found
that those with the highest exposure have, on average, a 6.2 IQ point deficit when studied at 11 years
of age, and that the magnitude of the deficit correlates best with prenatal exposure. Thus, it appears
that PCBs, like lead, cause a permanent reduction of IQ and that the most significant time of
exposure is before birth, when the brain is in the process of development. Also as occurs with lead,
these investigators noted that exposed children were characterized by a shortened attention span and
an increase in the reports of behavioral disturbances. It is possible, indeed likely, that the shortened
attention span has much to do with the reduced IQ; it is difficult to learn if you cannot pay attention.

Recent studies in animal model systems have demonstrated that for both lead and PCBs, direct
effects on the brain may explain the reduction of IQ (Carpenter et al. 1997; Hori et al. 1993). The
exact mechanisms responsible for these actions are still unclear, and it remains uncertain whether
lead and PCBs are acting in a similar fashion. However, the ultimate pollution is one that causes a
permanent reduction in the intelligence of the next generation; therefore, this effect from at least two
categories of hazardous waste must receive priority attention from all countries.
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5 IMMUNE SYSTEM ALTERATIONS AS A RESULT OF EXPOSURE
TO ENVIRONMENTAL POLLUTANTS

The immune system is the body’s first line of defense against infectious diseases and cancer. The
healthy person is characterized by an immune system that can identify and remove foreign organisms
and abnormal cells and substances while, at the same time, does not overreact and thereby cause
excessive responses to external agents and allergic responses to one’s own body and tissues. A
healthy immune system is in balance, but this balance can be shifted in either direction by a variety
of environmental contaminants. Many metals and solvents cause an increased immune reactivity,
and these substances frequently result in skin rashes, systemic allergic reactions, and even
autoimmunity, a variety of conditions in which the body becomes allergic to and rejects its own
cells. Another concern is the role of environmental agents in asthma, especially in children.
Childhood asthma, particularly, appears to correlate with indoor air pollution, including tobacco
smoke, allergens from insect and rodent pests, and other environmental factors (Dekker et al. 1991).
It is not clear, however, whether these factors cause asthma or only contribute to symptoms in
patients with preexisting disease. On the other hand, many persistent organics, pesticides, and
herbicides are known to cause an immune suppression (see Brooks and Sullivan 1992). This
suppression results in an increased susceptibility to infections of various kinds. The immune
suppression may also be reflected in an increased incidence of cancer, since the immune system
normally kills cells that become malignant (Herberman 1980). Obviously, it is difficult to quantify
the magnitude of influence of environmental contaminants on infections and cancer incidence,
because both are the result of a variety of causes.

6 ENDOCRINE DISRUPTION VIA INTERFERENCE WITH THYROID FUNCTION

Recently, it has become clear that some environmental contaminants can cause health effects by
interacting with hormonal systems. As shown in Fig. 1, there is some structural similarity between
thyroid hormone and PCBs and dioxin. In animals, it has been documented that exposure to these
substances can induce hypothyroidism (Gray et al. 1993; McKinney et al. 1985; Rickenbacher
et al. 1986). This effect on thyroid function is particularly important both because the thyroid
hormone regulates physical growth and development and also because it has an important role in
regulating the nervous system (Pasquini and Adamo 1994; Porterfield 1994).

Thyroid hormone is critical to normal intelligence. There is a large body of information on the
effects of hypothyroidism on human functioning, both during development and in adults. The thyroid
gland is the master gland for regulating metabolism and therefore controls growth and development,
including development of the brain. Infants born without functional thyroids become cretins,
characterized by short stature and profound mental retardation. Many countries now screen all
newborns for hypothyroidism, and when infants without adequate thyroid function are identified,
they are given thyroid supplements to restore metabolic function to normality. While it is usually
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Fig. 1 Structure of Thyroid Hormone PCBs and Dioxins

assumed that this practice results in totally normal development, a recent study of such individuals
has shown that development is not quite normal. Most such individuals are characterized as having
a syndrome of minimal brain dysfunction, with a somewhat lower IQ, difficulty in learning and
remembering, and difficulty in concentration (Kooistra et al. 1994). Individuals with resistance to
thyroid hormone show a variety of psychiatric symptoms, including hyperactivity, attention deficit
disorder, antisocial personality, and depression (Hauser et al. 1993). Therefore, it is possible that loss
of cognitive ability after exposure to environmental contaminants that induce hypothyroidism may
be secondary to the effect on thyroid function.

There is a debate at present over exactly how PCBs interfere with thyroid function. Some actions
may be at the level of direct damage of the thyroid tissue (Byrne et al. 1987), but clearly some are
also at the level of the serum proteins that normally bind circulating thyroid hormone and protect
it from degradation and/or excretion (Darnerud et al. 1996; McKinney and Waller 1994).

7 ENDOCRINE DISRUPTION VIA SEX STEROID HORMONES

Humans and animals come in two varieties — male and female — and the characteristics of each
are determined during development, primarily on the basis of the balance and ratios of the two major
sex hormones: the female estrogens (especially beta-estradiol) and the male androgens (primarily
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testosterone). While both sexes have some of both kinds of hormones, females have more estrogen
and males more testosterone.

A massive experiment involving the administration of extra estrogen during human development was
conducted for a quarter century following World War II, when many physicians throughout the
world gave pregnant women the synthetic estrogen, diethylstilbestrol (DES), ostensively to reduce
the incidence of spontaneous abortion. This practice was abruptly stopped when, in 1971, it was
found that girls exposed in utero to DES were developing an unusual vaginal cancer that was almost
never seen otherwise. When studied later in life, girls who were so exposed were found to
demonstrate a greater incidence of birth defect abnormalities of the female reproductive tract,
infertility, emotional disturbances, and abnormal sexual preferences. Males were also affected. This
effect was first demonstrated in mice, where males exposed in utero were found to have a variety
of genital defects, including undescended testes, abnormal sperm, infertility, and genital tumors
(McLaughlin et al. 1975). Later, Gill (1988) reported that human males exposed to DES in utero had
a greater incidence of small or undescended testes, small penises, and a greater percentage of
abnormal sperm. Newbold (1995) has recently reviewed the extensive variety of genital defects seen
both in humans and mice exposed to DES.

Recent studies have found that a variety of chemicals may exhibit estrogenic or antiestrogenic
activities. Some of these substances are shown in Table 3. What is surprising is that this list includes
a variety of substances that do not appear to have particular structural similarity to the structure of
estrogen. Most of the substances shown in Table 3 are significantly less potent than the parent
compound, but this does not necessarily mean that they have no biologic effect. Particularly those
substances that are persistent may indeed influence development and behavior.

Table 3 Estrogenic Chemicals

DDT/DDE

Some other pesticides and herbicides
Some PCB congeners

Bisphenol A

Alkyl phenols

Some phthalates

Phytoestrogens in plants

Some mycotoxins
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The strongest evidence that xenoestrogens, as they are now referred to, alter sexual development and
behavior comes from wildlife studies. In 1994, Guillette and colleagues reported that American
alligators in Lake Apopka in Florida showed profound abnormalities of sexual development and
were infertile. On inspection, the males had very small penises, abnormal testes, and elevated levels
of estrogen. This effect was shown to be secondary to the extensive contamination of Lake Apopka
with dicofol, an estrogenic pesticide, and possibly DDE, an estrogenic metabolite of DDT. Thus, the
genital development of the male alligators was altered by exposure to a xenoestrogen.

Further evidence that xenoestrogens can alter reproductive capacity and structure of the reproductive
organs has been found in studies of birds of prey, gulls, mink, and fish in natural settings and in
laboratory animals (see reviews by Colburn et al. 1993, 1996). The toxicities were manifested in a
variety of ways, from thinning of the shell of eagle eggs secondary to contamination with DDT and
dieldrin, to reduced fertility in fish, panthers, turtles, and otters, to tumors of reproductive organs in
whales.

In human populations, there are a number of reports that the sperm count of men in developed
countries has decreased by about 50% over the past quarter century or so (Auger et al. 1995; Sharpe
and Skakkebark 1993; Toppari et al. 1996). In addition, there has been a marked increase in
incidence of undescended testis, hypospadias, and small penises over the same period, and these
defects in reproductive structure have been suggested to be secondary to increased exposure of male
infants to xenoestrogens during development.

Marked increases in the incidence of cancer in organs that are influenced by sex hormones is
mentioned above. Evidence is accumulating that these cancers may be secondary to some
combination of prenatal and adult exposure to xenoestrogens. It has long been known that
undescended testes was a strong risk factor for the development of testicular cancer, one of the
cancers that has been increasing in incidence. Many of the young men who develop testicular cancer
did not have undescended testes; therefore, it is possible that xenoestrogen exposure during
development has contributed to the increased incidence of this disease.

Breast cancer is one of the most frequent cancers of women in developing countries, and it has been

increasing in incidence. The cause of breast cancer is imperfectly understood, but the greatest risk
factor appears to be the number of menstrual cycles that a woman experiences in life. Thus,
incidence of breast cancer increases when menses are earlier and menopause is later. Breast cancer
decreases with the number of children, possibly because during pregnancy, there is no longer the
normal cycling of hormone levels. In a recent study, Wolff et al. (1993) found that the levels of DDE
and PCBs in serum of women with breast cancer were significantly larger than in women with
nonmalignant breast nodules, suggesting the possibility that xenoestrogens may contribute to the
cause of breast cancer (also see Davis et al. 1993).
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Fig.2 Interactions among the Genetic System and Various Organ Systems Involved
in Environmental Diseases

In conclusion, hazardous wastes may affect human health in a wide variety of ways. Although many
substances may directly damage chromosomes and, in so doing, cause cancer and birth defects, many
other effects that are more difficult to monitor and document may be even more serious from a
societal point of view. Furthermore, the understanding of the degree to which the various organ
systems interact has recently been much greater, as shown in Fig. 2. The nervous, immune,
hormonal, and reproductive systems all interact and are under genetic control. When an
environmental agent alters the activity of one of these organ systems, there is often a secondary
change in another.

The developing human embryo appears to be at particular risk for harm from environmental
contaminants, which may result in birth defects and congenital abnormalities. Among the most
important harmful effects are decrements of intelligence and altered behavior that may be permanent,
as well as altered hormonal, immunologic, and reproductive functions. Recent evidence strongly
suggests that prenatal environmental contaminants may cause a permanent and irreversible alteration
in these various organ system functions, whether it is reflected in IQ, immune function, fertility, or
sexual preference. Although the full magnitude of harmful effects to humans of exposure to such
substances is not yet known, it is clear that protection of humans, especially children and women of
reproductive age, should be an international priority.
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WHO COLLABORATION IN HAZARDOUS WASTE MANAGEMENT
IN THE WESTERN PACIFIC REGION
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ABSTRACT

Since April 1989 when the World Health Organization’s (WHO?’s) activities in
hazardous waste management in the Western Pacific Region were presented at the
Pacific Basin Conference in Singapore, WHO and its Member States have carried
out a number of collaborative activities in hazardous waste management. These
activities focused on three main areas: national capacity building in the
management of toxic chemicals and hazardous wastes in rapidly industrializing
countries, management of clinical or medical waste, and hazardous waste
management in Pacific Island countries. This paper summarizes these
collaborative activities, identifies the main problems and issues encountered, and
discusses future prospects of WHO collaboration with its Member States in the
area of hazardous waste management.

1 INTRODUCTION

At the 1989 Pacific Basin Conference on Hazardous Waste Management in Singapore, the World
Health Organization’s (WHO’s) collaborative activities in hazardous waste management were
presented. The number of collaborative activities in hazardous waste management at that time was
small, partly because many developing countries in the Western Pacific Region had limited interest
in the subject and partly because the WHO staff responsible for this field had just been recruited and
did not have time to develop many collaborative activities.

Since the 1989 conference, industrialization has continued in several rapidly developing countries,
and “open market” policies of some socialist countries have accelerated the pace of economic
development in their countries and international trades with other countries in the region. Such
industrialization and economic policies have increased the awareness and interest for safe disposal
of hazardous waste among professionals and the general public. At the same time, small island
countries in the Pacific region became concerned about the transboundary movement of hazardous
waste. The protection of their fragile ecosystems from hazardous waste, both imported and generated
locally, has become a major environmental issue.
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In response to these problems, the WHO Regional Office for the Western Pacific has enhanced its
collaboration with developing Member States in the region (see Fig. 1 for WHO Member States in
the Western Pacific Region) and implemented a number of activities related to hazardous waste
management. This paper describes these activities, discusses problems and issues encountered, and
presents future prospects of WHO’s hazardous waste management program in the region.

2 WHO’S COLLABORATIVE ACTIVITIES IN HAZARDOUS WASTE MANAGEMENT

Table 1 summarizes the WHO collaborative activities with Member States carried out since April
1989. During this period, 46 activities in 20 countries and areas were carried out. Except for a few
activities in response to ad-hoc government requests, three areas dominated:

« United Nations Development Program (UNDP)/WHO project on safety and
control of toxic chemicals and hazardous wastes,

« Hazardous waste inventory and disposal in Pacific Island countries, and

+ Hospital and clinical waste management.

2.1 UNDP/WHO Project

The UNDP/WHO project on safety and control of toxic chemicals and hazardous wastes was jointly
funded by UNDP and WHO, with WHO implementing the project activities. This two-year project
covered all aspects of chemical safety, including the production, use, storage, transport, and disposal
of hazardous chemical substances, and focused on national capacity building in chemical safety. It
involved five countries, namely, China, Malaysia, Republic of Korea (South Korea), the Philippines,
and Singapore, and several agencies in each country that implemented various activities. The
national organizations in the project were mainly environmental agencies, except for China where
the Ministry of Chemical Industry served as the national focal point.

The main activities carried out in the project included:
« Preparation of country profiles in all countries;
. National workshops on the control of toxic chemicals and hazardous wastes,

involving relevant government agencies and professional associations in all
countries;
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Table 1 WHO Collaborative Activities in Hazardous Waste Management in the Western Pacific
Region

Country Year
or Area 1989 1990 1991 1992 1993 1994 1995 1996
America Samoa 1
Brunei 1
China 1 22 22
Cook Islands 1°
Fiji 1°
Lao PDR 1€
Malaysia 2(1) 3(2% 2°
Marshall Islands 1°
E. S. of Micronesia 1° 1 1
Northern Mariana Is. 1P
Palau 1°
Papua New Guinea 1° i€
Philippines 1 1? 22
Republic of Korea 12 12
Western Samoa 1° 1 1
Singapore 12
Solomon Islands 1° 1
Tonga 1°
Vanuatu 1° 1
Viet Nam 1 1€
Regional 1 1€ 1€ 1
Total 3 i 10 14 9 2 4 3

a UNDP/WHO project on safety and control of toxic chemicals and hazardous wastes.
b Hazardous waste inventory and disposal in Pacific Island countries.
¢ Hospital and clinical waste management.

« Development of national priorities and proposals to improve national
capabilities in the management of toxic chemicals and hazardous wastes in all
countries;

« Review and drafting of relevant legislation in selected countries;

+ Regional workshop on chemical safety legislation held in Kuala Lumpur;
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* Development of educational and training materials for industrial chemical
safety and translation of materials into local languages (e.g., Malay and
Chinese);

* Provision of consultants on specific activities (e.g., design of a hazardous
waste incinerator, risk assessment of a contaminated site, etc.) in selected
countries;

* In-country training courses in selected countries; and
¢ Opverseas study tours.

Overall, the implementation of the UNDP/WHO project was timely for all the participating
countries, as they were developing national programs for the management of toxic chemicals and
hazardous wastes. Especially, China, Malaysia, and the Philippines benefited most from the project,
as their national programs were in the early stages of development. They now have hazardous waste
management legislation in place, key government officials trained in chemical safety and hazardous

waste management, and clear national policies or plans available.

2.2 Hazardous Waste Management in Pacific Island Countries

In the late 1980s, several Pacific Island countries received proposals to dispose of hazardous wastes
generated in some industrialized countries. These countries consulted WHO for advice and became
aware of potential dangers associated with the transboundary movement of hazardous waste to these
countries with such fragile ecosystems. Releasing its policy statement against such hazardous waste
movement, WHO also committed to support strengthening hazardous waste management activities
in these small countries. The issue was discussed at the WHO Regional Workshop on Chemical
Safety Legislation held in Kuala Lumpur in 1991. Participants in this workshop identified the
following problems and needs:

* No effective legislation is in place to prevent the transboundary movement of
hazardous waste, and border control agencies are powerless to stop it.

* The financial incentives offered in the proposals to small countries are
difficult to turn down.

* Many island countries do not have the technical expertise to fully assess the
hazards presented by the proposals to ensure that facilities are operated
properly even if the proposals are approved.
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« Effective and comprehensive legislation is needed in each country based on
the Basel Convention and the provisions of the London Dumping Convention.

- A required mechanism needs to be developed, whereby countries can access
technical expertise to collaborate with the assessment of waste disposal
activities and proposals.

« A requirement is needed for ongoing auditing and evaluation of existing waste
disposal facilities to monitor progress and control systems.

« The establishment of acceptable methods of hazardous waste disposal for
waste generated in each country is required.

A provision needs to be made for training and upgrading knowledge on the
correct development and operation of waste disposal facilities, particularly in
developing countries.
Guided by these conclusions, WHO initiated a project on hazardous waste management in Pacific
Island countries. The first activity was carried out in 1992 to develop a hazardous waste inventory

and action plan in these countries. As shown in Table 1, the activity was implemented in 11 Pacific
Island countries and areas, namely, Cook Islands, Fiji, Marshall Islands, Federated States of

Micronesia, Northern Mariana Islands, Palau, Papua New Guinea, Western Samoa, Solomon Islands,
Tonga, and Vanuatu. Visits by WHO staff and consultants were made to assess the types, sources,
and quantities, where possible, of hazardous wastes generated in these countries; to evaluate existing
waste management practices; and to identify potential hazardous waste management options.
The hazardous wastes commonly found in these countries include:

» Pesticide, herbicide, and insecticide wastes,

e Lubricant motor oil waste,

+ Used lead-acid batteries,

» Hospital infectious waste,

e Waste oil from power plants,

 Spent photographic chemicals,
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* Discarded transformer 0il/PCB waste, and
* Timber treatment chemical waste.

In some countries, dry cleaning solvent sludge, asbestos, and paint waste were found. Because these
countries do not have a large industrial/commercial facility, only small quantities of these wastes are
generated. However, the lack of suitable waste management and disposal facilities and technical
expertise in the small island countries threatens underground drinking water sources and reef waters
with contamination from hazardous substances.

To follow up on these findings, WHO extended its collaboration to selected countries where the
personnel involved in handling hazardous waste were trained and national guidelines and plans for
the management of specific hazardous wastes were developed. In 1993, Vanuatu and the Pohnpei
State of the Federated States of Micronesia made provisions for appropriate storage containers to
replace old and leaking pesticide waste containers. In these countries, WHO staff demonstrated how
to repack pesticide waste and then provided hands-on training of local officials who handled such
waste. A similar activity was carried out in Chuuk and Yap States of the Federated States of
Micronesia in 1994 and in the Solomon Islands in September 1996. In 1993, WHO collaborated with
Papua New Guinea in assessing of, and preparing national guidelines for, hospital waste
management.

WHO convened a Regional Workshop on Hazardous Waste Management in Pacific Island Countries
in 1995 in Fiji. The workshop participants reviewed and discussed appropriate and affordable
technologies and assessed alternative approaches to hazardous waste management in small Pacific
Island countries. The discussion on the disposal of hazardous waste focused on incineration and
landfills, particularly on existing facilities. The participants acknowledged the existence of
appropriate and affordable technologies for most of the wastes generated in Pacific Island countries.
However, these technologies were not being used because of the lack of sufficient, practical know-
how and information on any secondary pollution or hazard created. The participants recommended
the following actions:

* Compile a hazardous waste management source book for detailed technology,
techniques, information, equipment, service contractors, and contracts for
managing each of the main types of hazardous waste generated by Pacific
Island countries.

* Prepare and distribute booklets listing and explaining affordable and
appropriate technologies for the types of hazardous waste generated by Pacific
Island countries.
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« Prepare booklets, pamphlets, and posters for educating workers and farmers
about the hazards, safe use, and proper disposal of hazardous waste, preferably
translated into local languages.

«  Provide background and support information for educating urban communities
about the need for and the strategy by which to achieve better hazardous waste
management.

« Provide expert consultation for preparing environmental standards and
legislation that take into account both local conditions and prevailing cultural
sensitivities.

« Promote regional recycling efforts.

+ Avoid duplication and maximize benefits to Pacific Island countries by
coordinating key interests and responsibilities for improving hazardous waste
management.

2.3 Hospital and Clinical Waste Management

Hospital and clinical waste management became a cOmmon CONcern among Member States, initially
in more developed countries and later in developing nations. In 1989, WHO collaborated with the
Malaysian Ministry of Health in conducting a preliminary study on the generation of hospital waste
and problems of its disposal in the country. Following this WHO initiative, the Ministry of Health,
Malaysia, employed a consultant from the United Kingdom to carry out an in-depth study and
prepare a plan of action and guidelines for clinical waste management in the country. Although this
activity was not carried out as a WHO collaborative activity, WHO was consulted from time to time
during the implementation. At the completion of this activity in 1993, WHO was asked to
collaborate with the Ministry in conducting training courses to disseminate the clinical waste
management guidelines to those officers responsible for implementation. The plan of action includes
the construction and operation of centralized high-temperature incinerators in six regions in
Peninsula Malaysia and of small hospital incinerators for main hospitals in East Malaysia.

In 1992 and 1993, the Philippine Department of Health was developing a manual for dealing with
hospital waste management for environmental health officers at the local government level, with the
support of WHO. They were also developing training materials on the subject. Recognizing the
efforts of the governments of Malaysia, the Philippines and Papua New Guinea (Section 2) and the
potential needs of other developing countries in the region, WHO embarked on the preparation of

a draft regional guidelines for health care waste management in 1993. These were completed in
1994.
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WHO conducted a Regional Workshop on Clinical Waste Management in 1994 that was attended
by 18 participants from 15 countries in the Western Pacific Region and Indonesia. The workshop
discussed policies, approaches, and problems of managing clinical waste in these countries; reviewed
guidelines, procedures, and techniques of clinical waste management for some developing countries;

and examined their transferability and usefulness to other developing countries. After the

discussions, the participants came to the following conclusions:

Many developing countries in the Western Pacific Region do not have specific
national policies and guidelines for clinical waste management.

Guidelines are not applicable to all Member States in the region; guidelines
provided at the workshop need to be modified and adapted by each country.

Funds to develop and implement clinical waste management programs and
associated human resources are limited in most countries in the region.

Gradual and sustainable improvement in clinical waste management is
necessary in countries that do not have a program in place. Such
improvements would ensure the affordability and practicability of the waste
management system introduced and the provision for adequate health and
environmental protection.

Consideration should be given to the immediate improvement of current
disposal practices that can be easily carried out to minimize health risks
without incurring excessive costs.

Clinical waste management has received relatively low priority in most
countries in the region but should be given due consideration by
policymakers.

Awareness of risks associated with clinical waste is limited to personnel
involved in waste management, and steps should be taken to raise awareness

of risks among all personnel in health care institutions, as well as decision
makers and the general public.

There is lack of experienced and trained personnel in most countries, and
training programs should be provided to personnel handling clinical waste.
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« Considering that there is insufficient epidemiological information on
infections related to improper handling of clinical waste and a lack of data on
the quantity of clinical waste generated and current practices in clinical waste
management, a mechanism should be established for the collection, analysis,
and dissemination of such information.

Following this regional workshop, WHO received a request for consultancy on hospital waste
management from the Government of Lao People’s Democratic Republic and implemented it in
1995. The activity involved a review of their hospital waste management practices and the conduct
of local workshops. A draft national guideline for hospital waste management was also prepared. A
similar activity was carried out in Viet Nam in 1996.

2.4 Other Activities

In addition to the above-mentioned projects, WHO implemented several activities in response to
requests from Member States. National workshops on hazardous waste management were conducted
in China in 1990 and in Viet Nam in 1991. The purpose of these workshops was to introduce the
subject to professionals potentially involved in hazardous waste management in these countries. The
consultancy to assess the situation of hazardous waste management was provided to Brunei in 1993
and to American and Western Samoa in 1995. As a result of these activities, various
recommendations were made to the authorities in these countries responsible for hazardous waste
management. As a follow-up activity, a national workshop on practical methods of hazardous waste
management was conducted in Western Samoa in 1996 with the support of WHO.

3 MAIN PROBLEMS AND ISSUES

Section 2 described the WHO collaborative activities with Member States in hazardous waste
management in the past several years. Some problems and constraints faced by developing countries

in the region in the management of hazardous waste were presented. This section discusses in some
detail, the main problems and issues associated with hazardous waste management in developing
countries of the region. They include:

» Availability of financial and technical human resources,

e Know-how and information on practical and appropriate technologies, and

e Availability of effective legislation.
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3.1 Lack of Financial and Human Resources

In general, most developing countries do not generate much hazardous waste, as the levels of
industrial activities in these countries are low. However, they import agrochemicals (e.g., pesticides
and fertilizers) for agricultural production and have small industry and shops using chemicals. As
a result, some hazardous wastes are produced, and proper management is required. However, these
countries do not usually have sufficient funds and technical expertise to develop and implement
effective hazardous waste management program.

Many of these countries receive foreign aid for purchasing equipment and facilities. However,
priority is often low for waste management, and such funds are rarely allocated for hazardous waste
management. Even if funds are allocated, equipment and facilities purchased are often inappropriate,
because of the lack of technical expertise to assess the local situation and select the most appropriate

technology for the situation.

The lack of technically qualified human resources in waste management is a common problem in
all developing countries. This problem is particularly acute in Pacific Island countries where the
number of scientists and engineers is small, and only few are engaged in environmental
management. In most of these countries, public health inspectors are responsible for pollution
control. In Cambodia, Lao People’s Democratic Republic, Mongolia, and Viet Nam, few
professionals have been trained in pollution control and waste management. Scientists in biology,
chemistry, and hydrology and medical doctors specializing in hygiene are in charge of waste
management; few engineers are involved in this field in these countries.

WHO has been collaborating with the Fiji School of Medicine in developing its Environmental
Health Department and providing courses on pollution control. WHO has also collaborated with
Viet Nam in preparing a plan for human resource development in environmental health, including
waste management. Human resource development in other priority countries will be considered in
the future.

3.2 Lack of Information on Appropriate Technologies

One of the conclusions from the past WHO collaborative activities is that practical, affordable, and
appropriate technologies for hazardous waste management are available and can be applied in
developing countries. It is the information on these technologies that is not available to the users.

For instance, simple incinerators can be used for nonchlorinated combustible hazardous wastes or
practical codisposal for various hazardous wastes at municipal solid waste landfills with proper site
selection and operational procedure. However, the information on appropriate location, design,
materials, and operation is not available to those personnel involved in the management of hazardous
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waste. What is often available is a catalogue of expensive high-technology equipment and facilities
brought by manufacturers or dealers from industrialized countries. The waste management personnel
in developing countries do not normally have the expertise or guidelines readily available to evaluate
the usefulness of such technologies.

Another type of information useful for developing countries is the technology that has proven useful
in other developing countries. The implementation of a demonstration project in a developing
country could produce information necessary for those involved in hazardous waste management
in other developing countries (e.g., possible secondary pollution, operation know-how).

3.3 Lack of Effective Legislation

In most developing countries in the Western Pacific Region, comprehensive legislation for waste
management, whether hazardous or nonhazardous, is not available. Moreover, international
conventions (e.g., the Basel Convention and the London Ocean Dumping Convention) have not been
ratified in most developing countries.

These countries usually have general environmental or health legislation that prohibits improper
management of waste. However, detailed implementation rules and regulations are not available to
effectively control hazardous waste from its generation to disposal. For instance, these countries do
not have in place a legal definition of hazardous waste, an inventory and registration of hazardous
waste sources and quantities, monitoring and surveillance of hazardous waste sources and
management systems, standards for transport and storage of hazardous waste, a manifest and
consignment system, standards and licensing of hazardous waste treatment and disposal facilities,
etc., which are required for effective management of hazardous waste.

4 FUTURE PROSPECTS

The discussion in Section 3 indicates that, by no means, have problems with hazardous waste
management in the region been resolved. WHO, with its technical expertise, could provide useful
services to its Member States. It will work with other international and regional agencies, where
possible, to provide more effective services with tangible impacts.

WHO’s future collaboration in hazardous waste management will focus on countries in the Indo-
China Peninsula (i.e., Cambodia, Lao People’s Democratic Republic, and Viet Nam), which are
expected to undergo rapid development, Pacific Island countries, and Mongolia. These are
considered to be priority countries for WHO programs on environmental health in general and on
hazardous waste management in particular. Those countries involved in the UNDP/W HO project
mentioned earlier (i.e., China, Malaysia, South Korea, the Philippines, and Singapore) have
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hazardous waste management programs in place, and WHO’s intensive collaboration is no longer
required. These countries can in turn contribute to WHO?’s effort by providing consultants,

information, and training to priority countries.

Areas of focus of WHO future collaboration include the development of national action plans,
preparation of technical guidelines, implementation of demonstration projects, and drafting of

legislation and regulations on hazardous waste management. These activities will be carried out

mainly in those priority countries mentioned above.

Specific activities planned at this time include:

Hospital waste management in Viet Nam. WHO will collaborate with the
Ministry of Health, Viet Nam, to upgrade facilities, develop waste
management systems in hospitals, train personnel, and implement awareness
programs in 1997-1999. Experiences in Malaysia and the Philippines will be
transferred to Viet Nam through the provision of short-term consultants from
Malaysia and the Philippines and a study tour and training of Vietnamese
personnel in those countries.

Demonstration project on hospital waste management in Fiji. WHO will
collaborate with the Ministry of Health, Fiji, in implementing a “healthy
hospital” project, and waste management will be included as a component.
The project will be implemented as a demonstration project for other Pacific
Island countries.

Preparation of practitioners’ guides for the management of various specific
hazardous wastes. Practical guides for managing hazardous wastes
(e.g., pesticide waste, waste oil, lead-acid batteries, hospital infectious waste,
timber treatment chemical waste, etc.) will be prepared for use by Pacific
Island countries. These guides can be adapted later for use in the other priority
countries.

Development of legislation and regulations and enforcement structure. WHO
will collaborate with Viet Nam and some Pacific Island countries in drafting
hazardous waste legislation, particularly implementation rules and regulations,
and in developing control mechanisms. In most of the priority countries, basic
environmental protection legislation is in place. Therefore, the focus of WHO
collaboration in this area will be the preparation of subsidiary rules and
regulations on hazardous waste management.
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s Preparation and implementation of human resource development plans. WHO
will collaborate with Cambodia and Lao People’s Democratic Republic in
formulating and implementing human resource development plans for
environmental health, similar to that prepared for Viet Nam. Hazardous waste
management will be a component of such a plan. WHO support will conduct
short courses for personnel involved in waste management and their trainers
and develop curricula for university courses on waste management.

5 DISCLAIMERS

The views expressed in this paper are solely those of the author and do not necessarily represent the
opinion of WHO. For the WHO collaborative activities mentioned in this paper, WHO mission
reports are prepared and are available from WHO Western Pacific Regional Environmental Health
Centre.
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REVIEW OF THE 1996 PACIFIC BASIN CONFERENCE AND FUTURE OUTLOOK

William A. Suk
Chief, Chemical Exposures and Molecular Biology Branch
and Director, Superfund Basic Research Program
National Institute of Environmental Health Sciences

The Pacific Basin Consortium for Hazardous Waste Research and Management fills a unique role
in addressing hazardous waste issues for a very dynamic, flourishing part of the world, the Pacific
Rim. Hazardous waste problems of concern to Pacific Rim countries are being assessed and
evaluated by this organization on many different levels. An exceedingly vital component of the
Pacific Basin Consortium’s activities includes sponsoring the “Pacific Basin Conference on
Hazardous Waste,” such as the meeting held in November 1996 in Kuala Lumpur, Malaysia. This
seventh meeting of the Pacific Basin Conference on Hazardous Waste could prove to be a pivotal
meeting for this consortium, as it deals forthrightly with integrating human health and reducing risk
with the broader context of hazardous waste management. Here, an intimate group of scientists,
engineers, and policymakers met to exchange ideas, research findings, and experiences.

The stage was set by the Honorable Dato ‘abu Bakar Daud, Deputy Minister of Science Technology
and Environment of Malaysia, when he conveyed to meeting attendees that Malaysia is committed
to enforcing sound environmental practices and is getting tough on offenders. This is important for
Malaysia, and we can only hope that this will become the standard for all Pacific Rim countries.

The meeting then proceeded to combine new technologies, case studies and health effects research
into a forum for addressing human risk. The plenary speaker, Dr. Peter Peterson, Senior Fellow and
Visiting Professor, Universiti Kebangsaan Malaysia, Institute for Environment and Development,

Malaysia, stressed that remediation and hazardous waste management must be put in the context of
human health and that the reason for remediation is for reducing risk.

In addressing hazardous waste issues from a public health perspective, four components need to be
included in any strategy for reducing risk: assessment, identification, remediation, and prevention.
All of these were topics of this meeting. While these components occur simultaneously, they may
be thought of in a time line, beginning with assessment and, ultimately, resulting in effective
preventive measures. To make sound hazardous waste management decisions, an understanding of
the problem and an assessment of its impact are needed.

Assessing risk of exposure to hazardous waste must be done on a broad spectrum of endpoints. This
issue was discussed by Dr. David Carpenter, Dean of the School of Public Health, University of
Albany, USA, in his plenary and technical presentations. He brought to the forefront that while,
traditionally, cancer has been the endpoint of concern, we now know that other endpoints, such as
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immunosuppression, neurotoxicity, and neurobehavioral, developmental, and reproductive
dysfunctions must also be incorporated in any assessment of human risk of exposure to hazardous
substances. Assessment is a complex issue and includes other approaches besides human health.
Assessments must also incorporate hazardous waste practices. Dr. David Nelson, President,
EnviroSearch International, USA, presented the results of a recent survey that demonstrated that,
to a great extent, awareness of and proactive practices toward hazardous waste are on the rise in
Pacific Rim countries. It is noteworthy that these issues are being addressed during a period of
growth and development in Southeast Asia; however, he stated that it must be kept in mind that the
Western world does not have all the answers. While sometimes it may be perceived that assessments
may be more advanced in developed countries, for many issues the West has only been ahead of the
curve in posing the question, whereas the solutions have not necessarily been resolved. Therefore,
assessing and reducing risk must be done on a state-by-state basis or, at the very least, a region-by-
region basis.

A major focus of the technical sessions of this conference was on the second component of the
reducing risk equation, identification. Identification was covered on at least two levels. On a macro
level, country case studies identified issues of chemical mixtures and sources of exposure in Papua
New Guinea, China, Kazakastan, and other regions. Identifying the sources of pollution, the
industries responsible, the levels of contaminants and exposure, and the impact on the environment
is all necessary to a hazardous waste management strategy on a local, regional, and global scale.
Communicating and networking in these areas have always been a strength of this conference, and
again this meeting promoted the timely interchange of very real-life issues and experiences. On a
micro level, identification of exposures to specific chemicals with disease outcomes was also
discussed. For example, papers were presented on pesticide exposure and childhood leukemia; PCBs
and the induction of neurotoxicity; and arsenic-induced processes in the induction of arteriosclerosis
and cancer. From another perspective, other papers focused on ecological exposures and their effects
on wildlife to identify the presence of contaminants. Identification on the micro level was a very
successful element for this conference and promises to become an integral part of future conferences.

The other two components, remediation and prevention, are very closely linked. The reason to
remediate is to prevent human and environmental exposure. Though from another perspective,
prevention, as in pollution prevention, minimizes the need to remediate. Important insights on in situ
remediation approaches were the focus of the plenary presentation by Mr. Tim Oppelt, Director,
National Risk Management Research Laboratory, EPA, USA. He clearly addressed the need for
using the appropriate technology for a particular site. He stressed that no singular approach is
appropriate for all circumstances. Remediation decisions must be made based on the situation, future
uses of the site, and information gained during the assessment and identification phases of the
process.

Most of the presentations at this conference dealt in some way with remediation and pollution
prevention practices. Novel remediation approaches for contaminated waste, metals, and PCBs were
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presented. Other sessions focused on cleaner production technologies and waste minimization. As
countries of the Pacific Rim experience rapid growth in industry and manufacturing, it is imperative
that information and experiences be exchanged in open forums, such as at this meeting.
Furthermore, it is important to be certain to place these activities in the context of protecting public
health. This theme was repeated throughout the 1996 Pacific Basin Conference on Hazardous Waste.

Furthermore, the meeting demonstrated that no one individual or no one country lives in isolation
and that hazardous waste knows no boundaries. Issues of hazardous waste must be dealt with on a
multicultural and multinational level (Carpenter et al. 1996; Carter et al. 1996). One country’s
problems and solutions can impact a neighboring, or even distant, country. In the same manner,
health investigators, policymakers, and remediation professionals must develop a common language
and deal with issues from a multidisciplinary perspective. By expanding interdisciplinary research
opportunities, such as those developed throughout this conference, more effective hazardous waste
management approaches will be implemented.

In looking to the future, the focus of the field of hazardous waste research should be on prevention
and its vast implications. Specific areas in critical need of attention include the development of better
risk assessment models for child exposures and effects, and for endpoints other than cancer. This is
important to effectively address the health and risk reduction issues surrounding hazardous waste
exposures, and similarly, to be able to use the best available cleanup technologies in a cost-effective
manner. These areas require diligent study to be able to base health and cleanup decisions on sound,
scientific information. There must be better translation of research results and management practices.
To date scientists have done a poor job in communicating with the communities and decision makers
on the importance of their work and its potential impact on reducing risk. Therefore, scientists must
work to improve their credibility and establish trust so that sound environmental decisions can be
made based on the most current understanding of the science. Along the same lines, information
transfer must be accelerated. With the advent of the electronic information network, the capability
exists for the timely transfer of information (Anderson et al. 1996). Members of this organization
must effectively utilize this technology for advancing their fields of study. Ultimately, the audience
for these resources is the entire world; however, the professionals in this area must effectively use
these resources and present their data in a clear and accessible manner.

As has been described and discussed at this conference, hazardous waste is not static. Substances are
capable of moving through the environment from one stratum to another, interacting with microbes,
plants, animals, and humans. Many scientific disciplines must be integrated, thereby crossing over
traditional scientific boundaries. In doing so, the procedures of characterizing and evaluating the
risks of hazardous waste need to be scrutinized and revised as directed by new research findings.
Furthermore, advanced environmental technologies will be developed and validated to better clean
up hazardous waste, and by extension, improve human health. Integration of these multifaceted
approaches will set the stage for the future of hazardous waste research. Therefore, to address this
issue fully, more and better multidisciplinary research is essential (Suk and Olden 1996).
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The crossing of traditional scientific disciplines experienced at this conferenceé and previous ones
will remain in the forefront as a theme of the Consortium. But as we move forward, emerging
environmental scientists must be trained in this multidisciplinary approach to hazardous waste
research and management. These training needs must be integrated into academic programs and
reinforced by government, industry, and academia at every opportunity.

Finally, it must be considered that the ultimate goal in hazardous waste research and management
is prevention — prevention because it is important to human health and the environment and because
through prevention risk is reduced and exposures are minimized. All work presented at this meeting
in some fashion revolved around the overall theme of prevention, whether it was through
remediation, technology development and application, or understanding health effects from exposure
to contaminants, or in policy. When considering the consequences of not addressing issues of
prevention, it is important to remember that reducing risk and protecting human health is cost-
effective compared to the expense and burden to society when it is not done.
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FROM WASTE MINIMIZATION TO ISO 14000:
TAIWAN’S EXPERIENCE AND PROSPECTS

Wen-Huei Chen and Wain-Sun Hou
China Technical Consultants, Inc.
Taipei, Taiwan

ABSTRACT

Taiwan has completed a very successful five-year industrial waste minimization
(IWM) demonstration and promotion project sponsored by the government. From
1990 to 1995, the project successfully disseminated the IWM concept of pollution
prevention (P2) to industries. It effectively reduced industrial waste while
significantly benefitting the economy by assisting industries in implementing in-
plant IWM programs. In