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PREFACE

In 2000, The United Nations Environmental Program asked IRET/CSUCA to participate in a global
assessment of PTS, in particular to produce a report on PTS in the Central American and Caribbean Region.
This document is intended to meet that request. The report is one of twelve, which make up the global
assessment.

The report for the Central American and Caribbean Region (Region X) component of the UNEP Global
Environmental Facility project entitled Regionally Based Assessment of Persistent Toxic Substances (PTSs)
includes 23 countries (Antigua and Barbuda, Bahamas, Barbados, Belize, Colombia, Costa Rica, Cuba,
Dominica, Dominican Republic, El Salvador, Guatemala, Guyana, Haiti, Honduras, Jamaica, Nicaragua,
Panama, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and
Tobago and Venezuela), and 136 million inhabitants.

The preparation of this report has relied on data gathering of published material, preparation of country
reports by regional experts, presentation and discussion of these reports at Technical Workshops and a final
review and discussion at a three-day Regional Priority Setting Meeting held in Heredia, Costa Rica from
October 30 to November 1, 2002.

The regional coordinator for this study was Prof. Dr. Luisa Eugenia Castillo (IRET/CSUCA, Heredia Costa
Rica). The production of this report was possible through the co-operation of the regional team and regional
experts who produced country reports. The overview of the project included in Chapter 1 was prepared by
Mr. Paul Whylie. Chapter 2 was prepared by Luisa E. Castillo, Roosebelt Gonzalez and Joth Singh. Chapter 3
was prepared by Luisa Eugenia Castillo, Oscar Nieto and Clemens Ruepert. Chapter 4 was prepared by
Gonzalo Dierksmeier, Jaime Espinoza and Luisa Eugenia Castillo; Chapter 5 by the members of the Regional
Team. Chapter 6 was produced by the regional team and participants at the priority setting workshop. The
authors are grateful to Region IV for providing the standard set of definitions of the chemicals. In addition,
the drafts of UNEP Region II and III provided a useful guide. Mr. Timo Partanen is acknowledged for his
significant contribution to the edition of this report.



EXECUTIVE SUMMARY

This is the report for the Central American and the Caribbean Region (Region X) component of the UNEP
Global Environmental Facility project entitled Regionally Based Assessment of Persistent Toxic Substances
(PTSs). Region X incorporates 23 countries and 136 million inhabitants in the Greater Antilles, the eastern
and southern islands of the Lesser Antilles, the Bahamas, Belize, Colombia, Costa Rica, El Salvador,
Guatemala, Guyana, Honduras, Nicaragua, Panama, Suriname, and Venezuela. Within the often severe
constraints of available data, the project identified major regional sources of PTSs; summarized the evidence
on their impact on environment and on human health; assessed their transboundary transport; explored the
sources of PTS-related problems; evaluated the regional capacity for the containment and abatement of PTSs;
identified regional priorities for PTS-related environmental and health issues; and contributed to the
identification of global priorities related to PTSs. The regional component addressed the 12 persistent organic
pollutants (POPs) defined by the Stockholm Convention on Persistent Organic Pollutants 2001: aldrin,
endrin, dieldrin, chlordane, DDT, toxaphene, mirex, heptachlor, hexachlorobenzene (HCB), polychlorinated
biphenyls (PCBs), polychlorinated dibenzodioxins (PCDDs), and polychlorinated dibenzofurans (PCDFs).
Atrazine, endosulfan, lindane, organic lead compounds, organic mercury compounds, octyl phenols, and
nonyl phenols, organic tin compounds, pentachlorophenol, phthalates, polybrominated diphenyl ethers,
polychlorinated phenols, polycyclic aromatic hydrocarbons (PAHs), short chain paraffins, were included as
additional, regionally important compounds.

Data gaps in the Region for PTSs are considerable and necessitate reliable inventories of sources, monitoring
of emission, transmission and deposition data; and surveillance of environmental and health effects. Sectoral
distribution of production determines the use profile of PTSs in the Region, but part of the contaminant
burden is likely to be transported from elsewhere. The predominant regional sources of PTSs are agriculture,
energy, industry, waste management, and the marine sector. All the pesticides selected for the project have
been applied in the Region in agriculture or vector control. In one or several Central American countries,
atrazine, DDT, endosulfan, heptachlor, lindane, mirex, and pentachlorophenol are currently registered,;
endrin, hexachlorobenzene and toxaphene may be still in use; and aldrin, dieldrin, and lindane are probably
no more in use. Polycyclic aromatic hydrocarbon compounds (PAHs) are generated and emitted in power
generation; extraction and refining of crude oil; and in combustion engines, including traffic emissions.
Polychlorinated biphenyls (PCBs) have been used in the 1950s and 1960s in transformers and capacitors.
Sources of organic lead have been gasoline and batteries. Organic tin compounds are emitted from marine
vessels, industrial discharges and other sources. Chlorinated paraffins are not produced in the Region but are
imported in unknown quantities. Unknown, probably small amounts of nonyl phenol and octyl phenol are
imported. Inadequate incineration of domestic, industrial and agricultural waste and combustion for land
clearing are a potential source of PCDDs, PCDFs, HCH, and PAHs. Waste oil adds to the burden of PAH
contamination. Incinerators are widely used for hospital wastes. Worn tires are burned as an energy source.
Disposal of obsolete stocks of banned pesticides and other PTSs poses a problem. Data from Barbados,
Trinidad and Tobago, and Jamaica suggest that PTSs may be transported to the Region from elsewhere in the
air mass of the Northeast Trade Winds.

Regional evidence of PTSs in air, marine, freshwater and terrestrial ecosystems, foods, and human biological
samples is scattered across time periods, locations, and methods. An overall picture is difficult to make
because of incomparability between surveys and lack of monitoring and surveillance programs. Chlorinated
hydrocarbon pesticides and PCBs have been detected in atmospheric, marine freshwater, groundwater,
sediment, soil, food and biota samples, including human blood and milk. The incidence of acute pesticide
poisonings in humans is high in Central America. The causal agents vary according to use patterns and
toxicity. Regional data suggest neurobehavioral deterioration following exposure to DDT and an association
between breast cancer and DDE.

The Region lacks data on environmental concentrations of a number of pollutants. In particular, flow data are
nonexistent. The Caribbean coast is a critical region. A dense tanker traffic and offshore oil exploration
contribute to the hydrocarbon contamination. Rivers transport high quantities of pesticides to the seawater.
Combustion of leaded gasoline, diesel and other fuels and wastes, and aerial spraying of pesticides release
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contaminants directly to the atmosphere. No regional data are available on groundwater transport of PTSs.
Cetaceans, migratory birds, fish and plankton are releasers and receptors of PTSs.

Monitoring capacity of PTSs across the Region varies between countries. In particular, there are no facilities
in the Region for routine monitoring of dioxins and furans. Internationally recognized, accredited reference
laboratories are few. A few Central American countries are equipped with national laboratory accreditation
bodies.

Legislation and regulation of import, export, transport, use, production, emission, storage and disposal of
PTSs are deficient and scattered between and within countries of the Region. Pesticide regulation is ahead of
regulation of other PTSs. Ratification of relevant international conventions and harmonization of legislation
within the Region has taken place to some extent.

The following conclusions were reached for the reduction of the PTS load in the Region:
(1) Development of human resources.

Training of scientists, technicians, governmental policy makers, policy experts, administrators and managers
at universities, in the public and private sectors and NGOs is necessary in risk assessment, alternative
technologies, pest management, toxicology, epidemiology, environmental and industrial hygiene,
ecotoxicology, environmental management, PTS analysis, and waste management in the containment of
PTSs. Strengthening of the bonds among universities, national science and technology organizations, and
other research and education institutions is a major goal. Participation of major stakeholders needs to be
encouraged.

(2) Risk assessment and risk communication

Risk assessment of PTSs incorporates systematic monitoring and establishment of inventories of sources,
emissions, transmission and contamination, surveillance of biological and environmental effects of PTSs, and
hot spot studies of episodes of contamination or poisonings. Comprehensive PTS monitoring covers
atmospheric and aquatic environments, soil, food, waste, and organisms, supported by an integrated
infrastructure for regional and national monitoring systems and databases as a long-term goal.

Risk communication is necessary at all levels in the form of training, dissemination of information,
information transfer to public agencies and regulators, the research community, private sector, investors,
trade unions, communities, NGOs and the general public. Risk communication needs to cover also
contamination control and cleaner and less toxic technologies for agriculture, industry, and waste
management.

(3) Enhancement of laboratory capacity

Laboratory capacity needs improvement by way of updating equipment and analytical techniques for PTSs;
setting up reference laboratories in the region; ensuring budgetary provisions for the necessary infrastructure
and analytical functions; and supporting the upgrading of existing laboratories on QA/QC and accreditation
processes.

(4) Enhancement of clean technologies

Priorities for clean technologies include application, appropriate modification and development of clean
technologies and effluent and emission treatment for agriculture, industry, and waste management; safe
disposal of waste oil and obsolete stocks of PTSs and transformers containing PCBs; containment of
emissions from internal combustion engines; and enhancement of technology transfer.

(5) Regulatory development, enforcement and compliance

This is another area with a need for major improvements, including creation and harmonization of effective
legal regulation and its implementation concerning import, export, transport, use, production, emission,
storage and disposal of PTSs; ratification of relevant international conventions; harmonization within the
Region and with international treaties and conventions; strengthening the weak inspection and enforcement
infrastructure; definition and enforcement of allowable concentrations of PTSs in the environment and
workplaces; legal framework for PTS monitoring; coordination between official agencies involved in PTS
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management within the countries and within the Region; empowerment of the primary health care sector in
prevention, diagnosis and treatment of adverse health effects of PTSs. Regional and national intersectoral
coordination of administrative regulation and implementation is necessary.
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1. INTRODUCTION
1.1. OVERVIEW OF THE PROJECT

Following the recommendations of the Intergovernmental Forum on Chemical Safety, the UNEP Governing
Council decided in February 1997 (Decision 19/13 C) that immediate international action should be initiated
to protect human health and the environment through measures which will reduce and/or eliminate the
emissions and discharges of an initial set of twelve persistent organic pollutants (POPs). Accordingly an
Intergovernmental Negotiating Committee (INC) was established with a mandate to prepare an international
legally binding instrument for implementing international action on certain persistent organic pollutants.
These series of negotiations have resulted in the adoption of the Stockholm Convention in 2001. The initial
12 substances fitting these categories that have been selected under the Stockholm Convention include:
aldrin, endrin, dieldrin, chlordane, DDT, toxaphene, mirex, heptachlor, hexachlorobenzene, PCBs, dioxins
and furans. Beside these 12, there are many other substances that satisfy the criteria listed above for which
their sources, environmental concentrations and effects are to be assessed.

Persistent toxic substances can be manufactured substances for use in various sectors of industry, pesticides,
or by-products of industrial processes and combustion. To date, their scientific assessment has largely
concentrated on specific local and/or regional environmental and health effects, in particular hot spots such as
the Great Lakes region of North America or the Baltic Sea.

1.1.1. Objectives

There is a need for a scientifically based assessment of the nature and scale of the threats to the environment
and its resources posed by persistent toxic substances that will provide guidance to the international
community concerning the priorities for future remedial and preventive action. The assessment will lead to
the identification of priorities for intervention, and through application of a root cause analysis will attempt to
identify appropriate measures to control, reduce or eliminate releases of PTS, at national, regional or global
levels.

The objective of the project is to deliver a measure of the nature and comparative severity of damage and
threats posed at national, regional and ultimately at global levels by PTS. This will provide the GEF with a
science-based rationale for assigning priorities for action among and between chemical related environmental
issues, and to determine the extent to which differences in priority exist among regions.

1.1.2. Results

The project relies upon the collection and interpretation of existing data and information as the basis for the
assessment. No research will be undertaken to generate primary data, but projections will be made to fill
data/information gaps, and to predict threats to the environment. The proposed activities are designed to
obtain the following expected

e Identification of major sources of PTS at the regional level

e Impact of PTS on the environment and human health

e Assessment of transboundary transport of PTS

e Assessment of the root causes and regional capacity to manage PTS problems
e Identification of regional priorities for PTS related environmental issues

e Identification of PTS related priority issues at the global level.

The outcome of the project will be an evidence-based assessment of the threats posed by persistent toxic
substances to the environment and human health. The activities to be undertaken in this project comprise an
evaluation of the sources of persistent toxic substances, their levels in the environment and consequent impact
on biota and humans, their modes of transport over a range of distances, the existing alternatives to their use
and remedial options, as well as the barriers that prevent their good management.



1.2. METHODS

1.2.1. World Regional Dvisions

For the purposes of this project, the world was divided into 12 Regions: Arctic; North America; Europe;
Mediterranean; Sub-Saharan Africa; Indian Ocean; Central and Northeast Asia (Western North Pacific);
Southeast Asia and South Pacific; Pacific Islands; Central America and the Caribbean; Eastern and Western
South America; and Antarctica.

1.2.2. Project Management

The project is directed by the Project Manager situated at UNEP Chemicals in Geneva, Switzerland. A
Steering Group comprising of representatives of other relevant intergovernmental organizations along with
participation from the industry and the nongovernmental community monitors the progress of the project and
provides direction for the project manager. Each region is controlled by a Regional Coordinator assisted by a
Regional Team of 4 persons on the average. The Regional Coordinator and the Regional Team are
responsible for the implementation the project, national data collection, and organizing a series of technical
and priority setting workshops for the analysis of regional PTS data. In addition to the 12 POPs of the
Stockholm Convention, the Regional Team selected further substances to be assessed for its region, the
selection being open for review during the various workshops undertaken throughout the assessment process.
Each Regional Team writes a Regional Report.

1.2.3. Data

Data on sources, environmental concentrations, and human and ecological effects were collected from all
available sources. Presentations of regional experts at the technical workshops were used in the preparation of
regional reports. Priority workshops with representatives from each country established regional priorities
for PTS based on threats and damages in each Region. Information and conclusions derived from the 12
regional reports will then be used to develop a global report on the state of PTSs in the environment.

The project is not intended to generate new data but to rely on existing data for the setting of priorities. A
broad network all sectors of society was established for data collection and subsequent evaluation. Close
cooperation with other intergovernmental organizations such as UNECE, WHO, FAO, UNPD, World Bank
was obtained. Most have representatives on the Steering Group Committee that monitors the progress of the
project and critically reviews its implementation. Contributions were garnered from UNEP focal points,
UNEP POPs focal points, national focal points selected by the Regional Teams, industry, government
agencies, research scientists and NGOs.

1.2.4. Funding

The project costs amount approximately to US$ 4.2 million, funded mainly by the Global Environment
Facility (GEF) with sponsorship from countries including Australia, France, Germany, Sweden, Switzerland
and USA. The project was implemented between September 2000 and April 2003 with the intention that the
reports are presented to the first meeting of the Conference of the Parties of the Stockholm Convention
projected for 2003/4.

1.3. SCOPE OF THE REGIONAL ASSESSMENT
1.3.1. Introduction

For the purposes of the project, the Central American and Caribbean Region, denoted Region X, was defined
as consisting of the Greater Antilles, the eastern and southern islands of the Lesser Antilles, the Bahamas,
Belize, Colombia, Costa Rica, El Salvador, Guatemala, Guyana, Honduras, Nicaragua, Panama, Suriname,
and Venezuela. Puerto Rico and Grenada were not included within this region.

The Region is made up of the long, tapering isthmus that forms a bridge between North and South America
and includes the countries of Guatemala, Belize, El Salvador, Honduras, Nicaragua, Costa Rica and Panama;
the Greater and Lesser Antilles, that extend in an arc from near southern Florida to the coast of Venezuela
and forms a breakwater of 3200 km long against the Atlantic Ocean, separating it from the Caribbean Sea;
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and four of the northern most countries in South America, all of which have a Caribbean influence
(Colombia, Venezuela, Guyana and Suriname). The Region incorporates 23 countries, with an area of 3 190
000 sq. km and a population of 136 297 000 (Microsoft® Encarta® Online Encyclopedia 2001).

1.3.2. Scope of Central American Assessment

This is the first comprehensive Central American and Caribbean assessment on persistent toxic substances.
The preparation of this report has relied on data gathering of published material, preparation of country
reports by regional experts, presentation and discussion of these reports at Technical Workshops and a final
review and discussion at a three-day Regional Priority Setting Meeting held in Heredia, Costa Rica from
October 30 to November 1, 2002.

1.3.3. Interregional Links and Collaboration

The authors are grateful to Region IV for providing the standard set of definitions of the chemicals. In
addition, the drafts of UNEP Region II and III provided a useful guide.

1.4. CLIMATE

In general, the climate in Region X is tropical. All countries, with the exception of the northern part of the
Bahamas, lay between the Tropic of Cancer and the Equator. There is practically no real change in
temperature during the year, although in the higher areas (above 900 m or 3000 ft) the climate is considered
temperate. In the low areas (sea level to under 900 m or 3000 ft), the temperatures range from 22°C to 29°C
in January and from 23 °C to 34°C in July. Highland temperatures drop to an average of 14°C — 23°C and
below 0°C in the highest peaks (over 3000 m or 10000 ft) in Los Andes mountain range in Colombia and
Venezuela. In the highlands of Guatemala, the temperature may drop to -10°C.

Rainy and dry seasons follow each other. Depending on the position of the country in relation with trade
winds and on the location and topography, two patterns emerge: one with two rainy seasons and two dry
seasons, each three months on average; and one with a long rainy season and a relatively short dry season.
Precipitation varies by location and topography. In Central America, the Atlantic zone is considerably more
humid than the Pacific region, the annual rainfall volume reaching in some areas 6500 mm (250 in). With the
exception of Trinidad, the southern islands of the Lesser Antilles are shielded from the moist Atlantic air by
the eastern islands of the Lesser Antilles and have hot, dry climates. Solar heat is moderated by the cool
temperatures of the Atlantic Ocean and by the trade winds, which blow from the northeast throughout the
year. These winds are strongest between January and April, bringing cooler temperatures and showers from
far Atlantic. The weather is drier close to the ocean in the north of the South America, except in Suriname,
where the southern part receives more precipitation. The Pacific side of Colombia is more humid than the
Atlantic because of the barrier formed by the Andes mountain range.

1.5. POPULATION

The “mestizo” population (people of mixed heritage, usually Spanish and Native American) is the vast
majority in this Region, though the ethnic composition of the national populations varies greatly. The current
populations are a result of emigrants having arrived from Europe (Spanish, Dutch, English, French), slaves
brought in from Africa, indentured workers from Asia (China, India, Indonesia), mestizos, “mulattoes”
(mixture of Spanish and African) and in a small percentage, Native Americans that survived the Colonial
period. The Central and South American countries have a mestizo majority, while the islands of the
Caribbean are mostly of African descent. There are exceptional cases, such as Belize, where more than half
of the population is of black African heritage, and Guyana and Suriname, where the most important ethnic
group is of Indian descent.

1.6. ECONOMY

Agriculture was the basis of the economy of all the countries in the Region during a long time period. In
Venezuela, Guyana and Suriname, mining gained considerable importance. Tourism has been the main
economic activity since the 1970’s in a number of Caribbean islands. Nonetheless, most of the countries still
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depend heavily on agriculture. After the second half of the 20th century, various governments made efforts to
diversify production in order not to have to depend on only one or few products. Manufacturing industries
have flourished in the Region during the last few decades.

Agriculture. Since the first years of colonization, the Region became gradually transformed from forest into
farmland. Most of the export products that are cultivated today in large plantations such as sugarcane, coffee,
bananas and citrus fruits are not indigenous. Indigenous crops such as sweet potatoes, cassava or manioc,
beans, corn or maize and others, are for local consumption, planted by families in small plots all around the
countryside and on hillsides where the slaves were offered land after the abolition.

Neither forestry nor fishing represents a major activity in the Region, except in Venezuela, Jamaica, Guyana
and Suriname, where shrimp is an important product. In several countries firewood is still a significant
source of energy for the rural population.

Mining. Jamaica and Guyana are major bauxite producers. Nickel, emeralds, platinum, gold, copper and
diamonds are extracted. Colombia extracts one third of the world emeralds and has the largest platinum
deposits. Central American countries are not known for their mineral production. Mining has stimulated
mineral processing industries in a number of countries.

Manufacturing. Manufacturing industries the Region are diverse, including companies that refine
agricultural products or extracted minerals, companies that are componens of a transnational assembly line,
those that manufacture electronic devices, etc. Products manufactured in the Region either for local
consumption or for export include foods, furniture, cement, glass, textiles, soap, paint, tires, paper and
cardboard, fertilizers, insecticides, tobacco, iron and steel, aluminum and aluminum products, petroleum
derivatives, and wood products.

Foreign Trade. United States is the principal trading partner of the Region. Other important partners are
Canada, Mexico, and Western European and South American countries. Free Trade treaties between
countries within and outside the region are common.

Organizations such as the Central American Common Market (CACM) and the Association of Caribbean
States (ACS), both free-trade organizations, strive toward increasing economic integration and international
trade. CACM was founded 1960 and included all Central American countries except Belize and Panama. A
number of circumstances kept it from achieving its goal of trade liberalization and the establishment of a free-
trade area. Today, Central American countries are facing new tariff barriers as the result of the Caribbean
Basin Initiative (1984) and the North American Free Trade Agreement (NAFTA) (1994), these barriers
preventing them from increasing global trading patterns.

The Caribbean Community (CARICOM) has also established the Caribbean Single Market and Economy
(CSME) which enables the CARICOM Member States to coordinate trade and economic policy and
positions. Formulation and coordination of trade and economic policy is the primary responsibility of the
Council for Trade and Economic Development (COTED). Caribbean Free Trade Access (CARIFTA),
provides trade leads and listings for businesses in the region. CARIFTA provides trade brokerage service to
assist buyers and seller of products and services from the Caribbean.



1.7. GENERAL DEFINITIONS OF CHEMICALS
1.7.1. Introduction

The twelve Persistent Organic Pollutants (POPs) defined by the Stockholm Convention (2001) are included
in this assessment. These are: aldrin, endrin, dieldrin, chlordane, DDT, heptachlor, mirex, toxaphene,
hexachlorobenzene, PCBs, dioxins and furans. The UNEP assessment allows for adjustments to the list of
chemicals to be reported in the regional reports, based on regional priorities and available data. In addition to
the twelve substances selected under the Stockholm Convention, the following substances have been included
in this assessment: atrazine, endosulfan, pentachlorophenol, polybrominated diphenyl ethers, lindane, organic
mercury, organic lead, organic tin, polychlorinated phenols, polyaromatic hydrocarbons, short chain
chlorinated paraffins, phthalates, and octyl and nonyl phenols.

1.7.2. Pesticides
1.7.2.1. Aldrin

Chemical Name: 1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endo,exo-5,8-
dimethanonaphthalene (C;,HsClg).

CAS Number: 309-00-2

Properties: Solubility in water: 27 pg/L at 25°C; vapor pressure: 2.3 x 10° mm Hg at 20°C; log Kow: 5.17-
7.4.

Discovery/Uses: Aldrin has been manufactured commercially since 1950 and used worldwide up to the early
1970s to control soil pests such as corn rootworm, wireworms, rice water weevil, and grasshoppers. It has
also been used to protect wooden structures from termites.

Persistence/Fate: Readily metabolized to dieldrin by plants and animals. Biodegradation is slow. Aldrin
binds strongly to soil particles and is resistant to leaching into groundwater. It was classified as moderately
persistent with half-life in soil and surface waters ranging from 20 days to 1.6 years.

Toxicity: Aldrin is toxic to humans; the lethal dose for an adult has been estimated at about 80 mg/kg body
weight. The acute oral LDs, in laboratory animals is in the range of 33 mg/kg body weight for guinea pigs to
320 mg/kg body weight for hamsters. The toxicity of aldrin to aquatic organisms is variable, with aquatic
insects being the most sensitive group of invertebrates. The 96-h LCsy values range from 1-200 pg/L for
insects, and from 2.2-53 pg/L for fish. The maximum residue limits in food recommended by FAO/WHO
varies from 0.006 mg/kg milk fat to 0.2 mg/kg meat fat. Water quality criteria between 0.1 to 180 ug/L have
been published. Aldrin is not classifiable as to its carcinogenicity to humans because of inadequate or limited
data (IARC Group 3).

1.7.2.2. Dieldrin

Chemical Name: 1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydroexo-1,4-endo-5,8-
dimethanonaphthalene (C;,HsClcO).

CAS Number: 60-57-1

Properties: Solubility in water: 140 pg/L at 20°C; vapor pressure: 1.78 x 10-7 mm Hg at 20°C; log Kow:
3.69-6.2.Discovery/Uses: Dieldrin appeared in the market in 1948 and was used mainly for the control of
soil insects such as corn rootworms, wireworms and catworms.

Persistence/Fate: Dieldrin is highly persistent in soils, with a half-life of 3-4 years in temperate climates. It
bioconcentrates in organisms. The persistence in air has been estimated in 4-40 hrs.

Toxicity: The acute toxicity for fish is high (LCsy between 1.1 and 41 mg/L) and moderate for mammals
(LDsy in mouse and rat ranging from 40 to 70 mg/kg body weight). However, a daily administration of 0.6
mg/kg to rabbits adversely affected the survival rate. Aldrin and dieldrin mainly affect the central nervous
system but there is no direct evidence that they cause cancer in humans. The maximum residue limits in food
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recommended by FAO/WHO varies from 0.006 mg/kg milk fat and 0.2 mg/kg poultry fat. Water quality
criteria between 0.1 to 18 pg/L have been published. Dieldrin is not classifiable as to its carcinogenicity to
humans because of inadequate or limited data (IARC Group 3).

1.7.2.3. Endrin

Chemical Name: 3.,4,5,6,9,9-Hexachloro-1a,2,2a,3,6,6a,7,7a-octahydro-2,7:3,6-dimethanonaphth[2,3-
b]oxirene (C12H3C16O).

CAS Number: 72-20-8

Properties: Solubility in water: 220-260 pg/L at 25 °C; vapor pressure: 2.7 x 10-7 mm Hg at 25°C; log Kow:
3.21-5.34Discovery/Uses: Endrin has been used since 1950s against a wide range of agricultural pests,
mostly on cotton but also on rice, sugar cane, maize and other crops, and also as a rodenticide.

Persistence/Fate: Endrin is highly persistent in soil (half-lives of up to 12 years have been reported).
Bioconcentration factors of 14 to 18,000 have been recorded in fish after continuous exposure.

Toxicity: Endrin is highly toxic to fish, aquatic invertebrates and phytoplankton; the LCs, values are mostly
less than 1 pg/L. Acute toxicity is high in laboratory animals, with LDs, values of 3-43 mg/kg, and a dermal
LDsy of 5-20 mg/kg in rats. Long-term toxicity in the rat has been studied over two years; a NOEL of 0.05
mg/kg bw/day was determined. Endrin is not classifiable as to its carcinogenicity to humans because of
inadequate or limited data (IARC Group 3).

1.7.2.4. Chlordane
Chemical Name: 1,2,4,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene (C;,H¢Cls).
CAS Number: 57-74-9

Properties: Solubility in water: 56 pg/L at 25°C; vapor pressure: 0.98 x 10° mm Hg at 25 °C; log Kow:
4.58-5.57.

Discovery/Uses: Chlordane appeared in the market in 1945 and was used primarily as an insecticide for
control of cockroaches, ants, termites, and other household pests. Technical chlordane is a mixture of at least
120 compounds. Of these, 60-75% are chlordane isomers, the remainder being related to endo compounds
including heptachlor, nonachlor, diels-alder adduct of cyclopentadiene and
penta/hexa/octachlorocyclopentadienes.

Persistence/Fate: Chlordane is highly persistent in soils with a half-life of about 4 years. Its persistence and
high partition coefficient promotes binding to aquatic sediments and bioconcentration in organisms.

Toxicity: LCso from 0.4 mg/L (pink shrimp) to 90 mg/L (rainbow trout) have been reported for aquatic
organisms. The acute toxicity for mammals is moderate with an LDs, in rat of 200-590 mg/kg body weight
(19.1 mg/kg body weight for oxychlordane). The FAO/WHO maximum residue limits for chlordane in food
range between 0.002 mg/kg milk fat and 0.5 mg/kg poultry fat. Water quality criteria of 1.5 to 6 pg/L have
been published. Chlordane has been classified as a substance with evidence of endocrine disruption in an
intact organism. Chlordane is possibly carcinogenic to humans (IARC Group 2B).

1.7.2.5. Heptachlor
Chemical Name: 1,4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydro-4,7-methanoindene (C;,HsCl,).
CAS Number: 76-44-8

Properties: Solubility in water: 180 ug/L at 25°C; vapor pressure: 0.3 x 10 mm Hg at 20°C; log Kow: 4.4-
5.5.

Production/Uses: Heptachlor is used primarily against soil insects and termites, but also against cotton
insects, grasshoppers, and malaria mosquitoes. Heptachlor epoxide is a more stable breakdown product of
heptachlor.
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Persistence/Fate: Heptachlor is metabolized in soils, plants and animals to heptachlor epoxide, which is
more stable in biological systems and is carcinogenic. The half-life of heptachlor in soil is in temperate
regions 0.75 — 2 years. Its high partition coefficient provides the necessary conditions for bioconcentrating in
organisms.

Toxicity: The acute toxicity of heptachlor to mammals is moderate (LDso values between 40 and 119 mg/kg
have been published). Toxicity to aquatic organisms is higher; LCsy values down to 0.11 pg/L have been
found for pink shrimp. Limited information is available on the effects in humans. Heptachlor is possibly
carcinogenic to humans (IARC Group 2B). The maximum residue levels recommended by FAO/WHO are
between 0.006 mg/kg milk fat and 0.2 mg/kg meat or poultry fat.

1.7.2.6. Dichlorodiphenyltrichloroethane (DDT)
Chemical Name: 1,1,1-Trichloro-2,2-bis-(4-chlorophenyl)-ethane (C;4HyCls).
CAS Number: 50-29-3.

Properties: Solubility in water: 1.2-5.5 pg/L at 25°C; vapor pressure: 0.2 x 10° mm Hg at 20°C; log Kow:
6.19 for p,p’-DDT, 5.5 for p,p -DDD and 5.7 for p,p -DDE.

Discovery/Use: DDT was first used during World War II to control insects that spread diseases such as
malaria, dengue fever and typhus. It was subsequently widely used on a variety of agricultural crops. The
technical product is a mixture of about 85% p,p’-DDT and 15% o,p -DDT isomers.

Persistence/Fate: DDT is highly persistent in soils with a half-life of up to 15 years and of 7 days in air. It
also exhibits high bioconcentration factors (in the order of 50000 for fish and 500000 for bivalves). In the
environment, the product is metabolized mainly to DDD and DDE.

Toxicity: The lowest dietary concentration of DDT reported to cause egg shell thinning is 0.6 mg/kg for the
black duck. LCsq of 1.5 mg/L for largemouth bass and 56 mg/L for guppy have been reported. The acute
toxicity of DDT for mammals is moderate, with an LDsq in rat of 113-118 mg/kg body weight. DDT has an
estrogen-like activity and is possibly carcinogenic to humans (IARC Group 2B). The maximum residue level
in food recommended by WHO/FAO range from 0.02 mg/kg milk fat to 5 mg/kg meat fat. Maximum
permissible DDT residue levels in drinking water (WHO) is 1.0 pg/L.

1.7.2.7. Toxaphene
Chemical Name: Polychlorinated bornanes and camphenes (C;oH;¢Cls).

CAS Number: 8001-35-2

Properties: Solubility in water: 550 pg/L at 20°C; vapor pressure: 3.3 x 10° mm Hg at 25°C; log Kow :
3.23-5.50.

Discovery/Uses: Toxaphene has been in use since 1949 as nonsystemic insecticide with some acaricidal
activity, primarily on cotton, cereal grains fruits, nuts and vegetables. It was also used to control livestock
ectoparasites such as lice, flies, ticks, mange, and scab mites. The technical product is a complex mixture of
over 300 congeners, containing 67-69% chlorine by weight.

Persistence/Fate: Toxaphene has a half life in soil from 100 days up to 12 years. It has been shown to
bioconcentrate in aquatic organisms (BCF of 4247 in mosquito fish and 76000 in brook trout).

Toxicity: Toxaphene is highly toxic in fish, with 96-hour LCs, values in the range of 1.8 pg/L in rainbow
trout to 22 pug/L in bluegill. Long-term exposure to 0.5 pg/L reduced egg viability to zero. The acute oral
toxicity is in the range of 49 mg/kg body weight in dogs to 365 mg/kg in guinea pigs. In long term studies,
NOEL in rats is 0.35 mg/kg bw/day, LDs, ranging from 60 to 293 mg/kg bw. There is a strong evidence of
the potential for endocrine disruption. Toxaphene is carcinogenic in mice and rats, with a cancer potency
factor of 1.1 mg/kg/day for oral exposure. Toxaphene is possibly carcinogenic to humans (IARC Group 2B).



1.7.2.8. Mirex

Chemical Name: 1,1a,2,2,3,3a,4,5,5,5a,6-Dodecachlorooctahydro-1,3,4-metheno-1h-cyclobuta[cd]pentalene
(C1oCly2).

CAS Number: 2385-85-5
Properties: Solubility in water: 0.07 pg/L at 25°C; vapor pressure: 3 x 107 mm Hg at 25°C; log Kow: 5.28.

Discovery/Uses: The use in pesticide formulations started in the mid 1950s, largely focusing on the control
of ants. It is also a fire retardant for plastics, rubber, paint, paper and electrical goods. Technical grade
preparations of contain 95.19% mirex and 2.58% chlordecone, the rest being unspecified. Mirex is also used
to refer to bait comprising corncob grits, soybean oil, and mirex.

Persistence/Fate: Mirex is considered to be one of the most stable and persistent pesticides, with a half-life
is soils of up to 10 years. Bioconcentration factors of 2600 and 51400 have been observed in pink shrimp and
fathead minnows, respectively. Mirex is capable of undergoing long-range transport due to its volatility (VPL
=4.76 Pa; H =52 Pam® /mol).

Toxicity: The acute toxicity of Mirex for mammals is moderate with an LDs, in rat of 235 mg/kg and dermal
toxicity in rabbits of 80 mg/kg. Mirex is also toxic to fish and can affect their behavior (LCs,[96 h] from 0.2
to 30 mg/L for rainbow trout and bluegill, respectively). Delayed mortality of crustaceans occurred at 1 pg/L
exposure levels. There is evidence of potential for endocrine disruption and possible carcinogenic risk (IARC
Group 2B).

1.7.2.9. Hexachlorobenzene (HCB)

Chemical Name: Hexachlorobenzene (C¢Clg)

CAS Number: 118-74-1

Properties: Solubility in water: 50 pg/L at 20°C; vapor pressure: 1.09 x 10° mm Hg at 20°C; log Kow: 3.93-
6.42.

Discovery/Uses: HCB was first introduced in 1945 as fungicide for seed treatments of grain crops. It was
used for fireworks, ammunition and synthetic rubber. Today it is mainly a byproduct in the production of a
large number of chlorinated compounds, particularly lower chlorinated benzenes, solvents and several
pesticides. HCB is emitted to the atmosphere in flue gases generated by waste incineration facilities and
metallurgical industries.

Persistence/Fate: HCB has an estimated half-life in soils of 2.7-5.7 years and of 0.5-4.2 years in air. HCB
has a relatively high bioaccumulation potential and long half-life in biota.

Toxicity: LCsg for fish varies between 50 and 200 pg/L. The acute toxicity of HCB is low with LDs, values
of 3.5 mg/g for rats. Mild effects of the rat liver have been observed at a daily dose of 0.25 mg HCB/kg bw.
HCB is known to cause liver disease in humans (porphyria cutanea tarda) and has been classified as a
possible carcinogen to humans by IARC (Group 2B).

1.7.3. Industrial compounds
1.7.3.1. Polychlorinated biphenyls (PCBs)

Chemical Name: Polychlorinated biphenyls (C;,H1¢.n)Cl,, where n is within the range of 1-10).

CAS Number: Various (e.g. for Aroclor 1242, CAS No.: 53469-21-9; for Aroclor 1254, CAS No.: 11097-69-
1);

Properties: Water solubility decreases with increasing chlorination: 0.01 to 0.0001 ug/L at 25°C; vapor
pressure: 1.6-0.003 x 10° mm Hg at 20°C; log Kow: 4.3-8.26.




Discovery/Uses: PCBs were introduced in 1929 and were manufactured in different countries under various
trade names (e.g., Aroclor, Clophen, Phenoclor). They are chemically stable and heat resistant, and were used
worldwide as transformer and capacitor oils, hydraulic and heat exchange fluids, and lubricating and cutting
oils. Theoretically, a total of 209 possible chlorinated biphenyl congeners exist. About 130 are likely to occur
in commercial products.

Persistence/Fate: Most PCB congeners, particularly those lacking adjacent unsubstituted positions on the
biphenyl rings (e.g., 2,4,5-, 2,3,5- or 2,3,6-substituted on both rings) are extremely persistent in the
environment. They are estimated to have half-lives ranging from three weeks to two years in air and, with the
exception of mono- and dichlorobiphenyls, more than six years in aerobic soils and sediments. PCBs also
have extremely long half-lives in adult fish, for example, an eight-year study of eels found that the half-life of
CB153 was more than ten years.

Toxicity: LCs for the larval stages of rainbow trout is 0.32 pg/L with a NOEL of 0.01 pg/L. The acute
toxicity of PCB in mammals is generally low and LDs, values in rat of 1 g/kg bw. PCBs have been classified
as substances for which there is evidence of endocrine disruption in an intact organism. PCBs are
carcinogenic to laboratory animals and probably carcinogenic to humans (IARC Group 2A).

1.7.4. Unintended By-products
1.5.4.1. Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)

Chemical Name: PCDDs (Ci,H.1Cl,O,) and PCDFs (C;,H5.,C1,0) may contain between 1 and 8 chlorine
atoms. Dioxins and furans have 75 and 135 possible positional isomers, respectively.

CAS Number: Various (2,3,7,8-TetraCDD: 1746-01-6; 2,3,7,8-TetraCDF: 51207-31-9).

Properties: Solubility in water: in the range 0.43 — 0.0002 ng/L at 25°C; vapor pressure: 2 — 0.007 x 107
mm Hg at 20°C; log Kow: in the range 6.60 — 8.20 for tetra- to octa-substituted congeners.

Discovery/Uses: PCDDS and PCDFs are byproducts in the production of other chemicals and may be
formed in low-temperature combustion and incineration processes. They have no known use.

Persistence/Fate: PCDDs and PCDFs are characterized by their lipophilicity, semi-volatility, and resistance
to degradation (half life of TCDD in soil of 10-12 years) and to long-range transport. They are also known for
their ability to bio-concentrate and biomagnify under typical environmental conditions.

Toxicity: The toxicological effects reported refers to the 2,3,7,8-substituted compounds (17 congeners) that
are agonist for the AhR. All the 2,3,7,8-substituted PCDDs and PCDFs plus coplanar PCBs (with no chlorine
substitution at the ortho positions) show the same type of biological and toxic response. Possible effects
include dermal toxicity, immunotoxicity, reproductive effects and teratogenicity and endocrine disruption.
PCDDs and PCDFs are not classifiable as to carcinogenicity to humans because of inadequate or limited data
(IARC Group 3). The only known persistent effect associated with dioxin exposure in humans is chloracne.
The most sensitive groups are fetus and neonatal infants. Effects on the immune systems in the mouse have
been found at doses of 10 ng/kg bw/day, while reproductive effects were seen in rhesus monkeys at 1-2 ng/kg
bw/day. Biochemical effects have been seen in rats down to 0.1 ng/kg bw/day. In a re-evaluation of the TDI
for dioxins, furans (and planar PCB), the WHO decided to recommend a range of 1-4 TEQ pg/kg bw,
although more recently the acceptable intake value has been set monthly at 1-70 TEQ pg/kg bw.

1.7.5. Region-Specific Compounds
1.7.5.1. Atrazine
Chemical Name: 2-Chloro-4-(ethlamino)-6-(isopropylamino)-s-triazine (C10H6CIS).
CAS Number: 19-12-24-9

Properties: Solubility in water: 28 mg/L at 20°C; vapour pressure: 3.0 x 10-7 mm Hg at 20°C; log Kow:
2.34.



Discovery/Uses: Atrazine is a selective triazine herbicide used to control broadleaf and grassy weeds in corn,
sorghum, sugarcane, pineapple, christmas trees, and other crops, and in conifer reforestation plantings. It was
discovered and introduced in the late 50°s. Atrazine is still widely used today because it is economical and
effectively reduces crop losses due to weed interference.

Persistence/Fate: The chemical does not adsorb strongly to soil particles and has a lengthy half-life (60 to
>100 days). Atrazine has a high potential for groundwater contamination despite its moderate solubility in
water.

Toxicity: The oral LD50 for atrazine is 3090 mg/kg in rats, 1750 mg/kg in mice, 750 mg/kg in rabbits, and
1000 mg/kg in hamsters. The dermal LD50 in rabbits is 7500 mg/kg and greater than 3000 mg/kg in rats.
Atrazine is practically nontoxic to birds. The LD50 is greater than 2000 mg/kg in mallard ducks. Atrazine is
slightly toxic to fish and other aquatic life. Atrazine has a low level of bioaccumulation in fish. Available data
regarding atrazine's carcinogenic potential are inconclusive.

1.7.5.2. Hexachlorocyclohexanes (HCH)

Chemical Name: 1,2,3,4,5,6-Hexachlorocyclohexane (mixed isomers) (C¢HsCl).

CAS Number: 608-73-1 (y-HCH, lindane: 58-89-9).

Properties: y-HCH: solubility in water: 7 mg/L at 20°C; vapor pressure: 3.3 x 10° mm Hg at 20°C; log Kow:
3.8.

Discovery/Uses: There are two principle formulations: “technical HCH”, which is a mixture of various
isomers, including a-HCH (55-80%), B-HCH (5-14%) and y-HCH (8-15%), and “lindane”, which is
essentially pure y-HCH. Histori