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Foreword 

 

When the Land Based Sources of Marine Pollution (LBS) Protocol of the Cartagena 

Convention was adopted in Aruba in 1999, it confirmed the commitment of 

Governments of the Wider Caribbean Region to protect their fragile coastal and marine 

resources from land based sources of pollution.  The LBS Protocol committed regional 

Governments to develop and adopt Best Management Practices to reduce non-point 

sources of pollution, including from inappropriate agricultural practices. 

 

The GEF-Reducing Pesticides Runoff to the Caribbean Sea (REPCar) Project contributed 

directly to improving the quality of the coastal and marine environment of the Wider 

Caribbean, thus supporting the overall objective of the Cartagena Convention – the 

only regionally binding legal framework for the protection and sustainable development 

of the Caribbean Sea.  The successful testing of new and innovative practices by 

farmers for reducing the use and run-off of pesticides; the strengthening of national 

laboratory capacities to conduct environmental monitoring; and improvements in 

national institutional, legal and policy frameworks has now set the stage for those 

beneficiary countries to proceed with ratification and implementation of the LBS 

Protocol which entered into force in August 2010. 

 

The GEF-REPCar Project links agricultural activity and conservation of the environment 

in a geographic zone where the participation of agricultural production is a major 

contribution to the economy. This production also directly influences food security and 

the conservation of coastal ecosystems which are important to the social and economic 

development of the Caribbean. From the intense inter-institutional work done to 

connect official environmental and agricultural institutions with research institutions, 

farmers associations and private sector companies, the project demonstrated that 

simultaneous benefits for the farming industry and the environment can be generated. 

 

Likewise, by promoting and strengthening the links between research centres and 

farmers it was demonstrated through projects on Good Agricultural Practices that it 

was possible to introduce new techniques to which the farmers were previously 

resistant to adopt. In this way, the feasibility of Good Agricultural Practices was 

confirmed and these projects became the means through which dissemination and 

training programmes continued after project closure. 

 

Parallel to the challenges undertaken and the work done, it is important to highlight 

the high quality work of persons who collaborated with the project and made the work 

gratifying. With their motivation and commitment to environmental protection and 

sustainable development as common denominators, this group of persons from 

different countries, with different background and experiences, as well as different 

perspectives, has definitely enriched the discussions and the decision-making process, 

thus positively influencing the successes achieved under the GEF-REPCar Project. 
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Preface 

 

The Colombia Costa Rica and Nicaragua GEF Project: Reducing Pesticide Runoff to the 

Caribbean Sea (REPCar) is an agro-environmental initiative particularly aimed at 

mitigating the degradation of the coastal and marine environment in the Wider 

Caribbean Region caused by pesticides in agriculture. REPCar is funded by the Global 

Environment Facility (GEF) and is under the Chemicals and International Waters focal 

area strategies.  GEF-REPCar’s execution is coordinated by the United National 

Environment Programme Regional Coordination Unit for the Caribbean (UNEP-

CAR/RCU).  The Cartagena Convention for the Protection and Development of the 

Marine Environment of the Wider Caribbean Region, and specifically the Protocol 

Concerning Pollution from Land-Based Sources and Activities (LBS), serves as the 

framework for this project. 

 

During project execution, the participating countries received assistance for the 

development and implementation of good management practices and specific 

measures to control pesticide use in agriculture. Parallel work included the acquisition 

of reliable data on the use of pesticides and their impact on the environment.  The 

GEF-REPCar initiative was based on four components, where each country undertook 

activities according to their actual needs and priorities. 

 

The pesticide residue monitoring component was the responsibility of specialised 

research centres which designed and implemented a monitoring plan to produce a 

baseline for the presence of pesticide residues in coastal environments in the south-

western Caribbean. The development and validation of new agricultural practices using 

less pesticides were the foundation of the second component.  For the execution of 

this component, a series of crops and specific areas were prioritized, lead agencies 

committed to sustainable production were selected, and small growers received 

assistance. The training and outreach component was fundamental to ensure the 

implementation of new practices among a large number of growers and to share and 

disseminate project outcomes. Work also included promoting the implementation of 

national legal frameworks and the introduction of voluntary environmental certification 

systems for agricultural production at the national level. 

 

Project coordination was the responsibility of each Ministry of Environment working 

together with their respective Ministry of Agriculture. The needs and priorities identified 

at the beginning of the project were analysed and discussed within the National 

Coordination Committees (NCC), which brings together pesticide management 

stakeholders including growers’ associations, ministries, agrochemicals distributors, 

NGOs, environmental research centres and universities. 

 

This publication summarises the overall results and lessons learned from the GEF-

REPCar project regionally. For the reader who wants to have a quick appraisal of the 

project, reading the final chapter on Conclusions and Recommendations is 

recommended.
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1. Introduction  

Agriculture is of utmost economic importance for the south-western Meso-American 

Caribbean, especially Colombia, Costa Rica and Nicaragua, where monoculture is 

intensive.  Subsistence agriculture is also quite common, where small growers produce 

crops such as grains and vegetables for auto-consumption.  

In 2009, the harvested area for permanent and temporary crops in Colombia exceeded 

3,967,594 ha (MADR 2009).  The harvested area in Costa Rica was 472,221 ha (SEPSA 

2010) and approximately 800,000 ha in Nicaragua (MAG-FOR 2010). The contribution 

of the farming sector (agriculture, forestry and fisheries) to the Gross Domestic 

Product (GDP) of Colombia in 2009 was 8.5% (MADR 2010); 6.7% for Costa Rica 

(SEPSA 2010); and 19.8% for Nicaragua (ECLAC 2010). 

Since the green revolution, the use of pesticides for the control of insects, 

fungi, bacteria and weeds has intensified to the point where, currently, the 

productivity of global harvests depend on the application of phytosanitary 

products to a large extent. Although very useful, these products are also a hazard 

to the environment and human health. The Caribbean region has been no exception, 

and high production indices basically result from the ongoing and sustained use of 

agrochemicals, as reflected in the importation figures (commercial volumes) of these 

products between 2004 and 2009. An overall rising trend is seen in Colombia and 

Costa Rica over these years (Fig. 1), while Nicaragua shows a significant reduction 

over two periods (2006 and 2008).  

Figure 1.  Yearly pesticide imports into Colombia, Costa Rica and Nicaragua (tons of 

active ingredients of Fungicides (blue), Herbicides (red) and Insecticides (green)) 

for the 2004-2009 period. 

A thriving agrochemicals industry in Colombia includes the synthesization of active 

ingredients and pesticides formulation, but in order to do this, the importation of raw 

materials is necessary. Costa Rica and Nicaragua only have a formulation industry.  

The statistics of Fig.1 reflect overall imports and not national consumption. Imported 

or locally-produced agrochemicals, like in Colombia, may be consumed locally or 

formulated for export to countries in the region. In Costa Rica, Ramírez (2009) 

estimated that pesticide exports represented 20 to 25% of the total products imported. 

Fungicides are the most imported pesticide-type into Colombia and Costa 

Rica, followed by herbicides and insecticides. National reports indicate that Mancozeb, 



used by growers to combat fungi on multiple crops, is the most imported pesticide into 

these two countries.  Herbicides are most commonly imported into Nicaragua, 

followed by fungicides and insecticides.  The most demanded active ingredient is the 

2.4-D herbicide.   

High levels of agrochemicals application in agriculture can cause severe soil 

and water contamination, mostly due to surface runoff and percolation into ground 

water, which eventually reaches coastal areas.  The presence of these 

contaminants alters coastal and marine ecosystems and jeopardizes the 

economies of countries that heavily rely on tourism and fisheries.  Marine 

ecosystems, especially coral reefs, are extremely fragile and susceptible to 

contamination from toxic substances, to changes in temperature and acidity, and to 

reductions in dissolved oxygen levels. Needless to mention, these ecosystems are very 

attractive for fishing and underwater tourism, and they function as natural barriers that 

protect the land from tide surges. At the same time contribute to the formation of 

beautiful white-sand beaches. 

According to a study by the World Resources Institute (2005), almost two thirds of the 

coral reefs in the Caribbean region are directly threatened by human activity, and 

economic losses are estimated to be between US$350 and US$870 million per year.  

Continuous discharges of sediment, nutrients and toxic substances into water bodies 

foster the development of algae and pathogens, reduce light penetration, inhibit 

photosynthesis, accelerate decomposition and consume dissolved oxygen, turning 

these waters into a hypoxic habitat, not very suitable for the species that live there. 

Sedimentation in rivers and oceans is usually related to deforestation, agricultural 

expansion, cattle grazing or unplanned urban growth, gradually displacing natural 

ecosystems. Additionally, atmospheric phenomena like hurricanes have negative or 

even devastating effects on these resources. 

In this context, the GEF-REPCar project 

sought to reduce the impacts of intensive 

agricultural activity in the Caribbean region 

that threaten our ecosystems, by 

implementing good agricultural practices in 

each of the countries involved.  The GEF-

REPCar initiative was based on four inter-

related thematic areas in which each country 

developed activities according to its needs 

and priorities: 

Pesticide Residues Monitoring 

Under this component, Colombia, Costa Rica 

and Nicaragua established a baseline with 

information on pesticide residues in coastal areas for the 2008–2010 period.  With the 

support of GEF-REPCar, the countries were able to strengthen their analytic capacity to 

detect more pesticide molecules and share and validate analytical methodologies.  To 



add to this component, statistics on apparent agrochemicals consumption (importation 

and/or production) were updated in each country up to 2009. This information is of 

very high interest to the countries as it evidences the elevated importations of 

agricultural inputs and obligates players to take stronger measures to regulate usage. 

 

Development and Validation of Innovative Agricultural Practices to 

Reduce Pesticides Use  

Within this framework, a series of demonstration projects that validated new 

technologies related to the phytosanitary management of different crops (rice, 

bananas, beans, oil palm, pineapple, plantain) were executed with the expectation of a 

substantial reduction in pesticide runoff to coastal areas. This component also included 

quantification of environmental, social and economic impacts resulting from changes in 

traditional agricultural practices.  

 

Training and Outreach 

Diverse training and awareness programmes were developed for growers, agricultural 

technicians and owners of agrochemicals distribution centres, and focused on good 

agricultural practices, integrated pest management and adequate pesticide use and 

handling.  The results from executing theses components were shared through training 

sessions and lessons learned workshops with local farmers, as well as through national 

and regional scientific and awareness raising events. Printed materials were distributed 

at these events and electronic versions of same are also available on the project’s web 

site.  

 

Incentives, Legal Frameworks and Control 

 

The GEF-REPCar participating countries have important pesticide-related legal 

frameworks but limited enforcement mechanisms. The project supported the 

compilation and dissemination of existing legislation and encouraged national GAP crop 

certification programmes at the national level. 

 



 
2. Impact of pesticides-use on the quality of coastal waters 

 

To identify and quantify the presence of traces of pesticides in the Caribbean 

coastal waters of Colombia, Costa Rica and Nicaragua, a coastal monitoring 

programme was developed and 7 sampling campaigns were scheduled for the 

2008-2010 period with samples coming from 64 locations (Figure 2).  The 

campaigns included the rainy and dry seasons. 

 
Figure 2.  Distribution of sampling stations of the coastal monitoring programme for 

2008-2010  

During the monitoring process, samples of water and sediment were collected 

and analysed. Additionally, samples of oysters were collected to determine the 

presence of pesticides in their tissue and passive samplers were used at some 

of the points of interest. 

A specific group of pesticides (active ingredients) and their metabolites were 

monitored during this study, using the most applied phytosanitary products in 

the three countries as its basis, with the exception of Glyphosate, Paraquat and 

Mancozeb.  These were excluded since some of them degrade rapidly in the 

environment or require a very complex analytical procedure for their detection 

and quantification, rendering their quantification difficult.  In total, 41 compounds 

were selected for monitoring. 
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The coastal monitoring programme 

was executed by centres of 

excellence in environmental studies 

in the region:  the Institute of Marine 

and Coastal Research of Colombia 

(INVEMAR), the Centre for the 

Research in Environmental Pollution 

and the Centre for Marine and 

Limnology Research of the University 

of Costa Rica (CICA-CIMAR/UCR), 

and Aquatic Resources Research Centre at the National Autonomous 

University of Nicaragua (CIRA/UNAN).  These Centres, complemented by 

external experts, constituted the advisory panel which guided the programme in 

all technical and scientific aspects, including the design of the monitoring 

programme and activities for strengthening the analytic capacities of the 

participating institutes. 

 

2.1 Detection and quantification of pesticides in the coastal environment of 

the region 

 

In the water samples analysed, only 1.9% of the total number of tests for 

different pesticides showed quantifiable concentrations, while the presence of 

residues was not detected in 95.3% of the cases (Figure 3A).  The behaviour in 

sediments was very similar; 93.1% did not show the presence of pesticides and 

only 3.8% showed quantifiable values (Figure 3B). 

  

Figure 3.  Distribution of analytical results according to detection level in water 

(A) and sediment (B) samples collected at all stations in Colombia, Costa Rica 

and Nicaragua. Quantifiable levels (VALUE), not quantifiable more than the limit 

of detection and less than the limit of quantification (TRACE), below the limit of 

detection (<LD), not detected (ND). 

 

 



In water samples collected, 28 molecules could be quantified along the 

Caribbean coast of Colombia, Costa Rica and Nicaragua. The pesticides most 

frequently found were: Dieldrin, Lindane, Endosulfan I and Diuron (Figure 4). 

 



 
Figure 4.  Distribution of analytical results according to detection level for pesticide compounds in water samples collected at all sampling 

stations in Colombia, Costa Rica and Nicaragua. Quantifiable levels (VALUE), not quantifiable above the limit of detection and less than the 

limit of quantification (TRACE), below the limit of detection (<LD), not detected (ND). 
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In the case of sediments, which by their physical-chemical characteristics attract 

more pesticides, 31 molecules were quantified. The pesticides found more 

frequently above their respective quantification limits were Chlorpyrifos, 

Lindane, and Endosulfan and their metabolites (Figure 5).  In addition to what 

was considered in figures 4 and 5, the presence of other pesticides was 

assessed based on the interest of each country. Only Fenbuconazole and 

Triadimefon showed values in water; and Cypermethrine, Fenbuconazole and 

Difeconazole and some organophosphates in sediments.  

 



 
Figure 5. Distribution of analytical results according to detection level for pesticide compounds in sediment samples collected at all 

sampling stations in Colombia, Costa Rica and Nicaragua. Quantifiable levels (VALUE), not quantifiable above the limit of detection and 

less than the limit of quantification (TRACE), below the limit of detection (<LD), not detected (ND). 
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A high percentage of the pesticides detected in water and sediment samples 

were persistent organic pollutants (POPs), such as Heptachlor, the group of 

chlorines or the metabolites of DDT, among others.  Their use has been 

prohibited in the region since the ’70s and ’80s. Despite this and due to their 

persistent nature they can still be detected in environmental samples.  Lindane 

and Endosulfan, which were also found during the regional monitoring, were 

recently included in Annex A of the Stockholm Convention, hence, the countries 

which still apply them are preparing to use substitute their use. 

There are no reference values for specific pesticides in the region, therefore the 

SQuiRTs manuals (Buchman, 2008) prepared by the NOAA (National Oceanic 

and Atmospheric Administration, of the USA) are used to carry out the 

evaluation of the results These manuals are based on information from the 

US EPA (US Environmental Protection Agency), and regulations from other 

countries such as Canada and the Netherlands.  The limits indicate different 

levels of protection for aquatic life. 

Most of the concentrations of pesticides detected in waters were relatively 

low. Higher values were observed for products that are currently found on the 

market, namely Endosulfan I, Chlorpyrifos or Diuron, although significant 

concentrations of Lindane and Dieldrin (POPs) were also found.  In the majority 

of the cases, they did not exceed the reference values of the SQuiRTs manuals.  

The availability of reference values for specific pesticides is less in sediment 

than in water, and only information for POPs is reported. It is important to point 

out that many of the POPs found exceeded the PEL limit (probable effects limit 

on aquatic organisms) established in the SQuiRTs manuals. 

In the oyster samples analysed in Nicaragua, no pesticides residues were 

reported.  However, practically the same compounds found in water and 

sediment were detected, as well as some others, were detected in the passive 

samplers that were used in Costa Rica.  

It was observed that the results 

obtained were influenced by 

meteorological phenomena such as 

“El Nino” in 2009 and “La Nina” in 

2010. The reduction or the increase 

in the intensity of rains can cause 

extreme situations, such as the 

runoff of pesticides residue from the 

upper parts of watersheds 

(agricultural fields) to the coastal 

marine area. The processes of dilution in the rivers also alter the levels found. 

The presence of pesticide residues in multiple points along the coastal zone 

indicates run-off from the agricultural field to marine ecosystems. The frequency 



and low concentrations of some of the molecules detected clearly do not pose 

immediate danger to health or the environment, but is a warning that should be 

heeded. 

Some of the pesticides that were detected are part of the phytosanitary 

management practices applied in monocultures such as pineapple, banana, 

plantain or oil palm.  These are also used on many other crops which form part 

of the production basket of small producers. Both the large and the small 

farmers do not always have the knowledge and the appropriate technology, 

which allow them to carry out adequate crop management practices, therefore 

the effects of their practices can affect the quality of the coastal marine 

environment.  The metabolites of DDT found can also be related to the DDT 

used in the past to control vector diseases like malaria. 

The monitoring programme was 

instrumental in improving the 

technical capacities of the 

participating institutions. The 

baseline generated very useful 

information, for each of the 

countries, on the types and 

concentrations of pesticides in their 

coastal waters, but it is only the 

beginning of a medium- to long-term 

work.  Based on the results obtained 

to date, it is recommended that 

economic resources be allocated to 

provide continuity to the monitoring 

of pesticide residues in water bodies 

of the region, as well as extend the 

study to other areas at risk. To 

achieve this objective, it is important 

to continue strengthening the 

cooperation frameworks between the private sector, represented by the 

producers and users of agrochemicals products, as well as environmental 

research institutes and governments. 

The monitoring results were reported to the stakeholders involved in the 

pesticides chain in each country and were discussed at length by GEF-

REPCar’s National Coordination Committees.  The public and private sectors 

participated actively on these committees.  The information generated is an 

important input for the development of new policies and for improving the 

practices in the field. 



Colombia, Costa Rica and Nicaragua are committed to the protection of the 

environment and marine resources, and national efforts are being carried out to 

extend the pesticides reduction initiative to other crops, as well as provide 

continuity to the coastal monitoring programme which GEF-REPCar initiated. 



 
3. Innovations in the agricultural sector to reduce the use of pesticides: 

Demonstration Projects on Good Agricultural Practices 

 

3.1 Introduction 

 

The present market requirements for 

agricultural products have 

encouraged the development of new 

technologies at the national and 

international levels aimed at a more 

sustainable agricultural production, 

where the quality and the safety of 

the produce, the protection of the 

worker in the field and the 

environment are guaranteed. This 

improvement to the traditional production systems known as “good agricultural 

practices – GAP”, is well used in international markets and is consistent with the 

objectives of the GEF-REPCar Project. The Project focused much of its efforts 

on the introduction and promotion of GAP, combining integrated pest 

management practices with the reduced use of agricultural pesticides. 

Due to the risk involved in carrying out a change in the method of production, 

good agricultural practices adopted by the producers vary. The farmers must 

secure their harvest, and the use of agrochemicals in a preventative way has 

been one of their allies, especially in intensive cultivation.  The uncertainty of 

production cost is a barrier to the implementation of integrated management 

practices with a reduction in the use of synthetic pesticides. These factors make 

it difficult for the farmers to implement the recommendations made by the 

research centres. There are also the experiences of farmers in alternative 

management practices, which are very valuable and must be taken into account 

when proposing practical alternatives for the control of pests.  In many cases, 

these experiences have not been formally evaluated, making their promotion 

and adoption by a larger group of producers difficult. 

GEF-REPCar’s demonstration projects were instrumental in closing the gap 

between advances in research and their application at the commercial level, 

through the implementation and evaluation of innovative management practices 

to reduce the use of pesticides on farms. The practices assessed are good 

agricultural practices and best management practices for pesticides. At the first 

stage, the National Coordination Committees of the GEF-REPCar project 

carried out a prioritization of the crops being studied, based on the pesticides 

application indices and their proximity to the coastal areas.  The implementing 

agencies for the demonstration projects were selected, and links with the 
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