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EXECUTIVE SUMMARY
Introduction
The Guatemala Ministry of Environment and Natural Resources (Ministerio de Ambiente
y Recursos Naturales/MARN) requested the assistance of the Netherlands – in the form
of the DRR-Team facility - to advise on the severe water pollution, specifically in the
catchment area of de river Las Vacas, the tributary waters of the river Motagua, with a
focus on solid waste pollution and sewage water treatment. The Rio Las Vacas and
Motagua are putting tremendous environmental pressure on various urban zones in
Guatemala City, surrounding and downstream municipalities, in addition to identified
health concerns for the general population. The river Motagua dispatches in the
Caribbean Sea. A large amount of the pollution flows to the coastline of Honduras,
causing political tensions.
Additionally the DRR-Team was requested to look into erosion related risks as well.
MARN would like the DRR-Team project to focus on advising the ministry by setting up
a baseline study on the pollution of the rivers Las Vacas and Motagua. They would like
to use this baseline study as input for an integrated water resources plan to amongst
others improve the water quality. (Parts) of the report might be used for the UNDP
Transboundary Water Management Plan between Guatemala and Honduras for the Rio
Motagua. MARN’s interpretation of a baseline study implies conducting an assessment
of the current situation with a special focus on information (available, accessible and
required). Based on this baseline study MARN will know which information (critical/
essential components) they will still need to start gathering to work towards a successful
integrated water and waste management plan for the Las Vacas watershed.

Main results
Guatemala has indexes for waste water effluent and drinking water, but for the water
quality of surface water no index exists. Without such an index, recommendations about
relevant information are challenging, as there is no comparison material. On the one
hand, information is needed to establish an index, but without any type of standard
which data to collect or measure becomes a great unknown.
Therefore the team started discussions about the objectives Guatemala has regarding
the use of their surface waters (for example use for: drinking water, swimming water,
irrigation, certain ecological or touristic values etc.): if you know how you would like to
use it, you know wat kind of water quality is needed and you know what to measure.
However, Guatemala is still at the early stages regarding these discussions, there is no
clear image yet on how they would like to use their waters.
One thing however became very clear during the discussions: the river should no longer
pose a health threat. Therefore the team conducted an analysis into the way the river
can potentially pose a threat (chapter 3). The identified health risks of importance1 are:

1
3
5
1

health and safety
exposure to sewage water
other exposures to superficial water
erosion (landslides)

probability

effect

risk

Readers interested in the risks classified as ‘insignificant’ or ‘medium’ are referred to chapter 3.
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6
7
8
9

contamination of water wells
vector borne diseases
respiratory problems through
inhalation
exposure to direct contact with solid
waste
insignificant
medium
important

Conclusions and recommendations on data collection should be interpreted as
additional information required to identify solutions reducing the identified health risks. If
in the future the water quality improves and other objectives like tourism or ecology will
become more important, additional information will be needed.
Throughout the mission, it became clear that there is quite a lot of data available, but it
is isolated within the various ministries (or other entities) and is not effectively shared
nor analyzed to be useful for policy development. This lack of transparency challenges
effective collaboration. Additionally, most of the available information has never been
collected or analyzed with objectives similar to the ones of the DRR mission. Because of
this, suitability for the required analyses is limited. To make progress in improving the
situation regarding the pollution of the río Las Vacas, additional efforts in obtaining
information for justified decision-making are much needed.
In relation to the three main topics of interest, the following conclusions and
recommendations are presented:
Solid Waste
The quality and availability of data on solid waste is very limited. The information
available shows unrealistic high production rates. It appears that the figures are based
on rough estimates without using clear definitions of the types of waste. Inadequacies
are present in the case of the figures on waste composition, figures on households
serviced by waste collection and volumes reported to be delivered at the dumpsite. The
visits of the team barely produced useful information on the financial side of waste
management in the three cities and of the Zona 3 dumpsite.
The team suggests to set up a broad diagnostic study of the current situation in the Rio
Las Vacas basin and in Guatemala as a whole. The study must provide factual and
quantitative information that can serve as a broadly accepted basis for setting up new
SWM policies and planning. The study should comprise:
Investigation of:
▪
the generation and composition of waste per type and per origin.
▪
the current destination of this waste.
▪
the current situation for each municipality with regards to collection, city
cleaning, recycling, end-treatment, organization, costs and revenues and the
position of public, private and informal operators.
Description of the situation at the Zona 3 dumpsite:
▪
waste volumes
▪
pedological, (geo) hydrological and geological characteristics of the dumpsite
and surrounding areas.
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▪
▪
▪
▪
▪

operations of the site, including standardized processes
organizational structure
formal and informal workforce
equipment
exact info on the legal status of the dumpsite

Water Quality
In general, the type of measurements used are basic but sufficient, but the amount of
measurements are clearly insufficient and lack a structural approach. To be really useful
a measurement program should be designed to obtain data required for monitoring the
water quality in the entire Las Vacas watershed and these and other measurements
could be related to specific goals also (like monitoring trends or the design and
localization of treatment plants).
The observed results from both the laboratory analysis and the handheld probes show
credible values. It is not clear how quality control is realized (what values are from
certified procedures or if field probe results are controlled). It is clear that Guatemala has
laboratories and staff capable of realizing all necessary analysis for physical, chemical
and bacteriological water quality parameters. As far as we have seen, there is no staff
with experience with biological water quality analysis.
Collecting data starts with considering the data’s specific usage or application. For the
design of treatment plants, different data is required than for assessing health risks. An
important first step would be to develop a national water policy with clear objectives for
uses and related quality parameters. This must be a national policy with international
aspects since water does not stop at borders.
The most well-known risk to human health are coliforms, because they cause diarrhea
which leads to serious health issues (dehydration) and even death. These levels have
proven to be high for the main rivers, but the risk levels in the small tributaries are not
well known. So also smaller flows should be monitored on a regular base. The
monitoring of coliforms can be used to localize all effluent discharges of waste water into
the surface water. Discharges should be quantified in order to develop a solution.
Although coliforms are the main general health threat, during the monitoring also other
basic parameters like oxygen, BOD/COD, pH, nutrients and pollutants could be
measured. In order to define what parameters to measure in the smaller streams a
measurement plan should start with analyzing the results of measurements of many
parameters downstream. In a second phase more upstream, only the streams with high
levels of a certain parameter are included, and so on.
During the field trips several apparently clean sources have been found. This water is
used for different purposes, most including direct humane contact and probably
consumption. The quality of these waters should also be assessed. Coliforms are the
most important, but also pollutants and nutrients should be assessed, especially if there
are possible sources upstream or in the infiltration zones. The parameters to measure
depend again on the proposed use of the water and the possible sources.
Biological indexes of surface water can probably be used for lateral streams to provide a
quick indication of quality. Easy to use guides for these species exist and limited
equipment or logistics are required, so application is feasible also in the conditions as
found in Guatemala. Especially the BMWP (Biological Monitoring Working Party) has
been used increasingly in Central and South America.
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Erosion
At this moment the monitoring/ data gathering regarding landslides and erosion does not
focus on the specific causes and early identification of potential problem areas. It can
therefore be concluded that information gathering is not focused on risk identification,
analyses and reduction at this moment. For reducing risks the currently provided
information and its quality is insufficient.
To extend the information available (or provided) at this moment in order to be better
equipped to reduce the risks related to landslides and erosion, we recommend to extend
the available inventory of landslide locations with interpretations of the causes.
We also suggest conducting a GIS (Geographical Information System) analysis to
identify zones of high risks for erosions and landslides and use this information in urban
planning practices. The information needed for the analysis should include amongst
others: slope maps, soil type maps, geological maps, land use maps, maps with
locations of infrastructure (like big structures, roads, bridges, outlets etcetera (features
that can cause erosion and instabilities if not designed well)), maps with locations of
river material extractions, maps with risk zones already known by local(s) (experts)
etcetera.
We recommend obtaining and using satellite images of past and current situations in
combination with land use maps to identify zones with rapid growth of paved surfaces
and deforestation (especially near risk zones). In these areas measures should be
implemented to reduce increase of discharges by formal and informal drainage and
overland flow.
At the moment of the visit, the origin and volumes of the majority of the sediments in the
Rio Las Vacas are unknown. To be able to reduce erosion and determine intervention
points, a better understanding of the origination points of the erosion are essential. It is
recommended to trace the origin of most sediments by monitoring sediment
concentrations in the various tributaries.
Additional
Besides the above recommendations related to the scope also general
recommendations, not necessarily related to the scope, have been made. These are
divided into the three technical themes and the socio-economical and financial situation
regarding these themes. A few we would like to highlight below.
In order to reach objectives for improvement in water quality and waste and water
management in upcoming decades, Guatemala will need to find a way to match costs
with contributions from the general public and the private sector. These are politically
unpopular actions, but are necessary to book any progress in upcoming years. First
steps have been made by the introduction of legislation, mandating all communities to
provide in their own wastewater treatment needs. However, how this needs to be done
technically and financially has been left unaddressed. As municipalities are unable or
unwilling to force their residents to pay higher taxes, it may be considered to establish
the proper tax level on the national level for a number of years. It will carry more weight
and citizens will be more likely to accept and comply.
Institutional strengthening and development of capacity at the various levels of
government is needed with a particular emphasis on urban municipalities. Additional
technical capacity will provide better proposals for improved water management
strategies, which can then be considered for internal or external funding.
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The management of Vertedero 3 needs to be the concern of all municipalities involved,
with regards to shared contributions by all stakeholders and a revision of user / dumping
fees that more accurately reflect the costs of operating the waste site. These costs
should also include environmental costs of inaction.
Public investments in water-related infrastructure needs to be increased to include
funding of drinking water and wastewater treatment facilities and services. Any
infrastructure to be developed and implemented needs to reflect permanent increases in
future budgets for Operations and Maintenance.
Finally, the Guatemalan government needs to consider the possibilities for alternative
financing, not just by focusing on the multilateral institutions, but also the NGOs and
private sector, which have demonstrated to be very engaged in the water quality and
water management topic. They can prove to be important partners for the government
moving forward.
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1

BACKGROUND

1.1

General introduction to the problem

An official request for support from the Dutch Risk Reduction-Team (DRR-Team) was sent on
July 7, 2017 to the Dutch Government from the Ministry of Environment and Natural Resources.
The Guatemala Ministry of Environment and Natural Resources (Ministerio de Ambiente y
Recursos Naturales/MARN) requested the assistance of the DRR-Team facility to advise on the
severe water pollution, specifically in the catchment area of de river Las Vacas, the tributary
waters of the river Motagua, with a focus on solid waste pollution and sewage water treatment.
The Rio Las Vacas and Motagua are putting tremendous environmental pressure on various
urban zones in Guatemala City, surrounding and downstream municipalities, in addition to
identified health concerns for the general population. The river Motagua dispatches into the
Caribbean Sea. A large amount of the pollution flows to the coastline of Honduras, causing
political tensions.
To give some context the following general background information is provided:
 Environmental issues in Guatemala are critical because of the country’s vast natural
resources. Guatemala is one of the most ecologically diverse nations on the planet, but is
also considered one of the most vulnerable countries to the impacts of climate change.
These effects will disproportionately affect rural indigenous farmers and will exacerbate
poor land management practices.
 Only 5% of generated waste water is treated in Guatemala, whilst the rest is discharged
untreated into surface streams or bodies of water, hindering subsequent uses. In the
municipality of Guatemala City, >95% of waste water discharge is not treated.
 In addition to wastewater considerations, Guatemala has expressed concerns about
interactions between solid waste and the river. Solid waste is a major concern and without
proper management solid waste ends up in the river exacerbating existing water quality
concerns. In addition, various landfills are located near the river and without proper lining
or maintenance the landfill (potentially) leaks into the groundwater and eventually into the
river.
 Guatemala has been suffering from an extended drought period, which started in 2012
and is ongoing still in 2017. Drought conditions further deteriorate overall river water due
to lower flushing capacity and residual waste – solid and liquid – accumulating in
contamination hotspots. This increases health concerns - increased risk of chronic
diarrhea and subsequent dehydration and malnourishment, particularly in children.
 About 40% of water used in irrigation returns to the rivers in the form of run-off, causing
additional negative impacts on the water quality.
 Contamination of the water sources (surface and ground water) is an important factor
jeopardizing water availability and water quality. The scope and depth of the problem on
country level is unknown, as systemized data is not available.
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The mission aims to contribute to an increased understanding regarding the scope and depth of
the challenges and advise on required components of a baseline study into water quality and how
to go about obtaining this information and increase overall understanding.
Figure 1 gives an overview of the problem Guatemala is dealing with and to which the DRR
mission contributes.

Figure 1: Context of the project: http://www.prensalibre.com/guatemala/comunitario/contaminacion-de-riomotagua-origina-reclamo-de-honduras

2

2.1

DRR-TEAM MISSION

Introduction

An official request for support from the Dutch Risk Reduction-Team (DRR-Team) was sent on
July 7, 2017 to the Dutch Government from the Ministry of Environment and Natural Resources.
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MARN requested the assistance of the DRR-Team facility to advice on the severe water pollution,
specifically in the catchment area of the river Las Vacas, with a focus on solid waste pollution and
sewage water treatment. MARN would like the DRR-Team project to focus on advising the
ministry by setting up the framework for a baseline study on the pollution of the rivers Las Vacas
and Motagua. They would like to use this baseline study as input for an integrated water
resources plan to amongst others improve the water quality. (Parts) of the report might be used
for the UNDP Transboundary Water Management Plan between Guatemala and Honduras for the
Rio Motagua (see Annex C).
With a baseline study MARN means an assessment of the current situation with a specific focus
on information. Based on this baseline study MARN will know which information still needs to be
collected before working towards an integrated water and waste management plan for the Las
Vacas, and larger Motagua, watershed.

2.2

Scope of Work

The scope of work as defined in the Terms of Reference at the start of the mission was defined
as follows:
“The DRR Project will focus on establishing a baseline study of the water quality of the Rio Las
Vacas. This baseline study should feed the development of an integrated water resources
management plan to improve amongst other the water quality of the Rio Las Vacas and Rio
Motagua. The baseline study will give insight in the various origins (and their relative importance)
of pollution in the river like solid waste, domestic/ residential waste, industrial waste and leakage
from landfills. The river water quality and a selection of known sources will have to be
investigated by experts in order to identify the problems and estimate their magnitude. If possible
at this stage recommendations for improvement should be made.
As we already know information about the water quality is very limited, therefore completing a
baseline study during the mission is not possible (which was discussed pre-mission with the
stakeholders). The team will start based on the potential data available and provided, and based
on that will advise Guatemala on what other information needs to be gathered and what
additional monitoring needs to be conducted to be able to draft a baseline study. Most importantly
the experts will draft the road map that needs to be followed and provide elements that need to
be addressed for finalizing the baseline study.
Guatemala will provide the Dutch experts with the standards along which they need to develop
the integrated water resources management plan. The Dutch experts will, if needed, recommend
on additional items that should be included regarding water quality.
This base line study should give the government of Guatemala sufficient information to formulate
a strategy as to how river pollution can be dealt with and combat detrimental effects to the
environment and general health of the population. At the same time this will alleviate tension with
neighboring Honduras which receives the polluted water on its coasts. The intention is to match
Dutch expertise with Guatemalan counterparts. This will ensure that knowledge will be transferred
and ownership of the process towards possible solutions is in the hands of the counterparts on
the Guatemalan side.”
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Besides solid waste and water quality also erosion and related risk was mentioned as an item to
incorporate in the mission in discussions between MARN and RVO/ the Dutch Embassy.
During a last call before the mission the scope above was discussed in more depth and slightly
changed accordingly. At the start of the mission during the kick-off meeting these changes were
confirmed:
With a baseline study MARN means conducting an assessment of the current situation with a
specific focus on information (available, accessible and required). Based on this baseline study
MARN will know which information (critical / essential components) they still need to start
gathering to work towards a successful integrated water and waste management plan for the
watershed.
The standards along which Guatemala needs to develop their integrated water resources
management plans were not shared (at the time of this report publication), nevertheless in
chapter 5 the team included recommendations for follow up steps, not just focusing on
information.

2.3

Study area

During the kick-off, in addition to the technical scope, the geographical scope was discussed. It is
important to establish the outer boundaries of the area that influences the Rio Las Vacas, in order
to determine from which area the information needs to be collected. Before the mission a map
was requested from the study area. Figure 2 shows the map that was provided

Figure 2: Map of the study area

During the work session it became clear that the red and dotted lines do not completely coincide
with the natural watershed. Therefore, it was recommended to adjust the map to the actual
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watershed. Also during the kick-off it became clear that areas outside the watershed artificially
(drainage systems) drain into the watershed. These areas should also be considered as part of
the study area. During the mission we have also seen the map in figure 3. This map was provided
by the Hidroelectrica Las Vacas. Although less detailed it looks more correct, nevertheless it
should be verified.

Figure 3: Map of the Las Vacas Watershed

With regards to solid waste nine municipalities dispose their waste on the principal dump located
in Zona 3 in Guatemala city, in the upstream part of the Chinautla River, part of the watershed of
the Rio Las Vacas. In addition, many informal or illegal dumps exist on the steep slopes
(barrancos) and often this waste is washed down by rainwater to the streams and rivers. These
waste streams and everything contaminating related needs to be included in the investigation as
they impact the river and its quality.

2.4

Approach

After studying a selection of online available literature the team started their mission. The mission
started with a short briefing with MARN to discuss the scope and expectations in detail. The
briefing was followed up by a formal kick-off, which was a plenary work session with the key
stakeholders. The next 2,5 days site visits were combined with visiting these stakeholders to
discuss matters in more depth. The Saturday was used for preparation of the final presentation
and meetings with potential stakeholders. On Monday additional key stakeholders were visited
and on Tuesday the final results were presented and discussed.
One team member had a non-technical focus and was tasked with the identification of follow-up
opportunities, based on the mission results, and determining potential funding flows and sources,
both internally (local stakeholders and national government) and externally (international donors,
institutions and NGOs, as well as bilateral players). The financial specialist within the team had
some side meetings during the week in which he visited financial institutions, NGO´s and private
stakeholders related to financing of water-waste projects Guatemala.
The team was accompanied by representatives of the embassy during the mission.
The full program of the mission can be found in Annex D.

2.5

Objectives

As discussed in paragraph 2.2 the scope as discussed with RVO changed slightly during
conversations with MARN. At the start of the mission the following objectives were established:
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Perform a quick scan in a week, to establish critical components and elements for a
complete baseline study: what is the situation at the moment with a focus on information?
The result should help start a process in which MARN can ask for funds to generate
additional information (including monitoring), have discussions with key stakeholders,
develop a basin management plan and establish an index for water quality. MARN
requested to primarily focus on health-related risks.
Give recommendations regarding the type of information to be generated
Include the key players in the problem
Share experience with Dutch solutions and see how they can be implemented here.
Find ways to improve cooperation
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3

3.1

FINDINGS/AVAILABLE INFORMATION

Introduction

In this chapter the information and data we have been provided with is being discussed. The
information is derived from interviews, site visits, presentations, provided literature (including
maps) and public information from the internet. While in chapter 4 it will be further analyzed, this
chapter elaborates on the information itself.

3.2

Technical

3.2.1

Solid Waste

The information with regard to solid waste was compiled using a literature research, program
visits and field observations. It will be structured using the following themes:








Solid waste in the Rio Las Vacas basin
Legal aspects and policies
Waste production
City cleaning and waste collection
Waste Treatment
Organizational aspects
Financial aspects

Solid waste in the Rio Las Vacas basin
The DRR-Team had site visits to the Zona 3 dumpsite, the downstream riverbanks towards the
Hidrovacas facility, the Hidrovacas facilities itself, a drinking water well upstream from Chinautla
and a nature reserve terrain near Mixco. The first three visits were relevant with regards to solid
waste. The observations during these three field visits are summarized in the table on the next
page.
The visits demonstrated the extent of the contamination of the river basin with solid waste. One of
the sources of solid waste in the river water and on the river banks is the Zona 3 dumpsite. Most
of our counterparts pointed at Zona 3 to be the main source but there seems to be no direct
evidence to support that. Other sources may be illegal dumping of solid waste in or near the river
bed and street litter washed into the sewerage systems discharging into the rivers.
Most of the 2D plastics and textiles (two dimensional films, fabrics, rags) end up on the
downstream river banks where they either become a part of anthropogene deposits or are
fragmented into smaller pieces and microplastics washing through the hydropower facility into the
Rio Motagua. Another possibility is that these 2D objects get washed out of the basin and over
the hydropower reservoir dam (spillover) during heavy rainfall.
Most of the floating 3D plastics (bottles, tubes, containers) are probably caught in the Hidrovacas
nets but also large quantities can be washed away during heavy rains.
Zona 3
dumpsite

The Zona 3 dumpsite is a large uncontrolled open dumpsite located in the upstream
river beds of the Rio Las Vacas. Due to safety reasons – and quite possibly
unwillingness of site owner - the site could only be visited from its periphery. From that
position it could be concluded that the site is void of proper operations and
environmental measures (see under Waste Treatment)
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Downstream
riverbanks

The banks of the tributaries of the Rio Las Vacas in Guatemala and Chinautla are
covered with a thick layer of waste plastics and textiles. The extent and visibility of this
contamination is atrocious and must be amongst the world’s worst solid waste
examples. When looking closer the thickness of the layer has reached several meters at
some points turning it into a kind of anthropogene deposits.

Hidrovacas The Hidrovacas hydropower facility is located downstream of Chinautla and upstream of
the confluence of the Rio Las Vacas and the Rio Motagua. In order to safeguard its
operations Hidrovacas has installed a catchment net for plastic waste at the entrance of
the reservoir. The plastics, mostly plastic bottles, accumulate into a big layer that is
removed after which a part of the bottles are prepared for recycling. (see under Waste
Treatment)

Figure 4: solid waste at site visit locations

Legal aspects and policies
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In order to achieve firm and sustainable solid waste management systems, countries need a
specific legal framework of laws and regulations on solid waste management, followed by a firm
policy describing principles, ambitions and priorities and this to be followed by a planning,
coordination and monitoring cycle assigning roles, budgets, deadlines etc.
The team did not perform an in-depth assessment of the legal framework with regard to solid
waste management. A quick scan however showed that most of this framework is either very
general on environmental protection or very specific, on for example the management of
radionuclides and hospital waste. There appear to be significant gaps in legislation that need to
be addressed, for the solid waste sector to function properly and sustainably.
In 2016 Guatemala adopted a new policy on solid waste management [1]. This Politica provides
an exhaustive summary of both guiding principles, needed improvements of laws and guidelines
and needed actions on planning, investments etc. all be it stated in very general and concise
terms without assigning budgets, deadlines and responsibilities.
There is no national nor regional or local planning mechanism in force. The Politica underlines its
necessity but does not provide a timetable for its preparation.
The present status and availability of laws, policies and plans on solid waste management is
summarised in Figure 5

Figure 5: Status of laws, policies and plans

Waste production
Guatemala’s population has reached the number of almost 17 million and is growing at an
average rate of 2,5% per year [2]. The three municipalities in the Las Vacas basin reported a
much faster growth, probably due to the influx of rural inhabitants into the metropolitan areas. The
most important demographics are summarized in the table below and are based on interviews.
Municipality

Inhabitants
(#)

Growth

Persons/
Household

Number of
households

Guatemala
Mixco
Chinautla
Total or
average

1.500.000
500.000
140.000
2.140.000

4%
4%
4,7%
4,05%

5
8
5
5,70

300.000
62.500
28.000
390.500

Municipal
area
(km2)
80
104
228
412

Pop.
density
(inh./km2)
18.750
4.808
614
5.194

Table 1: demographics municipalities of Guatemala, Mixco and Chinautla

The accuracy of these figures is difficult to ascertain during the mission. However, a comparison
of data received and public figures (as a result of internet research) provide mostly similar data
with the exception of the population of MuniGuate (Guatemala) often quoted to be 1 mln.
Waste can be categorized in a number of waste categories, the most important being:
 household waste - generally restricted to waste directly produced by households
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municipal waste - waste generated at public locations and collected during city cleaning,
maintenance of parks etc.
commercial waste - generated by stores, hotels, shops, offices etc. in case of small
enterprises often collected together with household waste
institutional waste - generated by schools, hospitals, government buildings etc.
industrial waste

When, during the visits, the cities provided data on waste production, it was not clear to which
waste category this data related (despite requests for verification). We assume the figures relate
to a combination of household, municipal and commercial waste often also referred to as MSW,
municipal solid waste. However, there is no common standard which makes comparisons
amongst municipalities difficult.
The production of MSW has a strong relation with the number of inhabitants and their economic
situation. The Compendio Estadístico [2] gives a daily per capita production of household waste
for Guatemala as a whole of 0,35 kg/inh.day whereas the Worldbank lists 0,95 kg/inh.day for
MSW. The information provided by the municipalities is summarized in the table below (with, as a
reference, in the last column the information provided by the statistical bureau).
Municipality

Inhabitants
(#)

Waste production
(kg/inhabitant.day)

Waste
production
(tons/week)

Organic
waste

Guatemala
Mixco
Chinautla
Total or
average

1.500.000
500.000
140.000
2.140.000

1,5
3
1,5
1,85

15.750
10.500
1.470
27.720

20 - 40%
80%
60 - 80%

Production
quoted
by [2]
(tons/week)
3.423
1.365
365
5.154

Table 2: solid waste production

When asked for the composition of the waste the team only received percentages on organic
waste (see table above). They ranged from 20-80% whereas an estimate based on [3] and
international experience would expect an organic percentage of around 60%. The Compendio [2]
provides the following composition for the department of Guatemala in 2014.

Figure 6: solid waste composition in Guatemala

When asked for the production of hospital, industrial, mining and other (hazardous) wastes the
visits revealed no substantiated insights and figures. The industry’s waste production seems to be
outside the scope of the municipalities’ waste departments with hospital waste being the only
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exception. This last waste stream is reported to be incinerated within the hospitals before being
brought to the dumpsite.
City cleaning and waste collection
The team’s observations on the effectiveness of city cleaning can be summarized as follows:

Municipality
Guatemala
Mixco
Chinautla

Urban areas
+
++
o

Cleanliness
Curbsides of roads
River banks
+
-+
--

Rural areas
not applicable
-

Table 3: effectiveness of city cleaning

In general, it can be stated that the densely populated urban areas of Guatemala and Mixco
seem to have a good level of city cleaning except from the ‘barrancos’ (gullies/ canyons of the
tributaries of the Rio Las Vacas). These areas are mostly located behind the houses and are
difficult to clean as the slopes are steep. Chinautla’s main urban areas appear to be clean but the
peripheral zones and rural areas seem to be more or less excluded from city cleaning. This is
especially true for the river beds of Las Vacas.
Guatemala’s statistical bureau reports [2] an estimate of 29% of all household waste in the
country being collected. The department of Guatemala is doing much better than this national
average with an estimate of 72%.
The performance of the three cities with regard to waste collection was reported during the
interviews. All three municipalities reported collection rates of around 85%. Guatemala and Mixco
have sourced out their collection services entirely to private companies whereas Chinautla
sourced out only 50% with the other 50% of the households being serviced by the city’s waste
department. Estimated is that 20% is not being recollected at all and discarded in other ways
(illegal dump, burnt, buried, recycled). The interviews revealed the following information:
Municipalit
y

Guatemala
Mixco
Chinautla
Total or
average

Waste
prod.
(tons/week
)
15.750
10.500
1.500
27.750

Collectio
n rate

90%
85%
80%
88%

Collect.
waste
(tons/week
)
14.175
8.925
1.200
24.300

Dumped at
Zona 3
(tons/week
)
9.000
7.500
300
16.800

Dumpin
g rate

Littered
(tons/week
)

57%
71%
20%
61%

6750
3000
1200
10950

Table 4: solid waste collection

None of the three municipalities makes use of waste transfer stations. Transfer stations are
defined as facilities that allow transferring and bulking of waste, collected in dedicated collection
vehicles of up to 8 tons, into large bulk volume trucks, carrying over 30 tons, taking their freights
to the dumpsites. Transfer stations can be very beneficial, especially under metropolitan
circumstances considering the city’s geography, size and traffic problems. The fact that none of
the visited municipalities make use of these stations, leads to more inefficient collection
operations and typically higher operating costs.
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Waste treatment Zona 3 dumpsite
The three municipalities deliver their waste at the Zona 3 dumpsite, located within the municipality
of Guatemala (MuniGuate).The location itself is held in private ownership and rented out to the
municipality. Management of the site is performed by the solid waste department of MuniGuate.
The team tried to arrange a meeting with this department but that turned out to be impossible.
The information listed below is a compilation of field observations, international reports [4, 5] and
input provided by the environmental department of MuniGuate.

Figure 7: Zona 3

Zona 3 (or El Trebol) is the largest dumpsite of Guatemala and holds a place on the list of the 50
largest dumpsites in the world. The following background data on the site can be considered as
accurate:
 It measures some 20 hectares and has been in operation for more than 60 years.
 It is located on privately owned land and rented to the waste department of MuniGuate
 Estimated volume of waste in place extrapolated to 2017: 7 to 10 million tons.
 Average waste height: 30 to 40 meters.
 Type of dumped waste: MSW and hazardous waste.
 Currently delivered waste volume: 3.000 – 3500 tons / day
 Number of informal workers and families living on the site: 2000
 Population within 10 km: > 750.000
 Distance to the nearest settlement: 500 m
 No accurate compaction, no daily coverage, no restricted / confined dumping zones
 Absence of systematic construction (phases, inclinations)
 None or partly peripheral fencing
 Near absence of environmental protection measures (catchment and treatment of landfill
gas and leachate)
 Open fires and dust emissions
 No protection of erosion leading to frequent waste slides
 Direct contact with river water
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Direct dumping in the river bed and erosion of parts of the dumpsite cause a substantial
discharge of both pure undiluted leachate and solid waste items into the river and groundwater. A
rough calculation of the volume of leachate produced and discharged into the river and
underlying aquifers sums up to 500 to 1.000 tons per day (expert estimate based on data
available).
Emission of greenhouse gases at the site (CO2 and especially CH4) are of similar importance
with an estimated yearly exhaust equivalent to 100.000 - 200.000 cars.
Waste treatment Hidrovacas hydropower facility
The team visited the Hidrovacas facility south of Chinautla. The company operates a 45 MW plant
using a 277-meter height difference in the Rio Las Vacas. In order to prevent disruption of its
hydraulic processes the facility added a steel net to the entrance of the reservoir. This net
accumulates floating plastics and textiles. The catch is brought to the side of the river where a
selection process takes place. Bottles are selected and brought into a factory where they are
grinded to flakes, which are used in two extruders producing fencing-poles.
The daily capacity of the extruders is 2 tons/day. The rest of the waste is sold for recycling or
discarded of in other ways. No further specifications on the destination of this waste was
available.
Financial aspects
Total cost coverage and application of the “polluter pays principle” are, in general, assumed to be
essential parts of integrated solid waste management and governance. They provide a sound
basis for sustainable operations and needed investments. Lacking cost coverage is a marker for
a countries development status with regard to waste management.
Waste collection costs each participating household 35 Quetzales / month (app. USD 4-5). This
money is payed to the collector. The collection is, as already mentioned above, divided between
private contractors and the municipality. The private contractors pay 200 Quetzales /month (app.
USD 20-25) to the municipality for being able to provide their services to the households.
Chinautla reported monthly costs of 190.000 Quetzales and income from fee collection of only
30.000 Quetzales (40% of the households paying 20 Q per month) leading to a cost coverage of
no more than 16%. The other municipalities affirmed when asked if their cost coverage reflects
similar percentages.
The team was told that the dumpsite does not charge a gate fee per ton or m3 of waste or only a
very small gate fee of 30-50 Q per entrance. Mostly the municipalities and private companies pay
a very low, symbolic, fee of no more than 360 Q per truck per year for unlimited access.
The Compendio [2] reports national spendings on SWM in Guatemala add up to Q 250 mln
equalling € 2 per inhabitant per year. This figure matches Chinautla’s spendings as mentioned
above.
3.2.2

Water Quality

For the analysis of the water quality of the Las Vacas river, the entire watershed upstream the
hydro electrical plant Hidrovacas has been considered including the influx of water and
discharges from outside the watershed itself (see figure 3).
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The watershed has two sources of water:
•
Precipitation
•
Influx from drinking water and posterior discharge into the watershed as waste water
The drinking water is supplied by Empagua, the municipal drinking water and sewer company.
The total water supply of the company to the metropolitan area of Guatemala is about
120.000.000 m3/year for approximately 2,5 million inhabitants. About half of the water supply of
the urban area of Guatemala city (including adjacent urban areas from municipalities like Mixco
and Chinautla) comes from pumped up groundwater beneath the city itself. The other half comes
from surface water transported by pipelines from outside the watershed. Approximately 50-60%
of all sewer water in the metropolitan area is discharged in the Las Vacas River and its tributaries.
No overall description of the water quality of the Las Vacas river or its tributaries has been found,
but several publications give some information, some point measurements are in place and the
hydro power plant (Hidrovacas) has its own measurement program.
For the analysis of the water quality some written sources have been used (next table), field visits
to especially the Chinautla River sub basin of the Las Vacas river have been held and oral
information has been obtained from many sources (municipalities of Guatemala, Chinautla and
Mixco, INSIVUMEH, Hidrovacas, Empagua, Universidad de San Carlos, WWF and MARN).
Title
MANUAL GENERAL
DEL REGLAMENTO
DE LAS
DESCARGAS Y
REUSO DE AGUAS
RESIDUALES Y DE
LA DISPOSICIÓN
DE LODOS.
MONITOREO
AMBIENTAL
INFORME DE
CALIDAD DEL
AGUA
“Cuenca del
Motagua

Source
ACUERDO
MINISTERIAL
NÚMERO 1052008

Main subjects
Regulation for the
discharge of
wastewater and
sludge

Observations
Indicates limits for 21
parameters. Limits
decrease in time.

FQB Lab, Mayo
2017, for WWF

Point measurements
of water quality
indicators along the
Motagua river, both
upstream and
downstream the Las
Vacas conjunction

Table of discharges
at Hidrovacas

Hidroelectrica Las
Vacas.

Average monthly
discharge in m3/s for
the period 1999 2016

Water quality
measurements at the
conjunction from Las
Vacas and Motagua

Hidroelectrica Las
Vacas.

Twice daily
measurements with
handheld equipment
of basic parameters
(oxygen, solids,
conductivity and pH)

Results have been
compared with the
Mexican NOM-001SEMARNAT-1996).
Almost all values comply
with this norm only solids,
nitrogen and organic load
are locally too high.
Baseline discharge is 2,5
– 4 m3/s, in the rainy
season (May – October)
this is mostly between 4
and 8 m3/s
High frequency
measurements of some
basic parameters show
principal ranges and
fluctuations.
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Rainfall at
INSIVUMEH

INSIVUMEH

Reports of lab
analysis for sewer
discharges in
Chinautla

Lab results by
Laboratorio
Ecoquimsa,
Mixco, ordered by
the municipality of
Chinautla, 2017
Agua,
saneamiento &
ambiente. 1 / 22005. Facultad de
ingeniería
Universidad de
San Carlos de
Guatemala

Determinación de la
calidad del agua de
la parte alta del Río
Las Vacas en base a
parámetros de
índices de calidad.

for the periods 2012 2016
Annual rainfall and
monthly rainfall 1971
- 2015

Principal quality
indicators (like DBO,
N, P, solids,
coliforms)

Point measurements
of different parts
within the watershed
in both dry and wet
seasons in the period
2000 - 2005.

Average has increased
from 1100 to 1300
mm/year with
considerable variation
between years
Most indicators comply,
DBO is often too high and
coliforms sometimes.

Gives an indication of the
range of values for 12
principal Quality
parameters. Oxygen is
low, organic load very
high.

Table 5: consulted written sources water quality

In general, some scattered information exists on the most important parameters like oxygen,
solids, nitrogen, phosphorous, organic load and coliforms. There is hardly any information on the
flow rate and hydrological balances within the Las Vacas system. Thanks to the measurements of
Hidrovacas the flow rate downstream is well known. When this flow rate is coupled to the water
quality parameters the loads of solids, organic matter, N and P can be established. No
publications have been found that combine the existing information into one integral description
of the water quality of the Las Vacas watershed.
3.2.3

Erosion

Erosion in the study area comes in different forms:
 Landslides
 Erosion in the outside curves of the rivers
 Erosion around infrastructure (bridges, discharges etc.)
 Erosion due to overland flow
The negative impacts suffered are:
 Sediments in the river which impact biodiversity and infrastructure (for instance the
hydropower dam). In Chinautla local companies dredge the sediments, most likely for use
in construction works. This dredging causes sediments to suspend again and travel
further.
 Damage to infrastructure (like bridges).
 Local flooding as parts of the drainage/ sewerage and rivers gets blocked at certain times
because of a combination of waste and sediments.
 Loss of terrain roads, houses and even parts of the National cemetery close to Zona 3.
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At this moment the authorities and Hidrovacas are working on reforestation projects to reduce
erosion locally. Also protective measures like armoring to protect steep slopes have been
spotted. Other preventive solutions seem not to be considered at the moment.
To get more insight in the extent of the problems and potential causes the team looked for the
following information:
Information
Landuse maps and satellite images

Topography and slopes

Distribution of drainage systems

Meterological data
Locations of landslides and erosion
Problem locations with blocked (by
solid waste) drainage and
sewerage systems

Observation
There are indications that at a national level these are
available at MARN and MAGA (Ministry of Agriculture,
Cattle and Food) but were not provided. Mixco did
provide land use maps of the current situation
There are indications that at a national level these are
available at MARN but they were not provided. Mixco did
provide this information
It was told that Empagua might have this information for
MuniGuate. During the mission no other information
besides % of coverage became available
INSIVUMEH has meteorological data and provided
rainfall statistics.
Mixco and Chinautla have maps with landslide locations
No overview is available, in Mixco they knew that
problems are widespread.

Table 6: requested/ consulted information erosion

The above shows not much data is available or being used currently to analyze the extent and
causes of the problems and to develop/ justify solutions.
3.2.4

Socio-economic

While the overall report, focuses on the collection of technical data as a foundation for addressing
water quality and waste challenges, it is important to share some of the DRR-Missions’
observations with regards to social and economic factors that are directly or indirectly impacting
state of the water resources in direct vicinity of Guatemala City / the Motagua watershed.
Water is not currently identified as an individual topic that requires political, social and economic
management. The annual budget for 2017 (nor before) does not specify it as a separate line item.
Best estimate is that funding would be available under the line items for “Agriculture, Livestock
and Nutrition” and/or “Environment and Natural Resources”. These constitute approximately 1.4%
and 0.2% of total budget expenditures. On an approved budget for 2017 of app. 77 billion
Quetzales (app 10 billion US Dollars [6]), this translates into absolute figures of 140 million and
20 million respectively per year. Not nearly enough for the water-related challenges that the
country is facing.
As a result of a perceived lack of commitment for water by the National or Municipal
governments, further fueled by some past cases of political corruption and a lack of visible
progress on important public water safety and access requirements, there appears to be a high
level of distrust and limited transparency between the citizens and the various governmental
levels. Naturally, a government’s ability to act is strongly confined by its ability to collect
DRR-Team Mission report – Guatemala

- 27 -

contributions in the forms of taxes for public services. However, public willingness to pay for
public services is extremely low in Guatemala. It is a vicious circle that all parties will need to
address in order to establish a basis for collaboration and participation by all for the sake of
national progress.
This lack of willingness to pay for public services has a negative impact on the environmental
conditions, including the state of surface water and natural resources, in and around Guatemala
City (but in reality all throughout Guatemala). During the mission, people shared stories with us of
political leaders campaigning for office that suggested the river as an appropriate dumping site for
waste to counter problems of waste in the street. In addition, one of the private sector
stakeholders, ICC, representing the sugarcane industry, thanks its existence (since 2010) to
explicit advice by the then-Minister of Ambiente and Recursos Naturales to represent private
sector interests with regards to the environment and development / protection of natural
resources through private initiatives. Reason being that it was foreseen that the government
would not be able to fund/ prioritize the environment in public programming.
We were informed that many Guatemalans dump their garbage in remote sites or ravines in and
around the city to avoid having to pay for collection. Furthermore, without proper education and
understanding of the interlinkages between illegal garbage dumping and the state of water
quality, it will be extremely difficult to improve this situation in the future. People need to
understand the value of the water resources, as well as receive an insight into the possibilities for
water reuse and recycling.
Recently adopted regulations that require municipalities to develop their own wastewater
treatment services, have exposed a lack of technical capacity at the regional and municipal level
to pursue such ambitions. Also, the absence of additional funding to accompany this objective,
has left municipalities scrambling to start such a process and meet the 2019 goals that have been
set by the National Government. Furthermore, they are faced with limitations in land use – where
privately-owned land is unavailable for public service provision (for example the placement of a
Wastewater treatment plant and related connections).

3.3

Organizational/ responsibilities

During the plenary session a quick exercise has been conducted to understand the playing field
when it comes to waste and water quality. This to understand how responsibilities are divided and
if part of the problems Guatemala is dealing with could be caused by gaps or overlap in
responsibilities. The results are shown below in the two tables.
Task
Cleaning

Collection
Treatment (disposal)
Policy development
Regulation
Constitution
Funding

Responsible
-Streets: Municipality
-Rivers: none
-Hidrovacas catches floating plastics and textiles
Municipality partly through private concessions
MuniGuate at the dump in Zona 3
AMSA (Autoridad del Lago de Amatitlán) at kilometer 22
MARN at a national level
Municipality
Congress
National tax: part of this foes to the municipalities for: water,
sanitation, healthcare and education. CONADUR (Consejo
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Nacional de Desarrollo Urbano y Rural) decides on where the
funding should go to

Implementation and control

Local tax
Municipality but there is not much control

Table 7: solid waste organization

Table 7 shows that for solid waste responsibilities seem to be assigned. Only for the barrancos
and rivers nobody is assuming responsibility for clean-up. If this is due to unclear responsibilities
or because of other reasons is unclear. Also, it became apparent that there is a lack of capacity
for implementation and control, meaning that there is hardly any control on illegal dumping /
littering of waste.
Task/ item
Discharges and sewerage

Waste water treatment

Water bodies

Responsible
Municipality except for new developments where the developer
needs to provide for this infrastructure
Technical standards are provided by INFOM (Instituto de
Fomento Municipal)
Municipality except for new developments where the developer
needs to provide for this infrastructure. Also industries are
exempted in this case and each company needs to implement
its own waste water treatment system
Norms for effluent by MARN
In the Law there is mandate 6866 who deals with environment
On monitoring nobody is responsible. Furthermore no criteria
for surface water quality are available.
Drinking water by Ministry of Healthcare (Ministro De Salud
Pública y Asistencia Social) and Effluent/Discharges by MARN
Some investment in drinking water – also from National Budget
– amount unknown, as water investments are not individually
identified

Control
Funding

Table 8: water quality organization

For water quality the exercise showed major gaps in responsibilities explaining a large part of the
problems encountered. There are no laws regarding the water quality of water bodies, there are
no criteria for water quality, nobody is responsible for monitoring, compliance and control and
there is no available National funding.

3.4

Financial and stakeholder setting

As indicated, funding for water-related public services – drinking water and sanitation – is and
has historically been very limited. As a result, Guatemala suffers from virtually non-existent
wastewater treatment / sanitation services and poor environmental conditions of public surface
waters (lakes and rivers).
Traditionally, the National Government – through the MINFIN (Ministerio de Finanzas Publicas) –
distributes funding for various branches of government. With regards to environmental and
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natural resource management (including water) MARN is responsible for national coordination of
related projects and related funding. National disposable funding depends heavily on foreign
funding (multilaterals) and to a small extent on national taxation. Individual tax rates are in the
range of 5-7% [7], hence the discrepancy between total public investment requirements and
incoming funds from national taxation.
As stated, social and environment-related projects depend heavily on funding by multilaterals
(IDB, World Bank, UN Development Program), as well as many smaller NGOs that cover various
portions of the natural resource and environment sector funding (WWF, Helvetas, Rainforest
Alliance). Additionally, bilateral funding is available in a variety of sectors, for example through
USAID (USA), GiZ (Germany) and JICA (Japan). Finally, the private sector, in some cases, can
play an important role through institutions founded with the explicit goal to represent the
respective industry (an example is ICC – representing the sugarcane industry). Also, multinational
corporations – such as the large mining companies, but also Coca Cola and Pepsi Cola have
foundations with funds available for environmental or social programs that serve their respective
communities and/or customers.
As indicated before, the National Government has expressed an interest – and developed
regulation to match that ambition – to delegate the responsibility for wastewater treatment to the
municipal levels. However, the annual contributions that municipalities receive from the National
government have not been increased (sufficiently) to reflect the added responsibility and costs to
manage that process of infrastructure planning and development.
Municipalities are dependent on National contributions to provide all public services for their
respective municipalities. Some public services are provided on a personal contribution basis (for
example waste collection). However, these local tax incomes (user fees) are non-sustainable in
the sense that they typically cover less than 20% of the costs required to execute the services
(based on conversations with various municipalities in Guatemala City).
A source of potential funding – INFOM – Instituto de Fomento Municipal – has been developed to
provide funding to municipalities to support social and economic development needs, as well to
develop technical capacity. However, as INFOM operates much like the multilateral lending
institutions, many communities that would require such services, cannot afford to commit
themselves to such debt amounts. Also the municipalities indicated that they are struggling to find
the capacity to develop and present acceptable cases to INFOM. As a result, the INFOM Fund
(app. 150 million US Dollars) has difficulty making those funds accessible to the market.
As will become clearer later in the analysis of available information, the various levels of
government have difficulty developing successful collaborations and operate in individual
columns, restricting the flow of information and expertise.
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4

ANALYSES

4.1

Understanding the problem

4.1.1

Risk Identification

The team structures its analyses by using a risk-oriented approach. For that purpose a schematic
diagram is drawn up that provides an overview of the way solid waste and sewage water
influence the quality of the Rio Las Vacas, its surrounding areas and the environment of the basin
as a whole.

Figure 8: solid waste and water flows

This situation causes a number of risks; the most important being health risks for the people
working and living around the river bed. The table below provides an overview of the 16 most
important risks and impacts. The conventional definition of risk, being the multiplication of
probability and effect, is used.
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

health and safety
exposure to sewage water
consumption of superficial water
other exposures to superficial water
exposition through irrigation water
erosion (landslides)
contamination of water wells
vector borne diseases
respiratory problems through inhalation
exposure to direct contact with solid
waste
environmental
GHG emissions
wasting of primary materials
impacts on biodiversity
impacts on ecosystems
other
impact on aesthetic value
cities/landscape
quality of life
economic potential

probability

effect

risk

probability

effect

risk

probability

effect

risk

insignificant
medium
important
Table 9: risk identification

The risks are evaluated by the team in a qualitative way by making educated estimates. During
the meetings with Coordinator for Sanitation and Healthcare for Central Guatemala this overview
and evaluation was presented to Mr O. Paau who shared the conclusions being:
 a low risk can be attributed to drinking of superficial water and the exposure to agricultural
products irrigated with river water.
 priority must be given to the other 7 health risks with special attention to risks related to
vector-borne diseases and direct contact with solid waste.
 environmental and other risks have a less direct impact but they deserve the countries full
attention as well.
The national and regional representatives on sanitation and health provided the team with the
results of recent research underlining this priority.
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The yellow fever mosquito shows a
prevalence related to presence of solid waste
in the river bed of the Rio Las Vacas.

Three drinking water wells along the Las
Vacas and near the Zona 3 dumpsite show
elevated NO3 concentrations that may be
caused by infiltrating leachate and
contaminated river water.

The occurrence of diarrhea in Chinautla
seems to have a firm relation with
precipitation intensities. The quality of the
river water and rainwater in contact with solid
waste may play an important role in this
relation.

Recent cases of hepatitis seem to be directly
related to the river.

Figure 10: health risks and potential relation with water and solid waste

During the first days of the team’s visit, our counterpart MARN underlined the importance of
focusing on health and safety aspects. Based on this, risks 1 to 9 were chosen as being the most
important for the current analysis. These risks can be located in the schematic diagram as
follows.
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Figure 11: risks in the Rio Las Vacas watershed

Highly generalised, but still, it can also be concluded that Mixco (light purple field) is mostly
located upstream with solid waste and sewage water flowing away towards Guatemala and
Chinautla. The same holds for the sewage water of Guatemala (light green field) but this
municipality is receiving a large part of all solid waste on its dumpsite Zona 3. Chinautla (light
yellow field) is located downstream of the Rio Las Vacas, receiving most of the basin’s black
water and suspended solid waste on its river banks. The figure illustrates which risks are most
likely to be present in each municipality.
The diagram shows that risks 1 to 4 and 6 are on the “water-side” of the problem whereas risk 7
to 9 are on the “waste-side”. Risk 5 is related to erosion. The next chapters will take these risks
as a basis for further evaluation of impacts, monitoring gaps, causes and recommendations.
4.1.2

Solid Waste

The analyses of 4.1.1 shows that direct measures are needed to prevent, mitigate and/or
remediate the probability and effects of the following risks.

7
8
9

health and safety
vector borne diseases
respiratory problems through inhalation
exposure to direct contact with solid
waste

probability

effect

risk

insignificant
medium
important
Table 9: risk identification solid waste

From § 3.2.1 a number of probable causes for these risks can be derived:
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city cleaning services incomplete or only available within urban areas (except for the
barrancos)
incomplete coverage of waste collection
insufficient actions against illegal dumping
inadequate control of private collectors
inadequate or absent environmental management of leachate and gas at Zona 3 dump
uncontrolled open-air incineration of littered waste
uncontrolled fires at waste at Zona 3
dust emissions caused by dumping activities

Currently a clear overview of the incidence and importance of these causes is not available. This
lack of overview may hamper further analyses but, on the other hand, there is no doubt that
further actions have to be taken. The extent of pollution by solid waste is without comparison. It
has turned the river banks over its entire length into dumpsites of plastic waste; large “lost” areas
excluded from public care. Urgent actions are needed with regard to:
1. Remediation, restructuring and upgrading of the Zona 3 dumpsite into a proper landfill;
2. Clean up of the river beds and
3. Raising awareness and law enforcement in order to prevent further emissions and littering
The need for these actions is quite obvious and, in fact, it is not at all news. Already now
campaigns in the streets of Guatemala illustrate that, at least, the authorities are well aware of
this need.

Figure 12: awareness campaigns encountered by the team

Campaigning is a good thing but it will not work as long as it is not a part of an integral program
comprising at least proper city cleaning and collection services, strong enforcement of laws,
obligatory participation of all inhabitants, institutions and companies and payment of fees in order
to provide full cost coverage.
Such a program has to be embedded in a national framework of laws, regulations and policies. In
general, it can be stated that the framework of laws, policies and planning is still very much
“under construction” with the recent adoption of the Politica being one of the major steps forward.
“Under construction” in this case means, however, that implementation is still far away.
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Guatemala’s spendings on SWM must be among the lowest in the world. € 2 per inhabitant per
year spent on SWM. In monetary terms it currently consumes no more than 0,02% of the
country’s per capita GDP (PPP) or 0,05% of Guatemala’s minimum wage. These percentages are
in stark contrast with international standards on affordable spendings on SWM being 1-2% of a
family income (even in the poorest countries).
These extremely low spendings on SWM are at the center of Guatemala’s waste problem. There
seems to be an overall reluctance to raise both spendings and waste fees. Affordability cannot be
the reason for this. The real cause must lie in a deep-rooted lack of willingness to pay for either
municipal service and for SWM services in particular.
4.1.3

Water Quality

The analyses in 4.1.1 makes clear that not solving the problems with waste and water quality
does represent immediate risks for the health of the population in the vicinity of the Las Vacas
river. Additionally, there are multiple negative effects on the environment and economy, also
affecting in a more indirect way the quality of life of the population in a much larger area. Finally,
even ecosystem and ecosystem services in neighboring Honduras and all the areas in between
are affected (see photographs on the following pages).
Direct threats for health all have to do with contact with sewer or contaminated surface water.
Risks 1-4 of the next table can be reduced by avoiding contact but risk 6, the contamination of
wells for drinking water, are an extremely serious and widespread problem.
health and safety
Probability
effect
risk
1
exposure to sewage water
2
consumption of superficial water
3
other exposures to superficial water
4
exposition through irrigation water
6
contamination of water wells
insignificant
medium
important
Table 10: risk identification water quality

Therefor there are many and serious risks, possibly affecting hundreds of thousands of people
related to insufficient surface water quality and the management of waste water in the Las Vacas
watershed.
Understanding the water quality problems starts with a clear understanding of the hydrology of
the Las Vacas watershed. In the next figure the main components of both hydrology and water
quality have been indicated:
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Figure 13 main components of the Las Vacas water system

Drinking water is approximately 50% ground water (especially in the dry season) and comes from
the aquifers below the city. According to Empagua the groundwater table in these aquifers is
dropping because of excessive extraction. The amount of extracted groundwater is being
reduced in the last few years due to pollution of sources (information from Empagua and WWF).
The other 50% of the drinking water is imported from outside the metropolitan area of Guatemala.
Empagua produces approximately 120 million m3/y (cubic meter per year) and there is a small
additional extraction from private wells. About 50-60% of the drinking water of the metropolitan
area is used and discharged within the Las Vacas watershed. The rest is mostly discharged into
the río Plátanos that leads to Lake Amatitlán and finally to the Pacific
The water consumption in the part of the metropolitan area that drains towards the Las Vacas is
approximately 2 m3/s (cubic meter per second). This water will eventually evaporate, infiltrate or
be discharged as waste water. A very minor part will be treated (1-2%) before discharge.
Treatment is mainly limited to screens and grease removal. No quantification of discharge has
been found. International data indicate that between 40 – 90% of drinking water is discharged as
wastewater. Variations occur if eg. drinking water is used for washing cars of watering gardens.
Empagua indicates that part of the drinking water produced is lost during transport, so less than
the 2 m3/s will be available for use by households.
Wastewater is transported in the sewer system. Part of the excess rainwater is also transported in
that same sewer system. There are virtually no separated systems. Precipitation is approximately
1300 mm/y (millimeter per year) with a distinct dry period between November and April.

Figure 14 monthly rainfall
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There are no data on measurements on evaporation and runoff in the Las Vacas area. In general,
paved areas do have a high runoff (like 90%) while vegetation and agricultural areas have less
runoff (mostly 30-60%) and much more infiltration. These parameters depend on type of soil,
vegetation and slope and have not been found for Las Vacas or other similar areas. Concerning
the natural hydrology, the only reliable information is on precipitation. What happens after that
with the water is largely unknown. One part will evaporate, one part will infiltrate (and may surface
somewhere in the watershed and become surface water) and another part will run off directly or
after transportation by the sewer system towards the surface water of the Las Vacas watershed.
The only data that have been found or have been mentioned on the quantification of these
components of the hydrology of the Las Vacas watershed are rainfall and water flow at
Hidrovacas powerstation. All other components are unknown. There have been some studies in
Guatemala and surrounding countries on the hydrology of other watersheds that could provide
some approximations. Real measurements would of course be preferential.
Wastewater contains used water (with soap, fat etc.), excrements, urine and other waste. The
runoff water from the city adds oil, organic waste and run-off from agricultural areas adds
agrochemicals and more organic waste.
In the particular case of the Chinautla River, large amounts of debris from the municipal waste
(Zona 3) end up in the river as does leachate (estimation +/- 6l/s). Many illegal dumps add more
bottles, plastic, cloths and other mostly solid waste to the Las Vacas riverine system.
During the dry season the discharge of the Las Vacas river will consist for the largest percentage
of wastewater. It is likely that also some seepage water from infiltrated rainwater will dilute this
water. Considering that at Hidrovacas the base flow (without or with hardly any direct
precipitation) is between 2,5 and 4 m3/s, it is likely that somewhere between 1 and 2 m3/s of this
will be sewer water since there is, also during the dry season, a constant input of drinking water
into the system that will be turned principally into waste water. During the rainy season the flow
will increase to even more than 20 m3/s on average during a month (information Hidrovacas).
Flashfloods do occur. No data on peak flows has been found but based on the indicated levels in
the field, flows of over 100 m3/s seem likely to occur. This rain water will dilute the waste water
much more, but will also transport large amounts of debris from the dumps and shores of the river
downstream causing very visible pollution (see pictures below).
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Debris along the Chinautla river (21 of
September 2017 – visit by this project)

Debris floating at Hidrovacas in the Las Vacas
river (21 of September 2017 – visit by this
project)

Río Motagua, 31 de octobre de 2016 ()
https://www.crhoy.com/ambiente/terriblealertan-sobre-mar-de-plastico-frente-a-costahondurena/

Plastic and styrofoam in the Caribbean Sea
between the islands of Roatan and Cayos
Cochinos off the coast of Honduras (16th Oct
2017).
https://www.crhoy.com/ambiente/terriblealertan-sobre-mar-de-plastico-frente-a-costahondurena/

Figure 15 solid waste in the downstream area of Las Vacas up to the Caribbean.

The discharge and water quality analysis show high levels of organic loads and coliforms. Other
parameters like nitrogen and pH and suspended solids are within the Guatemalan legal
standards for effluent. The basic reason for the agreed maximum levels for effluent in most
countries is that on discharging into surface water, the effluent will be diluted until much lower
levels that are more or less safe for different uses. This only works if there is a high and constant
flow of clean surface water and a relative small flow of effluent. In Las Vacas, and even the
Motagua, this clean water flow is absent. In this case dilution is not an effective solution for
contamination.
There is no standard for surface water quality in Guatemala. If the measurements are compared
with international standards for surface water, the values for the discharge of hardly diluted
effluent for N and P are extremely high. Las Vacas therefore is an open sewer and its water is
completely inappropriate for any use (except maybe hydropower).
At Hidrovacas most of the floating debris and part of the suspended debris are removed (see
figure 14). This does not affect the chemical or bacteriological quality but at least improves the
aesthetical aspect of the water. The passage of the water from the Las Vacas river through the
hydro electrical plant and the elevation decrease of the river bed does generate a high
oxygenation of the river water. This does contribute to the digestion of part of the organic load
and helps to oxygenize the river. At the discharge in the Motagua river, oxygen levels are
predominantly in the 50-70% range. This is still low, but does permit some animals to live in the
water. Occasionally the levels drop (especially during the rainy season), and then it is likely that
dead fish will be seen in the Motagua downstream.
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4.1.4

Erosion

As stated the erosion in the area of interest comes in different forms:
 Landslides
 Erosion in the outside curves of the rivers
 Erosion around infrastructure (bridges, discharges etc.)
 Erosion due to overland flow
The landslides were identified as a concrete risk (number 5 table 8) to health especially for the
people living/depending/ commuting on/ over these instable slopes.

5

health and safety
erosion (landslides)

probability

effect

risk

insignificant
medium
important
Table 11: risk identification water quality

The barrancos in the area are steep and can be instable through natural causes, but risks
increase by human interference. As can be seen in figure 15 in Chinautla and Mixco there are
quite a few locations with landslides. For MuniGuate this information is not available at this
moment. The project area is also located within a high-risk zone for earthquakes. These
frequently trigger landslides.

Landslides Chinautla (red dots)

Landslides Mixco (orange dots)

Figure 16 landslides in the area

At this moment the monitoring regarding landslides does not focus on the specific causes and
early identification of potential problem areas. The above landslides were only mapped after the
slide. During this mission, no specific landslides have been visited and the specific causes are
unknown. On several occasions spatial planning processes have been mentioned during
meetings with municipalities. Meaning geological risks are part of these processes and have even
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led to projects to relocate villages and houses (like in Chinautla). It is unclear however what
information on erosion and landslides risk is available and is being used in these processes.
Nonetheless in the Rio Las Vacas area the following causes do contribute to more unstable
slopes and erosion in general:
 Uncontrolled, rapid urban population growth invading high-risk zones (steep slopes)
 Deforestation
 Higher peak discharges of the rivers especially in the rainy season because of urban
growth and related increase of paved surface. Higher peak discharges mean more energy
in the river and more erosion which can cause problems at the foot of steep slopes.
 Inappropriate designs and construction of infrastructure causing erosion around this
infrastructure (e.g. outlets below houses on steep hills) and increasing instability of slopes
 Flooding due to blockage by waste and sediments can locally contribute to problems
 We have seen downstream that sediments of the river are being dredged and probably
used for construction. This can cause changes in morphology, if this would happen near
unstable slopes this could cause a risk
4.1.5

Socio Economic

The fact that the general public is insufficiently aware of the connection between waste disposal
and the water quality – and related health issues - is partly due to the lack of effective
collaboration between the various levels of government. Throughout the mission, it became clear
that there is quite a lot of data available, but it is isolated in the various ministries and is not
effectively shared nor analyzed to be useful for policy development. This lack of transparency
challenges effective collaboration.
The necessary culture change will not happen if the society does not value the water in its
various forms and applications and does not (or refuses) to understand the important role
recycling and re-use of scarce resources can play in Guatemala’s future.
The decentralization efforts by the national government have been drawn-up, or at least wellintended, but in practice are far removed from implementation. Budget restraints are one reason,
but also the lack of technical capacity at the lower levels. The available technical capacity (limited
to begin with) is mostly restricted to the national government levels. As a result, municipalities are
limited in their capacity to develop successful proposals or strategies, to be considered for (any
type of) funding, internal or external.
Another reason why there is not more of a sense of urgency amongst the population to resolve
water issues is the lack of enforcement by the government for violations of waste dumping.
According to the feedback from MARN, none of the notifications for violations of waste disposal in
2016 (or 2017) have resulted in actual fines for the polluters. For example, one of the problems is
the fact that only six (6) inspectors are available to cover the entire country regarding control of
effluent. As a result, individuals do not feel the need (pressure) to comply with regulations related
to proper waste and water management, particularly if it costs them money for waste collection
(why pay, if you can dump it for free?). In addition, rapid population growth particularly in
Guatemala City is putting additional pressure on the environmental, health and water quality
conditions. Guatemala has experienced a rapid decline in recent years in the (UNDP) Human
Development Index global position and more than 50% of the population is classified as “poor” or
”extremely poor” [8].
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4.1.6

Financial

As stated before (chapter 3.2.4), the annual budget for the Ministry of Ambiente and Recursos
Naturales is limited and as a result, environmental ambitions cannot be (fully) realized as a result
of budget deficits on all government levels.
Indications of the various municipalities have indicated that municipal budgets (through national
contributions) vary with the population size of the community and the level of need in the
respective communities (poverty levels). The municipality of Mixco, a community of approximately
500.000 people, has a monthly budget of 430.000 Quetzales (USD 55.000) per month to perform
all public services. It becomes more understandable that certain public services are not provided
(such as wastewater treatment) with such limited funds available. As indicated in 3.2.1., virtually
all communities struggle to offer waste management services that are financially (and
environmentally) sustainable. Local collection fees are typically less than 20% of what is needed
to cover waste collection fees by the municipalities.
The major budget deficits for waste management contribute negatively to the quality of surface
waters (lakes and rivers) and as a result the majority of the rivers are non-suitable for human
consumption / human use. According to MARN, the majority of the investment in water and
sanitation goes into the treatment of potable water / drinking water. However, the amounts are
modest: In 2011 a total of 1.100 mln Quetzales (125-150 mln dollars) were invested in drinking
water, which amounts to less than 75 Quetzales / person / year (or USD 10 dollars pp) [8]. During
the interview with the drinking water company Empagau it became clear that Empagua is
responsible for budget planning of investments, operations and maintenance of their assets.
Empagua however does not have the mandate to raise the fees for their services. The fees are
controlled by the city authorities and therefore are subject to politics. Raising the fees will be an
unpopular decision. Empagua’s budget however is insufficient for the required infrastructure
investments in drinking water, leaving even less funding for wastewater infrastructure.
As a result of the budget deficits described above, there is very limited funding available for
investments in sanitation. In 2011, of 1.5 mln m3 of residential wastewater, only 1% received any
type of treatment before it entered public waterways [8]. This amount has not improved much in
the last 5 years, and the most recent indications – during our conversations with Guatemala
counterparts during the DRR-Mission - are that still more than 97% of wastewater enters rivers
and lakes untreated, severely compromising the quality of public surface waters.
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Figure 17 untreated discharge of effluent (MARN Public Presentation 2011 2)

Finally, funds that have been made available – mostly through the involvement of multilateral
funds or bilateral donors – have been invested in infrastructure development for water treatment
(mostly potable water). In other words, Guatemala acknowledges and recognizes the drinking
water-related challenges it faces, and is finding its way to (some) international funds to meet
those challenges. For wastewater this is not (yet) the case.
However, recent developments in infrastructure have been only partially successful. Construction
and implementation of water treatment plants has been marginally achieved (in 2011, 32
metropolitan and 29 rural plants existed) [9]. However in 2016 only 10 were said to be
operational. Amongst others Lago Atitlan – a major source for tourism revenues – is currently
said to have 24 plants, more than half of which are only partially or completely non-operational.
This can largely be attributed to a lack of funding for Operations & Maintenance. Developing new
infrastructure has traditionally not suffered from sufficient project funding, but from a lack of
awareness and willingness to assume responsibility for the additional maintenance costs to be
included in future budgets. As a result, infrastructure deteriorates and cannot be upgraded to an
operational state.
In order for Guatemala to meet some of its environmental targets, including lofty goals with
regards to the treatment of potable water and wastewater it will need to find a way to increase
national tax income and domestic spending in water infrastructure. In addition, it will need to
consider looking outside the country for funding opportunities. For the large infrastructure
investments, the multilateral institutions are a potential source of funding.
World Bank (Banco Mundial)
The WorldBank has an active presence in Guatemala, but water and sanitation is not currently
one of their focus areas. Instead debt repayments, strengthening of institutional capacity, nutrition
and crime prevention are the corner stones of WorldBank’s strategy in Guatemala. However, the
2

https://static1.squarespace.com/static/51e9c097e4b081577682f6bf/t/5237782ae4b0bf883560a07b/1379366954004/Informe+ambienta
l.pdf
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WorldBank is in the final stages of publishing a Report of Water and Sanitation in Guatemala
(expected publication October 2017) which should offer more insights into World Bank’s vision on
the sector and possible angles for cooperation.
Inter-American Development Bank (Banco Interamericano de Desarrollo)
The IADB has a more direct relationship with the Guatemala National Government. MARN has a
number of ongoing programs, funded and/or supported by the BID. Amongst others [10]:
 Technical Cooperation projects (non-refundable contributions):
1) Plan Nacional de Manejo Residuos Solidos
2) Adaptacion al cambio climático con enfoque de pueblos indígenas
3) Programa de apoyo a la agenda de cambio climático
 Official Cooperation (BID Loans)
1) Fondo Sectorial de la Mesa de Ambiente de agua
2) Actividades de capacitación para la facilitación de la implementación del convenio de
Estocolmo sobre contaminantes organicas persistentes
3) Programa regional de medio ambiente en centro America
In addition, BID is involved with a current Project in development, through United Nations
Development Program and the Global Environmental Fund (GEF) – “Gestion ambiental integral
de Cuenca del rio Motagua” (ID FMAM 5714) – see also appendix C.
United Nations Development Program (UNDP)
UNDP in Guatemala has also been actively involved (for the past 18 months) with the abovementioned GEF-funded program, aimed at the development of the above-mentioned five-year
integral management program for the watershed of the river Motagua (to which the Rio de Las
Vacas is a tributary). The project is based on a transboundary approach, where Honduras and
Guatemala collaborate to resolve water quality issues in this watershed together.
The funding basis for the program is for a project size of app 30 million US Dollars, which
includes app 5.5 mln from GEF, and co-funding from both Guatemala (2/3) and Honduras (1/3)
for a total of US 25 million dollars. Guatemala (MARN) has identified co-funding from a variety of
partners (Asociación Sotz`il, BID, MAR FUND, Fundaeco and Wetlands International) and the
project is pending funding insight from Honduras.
UNDP has taken an active role as a technical coordinator. It is a valuable resource for Guatemala
moving forward, in this project, but also in the development of other potential projects.
Bilateral Partners
Besides from the multilateral funding streams, there are also bilateral relations between
Guatemala and other national governments. The names of JICA (Japan), GiZ (Germany) and
USAID were mentioned most often by our conversation partners during the mission.
Most of them are primarily focused on rural poverty and capacity development. The municipality
of Mixco mentioned a JICA engineer, paid by BID through the national ministry, responsible for
technical assistance in pre-feasibility studies for a wastewater treatment plan. Many bilateral
development agencies can be found in consortium projects, where three (3) or more agencies codevelop projects in Guatemala.
Overall, we did not encounter many examples of bilateral involvement in the water sector during
our visit, at least not at the urban level.
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The Netherlands has various subsidy and funding instruments for which Guatemala / Guatemalan
stakeholders would be eligible. These instruments are administered mostly through the
Netherlands Enterprise Agency (RVO). These are not instruments to replace the development aid
relationship that until recently existed between Guatemala and the Netherlands. Most of the
instruments are based on introduction of innovative (Dutch) technologies in the watersector, joint
development (and funding) of projects, creation of local commercial activities, employment and
revenues or the support of large-scale infrastructure development.
Private Sector Development Apps
PSD Apps programs are available for Guatemala, and are channeled through the Netherlands
Embassy / Consulate in various countries.
The objective of PSD Apps is threefold:
1. To contribute to a favorable business-enabling environment by reducing economic obstacles;
2. To enhance trade and investment opportunities both for the local and Dutch private sector;
3. To increase the impact of Dutch PSD programs and PSD partners’ interventions.
This can be done through capacity development programs between governments or knowledge
institutions. Other opportunities include trade missions, impact clusters, Research studies, trade
fairs and (training) seminars.
Typical contribution to projects range from USD 10,000 – USD 100,000.
Sector focus is not limited to water, but focuses on sustainable programs with local impact.
Partners for Water Subsidy Program
This program is specifically aimed at the introduction of new Dutch technology or stimulate
innovations in developing countries, with a specific emphasis on urban deltas.
Support can be provided through grants for feasibility studies (50 – 70% up to 250,000 project
size) or pilot projects (50-70% up to 600,000 project size).
Specific emphasis is on water security, water access, nexus of nutrition and ecological systems,
water quality, governance and climate change.
DRIVE Infrastructure Financing
This program is designed to facilitate the development of critical infrastructure, especially in the
fields of water, food security, climate, health, public works.
DRIVE provides financing in the form of subsidies for financing costs, loans, guarantees or a
combination of these for the development of infrastructure in low income, low middle-income and
high middle-income countries. The contribution of DRIVE varies per country status (between 1550%) and is intended as a step towards co-financing by the host country. Application is to be
done by a Dutch(-led) company / consortium.
Typically project sizes range from 5 million – 50 million Euros.
NGOs

DRR-Team Mission report – Guatemala

- 45 -

NGO’s play a significant role in Guatemala in the field of water and sanitation, albeit they appear
to operate mostly independently from government and in response to the absence of essential
water-related services.
Helvetas
Helvetas is a Swiss-based NGO, that operates with external funding in Guatemala (for example
with funding from the Spanish development Agency, but also CARE, USAid, US Department of
State) on projects in the rural Highlands of East Guatemala (San Marcos). Their specific mandate
includes local capacity development through a program that establishes “Oficinas Municipal de
Agua y Saneamiento”. The ambition is to scale up from the 30-60 communities they are training
and supporting now, to arrive at a scalable model that can be used in entire (rural) Guatemala.
Other projects include Community-Led Total Sanitation projects and public awareness campaigns
for solid waste.
They typically operate in consortia where co-financing is the norm.
WWF
True to their worldwide mandate, WWF focuses on land use and conservation of wildlife and
natural environment. However, they have performed various research projects regarding water
quality monitoring and assessment. An interesting case study is Tecolutan in the Orient. They
have developed a public participation model (based on many years of available data) to
encourage monitoring and preserving hydrological resources. It underlines the importance of
reliable data.
Their dealings with the Guatemala Central government is limited. But they acknowledge that the
government is suffering from limited capacity. Instead they focus on their own mandate and
attempt to find co-funding partners for local projects.
CARE / Cruz Roja / Wetlands International
Each organization has their own mandate, but they also work together as a consortium
depending on the specific environmental issue at hand. Wetlands International is a partner in the
earlier-mentioned integral water management project with UNDP and GEF.
Private Sector:
Finally, certain branches of the private sector have also united themselves to represent their own
interests with regards to deteriorating environmental conditions. In addition, large multinationals,
such as Coca Cola and Pepsi Cola, are personally addressing their impact on the environment.
Instituto Privado de Investigacion sobre Cambio Climatico (ICC)
Based on advice by then political leaders, in 2010, the sugar industry pooled funds for research
into the effects of climate change. A four-year fund was created (3 million US Dollars) to research
and support certain climate developments (and its potential impacts on industry).
Now, the ICC does more than climate research, but also acquires funds from international donors
(multilaterals, European Union, NGOs). Areas of focus include water management, water security
and water access. They have since expanded to include private sector participants from other
Central-American countries, as well as the banana producers from Southern Guatemala and their
scope is rapidly expanding.
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They are interested to participate in consortia and in co-funding constructions.
Coca Cola
Coca Cola is interested in giving back to the community in which they operate and they are
looking to address two major issues in the upcoming years: plastics recycling and water re-use
(after cleaning).

4.2

Quality of data

4.2.1

Solid Waste

The quality and availability of data on solid waste is very limited.
The information presented in table 2 shows unrealistic high production rates, especially in the
case of Mixco. From our visits it did not become clear whether actual research was performed to
calculate the rates. It seems that the figures are based on rough estimates without using clear
definitions of the types of waste.
A number of reasons cause this inadequacy the most important being:
 failing registration of number of serviced households
 limited or lacking definition of waste types
 poor management of outsourced contracts with private collectors
 uncontrolled co-collection of non-municipal waste
 limited or absent registration, classification and weighing at the Zona 3 dumpsite
 unreported activities of informal collectors and recyclers
 lacking registration of waste production within industries and agricultural companies.
Based on international experience a professional estimate of the production of household waste
and total MSW would be more like 0,8-1,0 and 1,2 respectively which would lead to an overall
production for the three cities together of 18.000 tons per week.
The inadequacy also seems to be present in the case of the figures on waste composition
provided by the municipalities. They presented percentages for organic waste being around 80%
while combining the percentages provided by the Compendio [2] for organics, paper/cardboard,
wood/leafs and leather would lead to an overall share of organics of 59%, which looks rather
accurate. The team was not able to establish the basis of the figures in the Compendio nor the
reason that the municipalities do not seem to know about this data.
The basis of the figures on households serviced by waste collection remains unclear. The
collection rates estimated by the cities show some congruency with that of the statistical bureau.
This picture however changes dramatically when compared with the volumes reported to be
delivered at the Zona 3 dumpsite. This could lead to the conclusion that no more 60% of the
waste is collected and brought to Zona 3 whereas the rest, a total of 11.000 tons per week, is
discarded of in other ways. If this amount is dumped and littered in the cities’ areas it would lead
to an average load of littered waste of 1,4 kg per m2 per year (with MuniGuate reaching 4,4)
which may, at least partially, account for the deplorable state of the Rio Las Vacas.
Municipality

Littered (tons/week)
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Guatemala
Mixco
Chinautla
Total or average

6750
3000
1200
10950

80
104
228
412

4,4
1,5
0,3
1,4

Table 12: solid waste littering estimations

The visits of the team produced very limited useful information on the financial side of waste
management in the three cities and of the Zona 3 dumpsite.
4.2.2

Water Quality

Regarding the type of measurements
The point measurements (like the WWF study for the Motagua river) only provide information of
the moment the measurements have been taken. That type of information indicates only in what
range values can be. Long term measurements, like from Hidrovacas, do show the amount of
variation that occurs and more accurately reflect the real water quality. These types of information
can be combined with water flows to calculate and describe the actual situation of the water
quality and probably also trends over the past few years. It is important to analyze in more detail
the quality of the measurements and if these have been taken under all conditions (for example
time of year) in order to cover all occurring values. From the analysis of the reviewed data it
seems that the types of measurements are rather basic, but still useful for an approximation of
the actual situation. However, it is not clear if these measurements cover all relevant conditions
and what the quality of these measurements has been.
The quality measurements for the effluent discharges seem to use a protocol but are also
principally point measurements. Half an hour later conditions can have changed completely.
Many examples are known worldwide of illegal discharges, especially during the night, when no
measurements are taken. By comparing the findings from the point measures at individual
discharges with values for the river downstream, loads can be calculated and be used as a
support for the quality of the data. Point measures hardly ever detect those types of discharges at
or close to the sources. The data we have access to and have evaluated are insufficient to be
able to do this.
In conclusion, the types of measurements used are basic but sufficient, the amount of
measurements is clearly insufficient and lacks a structural approach. To be really useful, there
should be a measurement program designed to obtain data needed for monitoring the water
quality in the whole Las Vacas watershed and these and other measurements could then be
related to specific goals as well (like monitoring trends or the design and optimal location of future
treatment plants).
Regarding the quality of the measurements
We have been told that some private laboratories are certified for some of the required
procedures. It is therefore likely that part of the available data on especially effluent data are
obtained using standard protocols and adequate laboratory equipment. These data are
sufficiently reliable. Other laboratories (like INSIVUMEH) have no certified procedures. This does
not mean the measurements are not correct because especially at INSIVUMEH the staff seemed
capable and dedicated and they did use (their own) standardized procedures. Certification is a
way to increase credibility by standardization and control.
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Another part of the data is obtained by handheld probes that are known to be less reliable and
precise then laboratory equipment (when used correctly). But especially when used on a daily
basis, like at Hidrovacas, they can show rather accurately the changes in values. The quality of
that type of data should be compared occasionally with laboratory tests to improve reliability. It is
possible that these quality controls already are in use, but we have no information on this.
Anyhow, any measurement is better than none, but reliable measurements are obviously
preferential.
Overall, the observed results from both the laboratory analysis and the handheld probes show
credible values. It is not clear how quality control is realized (what values are from certified
procedures or if field probe results are controlled). It is clear that in Guatemala there are
laboratories and staff capable of realizing all necessary analysis for physical, chemical and
bacteriological water quality parameters. As far as we have seen there is no staff that has
experience with biological water quality analysis.
4.2.3

Erosion

At this moment the monitoring/ data gathering regarding landslides and erosion does not focus on
the specific causes and early identification of potential problem areas. It can therefore be
concluded that information gathering is not focused on risk identification, analysis and reduction
at this moment. For the purpose of risk reduction, the currently provided information and its
quality is insufficient. From the information that the team was looking for and had requested
(paragraph 3.2.3.) most was not available or should be available but was not provided.
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5

RECOMMENDATIONS ON MEASURES

5.1

Introduction

The main objective for the DRR-team was to assess the currently available information and to
recommend on the information that needs to be collected. This to help MARN to pursue funds to
generate information (including monitoring), have discussions with key stakeholders, develop a
basin management plan and establish an index for water quality.
Guatemala has indexes for waste water effluent and drinking water, but no index yet exists for the
water quality of surface water. As this index is missing, it is complex to recommend on what
information should be available as there is no base for comparison. On the one hand, information
to establish an index is needed, but on the other hand, without such a standard you don’t know
what to measure.
With that in mind, the team started discussions about the Guatemala objectives regarding the use
of the surface waters (for example use for: drinking water, swimming water, irrigation, certain
ecological or touristic values etc.): once known how the water will be used, you know wat kind of
quality is needed and you know what to measure. Guatemala is still at the early stages regarding
these discussions, there is no clear image yet on how they would like to use their waters.
One thing however became very clear during the discussions: the river should no longer pose a
threat to health. Therefore, the team conducted an analysis into the ways the river potentially
poses a threat (chapter 3) and below recommendations on data collection (paragraph 5.2) should
be interpreted as additional information required to identify solutions reducing health risks. If in
the future the water quality improves and other objectives like tourism or ecology will become
more important, additional information will be needed.
The recommendations in paragraph 5.3 are general recommendations of actions to be taken to
improve the current situation.

5.2

Suggestions regarding data collection

5.2.1

Solid Waste

The team suggests to set up a broad diagnostic study of the current situation in the Rio Las
Vacas basin and in Guatemala as a whole. The study must provide factual and quantitative
information that can serve as a broadly accepted basis for setting up new SWM policies and
planning. The study should comprise:
Investigation of:
▪
the generation of waste per type and per origin. More information is needed on the exact
production of household waste per person (kg/person.day) and the production of other
types of waste in tonnes per year and related to its origin (hospitals, industries etc.). This
information is needed as input for policies and planning needed to improve SWM
infrastructure and services.
▪
the composition of waste per type and per origin. More insight is needed in components
(organics, paper, plastics etc.) and safety classification (hazardous or non-hazardous) in
order to be able to assess opportunities and needed capacities for recycling and endtreatment.
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▪

▪

▪
▪

the current destination of this waste. Where do the various types of waste go to at this
moment? Littering, illegal or legal dumpsites, recycling etc. Insight in the current
destinations is lacking. This information is needed in order to assess the gravity of the
current situation and to prioritize required actions.
the current situation for each municipality with regards to collection, city cleaning,
recycling, end-treatment and organization (coverage, equipment, number of employees,
number and type of recycling companies, legal and illegal dumpsites etc.). This
information will provide improved insight into the service levels of individual municipalities.
With this information comparisons can be made, best practices can be presented and
municipalities are able to learn from each other.
for this same reason costs and revenues of SWM for each municipality are necessary
position of public, private and informal operators (legal status, provided services, service
levels, number of households serviced, collection of treatment capacity etc.).

Description of the situation at the Zona 3 dumpsite:
▪
waste volumes (what waste is already present at the site and what are the daily
deliveries) in tonnages and cubic metres, composition and spatial distribution at the
dumpsite. This information is needed to establish the site’s future capacity
▪
pedological and geological characteristics of the dumpsite and surrounding areas. This
info is needed for the design of measures protecting groundwater and surface water.
▪
for the same reason good insight is needed in the hydrological situation with regards to:
surface water, groundwater and aquifers (depth, velocities, up- and downstream qualities,
current extractions and use etc.)
▪
In order to be able to improve the operations at the site more information is needed on
current operations (weighing and registration (does it include waste type and origin, who’s
the transporter?).
▪
processes (waste quality sampling and checks, separate handling of hospital waste,
routing of trucks, compaction, daily coverage, catchment systems for gas and leachate),
▪
organization (organizational set up, responsibilities, governance and autonomy, reporting
schemes, financials),
▪
formal workforce (numbers, qualifications),
▪
equipment (types and numbers)
▪
improvements will affect the informal sector. For this reason, more information is needed
on the number of workers, where they live, their income, whether or not they are
organized, health and safety data, existing hierarchy, any crime incidents and statistics
▪
exact info on the legal status of the dumpsite is needed (permits, contracts, ownership
etc.) in order to be able to assess legal formalities that may hamper needed
improvements.
5.2.2

Water Quality

Collecting data starts with considering the usage of the data. For the design of treatment plants
different data is required from a health risk assessment. An important first step would be to
develop a national water policy with clear objectives for uses and related quality parameters. This
must be a national policy with international aspects since water does not stop at borders.
In general, it is public knowledge that the water quality of Las Vacas River is similar to
wastewater and any use should be avoided. The principal known risk for human health is
coliforms because they cause diarrhea which leads to serious health issues and even death.
These levels are proven to be high for the main rivers, but the risk levels in the small tributaries
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are not well known. Smaller flows should be monitored on a regular base as well. Since there are
considerable differences throughout the year, at least twice, but preferably 4 or more
measurements should be taken per year in order to identify all rivers and surface water that pose
a risk to human health. The monitoring of coliforms can be used to locate all effluent discharges
of wastewater into the surface water. Within the upper watershed of the Las Vacas we estimate
that 500 – 1000 of these discharges might be present. They should be identified, entered into a
GIS system and discharges quantified in order to develop a solution.
Although coliforms are the main general health threat, during the monitoring also other basic
parameters like oxygen, BOD/COD, pH, nutrients and pollutants could be measured. Exactly
what to measure depends also on what problems to expect and/ or require monitoring. Locally
certain metals or other pollutants might be relevant. In order to define what parameters to
measure in the smaller streams a measurement plan should start with analyzing the results of
measurements of many parameters downstream (see next figure). In a second phase more
upstream, only the streams with high levels of a certain parameter are included, and so on. This
way the effort for monitoring can be focused to identify sources.

Figure 14: Phased approach for defining what parameters to measure in the watershed to identify sources of
pollution. Blue dots are measurement points, red dot a specific pollutant exceeding allowed levels.

During the field trips several apparently clean sources have been identified (next pictures). This
water is used for different purposes, most including direct humane contact and probably
consumption. The quality of these waters should also be assessed. Coliforms are the most
important, but also pollutants and nutrients should be assessed, especially if there are possible
contamination sources upstream (like industrial site, petrol station) or in the infiltration zones. The
parameters to measure depend again on the proposed use of the water and the possible
sources. It is possible of course to establish many parameters on each location, but that requires
a much higher effort and cost.
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Water source in Chinautla

Spring used for washing in Mixco

Figure 18 clean water sources

Using macrofauna
In many countries macrofauna (small water inhabiting invertebrates) are used for biological
indexes of surface water. Specific groups of species indicate oxygen levels, eutrophication etc.
Since these animals live in the water, they can act in a similar fashion as permanent monitoring
equipment. There are indexes developed for Costa Rica and Mexico that can be applied also in
Guatemala. The levels of pollution for the Las Vacas and Chinautla rivers in their main cause is
so high that it is likely no species will live there. But these species and indexes can probably be
used for lateral streams to give a quick indication of quality. Easy to use guides for these species
exist and limited equipment or logistics is required, so application is feasible also in the conditions
as found in Guatemala. Especially the BMWP has been used increasingly in Central and South
America (http://reibci.org/publicados/2014/julio/2200103.pdf).
5.2.3

Erosion

To extend the information available (or provided) at this moment in order to be better equipped to
reduce the risks related to landslides and erosion we recommend the following actions:
 Extend the available inventory of landslide locations with interpretations of the causes.
The different locations (at least the ones that still pose a threat) should be visited by
experts and the causes should be studied. Afterwards based on the causes justified
solutions or mitigating measures should be developed.
 We suggest to, amongst others, gather the following information for a GIS analyses: slope
maps, soil type maps, geological maps, land use maps, maps with locations of
infrastructure (like big structures, roads, bridges, outlets etcetera (features that can cause
erosion and instabilities if not designed well), maps with locations of river material
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extractions, maps with risk zones already known by local(s) (experts). The GIS analyses
should combine this information and identify zones of high risks for erosions and
landslides. This information should be regularly updated and used in urban planning to
prevent (or restrict) certain activities in these risk zones.
Obtain available satellite images of the current situation and the past. In combination with
land use maps use them to identify zone with rapid growth of paved surface and
deforestation (especially near risk zones). In these areas measures should be
implemented to reduce increase of discharges by formal and informal drainage and
overland flow.
At this moment it is not known where most sediments in the Rio Las Vacas are coming
from, nor the amounts. To be able to reduce erosion and know where to intervene one
needs to know specific erosion locations. It is recommended to trace the origin of most
sediments by monitoring of sediment concentrations in the different tributaries. Best is to
monitor during dry weather flow and during peak flow. We advise to map the sediment
extractions from the river as well and include them in the sediment balance. This way total
inflow and outflow of sediment will become clear and a policy can be developed based on
this data.

5.3

General recommendations way forward

5.3.1

Solid Waste

The team recommends three next steps in order to improve the current situation.
Set up a masterplan in order to drastically improve the situation at Zona 3. This plan, to be set up
by Guatemala city in close cooperation with Mixco and Chinautla, should comprise actions on a
number of issues:
 Turning the entire site inaccessible by fencing of its periphery.
 Redesign the morphology of the dumpsite, its terrains, segmentation and its future
landscape. This redesign has to aim at increasing the maximum capacity of the site,
improving its operations, reducing its effects on the surrounding neighborhoods and
providing a clear and attractive vision of the sites future layout and landscape.
 The management (and possible diversion) of surface water, groundwater, runoff water
and leachate.
 The improvement of operations (registration, daily coverage, compaction, confined
dumping zones, routing of dumping trucks, catchment and treatment of landfill gas and
leachate).
 Organizational, legal and financial redesign. The management of the site must be in the
hands of a professional organization with a clear focus on sustainable operations, with
governance schemes providing a clear separation of operational and political
responsibilities and with the responsibility and ability to raise all revenues needed for
100% coverage of investments and operational costs.
 Social planning for relocating and re-employing informal workers.
Set up a masterplan per municipality to clean up urban, suburban and rural areas comprising:
 Cooperation of all municipalities in the river basin in order to combine clean up capacity,
concentrate law enforcement and share costs.
 Planning of systematic clean-up of peripheral zones and the barrancos.
 Improve public awareness
 Introduce transfer stations in order to reduce costs and raise service levels
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Set up a masterplan on a national level to improve overall organization, governance and
professional capacities comprising:
 Obligatory participation of all inhabitants, institutions, companies and industries in the
municipal collection services. The current voluntary system provides people with a
negative financial incentive because when they do not participate they do not have to pay
for public services. This encourages people to find their own “solutions”.
 Governance schemes including clear separation of political and operational
responsibilities are needed in order to protect professional operations from too much
political influence and to protect professional politics from too much operational issues.
We expect cost coverage and efficiency of operations will improve once political and
operational responsibilities are separated.
 Plan to reach 100% cost coverage for all municipalities by SWM fees (household fees
and gate fees for the landfill site)
 Sustainable fee collection for example through combination with real estate taxes,
electricity billing or other municipal taxes.
The financial constraints have to be solved; Guatemala has to be prepared to raise its municipal
tax incomes on SWM in order to be able to start up projects to improve the situation. Technology
and investments (even when funded or granted through international programs) will not be able to
do the job when there is no influx of money to cover operational costs.
Raising municipal taxes seems to be a tough job in Guatemala. The national government may
consider establishing fixed municipal SWM fees in order to prevent local and regional debate,
obstruction and delay.
Typically an average fee of 50 Quetzales per household per month (equaling around 2% of a
family income) can be considered as both sufficient and overall affordable (2% based on
international benchmarking). This average fee can be differentiated according household
incomes in order to protect the very poor.
5.3.2

Water Quality

The actual water quality of the Las Vacas River and probably most of its tributaries is bad, due to
untreated discharges and inappropriate disposal of waste. This has led to especially high levels
of organic matter, nutrients and fecal bacteria in the surface water and most likely also affecting
ground water.
Within Guatemala there are adequate laboratories (although some like the lab from INSIMUVEH
should be better maintained and funded) and there is motivated and capable staff to monitor
water quality. They can also provide information on the water quality parameters that will need
monitoring to design solutions.
Technically it is very well possible to solve the pollution problems of the Las Vacas – Motagua
system. Organic load can be removed in treatment plants from the river, as can most nutrients
and pollutants. Floating debris and other solid waste can be removed mechanically. These are
end of pipe solutions and of course source orientated solutions will greatly enhance the results.
Sedimentation and erosion can be controlled with reforestation and adequate land use practices.
Appropriate management of solid waste can avoid it ending up in the river and the treatment of
waste water before it enters the surface water of the rivers can restore the surface water quality
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to a large extend. This will require recollection of all waste water in collectors that transport it to
treatment plants. For efficiency it will probably be necessary to create separate systems for waste
water and rainwater. This can be done gradually, every time an existing sewer system needs to
be renovated, it can be upgraded for the future requirements.
Due to the import of drinking water into the system, the accelerated runoff due to urbanization
and the construction of infrastructure (bridges, dams, hydroplant etc.) the hydrology of the river
will be changed permanently anyhow. But these altered hydrological conditions can lead to a new
stable and healthy aquatic ecosystem. This has been done before in many other cities already
and does require strong political support for many years.
The development of capacities to use biological indexes for water quality monitoring is highly
recommended since these require significantly lower frequency of monitoring than physical/
chemical measurements for equal usefulness.
The actual permitted levels for discharges, and even the increasingly stringent levels for the
coming years, are far from guaranteeing acceptable surface water quality. New standards for
surface water need to be established. These depend on the uses Guatemala defines (direct
human contact – swimming, use for irrigation, sustain fish and other fauna, preserve natural
ecosystems) and the natural reference situation. Neighboring countries have developed these
references and these can be used as guide.
There is an urgent need for the central government to assume responsibilities safeguarding the
supply of drinking water to the people of Guatemala metropolitan area and treatment of the
discharges. This requires adequate regulation for surface water use and quality, spatial
development surpassing municipal limits, funding of monitoring and installing treatment plants.
5.3.3

Erosion

Additional to the recommendations regarding data collection which serve to identify, analyze and
reduce risk regarding landslides and erosion, the team identified the following recommendations.
Include erosion/ landslides in the design manuals as criteria to incorporate when designing and
constructing (public) works around the rivers and on the slopes. We have seen constructions (e.g.
bridges and outlets) in which this item was clearly not included. In case this is already included in
the design manuals control on design and construction should be improved.
Continue with the reforestation projects that are ongoing. Once the risk zones (paragraph 5.2.3)
are identified reforestation or revegetation can contribute to lower the risks in these zones.
We were informed that extractions of material from the river are not controlled at this moment.
Guatemala could consider regulating this (based on hydro-morphological analyses) in order to
reduce negative impact like uncontrolled changes in river morphology and too much sediments in
suspension
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5.3.4

Socio economic and financial

As indicated extensively throughout this report, the financial discrepancy between revenues and
expenses related to water and waste management is hampering Guatemala’s growth and the
overall quality of life. It is reasonable to assume that these conditions have been contributing to
the fact that, the Human Development Index score for Guatemala has been declining in recent
decades, and is currently the worst in Central-America.

Figure 19 Human Development Index

Clearly, in order to reach objectives for improvement in water quality and wastewater
management in upcoming decades, Guatemala will need to find a way to match costs for
effective water and waste management with contributions from the general public and the private
sector. These are politically unpopular actions, but they are necessary to book any progress in
upcoming years.
First steps have been made by the introduction of legislation, mandating all communities to
provide in their own wastewater treatment needs. However, how this needs to be done technically
and financially has been left unaddressed. Furthermore, waste collection and management,
particularly in the waste site zona 3, needs to be improved and the costs for doing so need to be
shouldered by all Guatemala City municipalities.
Technical Capacity and funding options need to be developed further, starting immediately.
Recommendations for socio-economic and financial development include the following:
1. Institutional strengthening and development of capacity at the various levels of
government, with a particular emphasis on urban municipalities. Additional technical
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2.

3.

4.

5.

6.

5.4

capacity, will provide better proposals for improved water management strategies, which
can then be considered for internal or external funding.
The management of the waste site in zona 3 needs to be the concern of all municipalities
involved, with regards to shared contributions by all stakeholders and a revision of user /
dumping fees that more accurately reflect the costs of operating the waste site. These
costs should also include environmental costs of inaction. For example, a manageable
Environmental Impact Assessment could provide insight into dollars spent in prevention
or O&M contributing positively to long-term quality, health and biodiversity. More
urgently, costs of not acting now, will exponentially increase costs of action in the future.
Public investments in water-related infrastructure needs to be increased to include
funding of drinking water and wastewater treatment facilities and services. Furthermore,
decisions on infrastructure development – regardless of governmental levels – need to
be based on an extensive, comprehensive feasibility report and/or Environmental Impact
Assessments. Finally, any infrastructure to be developed and implemented needs to
reflect permanent increases in future budgets for Operations and Maintenance.
The National government may consider to support the municipal authorities on
improving their waste collection services. This support could comprise handbooks,
manuals, guidelines and training on all aspects of these services including regional
cooperation (to reach economies of scale), shared facilities (e.g. transfer stations) and
outsourcing schemes for private collectors. Special attention must be given to
establishing and/or raising taxes/fees in order to reach sufficient cost coverage. As
municipalities are unable or unwilling to force their residents to pay higher taxes, it may
be considered to establish the height of these taxes on the national level for a number of
years. It will carry more weight and citizens will be more likely to accept and comply.
Consider the possibility of developing a National training program / capacity development
for municipalities in the design, development, implementation and management of
wastewater treatment plants. INFOM should play a large role in this, as better capacity
will lead to better technical proposals for INFOM to fund moving forward.
From a funding perspective, Guatemala needs to explore different co-financing partners
for the development of projects. These relations can be bilateral, multilateral or with
NGO’s and the private sector. An excellent starting point is the impending UNDP integral
watershed management plan, currently being developed with the help of UNDP, BID and
various NGO’s. This type of consortium building is an effective way of garnering public
participation and public buy-in for new projects, infrastructure and long-term strategies.

General recommendations way forward towards implementation

Nowadays many new innovations for solid waste management and waste water treatment work
on solutions for circular economy, reducing costs or even cost recovery models. Although these
innovations certainly have a positive contribution, at this moment waste management and waste
water treatment still comes at a cost. The main drivers for Guatemala to invest in improving the
current situation regarding waste and water quality therefore should be health, environment and
livability.
Although we recommend Guatemala to look at including/ integrating new innovations in the
solutions to be implemented we first think a solid backbone for solutions to work effectively should
be implemented. A circular economy or cost recovery models can only be implemented
successfully if it can be supported by the system. Some examples to illustrate this:
•

In the area of Lago Atitlan are 24 plants, more than half of which are only partially or
completely non-operational. This can largely be attributed to a lack of funding for
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•

•
•

operations and maintenance. If operation and maintenance is not secured also the most
modern solutions will not work.
Modern waste water treatment technologies can meet high standards for effluent
discharge; at this moment the standards in Guatemala are not high enough to justify the
costs of implementation of the best technologies. More stringent discharge criteria could
also be related to the receiving water bodies, but standards for surface water are still
missing in Guatemala.
Producing usable compost from household organics can only be implemented on the
basis of separate collection of these organics. This separate collection can only be done
when already a proper waste collection system is in place.
Most recycling concepts are only viable when landfilling is no longer an option. The logical
sequence for developing countries is mostly:
o (i) going from dumpsites to sanitary landfilling,
o (ii) reducing illegal dumping by stringent law enforcement and then
o (iii) imposing landfill bans and landfill taxes.

This last stage will provide an enormous financial incentive for circular concepts.
Solid Waste
Normally the development of a countries (or city’s) waste management services will go through a
number of stages, normally following a sigmoid curve as presented below.

Figure 20 - Sigmoid curve for waste management services
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The figure shows how early stages of waste management are focusing on city cleaning in order to
improve healthy living conditions. Gradually the focus will shift towards proper landfilling and first
projects on recycling. Recycling develops and facilities are operated in an open market. Circular
concepts are at the end of the curve.
Guatemala is currently positioned at the beginning of the sigmoid curve. City cleaning and
collection services are feeble, littering is omnipresent, the dumpsites are in a bad shape and
overall professionalism is weak. The main cause for this is the near absence of waste fees and
other cash-in’s and the unwillingness of citizen’s and authorities to introduce obligatory
participation and payments.
Developing waste management requires an enormous input of money, with investments and
operations run by professional public and private organizations. In general facilities and services
can only be operated when fueled by waste-management fees, to be paid by the households and
other producers, and by gate fees to be paid by actors delivering their waste at the treatment
facilities. Recycling produces products but only in the case of metal and paper recycling the value
of these products may cover overall costs. All other types of recycling (composting and plastic
recycling included) and treatment do need considerable gate fees. Thoughts on self-financing
circular concepts are unrealistic in developed societies like the Netherlands and even less so
under Guatemalan circumstances.
Guatemala’s priority on waste management must really be with setting up good governance
schemes aiming at professionalism, strong organizations and stable revenues in order to attract
and accommodate new investments and to provide comfort to foreign donors.

Waste Water
For water management (including water quality) a similar growth path is often being used.
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Guatemala
Rotterdam

Figure 21 Urban water transition phases

Also in this figure Guatemala can be placed at the beginning. At the time of the research, the
water supply is still not sufficient compared to the needs of the water users and funding is lacking
(water tariffs are not covering the costs) to even improve the supply let alone to improve waste
water treatment. In Guatemala parts of the city have sewerage and/or drainage but the system is
incomplete, treatment is very scarce and funding is insufficient. Once the supply is being
arranged, cities normally start working on sewerage and treatment of water because of health
issues. This is in line with the focus of this report on the health risks.
The drivers (like environmental health, or limits to growth) for high tech solutions (re-use of water,
treatment to reach high effluent criteria etc.) will usually only get priority when the more basic
needs (water supply and public health) are being taken care of. Our recommendation for
Guatemala is therefore to start working on this first, starting with increasing the investments in
water supply, sewerage and treatment while matching the costs (also for operations and
maintenance) with income from contributions from the general public and the private sector (the
water users). This is necessary to book any progress in upcoming years. Also clear goals have to
be established on what water quality Guatemala would like to reach, finance and governance will
need to be adapted to these goals and control to make sure these goals are being met will need
to increase.
Significant investments will be needed and relying on self-financing circular concepts is not
realistic for the water quality problems Guatemala is facing. Solutions like gaining energy from
waste water treatment sludge might help to recover cost for operations partly but the CAPEX and
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part of the OPEX will still need to come from contributions by the users (first and foremost),
possibly supplemented with external funding.

International Case Study (for reference purposes only):
Currently, a pilot project is in state of development for the City of Dar es Salaam (DES),
Tanzania. A city of 5 million population and a comparable level of waste services to Guatemala
City. In reference to the earlier Sigmoid Curve, DES is also at the beginning of the curve.
Project includes:
- Development of a waste management authority
- Expansion and optimization of city cleaning & collection services
- Implementation of two transfer stations
- Sanitation and optimization existing landfill
- Introduction of waste fees
- Awareness campaign (education)
- Metropolitan waste management plan / strategy
Costs Estimations:
- Development Phase – 1 – 1.5 mln Euros

- Investments in implementation Phase – 50 – 60 mln Euros
- Future OPEX & CAPEX to be financed by domestic waste fees
Figure 22 Case Study International Example of Waste Management Transition
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ANNEX A – DRR-TEAM

Dutch Risk Reduction Team: reducing the risk of water related disasters
Many countries around the world face severe water threats. Often, these countries are in urgent
need of expert advice on how to prevent a disaster or how to recover from a calamity. For instance,
when a country has been struck by severe flooding and the first emergency relief workers have
gone, the need for advice on how to build a sustainable and safer water future arises. To meet
these needs with a swift response, the Dutch government has initiated the Dutch Risk Reduction
Team (DRR-Team). This team of experts advises governments on how to resolve urgent water
issues related to flood risks, water pollution and water supply, to prevent disasters or to rebuild
after water related disasters. With climate change and a fast growing world population, water issues
are becoming more urgent. As a country renowned for its’ expertise on water and delta
management, the Netherlands feels a responsibility to share its’ knowledge worldwide. That is just
what the DRR-Team does; sharing expertise with governments to come up with the best possible
approach/solutions for tackling urgent water issues. Because of the unique cooperation between
government and sector, the best experts can be fielded quickly. The Dutch government offers a
specific number of advisory missions each year.
Advice for all water issues
The Netherlands has brought its best water experts together in the Dutch Risk Reduction Team. It
consists of high level advisors supported by a broad base of technical experts who can provide top
quality and tailor-made expertise to governments that are confronted with severe and urgent water
challenges. The Dutch are experts in adapting to water in a changing world; from delta
management to water technology, from urban planning to governance, public private partnerships
and financial engineering.
How does the DRR-Team work?
Governments that have to deal with an urgent water issue are encouraged to contact the Dutch
embassy in their region. The embassy will liaise quickly with the Dutch government. Interventions
will only take place after a request from a central government has been received by the Dutch
government, and after a recent calamity or to prevent a threatening disaster. The DRR-Team does
not focus on emergency relief, but on sustainable solutions. If the decision to respond to the request
is made, relevant Dutch experts will be rapidly fielded to the area that is under pressure. Together
with the government and local experts, the situation will be assessed and analyzed after which the
team will come up with a set of recommendations. For example, advice on technical interventions
including immediate measures and long term sustainable solutions, advice on governance and
advice on financing options. The DRR-Team enables a foreign government to take action on the
basis of sound advice and expertise.
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ANNEX B – TEAM MEMBERS

For the Disaster Risk Reduction Mission on dealing with pollution in the rivers Las Vacas and
Motagua the following experts went to Guatemala
Rutger Perdon:
Team Leader and expert in Integrated Water Resource Management, currently involved in South
America in several projects and as Business Development Director for Water for Royal
HaskoningDHV
Hans Breukelman:
Chemical engineer with a 35 year record in waste management, wastewater treatment and soil
remediation. Expert in technical, financial and organisations aspects of Integrated Solid Waste
Management. Worked for and with private companies, public authorities as well as at NGO’s.
Involved in a number of ISWM projects for example in Bolivia, Tanzania, Burundi, Ethiopia,
Turkey and Myanmar.
Arend de Wilde:
Expert on environmental aspects of watershed management and for this project specifically for
water quality aspects. Currently involved in several projects considering impact assessments,
management or development of aquatic environments, both freshwater and coastal, in Europe,
South-America and tropical Asia for Royal HaskoningDHV.
Arjan Braamskamp:
Expert on sustainable development in developing countries, with a particular emphasis on waterrelated challenges and the identification of potential solutions. Furthermore, extensive experience
with identification of international and national funding options for future project development, in
public and private sectors, as well as NGOs.
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ANNEX C – PROJECT PLAN UNDP/MARN INTEGRAL PLAN MOTAGUA

GEF-6 PROJECT IDENTIFICATION FORM (PIF)
PROJECT TYPE: FULL-SIZED PROJECT
TYPE OF TRUST FUND: GEF TRUST FUND
For more information about GEF, visit TheGEF.org

PART I: Project Information

3

Project Title:

Integrated Environmental Management of the Río Motagua Watershed

Country(ies):

Guatemala, Honduras

GEF Project ID: 3

9246

GEF Agency(ies):

UNDP

GEF Agency Project ID:

5714

Other Executing
Partner(s):

Ministry of the Environment and Natural
Resources (MARN); Secretariat of Energy,
Natural Resources, Environment, and Mines
(SERNA/MI AMBIENTE)

Submission Date:

31 July
2015

GEF Focal Area(s):

Multi-focal Areas

Project Duration
(Months)

Integrated Approach
Pilot

IAP-Cities

Name of parent
program:

[if applicable]

IAP-Commodities

Resubmission Date:

IAP-Food Security
Agency Fee ($)

12 Aug.
2015
60

Corporate Program: SGP
506,298

Project ID number will be assigned by GEFSEC and to be entered by Agency in subsequent document submissions.
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A. INDICATIVE FOCAL AREA STRATEGY FRAMEWORK AND OTHER PROGRAM STRATEGIES 4
Objectives/Programs (Focal Areas, Integrated Approach Pilot,

Corporate Programs)

Trust
Fund

IW 1: Catalyze sustainable management of transboundary water
systems by supporting multistate cooperation through foundational
capacity building, targeted research, and portfolio learning; Program
1: Foster Cooperation for Sustainable use of Transboundary Water
System & Economic Growth

GEFTF

IW 3: Foster Sustainable Fisheries, Restore and Protect Coastal
Habitats, and Reduce Pollution of Coasts and LMES; Program 6:
Prevent the Loss and Degradation of Coastal Habitat

GEFTF

CW 2: Reduce the prevalence of harmful chemicals and waste and
support the implementation of clean alternative
technologies/substances; Program 3: Reduction and elimination of
POPs

GEFTF

Total Project Cost

4

(in $)
GEF Project
Financing

Cofinancing

2,000,000

10,680,065

1,096,347

6,161,803

2,233,105

8,932,420

5,329,452

25,774,288

When completing Table A, refer to the excerpts on GEF 6 Results Frameworks for GETF, LDCF and SCCF.
DRR-Team Mission report – Guatemala

- 66 -

B. INDICATIVE PROJECT DESCRIPTION SUMMARY
Project Objective: Improve the integrated management of the Río Motagua watershed and reduce landbased sources of pollution and produced emissions from unintentional formed persistent organic pollutants
(U-POPs) to mitigate impacts on coastal-marine ecosystems and the livelihoods of the local populations.
Project
Components

Type 5 Project Outcomes Project Outputs

TA
1. Diagnostic
analysis of the
Surface Water
Resources of the
Río Motagua
watershed that is
shared by
Guatemala and
Honduras.

5

1.1. Priority shared
issues, including
those that directly
affect downstream
coastal-marine
ecosystems, the
quality and quantity
of water, and
barriers for
Integrated River
Basin Management
(IRBM) identified,
agreed upon

1.1.1 A Watershed Diagnostic
Analysis (WDA), following the
Transboundary Diagnostic
Analysis/Strategic Action
Programme (TDA/SAP)
methodology identifying the
main shared environmental
and water resource issues,
finalized and agreed upon:

Trust
Fund
GEFTF

(in $)
GEF Project CoFinancing
financing
1,179,560

6,156,872

(IW)

− A technical/scientific
document identifying
issues related to surface
water pollution, (solid
waste, sedimentation,
wastewater, etc.)
developed;
− Baseline conditions and
status indicators of
environmental and
socioeconomic conditions
related to watershed
surface water resources
determined (watershed
hydrologic/land use maps,
physiochemical
parameters, pollution
sources, economic
valuation of ecosystems,
stakeholder analyses and
stakeholder´s participation
strategies –including
private sector and
communities as well as
gender analysis);
− WDA made available at the
national (Guatemala and
Honduras), sub-national,
municipal, and community
levels;

Financing type can be either investment or technical assistance.
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− Guidelines for
incorporating the principal
findings of the WDA in the
Municipal Development
Plans and/or Investment
Plans for both countries
developed,
1.2.1. Two (2) national-level
proposals for updating the
regulatory framework allow
synergies for surface water
management, including
reducing pollution (solid waste,
sedimentation, wastewater,
etc.) taking into account the
regulations and international
conventions to which both
countries are parties.
1.2. Regulatory
framework supports
the IRBM for the
shared Río Motagua
watershed.
TA
2. Binational
Strategic Action
Program (SAP) for
the integrated
management of
the Río Motagua
watershed
(Guatemala and
Honduras) is
agreed upon for
implementation.

2.1. Key priority
actions for the
management of the
Río Motagua
watershed defined
and incorporated as
part of the
environmental
management
strategies for each
country.
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2.1.1. Binational SAP
completed and endorsed at
the highest (ministerial) level
in each country.

GEFTF

1,015,135
589,780 (IW)

5,168,464

425,355
(CW)

− National Strategic Action
Plans (NSAP) for
sustainable integrated
management of the Río
Motagua watershed
(including reduction of
land-based pollution
sources) in place;
− Local Action Plans and
proposal for long-term
monitoring system
including environmental
and socioeconomic
indicators for tracking the
implementation of the SAP
and NSAPs prepared.
−
2.1.2 High-level commission
established that includes a
Technical Committee and
promotes permanent dialogue
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and coordination on Rio
Motagua management
between Guatemala and
Honduras.
− National and binational
subcommittees enable
coordination of actions for
SAP implementation
(including reducing the
sources of land-based
pollution) with local
participation;
− International cooperation
task group ensures
technical, scientific, and
economic support for SAP
implementation.
2.2.1 An IRBM Binational
Coordination Unit established
within the Binational
Framework Agreement
between Guatemala and
Honduras.
2.2.2 Memorandum of
Understanding between the
countries for the
implementation of the IRBM.

2.2 Strengthened
framework for
institutional
cooperation
facilitates the IRBM
of the Río Motagua
watershed.

− Technical and legal
guidelines in place;
− Work protocols agreed
upon and in operation
(guidelines for solid wastes
and wastewater
management, etc.);
− Guidelines for reducing
land-based water pollution
and conducting technical
studies in three (3)
prioritized municipalities
considering the regulatory
frameworks of the
municipalities in both
countries are developed.
2.3.1 Targeted institutional
capacity building programs for
IRBM and reduce land-based
pollution:
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2.3. Improved
national and local
capacities for IRBM
and monitoring and
control of water
quality, including
reducing pollution
from land-based
sources (solid waste,
U-POPs, and plastics)
(at least 2,000
people from national
government
institutions,
municipalities, and
members of civil
society organizations
[COMUDES in
Guatemala and
Watershed Councils
in Honduras]
improve their
knowledge and skills
in managing sources
of coastal-marine
pollution that
originate from Rio
6

− Environmental Information
Systems of the MARN
(Guatemala) and SERNA/MI
AMBIENTE (Honduras) with
capability for using remotesensing technology to
monitor water quality and
share information
(reduction of solid wastes,
harmful chemicals and
wastes 6, sedimentation,
wastewater, etc.);
− Training program
strengthens national-,
subnational-, and
municipal-level capacities
for IRBM (Guatemala and
Honduras) and the sound
environmental
management and
reduction of harmful
chemicals and waste
(Guatemala: staff from the
Department of Water
Resources and Watersheds
[DRHyC] and from eight [8]
departmental delegations);
− Knowledge exchange
program in integrated
watershed management to
reduce land-based sources
of coastal-marine pollution
(South-South cooperation);
− Binational environmental
education program builds
awareness and contributes
to the reduction of
environmental pressures
on the Río Motagua
watershed, including water
pollution sources.
2.4.1. Program for the sound
environmental management of
harmful wastes (U-POPs
emissions reduction alongside
the river and plastics disposed
near and on surface water

Harmful wastes: liquid, solid, or gaseous wastes that possess characteristics such as corrosivity, reactivity, explosivity,

toxicity, inflammability, as well as the containers, receptacles, packaging, and soils that have been contaminated when
they are transferred to another site.
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Motagua) (Target
will be confirmed
during the PPG).

2.4. Key institutions
in Guatemala
incorporate the
sound
environmental
management of
chemicals and
wastes (U-POPs and
plastics) into their
management
strategies for the Rio
Motagua watershed
and into monitoring
and control
activities.

3. Innovative pilot Inv. &
initiatives for the TA
IRBM of the Río
Motagua
watershed
(Guatemala and
Honduras)
generate

3.1. Sustainable
integrated
management of
water and soil
resources reduces
pollution of the Río
Motagua watershed.
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bodies by key institutions in
place:
− Departmental (8) and
municipal (3) development
plans incorporate the
sound environmental
management of harmful
chemicals and waste;
− Information systems and
databases of the locations
and characteristics of
dump sites near surface
water bodies that produce
U-POPs through open
burning and store plastic
wastes (public and private
sector).
2.4.2. Technical guidelines for
the handling, transport,
storage, and disposal of
wastes.
2.4.3. Monitoring program of
human and environmental
health effects of U-POPs
emissions and plastic wastes
disposal, including improved
laboratory and analytical
competencies developed.

3.1.1 Innovative investments
to reduce Rio Motagua water
and coastal pollution from
land-based sources:
− At least six (6) pilot
projects with low-cost
technology to reduce land-

GEFTF

2,880,974 13,221,600
1,179,560
(IW)
1,701,414
(CW)
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knowledge and
lessons learned
allowing the
replication and
scaling-up of
successful
experiences.

based pollution of water
resources (e.g.,
biodigestors, oxidation
ponds, gathering stations
for recycled wastes)
(specific areas will be
determined during the PPG
phase);
− Program for the
sustainable management
of contaminated waste in
beaches in the Rio
Motagua delta/estuary;
− At least eight (8) preinvestment studies for the
implementation of largescale infrastructure and
equipment for the handling
and disposal of land-based
pollutants affecting
hydrological resources
(e.g., solid waste [with
cofinancing funds] and
plastics [with C&W GEF
funds and cofinancing]);
− Incentives available
(environmental
certifications, access to
microcredits, accreditation
for quality of beaches) for
businesses that implement
clean technologies and
agriculture producers that
adopt sustainable
production practices.
3.2.1. Municipal solid waste
management
practices
improved (with cofinancing and
C&W GEF funds):
− Inventory of domestic
waste dumpsites and
current practice of open
burning;
− Guidelines and technical
support provided to
municipalities for the
sustainable management
of solid wastes.
− Program to implement best
management practices
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3.2. Eight (8)
municipalities in
Guatemala
implementing best
management
practices of
residues, including
the sustainable
management of
solid wastes and the
reduction of open
burning (target will
be confirmed during
the PPG).

3.3. Reduced
production of plastic
wastes (XX) and of
emissions of U-POPs
(XX) that result from
open burning of
solid wastes from
dumpsites and other
waste-burning
activities (targets
will be established
during the PPG).

(BMPs) of residues,
including the reduction of
open burning from
households in place.
3.3.1. At least three (3) pilot
projects for the reduction of
solid wastes and proper
handling and disposal of
domestic waste, including
elimination of open air burning,
contribute to the reduction of
dioxin/furan emissions and
plastic wastes.
− Baseline of disposed plastic
wastes and U-POPs
emissions in the Río
Motagua watershed
established.
− Protocols for best
environmental practices
(BEPs) and best available
techniques (BATs) to
reduce dioxin/furan
emissions and plastic
wastes;
− Cleanup/closure of open
air and illegal dumpsites
near surface water bodies
that are a source of U-POP
emissions
− Waste separation and
plastic recycling program
for households and solid
waste management
facilities;
− Strategy for development
of new facilities for sound
solid waste management
and the reduction in UPOPs emissions and other
chemical wastes.
3.4.1 Rehabilitation
(conservation and protection,
reforestation, natural
regeneration, remediation) of
25 kilometers (km) of riparian
ecosystems and 100 hectares
(ha) of coastal ecosystems in
the watershed in Honduras
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(targets will be confirmed
during the PPG).
3.5.1. Best practices
documented and experiences
shared (media, short videos,
etc.) with other IW and CW
projects using existing
information-exchange
platforms.

3.4. Structure and
functionality of key
ecosystems
strengthened.

− Systematization of SouthSouth experiences
(Honduras-Guatemala) for
IRBM of the Río Motagua
watershed, including the
management of harmful
wastes, U-POPs, and
plastics;
− Plan for scaling-up best
practices for managing
domestic waste disposal
sites in place
− Lessons learned
documented and shared.

3.5. Improved
experience and
knowledge about
the management
and sustainable use
of surface water
including
determining the
investment needs
for the IRBM of the
Río Motagua
watershed.

Subtotal
Project Management Cost (PMC) 7 GEFTF

7

5,075,669

24,546,936

253,783

1,227,352

For GEF Project Financing up to $2 million, PMC could be up to10% of the subtotal; above $2 million, PMC could be up to 5%
of the subtotal. PMC should be charged proportionately to focal areas based on focal area project financing amount in Table D
below.
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(Including Direct Project Costs: USD$101,513)
Total Project Cost

5,329,452

25,774,288

For multi-trust fund projects, provide the total amount of PMC in Table B, and indicate the split of PMC among the
different trust funds here: (
)
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C. INDICATIVE SOURCES OF CO-FINANCING FOR THE PROJECT BY NAME AND BY TYPE, IF AVAILABLE
Sources of CoType of CoName of Co-financier
Amount ($)
financing
financing
Recipient
Government

Secretariat of Agriculture and Livestock

Cash

3,096,000

Recipient
Government

Secretariat of Energy, Natural
Resources, and Environment,
(MiAmbiente), Honduras

In-Kind

Beneficiaries

25 municipalities located in the Rio
Motagua Watershed, Honduras

Cash

5,117,000

Recipient
Government

Ministry of the Environment and
Natural Resources (MARN), Guatemala

In-Kind

1,691,000

Beneficiaries

Municipalities located in the Rio
Motagua Watershed, Guatemala

In-Kind

2,670,000

GEF Agency

UNDP Country Office, Guatemala

Cash

1,632,288

Donor Agency

Inter-American Development Bank
(IADB), Guatemala

Cash

6,230,000

Private Sector

Private Sector

In-Kind

4,450,000

(SAG), Honduras
888,000

Total Co-financing

25,774,288

D. INDICATIVE TRUST FUND RESOURCES REQUESTED BY AGENCY(IES), COUNTRY(IES) AND THE
PROGRAMMING OF FUNDS a)
(in $)

Country/
GEF
Trust
Agency Fund

Regional/
Global

Focal Area

of Funds

GEF Project
Financing
(a)

Agency Total
Fee
(c)=a+b
(b)b)

UNDP

GEFTF

Regional
(Guatemala,
Honduras)

International
Waters

3,096,347

294,153

3,390,500

UNDP

GEFTF

Guatemala

Chemicals and
Wastes

2,233,105

212,145

2,445,250

5,329,452

506,298

5,835,750

Total GEF Resources
a)

Programming

Refer to the Fee Policy for GEF Partner Agencies.

E. PROJECT PREPARATION GRANT (PPG) 8
8

PPG requested amount is determined by the size of the GEF Project Financing (PF) as follows: Up to $50k for PF up to$2m (for MSP); up to $100k for
PF up to $3m; $150k for PF up to $6m; $200k for PF up to $10m; and $300k for PF above $10m. On an exceptional basis, PPG amount may differ
upon detailed discussion and justification with the GEFSEC.
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Is Project Preparation Grant requested? Yes X No

If no, skip item E.

PPG AMOUNT REQUESTED BY AGENCY(IES), TRUST FUND, COUNTRY(IES) AND THE PROGRAMMING OF FUNDS
Project Preparation Grant amount requested: $150,000
GEF
Agency

Trust
Fund

Country/

Focal Area

Regional/Global

UNDP

GEFTF

Regional
(Guatemala,
Honduras)

International Waters

UNDP

GEFTF

Guatemala

Chemicals and Wastes

PPG Agency Fee: 14,250
(in $)

Programming
of Funds

Agency

Total

Fee 9 (b)

c=a+b

100,000

9,500

109,500

50,000

4,750

54,750

150,000

14,250

164,250

PPG (a)

Total PPG Amount

F. PROJECT’S TARGET CONTRIBUTIONS TO GLOBAL ENVIRONMENTAL BENEFITS 10
Provide the expected project targets as appropriate.
Corporate Results

Replenishment Targets

Project Targets

1. Promotion of collective management of
transboundary water systems and implementation
of the full range of policy, legal, and institutional
reforms and investments contributing to the
sustainable use and maintenance of ecosystem
services
2. Increase in phase-out, disposal and reduction
of releases of POPs, ODP, mercury, and other
chemicals of global concern

Water-food-ecosystems
security and conjunctive
management of surface and
groundwater in at least 10
freshwater basins

One (1) freshwater basin

Disposal of 80,000 tons of POPs
(PCBs, obsolete pesticides)

X metric tons
(Target will be determined
during project
implementation)

9

PPG fee percentage follows the percentage of the Agency fee over the GEF Project Financing amount requested.

10

Provide those indicator values in this table to the extent applicable to your proposed project. Progress in programming against these
targets for the projects per the Corporate Results Framework in the GEF-6 Programming Directions, will be aggregated and reported during
mid-term and at the conclusion of the replenishment period. There is no need to complete this table for climate adaptation projects
financed solely through LDCF and/or SCCF.
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ANNEX D – MISSION PROGRAMME
DAY

ACTIVITY

PARTICIPANTS

Wednesday 20-9

Kick-off

MARN

Plenary session

MARN, Municipalities of Guatemala,
Chinautla and Mixco, INSIVUMEH,
Hidrovacas

Site visit Zona 3

MARN, INSIVUMEH, Municipality of
Mixco

Visit INSIVUMEH

MARN, INSIVUMEH

Visit Hidrovacas

MARN, Hidrovacas, Municipality of
Chinautla

Visit Chinautla

Municipality of Chinautla

Dinner

Centrarse, IARNA, Universidad de
San Carlos de Guatemala

Breakfast

Unidad Especial de Agua y
Saneamiento. Departamento de
Regulación de los Programas de la
Salud y Ambiente, DRPSA

Visit MuniGuate

MARN, Municipality of Guatemala

Visit Mixco

MARN, Municipality of Mixco

Meetings

Helvetas, UNISDR, Coca Cola
Foundation

Meetings

ICC

Site Visit

Municipality Antigua

Visit

Coordinador de Saneamiento del
Área de Salud Guatemala Central

Visit

EMPAGUA

Visit

UNDP, WWF, World Bank, CARE /
Red Cross / Wetlands

Feedback presentation

MARN, Municipalities of Guatemala,
Chinautla and Mixco, INSIVUMEH,
Hidrovacas, Ministerio de Salud

Thursday 21-9

Friday 22-9

Saturday 23-9

Monday 25 -9

Tuesday 26-9
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